
 

   or d… The second mark is  
dependent on gaining the 
first mark 
 

 
 
 

3. All M marks are follow through. 

All A marks are ‘correct answer only’ (cao.), unless shown, for example, as A1 ft to 
indicate that previous wrong working is to be followed through. After a misread 
however, the subsequent A marks affected are treated as A ft, but answers that don’t 
logically make sense e.g. if an answer given for a probability is >1 or <0, should 
never be awarded A marks.  

4. For misreading which does not alter the character of a question or materially simplify 
it, deduct two from any A or B marks gained, in that part of the question affected. 

5. Where a candidate has made multiple responses and indicates which response they 
wish to submit, examiners should mark this response. If there are several attempts at 
a question which have not been crossed out, examiners should mark the final answer 
which is the answer that is the most complete. 

6. Ignore wrong working or incorrect statements following a correct answer. 

7. Mark schemes will firstly show the solution judged to be the most common response 
expected from candidates. Where appropriate, alternative answers are provided in the 
notes. If examiners are not sure if an answer is acceptable, they will check the mark 
scheme to see if an alternative answer is given for the method used. If no such 
alternative answer is provided but deemed to be valid, examiners must escalate the 
response to a senior examiner to review. 
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Answer ALL questions.  Write your answers in the spaces provided.

1. The curve C has equation

 y = 3x4 – 8x3 – 3

 (a) Find (i) d
d
y
x

   (ii) d
d

2 y
x2

(3)

 (b) Verify that C has a stationary point when x = 2
(2)

 (c) Determine the nature of this stationary point, giving a reason for your answer.
(2)
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Question 1 continued
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(Total for Question 1 is 7 marks)
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a) find dy by bringing the power down and subtracting I from
the power

y = 3x" - 8x3 -37 the three has no

power of so it

= 4(3x3) - 3(8x4) disappears.

= 12x3 - 24x2

To find dy , differentiate again
a = 12x3 - 24x2

dy
dxz

= 3 (12x2) - 2(24x)

d = 36x2 - 48x

b) Subs =2 into d If it equals O ,
the gradient is O so there is

a stationary point

a = 12x3 - 24x3

ex = 2 = 12(2)3 - 24(2)2

= (12 + 8) - (24 =4)
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Answer ALL questions.  Write your answers in the spaces provided.

1. The curve C has equation

 y = 3x4 – 8x3 – 3

 (a) Find (i) d
d
y
x

   (ii) d
d

2 y
x2

(3)

 (b) Verify that C has a stationary point when x = 2
(2)

 (c) Determine the nature of this stationary point, giving a reason for your answer.
(2)
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Question 1 continued
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(Total for Question 1 is 7 marks)
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ex =2 = 0
,

so there is a stational point at s = 2

6) when day so -> point is a minimumo

dy 0 -> point is a maximumo

sub in x=2 to &y = 36x2 - 48x

find day when
-> ex = 2 a = 36(2)2 - 48(2)

x = 2

= 48

Atc = 2, = 48 4870
,

so the

point is a minimum
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2.

O

Figure 1

C

A O D

3cm

12cm

0.4

B

 The shape ABCDOA, as shown in Figure 1, consists of a sector COD of a circle centre O 
joined to a sector AOB of a different circle, also centre O.

 Given that arc length CD = 3 cm, ∠COD = 0.4 radians and AOD is a straight line of 
length 12 cm,

 (a) find the length of OD,
(2)

 (b) find the area of the shaded sector AOB.
(3)
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(Total for Question 2 is 5 marks)
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3. A circle C has equation 

x2 + y2 – 4x + 10y = k

 where k is a constant.

 (a) Find the coordinates of the centre of C.
(2)

 (b) State the range of possible values for k.
(2)
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(Total for Question 3 is 4 marks)
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O

r

a) arc length = ro arc length = ro

OD = R ->
r = arc length
- O

r =
r = 7 .

5

OD : 7
.
5

b) sector area : Ero 0 = M - 0
. 4

r = AD- OD
= 12 - 7 .

5

r = 4 .
5

sector area = Er20
= ( + 4 .

S x (n - 0 .4)

= 10
.

125 (1 - 0 .4)
= 27

.
8cm2
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2.

O

Figure 1

C

A O D

3cm

12cm

0.4

B

 The shape ABCDOA, as shown in Figure 1, consists of a sector COD of a circle centre O 
joined to a sector AOB of a different circle, also centre O.

 Given that arc length CD = 3 cm, ∠COD = 0.4 radians and AOD is a straight line of 
length 12 cm,

 (a) find the length of OD,
(2)

 (b) find the area of the shaded sector AOB.
(3)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 2 is 5 marks)
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3. A circle C has equation 

x2 + y2 – 4x + 10y = k

 where k is a constant.

