
Integration Techniques 
Questions 
 
Q1. 
  

 

(a)  Prove that for n ≥ 2 

 

(4) 

(b)  Hence determine the exact value of 

 

(3) 

  

(Total for question = 7 marks) 

  

 
 
 
 
Q2. 
  

 

Figure 1 shows the vertical cross section of a child's spinning top. The point A is  
vertically above the point B and the height of the spinning top is 5 cm. 

The line CD is perpendicular to AB such that CD is the maximum width of the spinning top. 
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The spinning top is modelled as the solid of revolution created when part of the curve  
with polar equation 

r2 = 25 cos 2θ 

is rotated through 2π radians about the initial line. 

(a)  Show that, according to the model, the surface area of the spinning top is 

 

where k is a constant to be determined. 
(7) 

(b)  Show that, according to the model, the length CD is . 

(6) 

  

(Total for question = 13 marks) 

  

 
 
Q3. 
  

 

(a)  Prove that, for n ≥ 2 

 

(4) 

(b)  Hence show that 

 

(4) 

  

(Total for question = 8 marks) 
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Q4. 
  

 

Figure 1 shows a sketch of a design for a road speed bump of width 2.35 metres. The  
speed bump has a uniform cross-section with vertical ends and its length is 30 cm. A side  
profile of the speed bump is shown in Figure 2. 

The curve C shown in Figure 2 is modelled by the polar equation 

 

The units for r are centimetres and the initial line lies along the road surface, which is  
assumed to be horizontal. 

Once the speed bump has been fixed to the road, the visible surfaces of the speed bump  
are to be painted. 

Determine, in cm2, the area that is to be painted, according to the model. 

  

(Total for question = 10 marks) 
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Q5. 
  

 

(a)   Prove that, for n ≥ 2, 

 

(4) 

(b) 

 

Figure 2 

A designer is asked to produce a poster to completely cover the curved surface area of a 
solid cylinder which has diameter 1m and height 0.7 m. 

He uses a large sheet of paper with height 0.7 m and width of π m. 

Figure 2 shows the first stage of the design, where the poster is divided into two sections by 
a curve. 

The curve is given by the equation 

y = sin2 (4x) –sin10 (4x) 

relative to axes taken along the bottom and left hand edge of the paper. 

The region of the poster below the curve is shaded and the region above the curve remains 
unshaded, as shown in Figure 2. 

Find the exact area of the poster which is shaded. 

(5) 

  

(Total for question = 9 marks) 
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Q6. 
  

The curve C has equation 

 

(a)   Show that 

 

(4) 

(b)   Find the length of the curve C, giving your answer in the form ln a, where a is a rational 
number. 

(6) 

  

(Total for question = 10 marks) 

  

 
 
 
 
Q7. 
  

 

(a)   Show that, for n ≥ 2, 

 

where a and b are integers to be found. 
(6) 

(b)   Hence, or otherwise, find the exact value of 

 

(4) 

  

(Total for question = 10 marks) 
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Q8. 
  

 

Figure 1 

An engineering student makes a miniature arch as part of the design for a piece of 
coursework. 

The cross-section of this arch is modelled by the curve with equation 

 

where a > 1 and A is a positive constant. The curve begins and ends on the x-axis, as 
shown in Figure 1. 

(a)   Show that the length of this curve is k , stating the value of the constant k. 

(5) 

The length of the curved cross-section of the miniature arch is required to be 2 m long. 

(b)   Find the height of the arch, according to this model, giving your answer to 2 significant 
figures. 

(4) 

(c)   Find also the width of the base of the arch giving your answer to 2 significant figures. 

(1) 

(d)   Give the equation of another curve that could be used as a suitable model for the 
cross-section of an arch, with approximately the same height and width as you found using 
the first model.  
(You do not need to consider the arc length of your curve)  

(2) 

  

(Total for question = 12 marks) 
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Q9. 
  

In this question you must show all stages of your working. 

You must not use the integration facility on your calculator. 

 

(a)  Show that, for n > 1 

 

(5) 

 

The curve shown in Figure 1 is defined by the parametric equations 

 

This curve is rotated through 2π radians about the x-axis to form a hollow open shell. 

(b)  Show that the external surface area of the shell is given by 

(5) 

 

Using the results in parts (a) and (b) and making each step of your working clear, 

(c)  determine the value of the external surface area of the shell, giving your answer to 3 
significant figures. 

(5) 

  

(Total for question = 15 marks) 
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Mark Scheme – Integration Techniques 
 
Q1. 
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Q2. 
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Q3. 
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Q4. 
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Q5. 
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Q6. 
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Q7. 
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Q8. 
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Q9. 
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