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Answer ALL questions.  Write your answers in the spaces provided.

1. Use Simpson’s Rule with 6 intervals to estimate

1
3

1

4

+∫ x xd

(5)
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Question 1 continued
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(Total for Question 1 is 5 marks)
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2. Given k is a constant and that 

y = x3 ek x

 use Leibnitz theorem to show that

d

d

n

n

y

x
 = k n − 3ek x (k 3x 3 + 3nk 2 x 2 + 3n(n − 1)k x + n(n − 1)(n − 2))

(4)
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k x

d y
  − 3          − 1)  − 1)(  − 2))
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Question 2 continued
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(Total for Question 2 is 4 marks)
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3. A vibrating spring, fixed at one end, has an external force acting on it such that the centre 

of the spring moves in a straight line.  At time t seconds, t  0, the displacement of the 

centre C of the spring from a fixed point O is x micrometres.

 The displacement of C from O is modelled by the differential equation

 t2 
d

d

2

2

x

t
 − 2t 

d

d

x

t
 + (2 + t2) x = t 4  (I)

  (a)  Show that the transformation x = t v transforms equation (I) into the equation

 
d

d

2

2

v

t
 + v = t   (II)

(5)

  (b) Hence find the general equation for the displacement of C from O at time t seconds.

(7)

  (c)  (i)  State what happens to the displacement of C from O as t becomes large.

    (ii)  Comment on the model with reference to this long term behaviour.
(2)
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

 − 2 dx )    (I)

  (a)  Show that the transformation   transforms equation (I) into the equation

  (II)

  (b) Hence find the general equation for the displacement of 

  (c)  (i)  State what happens to the displacement of 

    (ii)  Comment on the model with reference to this long term behaviour.
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Question 3 continued
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(Total for Question 3 is 14 marks)
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4. 
d

d

2

2

y

x
 − 2x

d

d

y

x
 + y = 0  (I)

  (a)  Show that

d

d

5

5

y

x
 = ax

d

d

4

4

y

x
 + b

d

d

3

3

y

x

  where a and b are integers to be found.

(4)

  (b) Hence find a series solution, in ascending powers of x, as far as the term in x5, 

    of the differential equation (I) where y = 0 and 
d

d

y

x
 = 1 at x = 0

(5)
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 − 2
dy

 = 0  (I)

  (a)  Show that

y y y

  (b) Hence find a series solution, in ascending powers of 

    of the differential equation (I) where 
dy

 = 1 at 
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Question 4 continued
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(Total for Question 4 is 9 marks)
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5. The normal to the parabola y2 = 4ax at the point P(ap2, 2ap) passes through the parabola 
again at the point Q(aq2, 2aq).

 The line OP is perpendicular to the line OQ, where O is the origin.

 Prove that p2 = 2

(9)
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) passes through the parabola 
).
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Question 5 continued
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(Total for Question 5 is 9 marks)
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6. A tetrahedron has vertices A(1, 2, 1), B(0, 1, 0), C(2, 1, 3) and D(10, 5, 5).

 Find

  (a)  a Cartesian equation of the plane ABC.

(3)

  (b)  the volume of the tetrahedron ABCD.

(3)

 The plane П has equation 2x − 3y + 3 = 0

 The point E lies on the line AC and the point F lies on the line AD.

 Given that П contains the point B, the point E and the point F,

  (c)  find the value of k such that AE
→

 = kAC
→

.

(3)

 Given that AF
→

 = 
1

9
AD
→

  (d)  show that the volume of the tetrahedron ABCD is 45 times the volume of the 

tetrahedron ABEF.

(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

84 Pearson Edexcel Level 3 Advanced GCE in Further Mathematics 
Sample Assessment Materials – Issue 1 – July 2017 © Pearson Education Limited 2017



 
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 A

R
E

A
 

D
O

 N
O

T
 W

R
IT

E
 I

N
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 A

R
E

A

(1, 2, 1),  (0, 1, 0),  (2, 1, 3) and  (10, 5, 5).

  (a)  a Cartesian equation of the plane 

  (b)  the volume of the tetrahedron 

П −

П

  (c)  find the value of  → →

→ →

  (d)  show that the volume of the tetrahedron 
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Question 6 continued
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(Total for Question 6 is 11 marks)
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7. P and Q are two distinct points on the ellipse described by the equation x2 + 4y2 = 4

 The line l passes through the point P and the point Q.

 The tangent to the ellipse at P and the tangent to the ellipse at Q intersect at the point (r, s).

 Show that an equation of the line l is

4sy + rx = 4

(8)
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Turn over     

Question 7 continued
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(Total for Question 7 is 8 marks)
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8. h(x)
90
80
70
60
50
40
30
20
10
0

0 5 10 15 20 25 30 35 40 x

Figure 1

  Figure 1 shows the graph of the function h(x) with equation

h(x) = 45 + 15 sin x + 21 sin
x

2





  + 25 cos

x

2





       x ∈ [0, 40]

  (a)  Show that

d

d

h

x

t t t t

t
=

− −( ) + −( )
+( )

2 2

2
2

6 17 9 4 3

2 1

  where t = tan
x

4





 .

(6)

height (m)
2.5

2.0

1.5

1.0

0.5

0.0
08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00

Tue 3 Jan Wed 4 Jan

Source: 1Data taken on 29th December 2016 from http://www.ukho.gov.uk/easytide/EasyTide

Figure 2

 Figure 2 shows a graph of predicted tide heights, in metres, for Portland harbour from 

08:00 on the 3rd January 2017 to the end of the 4th January 20171.

 The graph of k h(x), where k is a constant and x is the number of hours after 08:00 on 

3rd of January, can be used to model the predicted tide heights, in metres, for this period of time.

  (b)  (i)  Suggest a value of k that could be used for the graph of k h(x) to form a suitable model.

    (ii)  Why may such a model be suitable to predict the times when the tide heights are 
at their peaks, but not to predict the heights of these peaks?

(3)

  (c)  Use Figure 2 and the result of part (a) to estimate, to the nearest minute, the time of 
the highest tide height on the 4th January 2017.

(6)
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)

10
10 15

  Figure 1 shows the graph of the function h( ) with equation

) = 45 + 15 sin   + 21 sin
x x ∈ [0, 40]

  (a)  Show that

( )

x

height (m)

1.5

1.0

12:00 16:00 12:00 16:00

1Data taken on 29th December 2016 from http://www.ukho.gov.uk/easytide/EasyTide

08:00 on the 3rd January 2017 to the end of the 4th January 20171

), where 

  (b)  (i)  Suggest a value of  ) to form a suitable model.

    (ii)  Why may such a model be suitable to predict the times when the tide heights are 

  (c)  Use Figure 2 and the result of part (a) to estimate, to the nearest minute, the time of 
the highest tide height on the 4th January 2017.
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Question 8 continued
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Question 8 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 8 is 15 marks)
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      
  

     


90 Pearson Edexcel Level 3 Advanced GCE in Further Mathematics 
Sample Assessment Materials – Issue 1 – July 2017 © Pearson Education Limited 2017


