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HARRISON COLLEGE INTERNAL EXAMINATIONS APRIL 2013 :  PURE MATHEMATICS  [UNIT2 – TEST 1] 

SOLUTIONS AND MARK SCHEME 

Question Working Marks & comments 

 
1.(a)(i) 

 
(3 + 𝑖) 

 
1                                  
               Total = 1 mark 

 
(a) (ii) 

 
(3 + 𝑖) + (3 − 𝑖) = −𝑝 
 
𝑝 = −6 
 
(3 + 𝑖)(3 − 𝑖) = 𝑞 
 
𝑞 = 10 
 

 
1 
 
1 
 
1    
 
1 
             Total = 4 marks 

 
(b)(i) 

 

 

√3 + 𝑖 = 𝑟(𝑐𝑜𝑠𝜃 + 𝑖𝑠𝑖𝑛𝜃) 
 

𝑟 = √(√3)2 + 12 = 2 

 

𝑡𝑎𝑛𝜃 =
1

√3
⟹ 𝜃 =

𝜋

6
 

 

√3 + 𝑖 = 2 (𝑐𝑜𝑠
𝜋

6
+ 𝑖𝑠𝑖𝑛

𝜋

6
) 

 

(√3 + 𝑖)5 = 25(𝑐𝑜𝑠
5𝜋

6
+ 𝑖𝑠𝑖𝑛

5𝜋

6
) 

 

                   = 32 (−
√3

2
+ 𝑖 

1

2
) =  −16√3 + 16𝑖 

 

 
 
 
1 
 
 
1 
 
 
1 
 
 
1 
 
 
1 
             Total = 5 marks 

 
(c) (i) 

 
|𝑧 − 3 − 4𝑖|2 = 9 
 
|𝑧 − 3 − 4𝑖| = 3 
 
⟹  locus: circle centre (3, 4) radius 3 units 

 
 
 
 
 
1 
 
 
 
 
 
 
1 
             Total = 2 marks 

 
(c)(ii) 

 
|𝑧 − 1| = |𝑧 − 𝑖| 
 
⟹ locus: perpendicular bisector of the line joining (0,1) and (1,0) 
OR 
Locus:  the line x = y 
 
 
 
 
 
 

 
 
 
 
 
 
1 
 
 
 
 
 
 
 
1 
             Total =2 marks 
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c(iii) 

 

 
(𝑥 + 𝑖𝑦) + (𝑥 − 𝑖𝑦) = 4 
 
𝑥 = 2 
 
 
  
 
 
 
 

 
 
 
1   
 
 
 
 
 
 
 
 
1                                    
              Total =2 marks 

 
(d)  

 

𝑒𝑖𝜃 = 𝑐𝑜𝑠𝜃 + 𝑖𝑠𝑖𝑛𝜃 
 

𝑐𝑜𝑠𝜃 =
𝑒𝑖𝜃 + 𝑒−𝑖𝜃

2
 

                                                       
2𝑐𝑜𝑠𝜃 = 𝑒𝑖𝜃 + 𝑒−𝑖𝜃 
 

(2𝑐𝑜𝑠𝜃)5 = (𝑒𝑖𝜃 + 𝑒−𝑖𝜃)5 
 

32 𝐶𝑂𝑆5𝜃 =  𝑒𝑖5𝜃 + 5𝑒𝑖3𝜃 + 10𝑒𝑖𝜃 + 10𝑒−𝑖𝜃 + 5𝑒−𝑖3𝜃 + 𝑒−5𝜃 
 
                     = 2𝑐𝑜𝑠5𝜃 + 10 cos 3𝜃 + 20𝑐𝑜𝑠𝜃 
 

                    =  
1

16
 (𝑐𝑜𝑠5𝜃 + 5 cos 3𝜃 + 10𝑐𝑜𝑠𝜃) 

 
1 
 
1 
 
 
 
 
 
 
1 
 
1 
 
1 
             Total = 5 marks 

 
 
 
 
 

  

 
2 (a)(i) 

 

𝑦 =  𝑒𝑥3
+ 𝑡𝑎𝑛−1𝑥 

 
𝑑𝑦

𝑑𝑥
 =  𝑒𝑥3

× … 

 

        = 𝑒𝑥3
 ×   3𝑥2 + ⋯ 

 
𝑑𝑦

𝑑𝑥
 =  𝑒𝑥3

 ×   3𝑥2 + 
1

1 + 𝑥2
 

 

 
 
 
1 
 
 
1 
 
 
1 
             Total = 3 marks 

 
2 (a) (ii) 

 

𝑦 =
𝑙𝑛𝑥

𝑠𝑖𝑛_1𝑥
 

 
𝑑𝑦

𝑑𝑥
=  

… + ⋯

(𝑠𝑖𝑛_1𝑥)2
 

 
 

       =
𝑠𝑖𝑛_1𝑥×

1

𝑥
+  …

(𝑠𝑖𝑛_1𝑥)2
  

 

=

𝑠𝑖𝑛_1𝑥 ×
1
𝑥 +   𝑙𝑛𝑥 ×

1

√1 − 𝑥2

(𝑠𝑖𝑛_1𝑥)2
 

 
 

 
 
 
 
1 [ attempting use of 
quotient or product 
rule) 
 

1 [for  
𝑑(𝑙𝑛𝑥)

𝑑𝑥
 ] 

 
 
 

1 [for 
𝑑(𝑠𝑖𝑛−1𝑥)

𝑑𝑥
 ] 

 
             Total = 3 marks 



3 
 

 
2(b) 

