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1. Find

8 6
2

5

3

3
x x

x
x! !"

#$
%
&'

(
)
* d

 giving your answer in simplest form.
(4)
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Indefinite integration because we 
have no bounds

Change the x values to a more suitable form 

Remember to always add +c for 
indefinite integration 

Integrate as normal 
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Question 1 continued
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(Total for Question 1 is 4 marks)
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  

2.  In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

 Given that

• the point A has coordinates !" #2 3 5,

• the point B has coordinates 7 3 8,! "
• the straight line l1 passes through A and B

 (a) show that the gradient of l1 is p 3, where p is a rational constant to be found. 
You must show each step of your working.

(2)

 The straight line l2 is perpendicular to l1 and passes through A.

 (b) Find the equation of l2, giving your answer in the form  y = mx + c, where m and c 
are constants.

(3)
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Find the gradient 
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Question 2 continued
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(Total for Question 2 is 5 marks)

Find the gradient of Line 2 - remember it is perpendicular to Line 1 

Find the equation of Line 2 using Point A

You can then simplify and rearrange this further 
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  

3. The population of a town was monitored.

 Exactly 5 years after monitoring began, the population was 58 000

 Exactly 10 years after monitoring began, the population was 65 000

 Given that the population of the town, P thousand, t years after monitoring began can be 
modelled by the equation

P2 = a + bt3

 where a and b are constants,

 (a) find the value of a and the value of b.
(3)

 According to the model, exactly T years after monitoring began, the population 
was 85 000

 Making your method clear,

 (b) find the value of T, giving your answer to one decimal place.

(Solutions relying entirely on calculator technology are not acceptable.)
(2)
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To find a and b, we must form 2 simultaneous equations 

Solve the 2 simultaneous equations 
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Question 3 continued
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Substitute our value for a back into any equation to find b

Substitute our values for a, b and the population back into the original equation

Solve for t
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Question 3 continued
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Question 3 continued
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(Total for Question 3 is 5 marks)
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  

4.  In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

 (i) Given that

y = ax where a is a positive constant

  express, in simplest form, in terms of y and a

  (a) a3x + 1

(1)

  (b) 5

3
1

2

a x! !" #
(3)

 (ii) (a) Use the substitution  p = 9t  to show that the equation

3 3 1 82 9
4 2t t! !" # $ %

   can be rewritten as

27p2 – 82p + 3 = 0
(2)

  (b) Hence solve

3 3 1 82 9
4 2t t! !" # $ %

(3)

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________
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_____________________________________________________________________________________

Use the indices rule  to split the power

Rewrite        using the indices rule

We know

And then combine 

www.mymathscloud.com
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Question 4 continued
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Bring the denominator to the top

Square the brackets 

Multiply by 5

Rewrite everything using

Rewrite powers using base 9

Rewrite 

Substitute into the equation 

www.mymathscloud.com
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  

Question 4 continued
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Now we have to solve the normal quadratic first

Substitute into           to find t
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Question 4 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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(Total for Question 4 is 9 marks)
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  

5.  In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

 The curve C has equation

y x
x

! " "4
2

9
3  x > 0

 (a) Find 
d
d
y
x

, giving your answer in simplest form.
(2)

 Given that

• the point P lies on C

• the line with equation  y = k – 5x, where k is a constant, is the tangent to C at P

 (b) show that the x coordinate of P satisfies the equation

12x4 + 5x2 – 2 = 0
(2)

 (c) Hence find the value of k.
(4)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

Differentiation 

Rewrite the equation to make it easier to differentiate 

Differentiate

Find the gradient

Equate          to        and simplify

www.mymathscloud.com
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Question 5 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

 Find the x values first 

Find the corresponding y value to the positive x coordinate we found above using the equation of 
curve C

To find k, substitute back into the equation 
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Question 5 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________
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_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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Question 5 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 5 is 8 marks)
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6.  In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

 The curve C has equation  y = f(x),  x > 0

 Given that

• the point P(4, –5) lies on C

• f ′(x) = 
2

4

2x ax b
x

+ +
, where a and b are constants

• the gradient of the tangent to C at P is 7

 (a) show that

4a + b = 24
(2)

 Given also that  a + b = –9

 (b) find, in simplest form, f(x)
(7)

 Curve C is transformed to the curve with equation  y = f(x – 3)

 Given that point P is transformed to the point Q,

 (c) state the coordinates of Q.
(1)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

  Equate f’(x) which is the gradient to 7

 Sub in the x coordinate of P (4, -5) into f’(x)=7

Solve the simultaneous equations to find a and b 
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Question 6 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

Substitute our values of a and b back into the equation f’(x) 

Rewrite f’(x) and then integrate to find the equation of Curve C

Remember to always add +c for 
indefinite integration 

To work out c, substitute in Point (4, -5) into our new equation 
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Question 6 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

Find out what the transformation is 

Graph moves to the right by 3 units
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Question 6 continued
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 6 is 10 marks)
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7.  In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

 The curve C has equation

y
x

k! "2

 where k is a positive constant.

