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General Certificate of Education

January 2007

Advanced Level Examination

MATHEMATICS MPC3
Unit Pure Core 3

Thursday 18 January 2007 1.30 pm to 3.00 pm

For this paper you must have:
* an 8-page answer book

* the blue AQA booklet of formulae and statistical tables.

You may use a graphics calculator.

Time allowed: 1 hour 30 minutes

Instructions
* Use blue or black ink or ball-point pen. Pencil should only be used for drawing.
* Write the information required on the front of your answer book. The Examining Body for this

paper is AQA. The Paper Reference is MPC3.
* Answer all questions.
* Show all necessary working; otherwise marks for method may be lost.

Information
* The maximum mark for this paper is 75.
* The marks for questions are shown in brackets.

Advice
* Unless stated otherwise, you may quote formulae, without proof, from the booklet.

P90453/Jan07/MPC3 6/6/6/ MPC3
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Answer all questions.

1 Use the mid-ordinate rule with four strips of equal width to find an estimate forð 5
1

1

1þ ln x
dx , giving your answer to three significant figures. (4 marks)

2 Describe a sequence of two geometrical transformations that maps the graph of y ¼ sec x

onto the graph of y ¼ 1þ sec 3x . (4 marks)

3 The functions f and g are defined with their respective domains by

fðxÞ ¼ 3� x2, for all real values of x

gðxÞ ¼ 2

xþ 1
, for real values of x, x 6¼ �1

(a) Find the range of f . (2 marks)

(b) The inverse of g is g�1 .

(i) Find g�1ðxÞ . (3 marks)

(ii) State the range of g�1 . (1 mark)

(c) The composite function gf is denoted by h .

(i) Find hðxÞ , simplifying your answer. (2 marks)

(ii) State the greatest possible domain of h . (1 mark)
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4 (a) Use integration by parts to find

ð
x sin x dx . (4 marks)

(b) Using the substitution u ¼ x2 þ 5 , or otherwise, find

ð
x
ffiffiffiffiffiffiffiffiffiffiffiffiffi
x2 þ 5

p
dx . (4 marks)

(c) The diagram shows the curve y ¼ x2 � 9 for x5 0 .

The shaded region R is bounded by the curve, the lines y ¼ 1 and y ¼ 2 , and the

y-axis.

Find the exact value of the volume of the solid generated when the region R is rotated

through 360� about the y-axis. (4 marks)

5 (a) (i) Show that the equation

2 cot2 xþ 5 cosec x ¼ 10

can be written in the form 2 cosec2 xþ 5 cosec x� 12 ¼ 0 . (2 marks)

(ii) Hence show that sin x ¼ �1
4
or sin x ¼ 2

3
.

(3 marks)

(b) Hence, or otherwise, solve the equation

2 cot2ðy � 0:1Þ þ 5 cosecðy � 0:1Þ ¼ 10

giving all values of y in radians to two decimal places in the interval �p < y < p .

(3 marks)

y

O x

2

1
R
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6 (a) Find
dy

dx
when:

(i) y ¼ ð4x2 þ 3xþ 2Þ10 ; (2 marks)

(ii) y ¼ x2 tan x . (2 marks)

(b) (i) Find
dx

dy
when x ¼ 2y3 þ ln y . (1 mark)

(ii) Hence find an equation of the tangent to the curve x ¼ 2y3 þ ln y at the point

(2,1) . (3 marks)

7 (a) Sketch the graph of y ¼ j 2x j . (1 mark)

(b) On a separate diagram, sketch the graph of y ¼ 4� j 2x j , indicating the coordinates of

the points where the graph crosses the coordinate axes. (3 marks)

(c) Solve 4� j 2x j ¼ x . (3 marks)

(d) Hence, or otherwise, solve the inequality 4� j 2x j>x . (2 marks)

8 The diagram shows the curve y ¼ cos�1 x for �14 x4 1 .

(a) Write down the exact coordinates of the points A and B . (2 marks)

(b) The equation cos�1 x ¼ 3xþ 1 has only one root. Given that the root of this equation

is a , show that 0:14a4 0:2 . (2 marks)

(c) Use the iteration xnþ1 ¼
1
3
ðcos�1 xn � 1Þ with x1 ¼ 0:1 to find the values of x2 , x3

and x4 , giving your answers to three decimal places. (3 marks)

A
y

B

O x1�1
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9 The sketch shows the graph of y ¼ 4� e2x . The curve crosses the y-axis at the point A and

the x-axis at the point B .

(a) (i) Find

ð
ð4� e2xÞdx . (2 marks)

(ii) Hence show that

ð ln 2
0
ð4� e2xÞdx ¼ 4 ln 2� 3

2
. (2 marks)

(b) (i) Write down the y-coordinate of A . (1 mark)

(ii) Show that x ¼ ln 2 at B . (2 marks)

(c) Find the equation of the normal to the curve y ¼ 4� e2x at the point B . (4 marks)

(d) Find the area of the region enclosed by the curve y ¼ 4� e2x , the normal to the curve

at B and the y-axis. (3 marks)

END OF QUESTIONS
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Answer all questions.

1 (a) Differentiate ln x with respect to x. (1 mark)

(b) Given that y ¼ ðxþ 1Þ ln x , find dy

dx
. (2 marks)

(c) Find an equation of the normal to the curve y ¼ ðxþ 1Þ ln x at the point where x ¼ 1 .

(4 marks)

2 (a) Differentiate ðx� 1Þ4 with respect to x. (1 mark)

(b) The diagram shows the curve with equation y ¼ 2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffip
ðx� 1Þ3 for x5 1 .

The shaded region R is bounded by the curve y ¼ 2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffip
ðx� 1Þ3 , the lines x ¼ 2 and

x ¼ 4 , and the x-axis.

Find the exact value of the volume of the solid formed when the region R is rotated

through 360� about the x-axis. (4 marks)

(c) Describe a sequence of two geometrical transformations that maps the graph of

y ¼
ffiffiffiffiffi
x3
p

onto the graph of y ¼ 2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffip
ðx� 1Þ3 . (4 marks)

y

O 1 2 4 x

R

3
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3 (a) Solve the equation cosec x ¼ 2 , giving all values of x in the interval 0�<x< 360� .
(2 marks)

(b) The diagram shows the graph of y ¼ cosec x for 0�<x< 360� .

(i) The point A on the curve is where x ¼ 90� . State the y-coordinate of A.

(1 mark)

(ii) Sketch the graph of y ¼ jcosec xj for 0�<x< 360� . (2 marks)

(c) Solve the equation jcosec xj ¼ 2 , giving all values of x in the interval 0�<x< 360� .
(2 marks)

Turn over for the next question
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4 [Figure 1, printed on the insert, is provided for use in this question.]

(a) Use Simpson’s rule with 5 ordinates (4 strips) to find an approximation to

ð2
1
3x dx ,

giving your answer to three significant figures. (4 marks)

(b) The curve y ¼ 3x intersects the line y ¼ xþ 3 at the point where x ¼ a .

(i) Show that a lies between 0.5 and 1.5 . (2 marks)

(ii) Show that the equation 3x ¼ xþ 3 can be rearranged into the form

x ¼ lnðxþ 3Þ
ln 3

(2 marks)

(iii) Use the iteration xnþ1 ¼
lnðxn þ 3Þ

ln 3
with x1 ¼ 0:5 to find x3 to two significant

figures. (2 marks)

(iv) The sketch on Figure 1 shows part of the graphs of y ¼ lnðxþ 3Þ
ln 3

and y ¼ x ,

and the position of x1 .

