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1a. The parabola 𝐶𝐶 has cartesian equation 𝑦𝑦2 = 12𝑥𝑥 
 
The point 𝑃𝑃(3𝑝𝑝2, 6𝑝𝑝) lies on 𝐶𝐶, where 𝑝𝑝 ≠ 0 
 
a. Show that the equation of the normal to the curve 𝐶𝐶 at the point 𝑃𝑃 is,  
 

𝑦𝑦 + 𝑝𝑝𝑝𝑝 = 6𝑝𝑝 + 3𝑝𝑝3 
[5] 

 
This normal crosses the curve 𝐶𝐶 again at the point 𝑄𝑄.  
 
Given that 𝑝𝑝 = 2 and that 𝑆𝑆 is the focus of the parabola, find 
 
b. The coordinates of the point 𝑄𝑄,   [5] 
 
c. The area of the triangle, 𝑃𝑃𝑃𝑃𝑃𝑃  [4] 
 

(Total 14 marks) 
 
 
2. The quadratic equation,  
 

4𝑥𝑥2 + 3𝑥𝑥 + 1 = 0 
 
has roots, 𝛼𝛼 and 𝛽𝛽. 
 
a. Write down the value of (𝛼𝛼 + 𝛽𝛽) and the value of 𝛼𝛼𝛼𝛼  [2] 
 
b. Find the value of (𝛼𝛼2 + 𝛽𝛽2)  [2] 
 
c. Find a quadratic equation which has roots,  
 

(4𝛼𝛼 −  𝛽𝛽) and (4𝛽𝛽 − 𝛼𝛼) 
 

Giving your answer in the form 𝑝𝑝𝑥𝑥2 + 𝑞𝑞𝑞𝑞 + 𝑟𝑟 = 0 where 𝑝𝑝, 𝑞𝑞 𝑎𝑎𝑎𝑎𝑎𝑎 𝑟𝑟 are integers to be determined.  [4] 
 

(Total 8 marks) 
 
 
3. It is given that, 𝑓𝑓(𝑥𝑥) = tanh−1 �1−𝑥𝑥

2+𝑥𝑥
� , for 𝑥𝑥 >  −1

2
 

 
a. Show that 𝑓𝑓′(𝑥𝑥) =  − 1

1+2𝑥𝑥
, and find 𝑓𝑓′′(𝑥𝑥)  [6] 

 
b. Show that the first three of the Maclaurin series for 𝑓𝑓(𝑥𝑥) can be written as ln𝑎𝑎 + 𝑏𝑏𝑏𝑏 + 𝑐𝑐𝑥𝑥2, for constants 𝑎𝑎, 𝑏𝑏 and 
𝑐𝑐 to be found.  

[4] 
 

(Total 10 marks) 
 

 
 
 
 
 



4.   

𝑀𝑀 = �
0 1 9
1 4 𝑘𝑘
1 0 −3

�, where 𝑘𝑘 is a constant. 

 

Given that, �
7

19
1
� is an eigen vector of the matrix M,  

 

a. Find the eigenvalue of M corresponding to �
7

19
1
�  [2] 

 
b. Show that 𝑘𝑘 =  −7  [2] 
 
c. Find the other two eigenvalues of the matrix M [4] 
 

The image of the vector �
𝑝𝑝
𝑞𝑞
𝑟𝑟
� under the transformation represented by M is �

−6
21
5
�.  

d. Find the values of the constants, 𝑝𝑝, 𝑞𝑞 and 𝑟𝑟.  [4] 

(Total 12 marks) 

5. The curve 𝐶𝐶 has parametric equations,  

𝑥𝑥 = 3𝑡𝑡4,             𝑦𝑦 = 4𝑡𝑡3,        0 ≤ 𝑡𝑡 ≤ 1 

The curve is rotated through 2𝜋𝜋 radians about the 𝑥𝑥-axis. The area of the curved surface generated is 𝑆𝑆.  

a. Show that, 

𝑆𝑆 = 𝑘𝑘𝑘𝑘� 𝑡𝑡5(𝑡𝑡2 + 1)
1
2

1

0
 𝑑𝑑𝑑𝑑 

where 𝑘𝑘 is a constant to be found.  [4] 

b. Use the substitution 𝑢𝑢2 = 𝑡𝑡2 + 1 to find the value of 𝑆𝑆, giving your answer in the form 𝑝𝑝𝑝𝑝(11√2 − 4) where 𝑝𝑝 is a 
rational number to be found.  

[7] 

(Total 11 marks) 

6.Without using a calculator, find,  

�
1

𝑥𝑥2 + 4𝑥𝑥 + 13
𝑑𝑑𝑑𝑑

1

−2
,  

giving your answer as a multiple of 𝜋𝜋  [5] 

(Total 5 marks) 

 
 

End of Paper 

Total Marks: 60 
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