 
4𝑦 − 𝑥 = 𝑥𝑦 
 

4
𝑑𝑦

𝑑𝑥
− 1 = 𝑥

𝑑𝑦

𝑑𝑥
+ 𝑦 

 
𝑑𝑦

𝑑𝑥
=  

1+𝑦

4−𝑥
  

𝑑𝑦

𝑑𝑥
= 4     when 𝑥 = 3 𝑦 = 3 

 
Equation of tangent:  𝑦 − 3 = 4(𝑥 − 3) 

 
 
 
1 
 
 
1 
1-[using student’s 

expression for 
𝑑𝑦

𝑑𝑥
 ] 

1 
Total = 4marks 

 
2(c) (i) 

 

𝑦 = 𝑡3 − 3𝑡        ⟹
𝑑𝑦

𝑑𝑡
= 3𝑡2 − 3 

 

𝑥 = 2𝑡                 ⟹
𝑑𝑥

𝑑𝑡
= 2 

 
𝑑𝑦

𝑑𝑥
=  

3𝑡2 − 3

2
 

 

 
1 
 
1 
 
 
1 
             Total = 3 marks 

 
2(c)(ii) 

 

𝑑2𝑦

𝑑𝑥2 =  

𝑑(
𝑑𝑦
𝑑𝑡

)

𝑑𝑡
𝑑𝑥

𝑑𝑡

   

 

               ⟹
3𝑡

2
 

 
 
1 [for dividing 

student’s 
𝑑2𝑦

𝑑𝑡2  by 
𝑑𝑥

𝑑𝑡
 ] 

 
 
1 [c.a.o] 
             Total = 2 marks 

 
2(d) 

 
𝑓(𝑥, 𝑦) = 4𝑥 − 5𝑥2𝑦3 + 2𝑦2 
 
𝜕𝑓

𝜕𝑥
= 4 − 10𝑥𝑦3 

 
𝜕2𝑓

𝜕𝑥𝜕𝑦
= −30𝑥𝑦2 

 

 
 
 
1 
 
 
1 
             Total = 2 marks 
 

                                                  

 
3(a)(i) 

 

 
𝑥3 − 3𝑥2 + 4

𝑥 − 2
=  𝑥2 − 𝑥 − 2 

 
                                                             
𝑥2 − 𝑥 − 2  =   (𝑥 − 2)(𝑥 + 1) 
 
𝑥3 − 3𝑥2 + 4 =  (𝑥 − 2)2(𝑥 + 1) 

 
 
1 
 
 
1   
 
             Total = 2 marks 
 

 
3(a)(ii)) 

 

 
3

𝑥3 − 3𝑥2 + 4
=  

𝐴

(𝑥 + 1)
+

𝐵

(𝑥 − 2)
+

𝐶

(𝑥 − 2)2
 

 

𝐴 =
1

3
 

 

𝐵 = −
1

3
 

 
𝐶 = 1 

 
1 
 
 
1 
 
 
1 
 
1 
             Total = 4 marks 
 
 
 
 
 



4 
 

 
3(a)(iii) 

 

 

∫ 𝑓(𝑥)𝑑𝑥 = ∫
1

3(𝑥 + 1)
−

1

3(𝑥 − 2)
+

1

(𝑥 − 2)2
 𝑑𝑥 

 

=       
𝑙𝑛|𝑥+1|

3
    + ⋯     

 

=      
𝑙𝑛|𝑥+1|

3
−  

𝑙𝑛|𝑥−2|

3
+ ⋯     

 

=
𝑙𝑛|𝑥 + 1|

3
− 

𝑙𝑛|𝑥 − 2|

3
− (𝑥 − 2)−1 + constant    

 
 
 
 
1  
 
 
1 
 
1 
             Total = 3 marks 

 
3b(i) 

 

 

𝐼𝑛 = ∫  (𝑙𝑛𝑥)𝑛 𝑑𝑥

𝑒

1

 

 
Use integration by parts with 𝑢 = (𝑙𝑛𝑥)𝑛 and 

𝑑𝑣

𝑑𝑥
= 1 

 
 

𝐼𝑛 = (𝑙𝑛𝑥)𝑛 ∫  1 𝑑𝑥 −

𝑒

1

∫  𝑥𝑛(𝑙𝑛𝑥)𝑛−1
1

𝑥
 𝑑𝑥

𝑒

1

 

 

     = 𝑒 − 𝑛 ∫  (𝑙𝑛𝑥)𝑛−1 𝑑𝑥
𝑒

1
 

    
 
     = 𝑒 − 𝑛𝐼𝑛−1 

 
 
 
 
 
 
1 
 
 
 
1 
 
 
 
1 
 
 
1 
            Total = 4 marks 

 
3 (b) (ii) 

 

 

𝐼3  =  3 − 3 𝐼2    
 
     = 𝑒 − 3(𝑒 − 2𝐼1) 
 
     =  4𝑒 − 6𝐼0 
 

  𝐼0 = ∫ 𝑑𝑥 = 𝑒 − 1
𝑒

1
 

 
𝐼3 = 4𝑒 − 6(𝑒 − 1) = 6 − 2𝑒 
 

 
 
 
1  
 
1  
 
1  
 
1  
               Total= 4marks 

 
3(c) 

 

 

∫ √𝑥2 + 3 𝑑𝑥
3

0

 

 

=
1

2
∙ 1 ∙ [√3 + √12 + 2(√4 + √7)] 

 
 
 
 
 
 
 
 
 
 
 
 
 
= 7.24 

 
 
 
 
 
 
 
1 [for correct interval 
=1] 
 
1 [for using 4 
ordinates] 
 
1 [for correct ‘y’ 
values] 
 
1 [for correct use of 
trapezium rule] 
 
1 [C.A.O] 
             Total = 5 marks 

 