On Figure 1, draw a cobweb or staircase diagram to show how convergence takes

place, indicating the positions of x2 and x3 on the x-axis. (2 marks)

5 The functions f and g are defined with their respective domains by

fðxÞ ¼
ffiffiffiffiffiffiffiffiffiffiffi
x� 2
p

for x5 2

gðxÞ ¼ 1

x
for real values of x, x 6¼ 0

(a) State the range of f . (2 marks)

(b) (i) Find fgðxÞ . (1 mark)

(ii) Solve the equation fgðxÞ ¼ 1 . (3 marks)

(c) The inverse of f is f�1 . Find f�1ðxÞ . (3 marks)

PhysicsAndMathsTutor.com



5

P94383/Jun07/MPC3

6 (a) Use integration by parts to find

ð
xe5x dx . (4 marks)

(b) (i) Use the substitution u ¼ ffiffiffi
x
p

to show that

ð
1ffiffiffi

x
p ð1þ ffiffiffi

x
p Þ dx ¼

ð
2

1þ u
du (2 marks)

(ii) Find the exact value of

ð9
1

1ffiffiffi
x
p
ð1þ

ffiffiffi
x
p
Þ dx . (3 marks)

7 (a) A curve has equation y ¼ ðx2 � 3Þex .

(i) Find
dy

dx
. (2 marks)

(ii) Find
d2y

dx2
. (2 marks)

(b) (i) Find the x-coordinate of each of the stationary points of the curve. (4 marks)

(ii) Using your answer to part (a)(ii), determine the nature of each of the stationary

points. (2 marks)

8 (a) Write down

ð
sec2 x dx . (1 mark)

(b) Given that y ¼ cos x

sin x
, use the quotient rule to show that

dy

dx
¼ �cosec2 x . (4 marks)

(c) Prove the identity ðtan xþ cot xÞ2 ¼ sec2 xþ cosec2 x . (3 marks)

(d) Hence find

ð1
0:5
ðtan xþ cot xÞ2 dx , giving your answer to two significant figures.

(4 marks)

END OF QUESTIONS
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Answer all questions.

1 (a) Find
dy

dx
when:

(i) y ¼ ð2x2 � 5xþ 1Þ20 ; (2 marks)

(ii) y ¼ x cos x . (2 marks)

(b) Given that

y ¼ x3

x� 2

show that

dy

dx
¼ kx2ðx� 3Þ
ðx� 2Þ2

where k is a positive integer. (3 marks)

2 (a) Solve the equation cot x ¼ 2 , giving all values of x in the interval 04 x4 2p in

radians to two decimal places. (2 marks)

(b) Show that the equation cosec2 x ¼ 3 cot xþ 4

2
can be written as

2 cot2 x� 3 cot x� 2 ¼ 0 (2 marks)

(c) Solve the equation cosec2 x ¼ 3 cot xþ 4

2
, giving all values of x in the interval

04 x4 2p in radians to two decimal places. (4 marks)
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3 The equation

xþ ð1þ 3xÞ
1
4 ¼ 0

has a single root, a .

(a) Show that a lies between �0.33 and �0.32 . (2 marks)

(b) Show that the equation xþ ð1þ 3xÞ
1
4 ¼ 0 can be rearranged into the form

x ¼ 1
3
ðx4 � 1Þ (2 marks)

(c) Use the iteration xnþ1 ¼
ðx 4

n � 1Þ
3

with x1 ¼ �0:3 to find x4 , giving your answer to

three significant figures. (3 marks)

4 The functions f and g are defined with their respective domains by

fðxÞ ¼ x3, for all real values of x

gðxÞ ¼ 1

x� 3
, for real values of x, x 6¼ 3

(a) State the range of f. (1 mark)

(b) (i) Find fgðxÞ . (1 mark)

(ii) Solve the equation fgðxÞ ¼ 64 . (3 marks)

(c) (i) The inverse of g is g�1 . Find g�1ðxÞ . (3 marks)

(ii) State the range of g�1 . (1 mark)

5 (a) (i) Given that y ¼ 2x2 � 8xþ 3 , find
dy

dx
. (1 mark)

(ii) Hence, or otherwise, find

ð6
4

x� 2

2x2 � 8xþ 3
dx

giving your answer in the form k ln 3 , where k is a rational number. (4 marks)

(b) Use the substitution u ¼ 3x� 1 to find

ð
x
ffiffiffiffiffiffiffiffiffiffiffiffiffi
3x� 1
p

dx , giving your answer in terms

of x. (4 marks)

Turn over for the next question
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6 (a) Sketch the curve with equation y ¼ cosec x for 0<x< p . (2 marks)

(b) Use the mid-ordinate rule with four strips to find an estimate for

ð0:5
0:1

cosec x dx , giving

your answer to three significant figures. (4 marks)

7 (a) Describe a sequence of two geometrical transformations that maps the graph of y ¼ x2

onto the graph of y ¼ 4x2 � 5 . (4 marks)

(b) Sketch the graph of y ¼ j 4x2 � 5 j , indicating the coordinates of the point where the

curve crosses the y-axis. (3 marks)

(c) (i) Solve the equation j 4x2 � 5 j ¼ 4 . (3 marks)

(ii) Hence, or otherwise, solve the inequality j 4x2 � 5 j5 4 . (2 marks)

8 (a) Given that e�2x ¼ 3 , find the exact value of x. (2 marks)

(b) Use integration by parts to find

ð
xe�2x dx . (4 marks)

(c) A curve has equation y ¼ e�2x þ 6x .

(i) Find the exact values of the coordinates of the stationary point of the curve.

(4 marks)

(ii) Determine the nature of the stationary point. (2 marks)

(iii) The region R is bounded by the curve y ¼ e�2x þ 6x , the x-axis and the

lines x ¼ 0 and x ¼ 1 .

Find the volume of the solid formed when R is rotated through 2p radians about

the x-axis, giving your answer to three significant figures. (5 marks)

END OF QUESTIONS
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Answer all questions.

1 Find
dy

dx
when:

(a) y ¼ ð3xþ 1Þ5 ; (2 marks)

(b) y ¼ lnð3xþ 1Þ ; (2 marks)

(c) y ¼ ð3xþ 1Þ5 lnð3xþ 1Þ . (3 marks)

2 (a) Solve the equation sec x ¼ 3 , giving the values of x in radians to two decimal places in

the interval 04 x< 2p . (3 marks)

(b) Show that the equation tan2 x ¼ 2 sec xþ 2 can be written as sec2 x� 2 sec x� 3 ¼ 0 .

(2 marks)

(c) Solve the equation tan2 x ¼ 2 sec xþ 2 , giving the values of x in radians to two

decimal places in the interval 04 x< 2p . (4 marks)
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3 A curve is defined for 04 x4
p
4

by the equation y ¼ x cos 2x , and is sketched below.

(a) Find
dy

dx
. (2 marks)

(b) The point A, where x ¼ a , on the curve is a stationary point.