 (a) Find the coordinates of the centre of C.
(2)

 (b) State the range of possible values for k.
(2)
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a) Complete the square to find an equation for C

x2 + yz - 4x + 10y = h

(x - 2)
2

- 4 + (y + s)) - 25 = R

(x - 2)2 + (y + 5)2 = n + 29

In the form (x-a)" + (y-b)2 = r2
, (a , b) is the centre

centre = (2
, -5)

b) The radius of a circle (r) must be positive ,
sor must also

be positive

r2 = k + 29
R + 29)0

R) - 29

k) - 29
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4. Given that a is a positive constant and 

t
t

t
a

a + =∫ 1 7
2

d ln

 show that a = lnk, where k is a constant to be found.
(4)
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(Total for Question 4 is 4 marks)
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5. A curve C has parametric equations

x = 2t – 1,   y = 4t –7 + 
3
t

,   t ≠ 0

 Show that the Cartesian equation of the curve C can be written in the form 

y x ax b
x

= + +
+

2
1

2

,    x ≠  –1

 where a and b are integers to be found.
(3)
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(Total for Question 5 is 3 marks)
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E = E + E = 1 + =f) + Id
a

rate with respect to t
= ja + at

integ a

Sl = t because youadd I I S = In
to the power to make the

[t + mnt]apower of t 1
.

-

sub in limits f
= (2a + 1n2a) - (a + (a)

= 2a + In2a - a - Ina

= a + In2a - Ina Incc-Iny = Ins
↓ : In 2a-Ina = In 2

= a + In 2 = In 2

rearrange for a -> a + In 2 = 1n7 = set equal to In7

given in the question

a = In7-In 2
Use some rule :

Inx-Iny = In' f a =In =

h = z

www.mymathscloud.com

www.m
ym

ath
sc

lou
d.c

om

www.mymathscloud.com



6

*S54259A0632*

 
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

4. Given that a is a positive constant and 

t
t

t
a

a + =∫ 1 7
2

d ln

 show that a = lnk, where k is a constant to be found.
(4)
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5. A curve C has parametric equations

x = 2t – 1,   y = 4t –7 + 
3
t

,   t ≠ 0

 Show that the Cartesian equation of the curve C can be written in the form 

y x ax b
x

= + +
+

2
1

2

,    x ≠  –1

 where a and b are integers to be found.
(3)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 5 is 3 marks)
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Rearrange x = Ct-1 to make the subject t ,
then sub into y

= at -7+

x = 2t - 1

x + 1 = 2t

t = x+ 1

2

y = 4t - 7 + 3
= + (z) - 7 + jz)

multiply numerator and = 2(x + 1) - 7 + 6

denominator of 2(x + 1) x + 1

and 7 by (+ 1) to ↓
give all terms a = 2(x+ 1)2

-

7(x+ 1)
+

6
add all

common denominator x+ 1 x + 1 x + 1 terms together
of (x + 1) ! because they

= 2(x+ 1)2 - 7(x + 1) + 6 have a

common

simplify-
x+ 1 denominator

= 2x + 4x + 2 - 7x - 7 + 6

x + 1

= 2x2 - 3x + 1

x + 1
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6. A company plans to extract oil from an oil field.

 The daily volume of oil V, measured in barrels that the company will extract from this 
oil field depends upon the time, t years, after the start of drilling.

 The company decides to use a model to estimate the daily volume of oil that will be 
extracted.  The model includes the following assumptions:

 • The initial daily volume of oil extracted from the oil field will be 16 000 barrels.
 • The daily volume of oil that will be extracted exactly 4 years after the start of drilling 

will be 9000 barrels.
 • The daily volume of oil extracted will decrease over time. 

 The diagram below shows the graphs of two possible models.

V

tO

(0, 16 000)

(4, 9000)

Model A

V

tO

(0, 16 000)

(4, 9000)

Model B

 (a) (i) Use model A to estimate the daily volume of oil that will be extracted exactly 
3 years after the start of drilling.

  (ii) Write down a limitation of using model A.
(2)

 (b) (i) Using an exponential model and the information given in the question, find a 
possible equation for model B.

  (ii) Using your answer to (b)(i) estimate the daily volume of oil that will be extracted 
exactly 3 years after the start of drilling.

(5)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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Question 6 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 6 is 7 marks)
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i
I

3

a i) 16
,
000 - 34(16000-9000) I we want to find 3 of the

= 16
,
000 - 3/4(7000) difference between 16000 and 9000

and subtract it from 16,000
= 10

,

750 barrels

ii) the model predicts that the daily volume of oil would
eventually become negative, which is impossible.
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6. A company plans to extract oil from an oil field.

