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1. (a) Find 
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(b) Find, to 3 decimal places, the value of 

 





3.0

0
2 )41(

1

x

x
 dx. 

(2) 

(Total 7 marks) 

 

2. (a) Show that, for x = ln k, where k is a positive constant, 

 

cosh 2x = 
2

4

2

1

k

k 
. 

(3) 

 

 Given that f(x) = px – tanh 2x, where p is a constant, 

 

 (b) find the value of p for which f(x) has a stationary value at x = ln 2, giving your answer as an 

exact fraction. 

(4) 

(Total 7 marks) 
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3.         Figure 1 
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Figure 1 shows a sketch of the curve with parametric equations 

 

x = a cos
3
 t,       y = a sin

3
 t,       0  t  

2


, 

 

where a is a positive constant. 

 

The curve is rotated through 2 radians about the x-axis. Find the exact value of the area of the 

curved surface generated. 

(Total 7 marks) 
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4.       In =  
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 (a) Prove that, for n  1, 

 

In = 
2

1
(x

n
 e

2x
 – nIn – 1). 

(3) 

 (b) Find, in terms of e, the exact value of 
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22 de xx
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(5) 

(Total 8 marks) 

 

5. The point P(ap
2
, 2ap) lies on the parabola M with equation y

2
 = 4ax, where a is a positive 

constant. 

 

 (a) Show that an equation of the tangent to M at P is 

 

py = x + ap
2
. 

(3) 

 

 The point Q(16ap
2
, 8ap) also lies on M. 

 

(b) Write down an equation of the tangent to M at Q. 

(2) 

 

The tangent at P and the tangent at Q intersect at the point V. 

 

(c) Show that, as p varies, the locus of V is a parabola N with equation 

 

4y
2
 = 25ax. 

(4) 

(d) Find the coordinates of the focus of N, and find an equation of the directrix of N. 

(2) 

(e) Sketch M and N on the same diagram, labelling each of them. 

(2) 

(Total 13 marks) 
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6.        Figure 2             
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 Figure 2 shows a sketch of the curve with equation 

 

y = x arcosh x,          1  x  2. 

 

 The region R, as shown shaded in Figure 2, is bounded by the curve, the x-axis and the line x = 2. 

 

 Show that the area of R is 

4

7
 ln (2 + 3) – 

2

3
. 

(Total 10 marks) 
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7. The curve C has parametric equations 

 

x = t + sin t,      y = 1 – cos t,      0  t < 
2


. 

 

 The arc length s of the curve C is measured from the origin O.  

 

 Show that 

 

 (a) s = 4 sin 
2

t
, 

(4) 

(b) an intrinsic equation of C is s = 4 sin . 

 (4) 

 

Hence, or otherwise, 

 

(c) find the radius of curvature of C at the point for which t = 
3


. 

(2) 

(Total 10 marks) 

           

 

8. (a) Show that, for 0 < x  1, 

 

ln 






 
x

x )1(1 2

 = –ln 






 
x

x )1(1 2

. 

(3) 

    (b) Using the definition of cosh x or sech x in terms of exponentials, show that, for 0 < x  1, 

 

arsech x = ln 






 
x

x )1(1 2

. 

(5) 

 (c) Solve the equation 

 

3 tanh
2
 x – 4 sech x + 1 = 0, 

 

  giving exact answers in terms of natural logarithms. 

(5) 

(Total 13 marks) 

TOTAL FOR PAPER: 75 MARKS 
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