(i) Show that 1� 2a tan 2a ¼ 0 . (2 marks)

(ii) Show that 0:4< a < 0:5 . (2 marks)

(iii) Show that the equation 1� 2x tan 2x ¼ 0 can be rearranged to

become x ¼ 1
2
tan�1

1

2x

� �
. (1 mark)

(iv) Use the iteration xnþ1 ¼
1
2
tan�1

1

2xn

� �
with x1 ¼ 0:4 to find x3 , giving your

answer to two significant figures. (2 marks)

(c) Use integration by parts to find

ð0:5
0

x cos 2x dx , giving your answer to three significant

figures. (5 marks)

y

A

O a xp
4
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4 The functions f and g are defined with their respective domains by

fðxÞ ¼ x2 , for all real values of x

gðxÞ ¼ 1

2x� 3
, for real values of x, x 6¼ 3

2

(a) State the range of f . (1 mark)

(b) (i) The inverse of g is g�1 . Find g�1ðxÞ . (3 marks)

(ii) State the range of g�1 . (1 mark)

(c) Solve the equation fgðxÞ ¼ 9 . (3 marks)

5 (a) The diagram shows part of the curve with equation y ¼ fðxÞ . The curve crosses the

x-axis at the point ða, 0Þ and the y-axis at the point ð0, �bÞ .

On separate diagrams, sketch the curves with the following equations. On each

diagram, indicate, in terms of a or b, the coordinates of the points where the curve

crosses the coordinate axes.

(i) y ¼ j fðxÞ j . (2 marks)

(ii) y ¼ 2fðxÞ . (2 marks)

(b) (i) Describe a sequence of geometrical transformations that maps the graph of

y ¼ ln x onto the graph of y ¼ 4 lnðxþ 1Þ � 2 . (6 marks)

(ii) Find the exact values of the coordinates of the points where the graph of

y ¼ 4 lnðxþ 1Þ � 2 crosses the coordinate axes. (4 marks)

y

O x

ð0, �bÞ
ða, 0Þ
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6 The diagram shows the curve with equation y ¼ ðe3x þ 1Þ
1

2 for x5 0 .

(a) Find the gradient of the curve y ¼ ðe3x þ 1Þ
1

2 at the point where x ¼ ln 2 . (5 marks)

(b) Use the mid-ordinate rule with four strips to find an estimate for

ð2
0
ðe3x þ 1Þ

1

2 dx ,

giving your answer to three significant figures. (4 marks)

(c) The shaded region R is bounded by the curve, the lines x ¼ 0 , x ¼ 2 and the x-axis.

Find the exact value of the volume of the solid generated when the region R is rotated

through 360� about the x-axis. (4 marks)

7 (a) Given that y ¼ sin y
cos y

, use the quotient rule to show that
dy

dy
¼ sec2 y . (3 marks)

(b) Given that x ¼ sin y , show that
xffiffiffiffiffiffiffiffiffiffiffiffiffi

1� x2
p ¼ tan y . (2 marks)

(c) Use the substitution x ¼ sin y to find

ð
1

ð1� x2Þ
3

2

dx , giving your answer in terms of x.

(5 marks)

END OF QUESTIONS
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Answer all questions.

1 Use Simpson’s rule with 5 ordinates (4 strips) to find an approximation to

ð9
1

1

1þ ffiffiffi
x
p dx ,

giving your answer to three significant figures. (4 marks)

2 The diagram shows the curve with equation y ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðx� 2Þ5

q
for x5 2 .

The shaded region R is bounded by the curve y ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðx� 2Þ5

q
, the x-axis and the lines x ¼ 3

and x ¼ 4 .

Find the exact value of the volume of the solid formed when the region R is rotated through

360� about the x-axis. (4 marks)

y

O 2 3 4
x

R
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3 [Figure 1, printed on the insert, is provided for use in this question.]

The curve with equation y ¼ x3 þ 5x� 4 intersects the x-axis at the point A, where x ¼ a .

(a) Show that a lies between 0.5 and 1 . (2 marks)

(b) Show that the equation x3 þ 5x� 4 ¼ 0 can be rearranged into the form

x ¼ 1
5
ð4� x3Þ (1 mark)

(c) Use the iteration xnþ1 ¼
1
5
ð4� xn

3Þ with x1 ¼ 0:5 to find x3 , giving your answer to

three decimal places. (2 marks)

(d) The sketch on Figure 1 shows parts of the graphs of y ¼ 1
5
ð4� x3Þ and y ¼ x , and

the position of x1 .

On Figure 1, draw a cobweb or staircase diagram to show how convergence takes

place, indicating the positions of x2 and x3 on the x-axis. (2 marks)

4 (a) Solve the equation sec x ¼ 3
2
, giving all values of x to the nearest degree in the interval

0�<x< 360�. (2 marks)

(b) By using a suitable trigonometrical identity, solve the equation

2 tan2 x ¼ 10� 5 sec x

giving all values of x to the nearest degree in the interval 0�<x< 360�. (6 marks)

Turn over for the next question
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5 The functions f and g are defined with their respective domains by

fðxÞ ¼ 2� x4 for all real values of x

gðxÞ ¼ 1

x� 4
for real values of x, x 6¼ 4

(a) State the range of f . (2 marks)

(b) Explain why the function f does not have an inverse. (1 mark)

(c) (i) Write down an expression for fgðxÞ . (1 mark)

(ii) Solve the equation fgðxÞ ¼ �14 . (3 marks)

6 A curve has equation y ¼ e2xðx2 � 4x� 2Þ .

(a) Find the value of the x-coordinate of each of the stationary points of the curve.

(6 marks)

(b) (i) Find
d2y

dx2
. (2 marks)

(ii) Determine the nature of each of the stationary points of the curve. (2 marks)

7 (a) Given that 3ex ¼ 4 , find the exact value of x. (2 marks)

(b) (i) By substituting y ¼ ex , show that the equation 3ex þ 20e�x ¼ 19 can be written

as 3y2 � 19yþ 20 ¼ 0 . (1 mark)

(ii) Hence solve the equation 3ex þ 20e�x ¼ 19 , giving your answers as exact values.

(3 marks)
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8 The sketch shows the graph of y ¼ cos�1 x .

(a) Write down the coordinates of P and Q, the end points of the graph. (2 marks)

(b) Describe a sequence of two geometrical transformations that maps the graph of

y ¼ cos�1 x onto the graph of y ¼ 2 cos�1ðx� 1Þ . (4 marks)

(c) Sketch the graph of y ¼ 2 cos�1ðx� 1Þ . (2 marks)

(d) (i) Write the equation y ¼ 2 cos�1ðx� 1Þ in the form x ¼ fðyÞ . (2 marks)

(ii) Hence find the value of
dx

dy
when y ¼ 2 . (3 marks)

9 (a) Given that y ¼ 4x

4x� 3
, use the quotient rule to show that

dy

dx
¼ k

ð4x� 3Þ2
, where k is

an integer. (2 marks)

(b) (i) Given that y ¼ x lnð4x� 3Þ , find dy

dx
. (3 marks)

(ii) Find an equation of the tangent to the curve y ¼ x lnð4x� 3Þ at the point where

x ¼ 1 . (3 marks)

(c) (i) Use the substitution u ¼ 4x� 3 to find

ð
4x

4x� 3
dx , giving your answer in terms

of x. (4 marks)

(ii) By using integration by parts, or otherwise, find

ð
lnð4x� 3Þ dx . (4 marks)

END OF QUESTIONS
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Answer all questions.

1 (a) The curve with equation

y ¼ cos x

2xþ 1
, x >� 1

2

intersects the line y ¼ 1

2
at the point where x ¼ a .

(i) Show that a lies between 0 and
p
2
. (2 marks)

(ii) Show that the equation
cos x

2xþ 1
¼ 1

2
can be rearranged into the form

x ¼ cos x� 1

2
(1 mark)

(iii) Use the iteration xnþ1 ¼ cos xn �
1

2
with x1 ¼ 0 to find x3 , giving your answer

to three decimal places. (2 marks)

(b) (i) Given that y ¼ cos x

2xþ 1
, use the quotient rule to find an expression for

dy

dx
.