 The daily volume of oil V, measured in barrels that the company will extract from this 
oil field depends upon the time, t years, after the start of drilling.

 The company decides to use a model to estimate the daily volume of oil that will be 
extracted.  The model includes the following assumptions:

 • The initial daily volume of oil extracted from the oil field will be 16 000 barrels.
 • The daily volume of oil that will be extracted exactly 4 years after the start of drilling 

will be 9000 barrels.
 • The daily volume of oil extracted will decrease over time. 

 The diagram below shows the graphs of two possible models.

V

tO

(0, 16 000)

(4, 9000)

Model A

V

tO

(0, 16 000)

(4, 9000)

Model B

 (a) (i) Use model A to estimate the daily volume of oil that will be extracted exactly 
3 years after the start of drilling.

  (ii) Write down a limitation of using model A.
(2)

 (b) (i) Using an exponential model and the information given in the question, find a 
possible equation for model B.

  (ii) Using your answer to (b)(i) estimate the daily volume of oil that will be extracted 
exactly 3 years after the start of drilling.

(5)

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

9

*S54259A0932* Turn over     

 
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 6 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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(Total for Question 6 is 7 marks)
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bi) Use the model V = Aet
,

we need to find A andI by
subbing in the two points on the graph .

V = Aakt

Ct = 0 V = Ackt
ot Le = /

V = 16
,
000 16

,
000 = Ae

16,000 = A

& t = 4 V = Ackt
V = 9008 9000 = 16000e

4k

& I

A = 16
,
000 916 = e

4k

In 96 = 4k
k = 41n916
k = - 0

.
144

- 0.
144t

V = Aekt + V = 16
,
000e

ii) sub in t = 3 to find V 3
years after the start of drilling

- 0
.

1447
V = 16

,
000 e

- 0 .
144x3

2t = 3V = 16
,
000e

= 16
,
000e

- 0
. 432

= 10
,
400 (3sf)

10
,
400 barrels
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7.

A

B

C
Figure 2

 Figure 2 shows a sketch of a triangle ABC.

 Given AB
ĺ

 = 2i + 3j + k and BC
ĺ

 = i – 9j + 3k,

 show that �BAC = 105.9° to one decimal place.
(5)
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Question 7 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________
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_____________________________________________________________________________________
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_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 7 is 5 marks)
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Find C

# = AB + 52 add i
, j ,

k components

- 2i + 3j + k + i - 9j + 3h G separately

A = 3i -

6j + 4k

Now find the length of all three sides using 3d pythagoras
(AC) = 32 + (- 6)3 + 43 magnitude = x2 + y2 + 2

= 61

(BC) = 12 + 1- 9)2 + 33

= 91

1AB) = 2
2

+ 32 + 13

= 14
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7.

A

B

C
Figure 2

 Figure 2 shows a sketch of a triangle ABC.

 Given AB
ĺ

 = 2i + 3j + k and BC
ĺ

 = i – 9j + 3k,

 show that �BAC = 105.9° to one decimal place.
(5)
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Question 7 continued
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(Total for Question 7 is 5 marks)
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Use formula a = b2 + c - 2bc COSA

rearrange to -> COSA =
b2 + c - ah where

afind cosA 2bc

A = >BAC

coSBAC = 61 + 14-91
2=) = 54

- 16
COSBAC =

58 .45

=- 0. 274

JBAC = 105
.

9
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8.	 	 f	( x )	=	OQ(2 x	−	�)	�	2 [࣠2	−	3�,	 x > 2.5

	 (D)	 6hRw	WhDW	f	( x )	=	�	hDV	D	rRRW	Į in the interval [3.5, 4]
(2)

 A student takes 4 as the first approximation to Į. 

	 *LYeQ	f(�)	=	3.���	DQG	f ,fLJXreV	VLJQLfLFDQW	�	WR	��.��	=	(�)މ

 (b) apply the Newton-Raphson procedure once to obtain a second approximation for Į, 
giving your answer to 3 significant figures.

(2)

 (c) Show that Į�is the only root of f (x) = 0
(2)
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Question 8 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 8 is 6 marks)
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a) find +(3 . 5) and 714) . If there is a sign change between then
,

lone is negative and one is positive) ,
the root lies in that interval

f (3 . 5) = In (213 .5) - S) + 2(3
.
5)2 - 30

= - 4 . 8

f(4) = (n(2(4) - 3) + 2(4)2 - 30

= 3
.
!

The function f(x) is continuous in the interval [3 .

