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(i) From the graph, 𝑐𝑜𝑠𝑒𝑐𝑥 =
2𝑥

𝜋
  for 𝑥 =

𝜋

2
 and one other value 

between 
𝜋

2
  &  𝜋 ; so 𝑥𝑠𝑖𝑛𝑥 =

𝜋

2
 for these two values. 

From the graph, for  
𝜋

2
< 𝑥 < 𝛼, 𝑐𝑜𝑠𝑒𝑐𝑥 <

2𝑥

𝜋
  , so that 

𝜋

2
< 𝑥𝑠𝑖𝑛𝑥  (as 𝑠𝑖𝑛𝑥 > 0) 

ie |𝑥𝑠𝑖𝑛𝑥 −
𝜋

2
| = 𝑥𝑠𝑖𝑛𝑥 −

𝜋

2
  for  

𝜋

2
< 𝑥 < 𝛼 

and  |𝑥𝑠𝑖𝑛𝑥 −
𝜋

2
| = −(𝑥𝑠𝑖𝑛𝑥 −

𝜋

2
)  for  𝛼 < 𝑥 < 𝜋 

So ∫ |𝑥𝑠𝑖𝑛𝑥 −
𝜋

2
| 𝑑𝑥 =

𝜋
𝜋

2
∫ 𝑥𝑠𝑖𝑛𝑥 −

𝜋

2
 𝑑𝑥 + ∫

𝜋

2
− 𝑥𝑠𝑖𝑛𝑥 𝑑𝑥

𝜋

𝛼

𝛼
𝜋

2

 

= [𝑥(−𝑐𝑜𝑠𝑥)]
𝛼
𝜋

2
− ∫ (−𝑐𝑜𝑠𝑥)𝑑𝑥 −

𝜋

2
(𝛼 −

𝜋

2
) +

𝜋

2
(𝜋 − 𝛼)

𝛼
𝜋

2

  

−[𝑥(−𝑐𝑜𝑠𝑥)]
𝜋
𝛼

+ ∫ (−𝑐𝑜𝑠𝑥)𝑑𝑥
𝜋

𝛼
   

= 𝛼(−𝑐𝑜𝑠𝛼) + [𝑠𝑖𝑛𝑥]
𝛼
𝜋

2
− 𝜋𝛼 + (

𝜋

2
)

2
+

𝜋2

2
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+(−𝜋 − 𝛼𝑐𝑜𝑠𝛼) − [𝑠𝑖𝑛𝑥]
𝜋
𝛼

  

= −2𝛼𝑐𝑜𝑠𝛼 + 𝑠𝑖𝑛𝛼 − 1 − 𝜋𝛼 +
3𝜋2

4
− 𝜋 + 𝑠𝑖𝑛𝛼  

= 2𝑠𝑖𝑛𝛼 +
3𝜋2

4
− 𝛼𝜋 − 𝜋 − 2𝛼𝑐𝑜𝑠𝛼 − 1 , as required. 

 

(ii) [As 𝑥 > 0, the |𝑒𝑥 − 1| term seems to be a bit of a red herring; 

ie it can just be replaced with 𝑒𝑥 − 1] 

As  (𝑒𝑥 − 1) − 1 = 0  when 𝑥 = 𝑙𝑛2, we want ∫ −(𝑒𝑥 − 2) 𝑑𝑥
𝑙𝑛2

0
 

(see diagram) 

 

 

 

 

 

 

 

 

 

= [2𝑥 − 𝑒𝑥]𝑙𝑛2
0

= 2𝑙𝑛2 − 2 − (−1) = 𝑙𝑛(22) − 1 = 𝑙𝑛4 − 1 

 