(3 marks)

(ii) Hence find the gradient of the normal to the curve y ¼ cos x

2xþ 1
at the point on the

curve where x ¼ 0 . (2 marks)
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2 The functions f and g are defined with their respective domains by

fðxÞ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffi
2xþ 5
p

, for real values of x, x5�2:5

gðxÞ ¼ 1

4xþ 1
, for real values of x, x 6¼ �0:25

(a) Find the range of f. (2 marks)

(b) The inverse of f is f�1 .

(i) Find f�1ðxÞ. (3 marks)

(ii) State the domain of f�1 . (1 mark)

(c) The composite function fg is denoted by h.

(i) Find an expression for hðxÞ . (1 mark)

(ii) Solve the equation hðxÞ ¼ 3 . (3 marks)

3 (a) Solve the equation tan x ¼ �1
3
, giving all the values of x in the interval 0<x< 2p in

radians to two decimal places. (3 marks)

(b) Show that the equation

3 sec2 x ¼ 5ðtan xþ 1Þ

can be written in the form 3 tan2 x� 5 tan x� 2 ¼ 0 . (1 mark)

(c) Hence, or otherwise, solve the equation

3 sec2 x ¼ 5ðtan xþ 1Þ

giving all the values of x in the interval 0<x< 2p in radians to two decimal places.

(4 marks)

Turn over

s

PhysicsAndMathsTutor.com



4

P15484/Jun09/MPC3

4 (a) Sketch the graph of y ¼ j 50� x2 j , indicating the coordinates of the point where the

graph crosses the y-axis. (3 marks)

(b) Solve the equation j 50� x2 j ¼ 14 . (3 marks)

(c) Hence, or otherwise, solve the inequality j 50� x2 j> 14 . (2 marks)

(d) Describe a sequence of two geometrical transformations that maps the graph of y ¼ x2

onto the graph of y ¼ 50� x2 . (4 marks)

5 (a) Given that 2 ln x ¼ 5 , find the exact value of x. (1 mark)

(b) Solve the equation

2 ln xþ 15

ln x
¼ 11

giving your answers as exact values of x. (5 marks)
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6 The diagram shows the curve with equation y ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
100� 4x2

p
, where x5 0 .

(a) Calculate the volume of the solid generated when the region bounded by the curve

shown above and the coordinate axes is rotated through 360� about the y-axis, giving

your answer in terms of p . (5 marks)

(b) Use the mid-ordinate rule with five strips of equal width to find an estimate forð5
0

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
100� 4x2

p
dx , giving your answer to three significant figures. (4 marks)

(c) The point P on the curve has coordinates ð3, 8Þ.

(i) Find the gradient of the curve y ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
100� 4x2

p
at the point P. (3 marks)

(ii) Hence show that the equation of the tangent to the curve at the point P can be

written as 2yþ 3x ¼ 25 . (2 marks)

(d) The shaded regions on the diagram below are bounded by the curve, the tangent at P

and the coordinate axes.

Use your answers to part (b) and part (c)(ii) to find an approximate value for the total

area of the shaded regions. Give your answer to three significant figures. (5 marks)

y

10

O 5
x

Pð3, 8Þ

x5

y

10

O
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7 (a) Use integration by parts to find

ð
ðt � 1Þ ln t dt . (4 marks)

(b) Use the substitution t ¼ 2xþ 1 to show that

ð
4x lnð2xþ 1Þ dx can be written asð

ðt � 1Þ ln t dt . (3 marks)

(c) Hence find the exact value of

ð1
0
4x lnð2xþ 1Þ dx . (3 marks)

END OF QUESTIONS
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Answer all questions.

1 A curve has equation y ¼ e�4xðx2 þ 2x� 2Þ .

(a) Show that
dy

dx
¼ 2e�4xð5� 3x� 2x2Þ . (3 marks)

(b) Find the exact values of the coordinates of the stationary points of the curve.

(5 marks)

2 [Figure 1, printed on the insert, is provided for use in this question.]

(a) (i) Sketch the graph of y ¼ sin�1 x , where y is in radians. State the coordinates of

the end points of the graph. (3 marks)

(ii) By drawing a suitable straight line on your sketch, show that the equation

sin�1 x ¼ 1
4
xþ 1

has only one solution. (2 marks)

(b) The root of the equation sin�1 x ¼ 1
4
xþ 1 is a . Show that 0:5< a < 1 . (2 marks)

(c) The equation sin�1 x ¼ 1
4
xþ 1 can be rewritten as x ¼ sin

�
1
4
xþ 1

�
.

(i) Use the iteration xnþ1 ¼ sin
�
1
4
xn þ 1

�
with x1 ¼ 0:5 to find the values of

x2 and x3 , giving your answers to three decimal places. (2 marks)

(ii) The sketch on Figure 1 shows parts of the graphs of y ¼ sin
�
1
4
xþ 1

�
and

y ¼ x , and the position of x1 .

On Figure 1, draw a cobweb or staircase diagram to show how convergence takes

place, indicating the positions of x2 and x3 on the x-axis. (2 marks)
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3 (a) Solve the equation

cosec x ¼ 3

giving all values of x in radians to two decimal places, in the interval 04 x4 2p .

(2 marks)

(b) By using a suitable trigonometric identity, solve the equation

cot2 x ¼ 11� cosec x

giving all values of x in radians to two decimal places, in the interval 04 x4 2p .

(6 marks)

4 (a) Sketch the graph of y ¼ j 8� 2x j . (2 marks)

(b) Solve the equation j 8� 2x j ¼ 4 . (2 marks)

(c) Solve the inequality j 8� 2x j> 4 . (2 marks)

5 (a) Use the mid-ordinate rule with four strips to find an estimate for

ð12
0

lnðx2 þ 5Þ dx ,
giving your answer to three significant figures. (4 marks)

(b) A curve has equation y ¼ lnðx2 þ 5Þ .

(i) Show that this equation can be rewritten as x2 ¼ ey � 5 . (1 mark)

(ii) The region bounded by the curve, the lines y ¼ 5 and y ¼ 10 and the y-axis is

rotated through 360� about the y-axis. Find the exact value of the volume of the

solid generated. (4 marks)

(c) The graph with equation y ¼ lnðx2 þ 5Þ is stretched with scale factor 4 parallel to the

x-axis, and then translated through
0

3

� �
to give the graph with equation y ¼ fðxÞ .

Write down an expression for fðxÞ . (3 marks)

Turn over for the next question

Turn over
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6 The functions f and g are defined with their respective domains by

fðxÞ ¼ e2x � 3 , for all real values of x

gðxÞ ¼ 1

3xþ 4
, for real values of x, x 6¼ �4

3

(a) Find the range of f . (2 marks)

(b) The inverse of f is f�1 .

(i) Find f�1ðxÞ . (3 marks)

(ii) Solve the equation f�1ðxÞ ¼ 0 . (2 marks)

(c) (i) Find an expression for gfðxÞ . (1 mark)

(ii) Solve the equation gfðxÞ ¼ 1 , giving your answer in an exact form. (3 marks)

7 It is given that y ¼ tan 4x .

(a) By writing tan 4x as
sin 4x

cos 4x
, use the quotient rule to show that

dy

dx
¼ pð1þ tan2 4xÞ ,

where p is a number to be determined. (3 marks)

(b) Show that
d2y

dx2
¼ qyð1þ y2Þ , where q is a number to be determined. (5 marks)

8 (a) Using integration by parts, find

ð
x sinð2x� 1Þ dx . (5 marks)

(b) Use the substitution u ¼ 2x� 1 to find

ð
x2

2x� 1
dx , giving your answer in terms of x.