5
,
4] and there

is a change of sign between F(3 . 5) and (4) ,
so there is a root

between x = 3 .
S and x = 4

b) Use the Newton Raphson formula in the formula booklet

(n + 1
= xn -(n) xn + 1

= xn - f(xn)
f'(xn) f'(xn)

x, = 4 - 3
.

099
16

.
67

x, = 3
.

81
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8.	 	 f	( x )	=	OQ(2 x	−	�)	�	2 [࣠2	−	3�,	 x > 2.5

	 (D)	 6hRw	WhDW	f	( x )	=	�	hDV	D	rRRW	Į in the interval [3.5, 4]
(2)

 A student takes 4 as the first approximation to Į. 

	 *LYeQ	f(�)	=	3.���	DQG	f ,fLJXreV	VLJQLfLFDQW	�	WR	��.��	=	(�)މ

 (b) apply the Newton-Raphson procedure once to obtain a second approximation for Į, 
giving your answer to 3 significant figures.

(2)

 (c) Show that Į�is the only root of f (x) = 0
(2)
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Question 8 continued
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(Total for Question 8 is 6 marks)
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6) f(x) = 0 -> In(2x - S) + 22
- 30 = 0

(n(2x - 5) = - 2x + 30

Sketch y = In (2x-s) and y
= -2x + 30 on a graph. The numberof intersections between then is equal to the number of roots.

1y

= (n(2x - 5)

T
There is I point of intersection ,

so a is the only root
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9. (a) Prove that 

tan cot 2cosec2 , ,

2

nπθ θ θ θ n+ ≡ ≠ ∈ Z

(4)

 (b) Hence explain why the equation

tan cot 1θ θ+ =

  does not have any real solutions.
(1)
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10. Given that ș is measured in radians, prove, from first principles, that the derivative  
of sin ș is cos ș

 You may assume the formula for sin(A ± B) and that as h o��� sin h
h

 o1 and cosh
h
� 1  o��

(5)
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(Total for Question 10 is 5 marks)
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use rule tano = sino tano + cot O
O

and coto= + cost f
taro

= - = sinD COSQ
SinQ

coso
t multiply top and

Sin O bottomby sing and

↓ cast respectively so

= sin?& LosR both fractions have

t the some denominator
Sino coso SinOcosO

= sin'O + cos O

usevole + coso = 1 & sinOCOSO

I
= use rule

sinOCOSO
2 sinOcosQ = sin20

I ↓ :. sinOcosO = sin20
=

sin20
I 2
- = CoseCx =

sins sin20

· 2
= 2cosec20

Sin20 = 2cosec 20

.. tano + coto = 2 cosec 20

b) Because tano + cotO = 2cosec20
,
the equation can be

written as 2cosec20 = 1

sinzo =I
Sin20 = 2

themaximum value of sin20 is I ,
and 271

,
so there are no

solutions.

www.mymathscloud.com

www.m
ym

ath
sc

lou
d.c

om

www.mymathscloud.com



14

*S54259A01432*

 
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

9. (a) Prove that 

tan cot 2cosec2 , ,

2

nπθ θ θ θ n+ ≡ ≠ ∈ Z

(4)

 (b) Hence explain why the equation

tan cot 1θ θ+ =

  does not have any real solutions.
(1)
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10. Given that ș is measured in radians, prove, from first principles, that the derivative  
of sin ș is cos ș

 You may assume the formula for sin(A ± B) and that as h o��� sin h
h

 o1 and cosh
h
� 1  o��

(5)
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f'() = im flth)-f(x) - Informula bookleto
h

f(x) = flo) = Sin O

f(x + h) = f(Q +h) = sin(0 + h)
use compound angle formula:f(0) = lim sin(oth) - sinQ sin (A + B) = sinAcosB + sinBrosA

h=0 n I
= lim sinocosh) + sinCh)cosO-sinG
h = 0 h

factorise out

↓ Sina isinto
= lim sinO(cos)-1) +

Sinth) cos O 2 fractions
h+ 0 h n

as h+ 0

↓ sinh
->

ash-of0) : sin0 = 0 + 1 x cosO T

cosh-1 -> 0

V
=CoSQ

f'(0) = cosO
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11. An archer shoots an arrow. 

 The height, H metres, of the arrow above the ground is modelled by the formula

H = 1.8 + 0.4d – 0.002d 2,    d  0

 where d is the horizontal distance of the arrow from the archer, measured in metres.

 Given that the arrow travels in a vertical plane until it hits the ground, 

 (a) find the horizontal distance travelled by the arrow, as given by this model.
(3)

 (b) With reference to the model, interpret the significance of the constant 1.8 in the formula.
(1)

 (c) Write 1.8 + 0.4d – 0.002d 2 in the form

A – B(d – C )2

  where A, B and C are constants to be found.
(3)

 It is decided that the model should be adapted for a different archer. 

