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

1.	 (a)	 Use the substitution t = tan x
2







 to show that the equation

5 sin x + 12 cos x = 2

		  can be written in the form

7t 2 − 5t − 5 = 0
(3)

	 (b)	Hence solve, for −180° < x < 180°, the equation

5 sin x + 12 cos x = 2

		  giving your answers to one decimal place.
(4)
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Question 1 continued
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(Total for Question 1 is 7 marks)
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2.	 The temperature, θ °C, of coffee in a cup, t minutes after the cup of coffee is put in a 
room, is modelled by the differential equation

d
d
θ
t
 = −k(θ − 20)

	 where k is a constant.

	 The coffee has an initial temperature of 80 °C

	 Using k = 0.1

	 (a)	 use two iterations of the approximation formula d
d

y
x

y y
h







=
−

0

1 0  to estimate the  
 
temperature of the coffee 3 minutes after it was put in the room.

(6)

	 The coffee in a different cup, which also had an initial temperature of 80 °C when it was 
put in the room, cools more slowly.

	 (b)	Use this information to suggest how the value of k would need to be changed in 
the model.

(1)
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Question 2 continued
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(Total for Question 2 is 7 marks)
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3.	 Use algebra to find the values of x for which

x
x x x2 2 3

1
3− − +



(7)
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Question 3 continued
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4.	 A scientist is investigating the properties of a crystal.  The crystal is modelled as a 
tetrahedron whose vertices are A (12, 4, −1), B (10, 15, −3), C (5, 8, 5) and D (2, 2, −6), 
where the length of unit is the millimetre.  The mass of the crystal is 0.5 grams.

	 (a)	 Show that, to one decimal place, the area of the triangular face ABC is 52.2 mm2

(3)

	 (b)	Find the density of the crystal, giving your answer in g cm–3

(6)
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Question 4 continued
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Question 4 continued
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Question 4 continued
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5.	 The rectangular hyperbola H has equation xy = c2, where c is a non-zero constant.

	 The point P cp c
p

p H,






≠, where , lies on .0

	 (a)	 Use calculus to show that an equation of the normal to H at P is

p 3x – p y + c (1 – p 4) = 0
(4)

	 The normal to H at the point P meets H again at the point Q.

	 (b)	Find the coordinates of the midpoint of PQ in terms of c and p, simplifying your 
answer where possible.

(6)
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Question 5 continued
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Question 5 continued
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Turn over     

Question 5 continued
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Question 5 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 5 is 10 marks)
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