(6 marks)

END OF QUESTIONS

Copyright � 2010 AQA and its licensors. All rights reserved.
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Figure 1 (for use in Question 2)
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1 The curve y ¼ 3
x
intersects the curve y ¼ 10� x3 at the point where x ¼ a .

(a) Show that a lies between 1 and 2. (2 marks)

(b) (i) Show that the equation 3
x ¼ 10� x3 can be rearranged into the form

x ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
10� 3

x3
p

. (1 mark)

(ii) Use the iteration xnþ1 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
10� 3

x3
p

n with x1 ¼ 1 to find the values of x2 and x3 ,

giving your answers to three decimal places. (2 marks)

2 (a) The diagram shows the graph of y ¼ sec x for 0�4 x4 360�.

(i) The point A on the curve is where x ¼ 0 . State the y-coordinate of A. (1 mark)

(ii) Sketch, on the axes given on page 3, the graph of y ¼ j sec 2x j for 0�4 x4 360�.
(3 marks)

(b) Solve the equation sec x ¼ 2 , giving all values of x in degrees in the interval

0�4 x4 360�. (2 marks)

(c) Solve the equation j secð2x� 10�Þj ¼ 2 , giving all values of x in degrees in the

interval 0�4 x4 180�. (4 marks)

P28423/Jun10/MPC3
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3 (a) Find
dy

dx
when:

(i) y ¼ lnð5x� 2Þ ; (2 marks)

(ii) y ¼ sin 2x . (2 marks)

(b) The functions f and g are defined with their respective domains by

fðxÞ ¼ lnð5x� 2Þ , for real values of x such that x5 1
2

gðxÞ ¼ sin 2x , for real values of x in the interval � p
4
4 x4

p
4

(i) Find the range of f . (2 marks)

(ii) Find an expression for gfðxÞ . (1 mark)

(iii) Solve the equation gfðxÞ ¼ 0 . (3 marks)

(iv) The inverse of g is g�1 . Find g�1ðxÞ . (2 marks)

P28423/Jun10/MPC3
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4 (a) Use Simpson’s rule with 7 ordinates (6 strips) to find an approximation

to

ð2
0:5

x

1þ x3
dx , giving your answer to three significant figures. (4 marks)

(b) Find the exact value of

ð1
0

x2

1þ x3
dx . (4 marks)

5 (a) Show that the equation

10 cosec2 x ¼ 16� 11 cot x

can be written in the form

10 cot2 xþ 11 cot x� 6 ¼ 0 (1 mark)

(b) Hence, given that 10 cosec2 x ¼ 16� 11 cot x , find the possible values of tan x .

(4 marks)

6 The diagram shows the curve y ¼ ln x

x
.

The curve crosses the x-axis at A and has a stationary point at B.

(a) State the coordinates of A. (1 mark)

(b) Find the coordinates of the stationary point, B, of the curve, giving your answer in an

exact form. (5 marks)

(c) Find the exact value of the gradient of the normal to the curve at the point

where x ¼ e3 . (3 marks)

P28423/Jun10/MPC3
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7 (a) Use integration by parts to find:

(i)

ð
x cos 4x dx ; (4 marks)

(ii)

ð
x2 sin 4x dx . (4 marks)

(b) The region bounded by the curve y ¼ 8x
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðsin 4xÞ

p
and the lines x ¼ 0 and x ¼ 0:2

is rotated through 2p radians about the x-axis. Find the value of the volume of the

solid generated, giving your answer to three significant figures. (3 marks)

P28423/Jun10/MPC3
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8 The diagram shows the curves y ¼ e2x � 1 and y ¼ 4e�2x þ 2 .

The curve y ¼ 4e�2x þ 2 crosses the y-axis at the point A and the curves intersect at

the point B.

(a) Describe a sequence of two geometrical transformations that maps the graph of

y ¼ ex onto the graph of y ¼ e2x � 1 . (4 marks)

(b) Write down the coordinates of the point A. (1 mark)

(c) (i) Show that the x-coordinate of the point B satisfies the equation

ðe2xÞ2 � 3e2x � 4 ¼ 0 (2 marks)

(ii) Hence find the exact value of the x-coordinate of the point B. (3 marks)

(d) Find the exact value of the area of the shaded region bounded by the curves

y ¼ e2x � 1 and y ¼ 4e�2x þ 2 and the y-axis. (5 marks)

END OF QUESTIONS
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Answer all questions in the spaces provided.

1 (a) Find
dy

dx
when y ¼ ðx3 � 1Þ6 . (2 marks)

(b) A curve has equation y ¼ x ln x .

(i) Find
dy

dx
. (2 marks)

(ii) Find an equation of the tangent to the curve y ¼ x ln x at the point on the curve

where x ¼ e . (3 marks)
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2 A curve is defined by the equation y ¼ ðx2 � 4Þ lnðxþ 2Þ for x5 3 .

The curve intersects the line y ¼ 15 at a single point, where x ¼ a .

(a) Show that a lies between 3.5 and 3.6 . (2 marks)

(b) Show that the equation ðx2 � 4Þ lnðxþ 2Þ ¼ 15 can be arranged into the form

x ¼ �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4þ 15

lnðxþ 2Þ

s
(2 marks)

(c) Use the iteration

xnþ1 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4þ 15

lnðxn þ 2Þ

s

with x1 ¼ 3:5 to find the values of x2 and x3, giving your answers to three decimal

places. (2 marks)
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3 (a) Given that x ¼ tanð3yþ 1Þ :

(i) find
dx

dy
in terms of y ; (2 marks)

(ii) find the value of
dy

dx
when y ¼ � 1

3
. (2 marks)

(b) Sketch the graph of y ¼ tan�1 x . (2 marks)

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

Do not write
outside the

box

P37087/Jan11/MPC3

QUESTION

PART

REFERENCE

(06)

PhysicsAndMathsTutor.com



8

4 The functions f and g are defined with their respective domains by

fðxÞ ¼ 3 cos 1
2
x , for 04 x4 2p

gðxÞ ¼ j x j , for all real values of x

(a) Find the range of f . (2 marks)

(b) The inverse of f is f�1 .

(i) Find f�1ðxÞ . (3 marks)

(ii) Solve the equation f�1ðxÞ ¼ 1 , giving your answer in an exact form. (2 marks)

(c) (i) Write down an expression for gfðxÞ . (1 mark)

(ii) Sketch the graph of y ¼ gfðxÞ for 04 x4 2p . (3 marks)

(d) Describe a sequence of two geometrical transformations that maps the graph of

y ¼ cos x onto the graph of y ¼ 3 cos
1
2
x . (3 marks)
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5 (a) Find

ð
1

3þ 2x
dx . (2 marks)

(b) By using integration by parts, find

ð
x sin

x

2
dx . (4 marks)
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6 (a) Use the mid-ordinate rule with four strips to find an estimate for

ð0:4
0

cos
ffiffiffiffiffiffiffiffiffiffiffiffiffi
3xþ 1
p

dx ,

giving your answer to three significant figures. (4 marks)

(b) Use the substitution u ¼ 3xþ 1 to find the exact value of

ð1
0
x
ffiffiffiffiffiffiffiffiffiffiffiffiffi
3xþ 1
p

dx .