 The adapted formula for this archer is 

H = 2.1 + 0.4d – 0.002d 2,    d  0

 Hence or otherwise, find, for the adapted model

 (d) (i) the maximum height of the arrow above the ground.

  (ii) the horizontal distance, from the archer, of the arrow when it is at its maximum height.
(2)
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_____________________________________________________________________________________
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_____________________________________________________________________________________
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Question 11 continued
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(Total for Question 11 is 9 marks)
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a) We can find the horizontal distance travelled by setting the
height (H) to O

,
and solving for d. .

H = 1
. 8 + 0

.
4d - 0

.
002d

2

x = -b = 492

2a O = 1 .8 + 0 .
4d-0

.
002d2

d = - b = b2 - 4as

2a d = - 0 .4 = 0 . 42 - (4x - 0
.
00271 .8)

a =- 0 .002 2x - 0
.
002

b = 0
. 4

c = 1
.
8 d = - 4 .403 204 . 43

&

↑ y
dmust be d = 204m(3st)
positive so not

valid
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11. An archer shoots an arrow. 

 The height, H metres, of the arrow above the ground is modelled by the formula

H = 1.8 + 0.4d – 0.002d 2,    d  0

 where d is the horizontal distance of the arrow from the archer, measured in metres.

 Given that the arrow travels in a vertical plane until it hits the ground, 

 (a) find the horizontal distance travelled by the arrow, as given by this model.
(3)

 (b) With reference to the model, interpret the significance of the constant 1.8 in the formula.
(1)

 (c) Write 1.8 + 0.4d – 0.002d 2 in the form

A – B(d – C )2

  where A, B and C are constants to be found.
(3)

 It is decided that the model should be adapted for a different archer. 

 The adapted formula for this archer is 

H = 2.1 + 0.4d – 0.002d 2,    d  0

 Hence or otherwise, find, for the adapted model

 (d) (i) the maximum height of the arrow above the ground.

  (ii) the horizontal distance, from the archer, of the arrow when it is at its maximum height.
(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

17

*S54259A01732* Turn over     

 
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 11 continued
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(Total for Question 11 is 9 marks)
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b) ed = 0 +1 = 1
.
8 + 0 .4(0) - 0

. 002(0%
= 1 . 8

1 .Om is the initial height of the arrow above the ground
c) Complete the square to get the equation in the required form

1 .
8 + 0 .4d -0 .

002d
?

↓ factonse out - 0 .
002

= - 0 .002 [d-200d] + 1 . 0

In complete the square
=

- 0
.
002 [(d-100)"- 10

, 000] + 1 . 8 of (d - 200)

= - 0 .002 (d-100) + 20 + 1 . 8

= - 0 .002 (d-100)" + 21 . 8

: 21
.
8 - 0

.
002 (d-100)

d) i) find the maximum point from the first equation. In the form
C + a(d- b)

2

,
the maximum point is (b , c)

maximum point = (100 ,
21

. 8)
.. maximum height = 21

. 8 m

the adapted formula is the original formula + 0
.
3

maximum height = 21 .
8 + 0

.

3

: 22
.

Im

ii) Set M to 22
.

1 and solve to find d
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11. An archer shoots an arrow. 

 The height, H metres, of the arrow above the ground is modelled by the formula

H = 1.8 + 0.4d – 0.002d 2,    d  0

 where d is the horizontal distance of the arrow from the archer, measured in metres.

 Given that the arrow travels in a vertical plane until it hits the ground, 

 (a) find the horizontal distance travelled by the arrow, as given by this model.
(3)

 (b) With reference to the model, interpret the significance of the constant 1.8 in the formula.
(1)

 (c) Write 1.8 + 0.4d – 0.002d 2 in the form

A – B(d – C )2

  where A, B and C are constants to be found.
(3)

 It is decided that the model should be adapted for a different archer. 

 The adapted formula for this archer is 

H = 2.1 + 0.4d – 0.002d 2,    d  0

 Hence or otherwise, find, for the adapted model

 (d) (i) the maximum height of the arrow above the ground.

  (ii) the horizontal distance, from the archer, of the arrow when it is at its maximum height.
(2)
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Question 11 continued
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(Total for Question 11 is 9 marks)
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Use quadratic formula
22. .) = - 0 .

002d2 + 0
.
4d + 2 .

1

d= - b = b) - 4ac
0 = -0 .

002d2 + 0
.
4d - 20

2a

d = -0 . 4 0 .
42 - (4x- 0. 002x - 20)

2 x
- 0 . 002

d = 100 m
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12. In a controlled experiment, the number of microbes, N, present in a culture T days after 
the start of the experiment were counted.