 (a) Sketch the graph of C.

  Show on your sketch

• the coordinates of any points of intersection of C with the coordinate axes

• the equation of the horizontal asymptote to C

  stating each in terms of k.
(3)

 The line l has equation  y = –kx – 6

 Given that l intersects C at 2 distinct points,

 (b) find the range of possible values of k.
(5)
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Question 7 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

Find any point of intersections with the x and y axis 

This is not possible, therefore there are no 
intersections with the y axis

Draw the graph (as shown above)

To find any Points of Intersections, we must first equate the 2 equations and simplify

As there are 2 points of intersections, we can use the discriminant 
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Question 7 continued
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Question 7 continued

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 7 is 8 marks)
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8.

O A

B

C

1.9 cm

3.4 cm

6

π

Figure 1

 Figure 1 shows a sketch of a design for a badge. 
The design consists of a triangle OAB joined to a sector OBC of a circle with centre O 
In the design

• OB = 3.4 cm

• AB = 1.9 cm

• angle AOB = 
6

π
 radians

• angle OAB > 
2

π
 radians

 Making your method clear,

 (a) find the size of angle OAB, giving your answer in radians to 4 significant figures,
(3)

 (b) find the area of triangle OAB, in cm2, giving your answer to 3 significant figures.
(2)

 Given that the ratio of the area of sector OBC to the area of triangle OAB is 3 : 2

 (c) show that angle BOC is 0.462 radians to 3 significant figures.
(3)

 (d) Hence find the perimeter of the badge, in cm, to the nearest integer.
(5)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

As you have an angle-side-side, you can use the sine rule to work out angle  OAB

Remember to keep your calculator in 
radians for this question!

www.mymathscloud.com
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Question 8 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

But, remember the sine ambiguity! 
So another angle with the same sine is 

Now calculate the second angle 

Lets first work out the angle OBA

Work out the area of the triangle OAB

First, we have to work out the area of sector OBC using the ratio 3:2

We can now work out the angle BOC using the area of sector formula in radians
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Question 8 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

First, let’s write out all the lengths needed for our perimeter and identify which lengths we have

Let’s work out length CB

We can then work out length AO using the cosine rule

We can now work out the total perimeter 
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Question 8 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 8 is 13 marks)
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9.

O A B

P

x

y

C
2

C
1

R

Figure 2

 (a) Express 6 27

4

2x x− −  in the form  a + b(x + c)2  where a, b and c are constants to 

be found.
(3)

 Figure 2 shows part of a sketch of curve C1 with equation

y x x! " "6
27

4

2

 Given that the point P is the maximum point on C1

 (b) state the coordinates of P
(2)

 Figure 2 also shows part of a sketch of curve C2 with equation

y = cos (kx)

 where k is a constant and x is measured in radians.

 Given that C1 and C2 intersect on the x-axis at point A and at point B, as shown in Figure 2,

 (c) (i) state the x coordinate of B

  (ii) state the value of k

  (iii) state the period of C2
(3)

 The line segment L joins P and B. 
The region R, shown shaded in Figure 2, is bounded by L, C1 and C2

 (d) Use inequalities to define R.
(5)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

Completing the square 

We have to complete the square 

Horizontal distance before the graph repeats itself
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Question 9 continued
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_____________________________________________________________________________________

The maximum point is also called the turning point which we can work out from the equation 

We can work out the x coordinate of Curve C when y = 0

Identify the change from the normal cosine graph to the y=cos(kx) graph 

Point B is when the graph crosses the x axis, and therefore cosine is 0 when:
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Question 9 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 9 is 13 marks)

TOTAL FOR PAPER IS 75 MARKS

The period of curve C is

Substitute in our value of k

Work out the equation line segment L

Work out the inequalities now 
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