(6 marks)
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.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................
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Do not write
outside the

box

P37087/Jan11/MPC3

QUESTION

PART

REFERENCE

(12)

PhysicsAndMathsTutor.com



14

7 (a) Solve the equation sec x ¼ �5 , giving all values of x in radians to two decimal

places in the interval 0 < x < 2p . (3 marks)

(b) Show that the equation

cosec x

1þ cosec x
� cosec x

1� cosec x
¼ 50

can be written in the form

sec2 x ¼ 25 (4 marks)

(c) Hence, or otherwise, solve the equation

cosec x

1þ cosec x
� cosec x

1� cosec x
¼ 50

giving all values of x in radians to two decimal places in the interval 0 < x < 2p .

(3 marks)
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8 (a) Given that e�2x ¼ 4 , find the exact value of x . (2 marks)

(b) The diagram shows the curve y ¼ 4e�2x � e�4x .

The curve crosses the y-axis at the point A, the x-axis at the point B, and has a

stationary point at M .

(i) State the y-coordinate of A. (1 mark)

(ii) Find the x-coordinate of B, giving your answer in an exact form. (3 marks)

(iii) Find the x-coordinate of the stationary point, M , giving your answer in an exact

form. (3 marks)

(iv) The shaded region R is bounded by the curve y ¼ 4e�2x � e�4x , the lines x ¼ 0

and x ¼ ln 2 and the x-axis.

Find the volume of the solid generated when the region R is rotated through 360�

about the x-axis, giving your answer in the form
p

q
p , where p and q are integers.

(7 marks)

.................................................................................................................................................................
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2

1 The diagram shows the curve with equation y ¼ lnð6xÞ .

(a) State the x-coordinate of the point of intersection of the curve with the x-axis.

(1 mark)

(b) Find
dy

dx
. (2 marks)

(c) Use Simpson’s rule with 6 strips (7 ordinates) to find an estimate for

ð7
1
lnð6xÞ dx ,

giving your answer to three significant figures. (4 marks)

2 (a) (i) Find
dy

dx
when y ¼ xe2x . (3 marks)

(ii) Find an equation of the tangent to the curve y ¼ xe2x at the point ð1, e2Þ . (2 marks)

(b) Given that y ¼ 2 sin 3x

1þ cos 3x
, use the quotient rule to show that

dy

dx
¼ k

1þ cos 3x

where k is an integer. (4 marks)
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3

3 The curve y ¼ cos�1ð2x� 1Þ intersects the curve y ¼ ex at a single point

where x ¼ a .

(a) Show that a lies between 0.4 and 0.5 . (2 marks)

(b) Show that the equation cos�1ð2x� 1Þ ¼ ex can be written as x ¼ 1
2
þ 1

2
cosðexÞ .

(1 mark)

(c) Use the iteration xnþ1 ¼
1
2
þ 1

2
cosðexnÞ with x1 ¼ 0:4 to find the values of x2 and

x3, giving your answers to three decimal places. (2 marks)

4 (a) (i) Solve the equation cosec y ¼ �4 for 0� < y < 360� , giving your answers to the

nearest 0.1�. (2 marks)

(ii) Solve the equation

2 cot2ð2xþ 30�Þ ¼ 2� 7 cosecð2xþ 30�Þ

for 0� < x < 180� , giving your answers to the nearest 0.1�. (6 marks)

(b) Describe a sequence of two geometrical transformations that maps the graph of

y ¼ cosec x onto the graph of y ¼ cosecð2xþ 30�Þ . (4 marks)

5 The functions f and g are defined with their respective domains by

fðxÞ ¼ x2 for all real values of x

gðxÞ ¼ 1

2xþ 1
for real values of x, x 6¼ �0:5

(a) Explain why f does not have an inverse. (1 mark)

(b) The inverse of g is g�1 . Find g�1ðxÞ . (3 marks)

(c) State the range of g�1 . (1 mark)

(d) Solve the equation fgðxÞ ¼ gðxÞ . (3 marks)
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4

6 (a) Given that 3 ln x ¼ 4 , find the exact value of x . (1 mark)

(b) By forming a quadratic equation in ln x , solve 3 ln xþ 20

ln x
¼ 19 , giving your

answers for x in an exact form. (5 marks)

7 (a) On separate diagrams:

(i) sketch the curve with equation y ¼ j 3xþ 3 j ; (2 marks)

(ii) sketch the curve with equation y ¼ j x2 � 1 j . (3 marks)

(b) (i) Solve the equation j 3xþ 3 j ¼ j x2 � 1 j . (5 marks)

(ii) Hence solve the inequality j 3xþ 3 j < j x2 � 1 j . (2 marks)

8 Use the substitution u ¼ 1þ 2 tan x to find

ð
1

ð1þ 2 tan xÞ2 cos2 x
dx (5 marks)

P38665/Jun11/MPC3

(04)

PhysicsAndMathsTutor.com



5

9 (a) Use integration by parts to find

ð
x ln x dx . (3 marks)

(b) Given that y ¼ ðln xÞ2 , find dy

dx
. (2 marks)

(c) The diagram shows part of the curve with equation y ¼ ffiffiffi
x
p

ln x .

The shaded region R is bounded by the curve y ¼ ffiffiffi
x
p

ln x , the line x ¼ e and the

x-axis from x ¼ 1 to x ¼ e .

Find the volume of the solid generated when the region R is rotated through 360�
about the x-axis, giving your answer in an exact form. (6 marks)

END OF QUESTIONS
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2

1 (a) Use Simpson’s rule with 7 ordinates (6 strips) to find an estimate for

ð3
0
4x dx .

(4 marks)

(b) A curve is defined by the equation y ¼ 4x . The curve intersects the line y ¼ 8� 2x

at a single point where x ¼ a .

(i) Show that a lies between 1.2 and 1.3 . (2 marks)

(ii) The equation 4x ¼ 8� 2x can be rearranged into the form x ¼ lnð8� 2xÞ
ln 4

.

Use the iterative formula xnþ1 ¼
lnð8� 2xnÞ

ln 4
with x1 ¼ 1:2 to find the values of

x2 and x3, giving your answers to three decimal places. (2 marks)

2 The curve with equation y ¼ 63

4x� 1
is sketched below for 14 x4 16 .

The function f is defined by fðxÞ ¼ 63

4x� 1
for 14 x4 16 .

(a) Find the range of f . (2 marks)

(b) The inverse of f is f�1 .

(i) Find f�1ðxÞ . (3 marks)

(ii) Solve the equation f�1ðxÞ ¼ 1 . (2 marks)

(c) The function g is defined by gðxÞ ¼ x2 for �44 x4�1 .

(i) Write down an expression for fgðxÞ . (1 mark)

(ii) Solve the equation fgðxÞ ¼ 1 . (3 marks)
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3 (a) Given that y ¼ 4x3 � 6xþ 1 , find
dy

dx
. (1 mark)

(b) Hence find

ð3
2

2x2 � 1

4x3 � 6xþ 1
dx , giving your answer in the form p ln q , where

p and q are rational numbers. (5 marks)

4 (a) By using a suitable trigonometrical identity, solve the equation

tan2 y ¼ 3ð3� sec yÞ

giving all solutions to the nearest 0.1� in the interval 0� < y < 360� . (6 marks)

(b) Hence solve the equation

tan2ð4x� 10�Þ ¼ 3½3� secð4x� 10�Þ�

giving all solutions to the nearest 0.1� in the interval 0� < x < 90� . (3 marks)

5 (a) Describe a sequence of two geometrical transformations that maps the graph of

y ¼ ln x onto the graph of y ¼ 4 lnðx� eÞ . (4 marks)

(b) Sketch, on the axes given below, the graph of y ¼ j4 lnðx� eÞj , indicating the exact

value of the x-coordinate where the curve meets the x-axis. (3 marks)

(c) (i) Solve the equation j4 lnðx� eÞj ¼ 4 . (3 marks)

(ii) Hence, or otherwise, solve the inequality j4 lnðx� eÞj5 4 . (3 marks)
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6 (a) Given that x ¼ 1

sin y
, use the quotient rule to show that

dx

dy
¼ � cosec y cot y .