 N and T are expected to satisfy a relationship of the form 

N = aTb,    where a and b are constants

 (a) Show that this relationship can be expressed in the form

log10N = m log10T + c

  giving m and c in terms of the constants a and/or b.
(2)

log10N

log10T0

 –

0.2

 –

0.4

 –

0.6

 –

0.8

 –

1.0

 –

2.5 –

2.0 –

1.5 –

1.0 –

0.5 –

0 –

3.0 –

3.5 –

4.0 –

4.5 –

5.0 –

1.2

 –

1.4

 –

Figure 3

 Figure 3 shows the line of best fit for values of log10N plotted against values of log10T

 (b) Use the information provided to estimate the number of microbes present in the 
culture 3 days after the start of the experiment.

(4)

 (c) Explain why the information provided could not reliably be used to estimate the day 
when the number of microbes in the culture first exceeds 1 000 000.

(2)

 (d) With reference to the model, interpret the value of the constant a.
(1)
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Question 12 continued
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12. In a controlled experiment, the number of microbes, N, present in a culture T days after 
the start of the experiment were counted.

 N and T are expected to satisfy a relationship of the form 

N = aTb,    where a and b are constants

 (a) Show that this relationship can be expressed in the form

log10N = m log10T + c

  giving m and c in terms of the constants a and/or b.
(2)

log10N

log10T0

 –

0.2

 –

0.4

 –

0.6

 –

0.8

 –

1.0

 –

2.5 –

2.0 –

1.5 –

1.0 –

0.5 –

0 –

3.0 –

3.5 –

4.0 –

4.5 –

5.0 –

1.2

 –

1.4

 –

Figure 3

 Figure 3 shows the line of best fit for values of log10N plotted against values of log10T

 (b) Use the information provided to estimate the number of microbes present in the 
culture 3 days after the start of the experiment.

(4)

 (c) Explain why the information provided could not reliably be used to estimate the day 
when the number of microbes in the culture first exceeds 1 000 000.

(2)

 (d) With reference to the model, interpret the value of the constant a.
(1)
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a) N = aT
b

-
b ↓ take logs of both

sides

logccy = log + logy logN = loga
: logaT" = loga + log+

b

-
b

logN = loga + log1 1 loga"-blog
logN = loga + blogT

logN = blogT + loga

b) find log..
T when T = 3

log, 3 = 0
.
177

find log,T = 0
. 477 on the graph ,

and find its corresponding logioN value

logoT = 0
.
477

logioN = 2 .
9

log· N = 2
.9 7 find N

N = 102 . 9

: 794

N = 800 (2sf)

1) When N = 1, 000 ,

000
, logioN = 6

logoN = G is greater than the range of values on the graph, and
we cannot extrapolate the graph and assume the model still holds.

d) N = a T
b

When T = 1
,
N =a

,
so a is the number of microbes

day after the start of the experiment
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13. The curve C has parametric equations

x = 2 cos t, y = 3 FRV	2 t, 0  t  π

 (a) Find an expression for d
d
y
x

 in terms of t.
(2)

 The point P lies on C where t = 
2

3

π

 The line l is the normal to C at P.

 (b) Show that an equation for l is

2x	−	2 3y	−	�	=	�
(5)

 The line l intersects the curve C again at the point Q.

 (c) Find the exact coordinates of Q.

  You must show clearly how you obtained your answers.
(6)
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a)= y = 5 cos2t f(x) = cosk
↓ f'(x) = Rsinke

= -25 sinkt=

dat x = 2cost

↓
d == 2sint

dy dat
=

da dx/dt

=

- 25 sinkt

- 2 sint

= Esinzt

sint

b) find the gradient of the target of C at P

Ct: u = Esin(2x)
sin(25)

=
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13. The curve C has parametric equations

x = 2 cos t, y = 3 FRV	2 t, 0  t  π

 (a) Find an expression for d
d
y
x

 in terms of t.
(2)

 The point P lies on C where t = 
2

3

π

 The line l is the normal to C at P.

 (b) Show that an equation for l is

2x	−	2 3y	−	�	=	�
(5)

 The line l intersects the curve C again at the point Q.

 (c) Find the exact coordinates of Q.

