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Candidates may use any calculator allowed by the regulations of the

Joint Council for Qualifications. Calculators must not have the facility

for symbolic algebra manipulation, differentiation and integration, or

have retrievable mathematical formulae stored in them.

Instructions 

• 
Use black ink or ball-point pen. 

• 
If pencil is used for diagrams/sketches/graphs it must be dark (HB or B). 

• 
Fill in the boxes at the top of this page with your name, centre number and candidate number. 

• 
Answer all questions and ensure that your answers to parts of questions are clearly labelled. 

• 
You should show sufficient working to make your methods clear. Answers without working may not gain full credit. 

• 
Answers should be given to three significant figures unless otherwise stated.

Information 

• 
A booklet ‘Mathematical Formulae and Statistical Tables’ is provided. 

• 
The total mark for this part of the examination is 75. There are 7 questions. 

• 
The marks for each question are shown in brackets



– use this as a guide as to how much time to spend on each question.

Advice

• 
Read each question carefully before you start to answer it. 

• 
Try to answer every question. 

• 
Check your answers if you have time at the end.
Answer ALL questions.

1. 
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Figure 1

Figure 1 shows a section of a curve C with parametric equations
x = t + t 2,       y = t − t 2 + 1,         0 ( x ( 3.75

The curve is rotated through 360° about the x-axis and the volume of revolution formed is used to model a clay pottery vase.

Given that each unit on the axes represents 10 cm,

(a)
find, correct to three significant figures, the volume of the vase. 
(7)

(b)
Give one criticism of the model used. 
(1)
 (Total for Question 1 is 8 marks)
___________________________________________________________________________

2. 
The plane Π1 has vector equation r.(2i + 3j − k) = 10.

(a)
Show that the perpendicular distance from the plane Π1 to the point (1, 4, 7) is a√14 where a is a rational constant to be found. 
(3)

The plane Π2 has vector equation r = λ(i − 3j + 2k) + μ(ai + 2j − 3k).

Given that the vector 5i + j − k is perpendicular to the plane Π2, find
(b)
the value of a,
(2)

(c)
the acute angle, in degrees correct to 1 decimal place, between Π1 and Π2. 
(3)
 (Total for Question 2 is 8 marks)
___________________________________________________________________________

3. 
(a)
Prove by induction that for all positive integers n,
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 (6)

(b)
M = 
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, where k is an integer.


(i)
Find the value of k for which M–1 does not exist. 
(2)


Given that M is non-singular, 

(ii)
find M–1 in terms of k. 
(4)
(Total for Question 3 is 12 marks)
___________________________________________________________________________

4. 
A complex number z has argument θ and modulus 1.

(a)
Show that zn − 
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 = 2i sin nθ,    n ( ℤ+.
(2)

(b)
Hence, show that 8 sin4 θ = cos 4θ − 4 cos 2θ + 3.

(5)
(Total for Question 4 is 7 marks)
___________________________________________________________________________

5. 
An oil vat initially contains 500 litres of pure corn oil. The oil drains out at a constant rate of 15 litres per minute and a corn oil and sugar mixture is added to the vat at a constant rate of 30 litres per minute. The mixture contains 25 grams of sugar per litre of oil.

Given that there is x grams of sugar in the vat after t minutes and that the sugar immediately

disperses throughout the vat on entry,

(a)
show that the situation can be modelled by the differential equation 
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(4)

(b)
Hence find the number of grams of sugar in the vat after 10 minutes. 
(5)

(c)
Explain how the model could be refined. 
(1)
(Total for Question 5 is 10 marks)
___________________________________________________________________________

6. 
(a)
Show that the locus of points given by the values of z satisfying

| z + 12 + 5i | = 13


can be represented by the polar curve with equation

r = −2(12 cos θ + 5 sin θ).

(4)

(b)
Show on an Argand diagram the set of points A defined by

A = {z : | z + 12 + 5i | ( 13} ( {z : −π ( arg z ( −
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(c)
Find, correct to three significant figures, the area of the region defined by A. 
(5)
(Total for Question 6 is 13 marks)
___________________________________________________________________________

7. 
A scientific experiment looks at the concentration of glucose, dissolved in water, on either side of an osmotic membrane. The glucose solution passes through the membrane in both directions and also enters the system through a tube on the left side.

A researcher believes that the concentration of glucose on the left side of the membrane, x, and the concentration of glucose on the right side of the membrane, y, at time t hours, can be modelled by the differential equations
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 + 13x + 30 = 0. 
(3)

(b)
Find the general solution for the concentration of glucose on the left side of the membrane at time t.
(6)

(c)
Hence find the general solution for the concentration of glucose on the right side of the membrane at time t.
 (3)

At time t = 0, the concentration of glucose on the left side is 10 and on the right side is 5.

(d)
Find the particular solutions to the system of differential equations. 
(3)

(e)
By considering the concentrations on each side on the membrane predicted by the model after 3 hours, comment on the suitability of the model. 
(2)
(Total for Question 7 is 17 marks)
___________________________________________________________________________
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