(3 marks)

(b) Use the substitution x ¼ cosec y to find

ð2
ffiffi
2
p

1

x2
ffiffiffiffiffiffiffiffiffiffiffiffiffi
x2 � 1
p dx , giving your answer to

three significant figures. (9 marks)

7 (a) A curve has equation y ¼ x2e
� x

4 .

Show that the curve has exactly two stationary points and find the exact values of

their coordinates. (7 marks)

(b) (i) Use integration by parts twice to find the exact value of

ð4
0
x2e
� x

4 dx . (7 marks)

(ii) The region bounded by the curve y ¼ 3xe
� x

8 , the x-axis from 0 to 4 and the line

x ¼ 4 is rotated through 360� about the x-axis to form a solid.

Use your answer to part (b)(i) to find the exact value of the volume of the solid

generated. (2 marks)

Copyright ª 2012 AQA and its licensors. All rights reserved.
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1 Use the mid-ordinate rule with four strips to find an estimate for

ð1:2
0:4

cotðx2Þ dx ,
giving your answer to three decimal places. (4 marks)

2 For 0 < x4 2 , the curves with equations y ¼ 4 ln x and y ¼ ffiffiffi
x
p

intersect at a

single point where x ¼ a .

(a) Show that a lies between 0.5 and 1.5 . (2 marks)

(b) Show that the equation 4 ln x ¼ ffiffiffi
x
p

can be rearranged into the form

x ¼ e

ffiffi
x
p

4

� �
(1 mark)

(c) Use the iterative formula

xnþ1 ¼ e

ffiffiffi
xn
p

4

� �

with x1 ¼ 0:5 to find the values of x2 and x3 , giving your answers to three decimal

places. (2 marks)

(d) Figure 1, on the page 3, shows a sketch of parts of the graphs of y ¼ e

ffiffi
x
p

4

� �
and

y ¼ x , and the position of x1 .

On Figure 1, draw a cobweb or staircase diagram to show how convergence takes

place, indicating the positions of x2 and x3 on the x-axis. (2 marks)
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Figure 1

3 A curve has equation y ¼ x3 ln x .

(a) Find
dy

dx
. (2 marks)

(b) (i) Find an equation of the tangent to the curve y ¼ x3 ln x at the point on the curve

where x ¼ e . (3 marks)

(ii) This tangent intersects the x-axis at the point A. Find the exact value of the

x-coordinate of the point A. (2 marks)
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4 (a) By using integration by parts, find

ð
x e6x dx . (4 marks)

(b) The diagram shows part of the curve with equation y ¼
ffiffiffi
x
p

e3x .

The shaded region R is bounded by the curve y ¼
ffiffiffi
x
p

e3x , the line x ¼ 1 and the

x-axis from x ¼ 0 to x ¼ 1 .

Find the volume of the solid generated when the region R is rotated through 360�
about the x-axis, giving your answer in the form pðpe6 þ qÞ , where p and q are

rational numbers. (3 marks)

5 The functions f and g are defined with their respective domains by

fðxÞ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffi
2x� 5
p

, for x5 2:5

gðxÞ ¼ 10

x
, for real values of x, x 6¼ 0

(a) State the range of f . (2 marks)

(b) (i) Find fgðxÞ . (1 mark)

(ii) Solve the equation fgðxÞ ¼ 5 . (2 marks)

(c) The inverse of f is f�1 .

(i) Find f�1ðxÞ . (3 marks)

(ii) Solve the equation f�1ðxÞ ¼ 7 . (2 marks)
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6 Use the substitution u ¼ x4 þ 2 to find the value of

ð1
0

x7

ðx4 þ 2Þ2
dx , giving your

answer in the form p ln qþ r , where p, q and r are rational numbers. (6 marks)

7 The sketch shows part of the curve with equation y ¼ fðxÞ .

(a) On Figure 2 on page 6, sketch the curve with equation y ¼ j fðxÞ j . (3 marks)

(b) On Figure 3 on page 6, sketch the curve with equation y ¼ fðj x jÞ . (2 marks)

(c) Describe a sequence of two geometrical transformations that maps the graph of

y ¼ fðxÞ onto the graph of y ¼ 1
2
fðxþ 1Þ . (4 marks)

(d) The maximum point of the curve with equation y ¼ fðxÞ has coordinates ð�1, 10Þ .
Find the coordinates of the maximum point of the curve with equation y ¼ 1

2
fðxþ 1Þ .
(2 marks)
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(a) Figure 2

(b)
Figure 3
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8 (a) Show that the equation

1

1þ cos y
þ 1

1� cos y
¼ 32

can be written in the form

cosec2 y ¼ 16 (4 marks)

(b) Hence, or otherwise, solve the equation

1

1þ cosð2x� 0:6Þ þ
1

1� cosð2x� 0:6Þ ¼ 32

giving all values of x in radians to two decimal places in the interval 0 < x < p .

(5 marks)

9 (a) Given that x ¼ sin y

cos y
, use the quotient rule to show that

dx

dy
¼ sec2 y (3 marks)

(b) Given that tan y ¼ x� 1 , use a trigonometrical identity to show that

sec2 y ¼ x2 � 2xþ 2 (2 marks)

(c) Show that, if y ¼ tan�1ðx� 1Þ , then

dy

dx
¼ 1

x2 � 2xþ 2
(1 mark)

(d) A curve has equation y ¼ tan�1ðx� 1Þ � ln x .

(i) Find the value of the x-coordinate of each of the stationary points of the curve.

(4 marks)

(ii) Find
d2y

dx2
. (2 marks)

(iii) Hence show that the curve has a minimum point which lies on the x-axis. (2 marks)

Copyright � 2012 AQA and its licensors. All rights reserved.
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Answer all questions.

Answer each question in the space provided for that question.

1 (a) Show that the equation x3 � 6xþ 1 ¼ 0 has a root a, where 2 < a < 3 . (2 marks)

(b) Show that the equation x3 � 6xþ 1 ¼ 0 can be rearranged into the form

x2 ¼ 6� 1

x
(1 mark)

(c) Use the recurrence relation xnþ1 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffi
6� 1

xn

s
, with x1 ¼ 2:5 , to find the value of x3,

giving your answer to four significant figures. (2 marks)

Answer space for question 1
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2 (a) Use Simpson’s rule, with five ordinates (four strips), to calculate an estimate for

ð4
0

x

x2 þ 2
dx

Give your answer to four significant figures. (4 marks)

(b) Show that the exact value of

ð4
0

x

x2 þ 2
dx is ln k , where k is an integer. (5 marks)

Answer space for question 2
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3 (a) Find
dy

dx
when

y ¼ e3x þ ln x (2 marks)

(b) (i) Given that u ¼ sin x

1þ cos x
, show that

du

dx
¼ 1

1þ cos x
. (3 marks)

(ii) Hence show that if y ¼ ln
sin x

1þ cos x

� �
, then

dy

dx
¼ cosec x . (2 marks)

Answer space for question 3
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4 The diagram shows a sketch of the curve with equation y ¼ fðxÞ .