  You must show clearly how you obtained your answers.
(6)
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gradient of the normal - I because gradients of perpendicular lines
multiply to give-1 : -5x = -1)

Find gradient of P by subbing t= into equations ofa and y

x = 2 cost

= 2cos(2)
== 1

y
= Ecos(2t)
· JS cos ( #*3)
=

-5/2

P = ( - 1
,

- 5/2)

Sub in P = (1
, -(2) and gradient into yemot

to find the equation

y = mx + c

m= +3 y
= x + c

2x = - 1y== -53(2 = (3x -1 + C

c =
- 5/6

y = Ex -56) multiply each tem by253 to get the equation
25y = 2x - 1 into the required form

0 = 2x - 25y - 1

2) Subs = 2 cost and y
:Ecos2t into 2x-25y-1 = 0 to find on

in terms of coslt).
2x - 25y - 1 = 0

c= 2 cost
, y = 5cos2t -> 2(2cost) - 253(510527) - 1 = 0

to find a COS2E = cost - sint ↓
4cost - 6cos2t -1 = 0

->quadratic = 22052t - 1 4 cost - 6/2cost - 1) - 1 = 0
equation

4cost - 12c052t + 6 - 1 = 0
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multiply by 1)4cost - 12cosht + S =

12cos't - 4 cost - S = 0

(6cost - 5) (2cst + 1) = 0

-cost = S 2cost = -I

cost = 5/6 cust = - t =2 is at

t = 0
.
586 t = 243 ↓ the point P

which we have

Sub into equations ofc and
y already found

to find the co-ordinates

x = 2cost = 2 (5/6)
= 53

y = Ecos2t = v3(2c3t - 1) - use cos2t = 2cos't-1 to find
= (2(5)2- 1) the co-ordinate

·
co-ordinates : (5)9
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14.

O 1 x

C

S

y

3
Figure 4

 Figure 4 shows a sketch of part of the curve C with equation

y = x x2

3
ln 	−	2 x + 5, x > 0

 The finite region S, shown shaded in Figure 4, is bounded by the curve C, the line with 
equation x = 1, the x-axis and the line with equation x = 3

 The table below shows corresponding values of x and y with the values of y  
given to 4 decimal places as appropriate.

x 1 1.5 2 2.5 3

y 3 2.3041 1.9242 1.9089 2.2958

 (a) Use the trapezium rule, with all the values of y in the table, to obtain an estimate for  
the area of S, giving your answer to 3 decimal places.

(3)

 (b) Explain how the trapezium rule could be used to obtain a more accurate estimate for 
the area of S.

(1)

 (c) Show that the exact area of S can be written in the form a
b

 + ln c, where a, b and c 
are integers to be found. 

(6)

 (In part c, solutions based entirely on graphical or numerical methods are not acceptable.)
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a) Use formula in formula booklet :

-
n = =

S = z + +(3 + 2 .
2958 + 2(2 . 3041 + 1 .9242 + 1

.9089))

= %(5 .
2958 + 2(6 . 1372)

= 4 .
393
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Figure 4

 Figure 4 shows a sketch of part of the curve C with equation

y = x x2

3
ln 	−	2 x + 5, x > 0

 The finite region S, shown shaded in Figure 4, is bounded by the curve C, the line with 
equation x = 1, the x-axis and the line with equation x = 3

 The table below shows corresponding values of x and y with the values of y  
given to 4 decimal places as appropriate.

x 1 1.5 2 2.5 3

y 3 2.3041 1.9242 1.9089 2.2958

 (a) Use the trapezium rule, with all the values of y in the table, to obtain an estimate for  
the area of S, giving your answer to 3 decimal places.

(3)

 (b) Explain how the trapezium rule could be used to obtain a more accurate estimate for 
the area of S.

(1)

 (c) Show that the exact area of S can be written in the form a
b

 + ln c, where a, b and c 
are integers to be found. 

(6)

 (In part c, solutions based entirely on graphical or numerical methods are not acceptable.)
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b) Use more trapezia by increasing the width of the strips

3) y
= x(nx - 2x + 5

3

Schn - 2x + 5dx

I

Integrate (s)"x3nx - xx + 15dx

xn,
using
f if

thermula Sc'Inc
Sur'dx = av -fru' do

u = Inxv = x3
= au-Sru v =V = x2

= In - ((x + +

= x(nx - J-x2 Integrate - 6x + 15 by

: In - x adding I to the power
Y and dividing by the new

3 power

sobin
= [5x3 nx -*

3
- xx2 + 1Sx],

limits↓
= - ((-(3)3(n(3) - ;(33) - 3(34 + 15(3)) - (((i)(n) - a (13) - 3(i) + 1S( , ))

In1 =of
=-((9(n3 - 3 - 27 + 45) - 10 - - 3 + 15)
= (91n3 + )
= 31n3 + 27 Use rule :

alnb
328 a

= In3 + 27 = Inb

= In 27 +
28

27
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(Total for Question 14 is 10 marks)
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15. y

O

P

Q
x

Figure 5

 Figure 5 shows a sketch of the curve with equation y	=	f	( x ),	where

f	( x )	=	
4 2

2 1

sin x
xe − , 0  x  π

 The curve has a maximum turning point at P and a minimum turning point at Q as shown 
in Figure 5.