(a) On the axes below, sketch the curve with equation y ¼ jfðxÞj . (2 marks)

(b) Describe a sequence of two geometrical transformations that maps the graph of

y ¼ fðxÞ onto the graph of y ¼ fð2x� 1Þ . (4 marks)

Answer space for question 4
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5 The function f is defined by

fðxÞ ¼ x2 � 4

3
, for real values of x, where x4 0

(a) State the range of f. (2 marks)

(b) The inverse of f is f�1 .

(i) Write down the domain of f�1 . (1 mark)

(ii) Find an expression for f�1ðxÞ . (3 marks)

(c) The function g is defined by

gðxÞ ¼ ln j3x� 1j , for real values of x, where x 6¼ 1
3

The curve with equation y ¼ gðxÞ is sketched below.

(i) The curve y ¼ gðxÞ intersects the x-axis at the origin and at the point P.

Find the x-coordinate of P. (2 marks)

(ii) State whether the function g has an inverse. Give a reason for your answer. (1 mark)

(iii) Show that gfðxÞ ¼ ln jx2 � kj , stating the value of the constant k. (2 marks)

(iv) Solve the equation gfðxÞ ¼ 0 . (4 marks)
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6 (a) Show that

sec2 x

ðsec xþ 1Þðsec x� 1Þ

can be written as cosec2 x . (3 marks)

(b) Hence solve the equation

sec2 x

ðsec xþ 1Þðsec x� 1Þ ¼ cosec xþ 3

giving the values of x to the nearest degree in the interval �180� < x < 180�.
(6 marks)

(c) Hence solve the equation

sec2ð2y � 60�Þ
ðsecð2y � 60�Þ þ 1Þðsecð2y � 60�Þ � 1Þ ¼ cosecð2y � 60�Þ þ 3

giving the values of y to the nearest degree in the interval 0� < y < 90�. (2 marks)
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7 A curve has equation y ¼ 4x cos 2x .

(a) Find an exact equation of the tangent to the curve at the point on the curve where

x ¼ p
4
. (5 marks)

(b) The region shaded on the diagram below is bounded by the curve y ¼ 4x cos 2x and

the x-axis from x ¼ 0 to x ¼ p
4
.

By using integration by parts, find the exact value of the area of the shaded region.

(5 marks)
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8 (a) Show that

ðln 2
0

e1�2x dx ¼ 3
8
e (4 marks)

(b) Use the substitution u ¼ tan x to find the exact value of

ð p
4

0
sec4 x

ffiffiffiffiffiffiffiffiffi
tan x
p

dx (8 marks)

Answer space for question 8
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2

1 The diagram below shows the graphs of y ¼ j2x� 3j and y ¼ jxj .

(a) Find the x-coordinates of the points of intersection of the graphs of y ¼ j2x� 3j and
y ¼ jxj . (3 marks)

(b) Hence, or otherwise, solve the inequality

j2x� 3j5 jxj (2 marks)

2 (a) Given that y ¼ x4 tan 2x , find
dy

dx
. (3 marks)

(b) Find the gradient of the curve with equation y ¼ x2

x� 1
at the point where x ¼ 3 .

(3 marks)
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3 (a) The equation e�x � 2þ
ffiffiffi
x
p
¼ 0 has a single root, a.

Show that a lies between 3 and 4. (2 marks)

(b) Use the recurrence relation xnþ1 ¼ ð2� e�xnÞ2 , with x1 ¼ 3:5 , to find x2 and x3,

giving your answers to three decimal places. (2 marks)

(c) The diagram below shows parts of the graphs of y ¼ ð2� e�xÞ2 and y ¼ x , and a

position of x1.

On the diagram, draw a staircase or cobweb diagram to show how convergence takes

place, indicating the positions of x2 and x3 on the x-axis.

4 By forming and solving a quadratic equation, solve the equation

8 sec x� 2 sec2 x ¼ tan2 x� 2

in the interval 0 < x < 2p , giving the values of x in radians to three significant

figures. (7 marks)

P61925/Jun13/MPC3
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5 The diagram shows a sketch of the graph of y ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
27þ x3

p
.

(a) The area of the shaded region, bounded by the curve, the x-axis and the lines x ¼ 0

and x ¼ 4 , is given by

ð 4
0

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
27þ x3

p
dx .

Use the mid-ordinate rule with five strips to find an estimate for this area. Give your

answer to three significant figures. (4 marks)

(b) With the aid of a diagram, explain whether the mid-ordinate rule applied in part (a)

gives an estimate which is smaller than or greater than the area of the shaded region.

(2 marks)
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6 (a) Sketch the graph of y ¼ cos�1 x , where y is in radians. State the coordinates of the

end points of the graph. (2 marks)

(b) Sketch the graph of y ¼ p � cos�1 x , where y is in radians. State the coordinates of

the end points of the graph. (2 marks)
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7 The diagram shows a sketch of the curve with equation y ¼ fðxÞ .

(a) On Figure 1, below, sketch the curve with equation y ¼ �fð3xÞ , indicating the

values where the curve cuts the coordinate axes. (2 marks)

(b) On Figure 2, on page 7, sketch the curve with equation y ¼ fðjxjÞ , indicating the

values where the curve cuts the coordinate axes. (3 marks)

(c) Describe a sequence of two geometrical transformations that maps the graph of

y ¼ fðxÞ onto the graph of y ¼ f �1
2
x

� �
. (4 marks)

Figure 1
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Figure 2
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8 The curve with equation y ¼ fðxÞ , where fðxÞ ¼ lnð2x� 3Þ , x > 3
2
, is sketched

below.

(a) The inverse of f is f�1 .

(i) Find f�1ðxÞ . (3 marks)

(ii) State the range of f�1 . (1 mark)

(iii) Sketch, on the axes given on page 9, the curve with equation y ¼ f�1ðxÞ , indicating
the value of the y-coordinate of the point where the curve intersects the y-axis.

(2 marks)

(b) The function g is defined by

gðxÞ ¼ e2x � 4, for all real values of x

(i) Find gfðxÞ , giving your answer in the form ðax� bÞ2 � c , where a, b and c are

integers. (3 marks)

(ii) Write down an expression for fgðxÞ , and hence find the exact solution of the

equation fgðxÞ ¼ ln 5 . (3 marks)
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9 The shape of a vase can be modelled by rotating the curve with equation

16x2 � ðy� 8Þ2 ¼ 32 between y ¼ 0 and y ¼ 16 completely about the y-axis.

The vase has a base.

Find the volume of water needed to fill the vase, giving your answer as an exact

value. (5 marks)
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10 (a) (i) By writing ln x as ðln xÞ � 1 , use integration by parts to find

ð
ln x dx . (4 marks)

(ii) Find

ð
ðln xÞ2 dx . (4 marks)

(b) Use the substitution u ¼
ffiffiffi
x
p

to find the exact value of

ð 4
1

1

xþ ffiffiffi
x
p dx (7 marks)

Copyright ª 2013 AQA and its licensors. All rights reserved.

P61925/Jun13/MPC3

(10)

PhysicsAndMathsTutor.com


	January 2006 QP - C3 AQA
	June 2006 QP - C3 AQA
	January 2007 QP - C3 AQA
	June 2007 QP - C3 AQA
	January 2008 QP - C3 AQA
	June 2008 QP - C3 AQA
	January 2009 QP - C3 AQA
	June 2009 QP - C3 AQA
	January 2010 QP - C3 AQA
	June 2010 QP - C3 AQA
	January 2011 QP - C3 AQA
	June 2011 QP - C3 AQA
	January 2012 QP - C3 AQA
	June 2012 QP - C3 AQA
	January 2013 QP - C3 AQA
	June 2013 QP - C3 AQA