 (a) Show that the x coordinates of point P and point Q are solutions of the equation

tan 2 x = 2
(4)

 (b) Using your answer to part (a), find the x-coordinate of the minimum turning point on 
the curve with equation

  (i) y	=	f	( 2x ).

  (ii) y	=	3	−	2f	( x ).
(4)
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when

X gradient = o

a) At the turning points, the gradient = o

Use quotient rule :

f(x) : g
f'(x) = g(x)n(x) - hi(x)g(x)

[h(x)]2

(since
g(x) = 4sin2xg'(x) = Ocos2x4

= kcoSkx

h(x) = e

Ex -

h'(x) = re
-1yet

= f'(x)e
+()
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Figure 5

 Figure 5 shows a sketch of the curve with equation y	=	f	( x ),	where

f	( x )	=	
4 2

2 1

sin x
xe − , 0  x  π

 The curve has a maximum turning point at P and a minimum turning point at Q as shown 
in Figure 5.

 (a) Show that the x coordinates of point P and point Q are solutions of the equation

tan 2 x = 2
(4)

 (b) Using your answer to part (a), find the x-coordinate of the minimum turning point on 
the curve with equation

  (i) y	=	f	( 2x ).

  (ii) y	=	3	−	2f	( x ).
(4)
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f(x) = since use the quotient rule to

↓ differentiate
f'(x) = g(x)n(x) - hi()g(x)

[h(x)]2

f'(x) = Ocos2xxeF" - Ea
F"x &sin2e

(ev2x
- 1 ,

2

factorise out

= cEx- (Ocos2 - 4Esin2x) ↓
) e-,

ex -1 x eEx
- 1

↓ wealfindingaa
= Ocos2x-452sin2x

= O the gradient equal to O

erx-1

8cos2x - 4/2sin2 = O
↓ multiplyeach sida

8cos2x = 452 sin25

1 =
48 sinz sink

= tenles
8 COS 2x I Coshx

1 = Etan2

tan2x = E

tan2x : E

b) f(x) < turning point at tan2 = E
we are finding the

f(2x) < turning point at tank= minimum turning
point.The first solution

tankx = V2 ↓ would give the max

turning point /see graph) .

x = tan' + T So add on M (because

4
the period of toux is4)

.

= 1 .02
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(Total for Question 15 is 8 marks)

TOTAL FOR PAPER IS 100 MARKS

Paper 1: Pure Mathematics 1 Mark Scheme 

Question Scheme Marks AOs 

1(a) (i)  3 2d 12 24
d
y x x
x
   M1 

A1 
1.1b 
1.1b 

(ii) 
2

2
2

d 36 48
d

y x x
x

   A1ft 1.1b 

 (3)  
(b) Substitutes x = 2  into their  3 2d 12 2 24 2

d
y
x
     M1 1.1b 

Shows d 0
d
y
x
  and states ''hence there is a stationary point'' A1 2.1 

 (2)  
(c) 

Substitutes x = 2  into their 
2

2
2

d 36 2 48 2
d

y
x

     M1 1.1b 

2

2

d 48 0
d

y
x

  and states ''hence the stationary point is a minimum'' A1ft 2.2a 

 (2)  
(7 marks) 

Notes: 
(a)(i) 
M1: Differentiates to a cubic form  

A1: 3 2d 12 24
d
y x x
x
   

(a)(ii) 

A1ft: Achieves a correct 
2

2

d
d

y
x

for their 2d 36 48
d
y x x
x
   

(b) 

M1: Substitutes x = 2 into their d
d

y
x

 

A1: Shows d
d

y
x

 = 0 and states ''hence there is a stationary point'' All aspects of the proof 

 must be correct 
(c) 

M1: Substitutes x = 2 into their 
2

2

d
d

y
x

 

 Alternatively calculates the gradient of C either side of 2x   
A1ft: For a correct calculation, a valid reason and a correct conclusion.  

             Follow through on an incorrect 
2

2

d
d

y
x
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it is the same because the 3

f (x) < turning point at tan2x = E & and-2 both translate thegraph
3 - 2f(x) ->

turning point at tan2x =E vertically ,
so the s co-ordinates

↓ slay the same

tan2x = E2 we are finding the first
x = tan" E2 solution here because in

2 ↓ the translation - f(x),
x = 0

.
978 the graph is reflected in

the is
,
the the

maximum point becomes
the minimum and vice

versa ,
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