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HARRISON COLLEGE SBA EXAMINATIONS 2015 :  PURE MATHEMATICS  [UNIT 1 – TEST: 3 ] 

SOLUTIONS AND MARK SCHEME 

Question Working Marks & comments 

 
1.(a) 

 

 lim𝑥→4
√𝑥−2

𝑥−4
 

 

 = lim𝑥→4
√𝑥−2

𝑥−4
 ∙

√𝑥+2

√𝑥+2
 

 

 = lim𝑥→4
𝑥−4

(𝑥−4)(√𝑥+2)
 

 

 = lim𝑥→4
1

√𝑥+2
 

 

 =  
1

4
  

  

 
 
 
 
1   rationalising the numerator 
     OR  factorizing denominator as 

     (√𝑥 + 2)(√𝑥 − 2) 
 
 
 
1  simplifying expression 
 
1  c.a.o                              Total = 3 
 

 
(b) 

 

 lim𝑥→0

sin(
𝑥

5
)

2𝑥          

 

let  𝑢 =
𝑥

5
  , ∴ 𝑥 = 5𝑢 also as 𝑥 → 0 𝑢 → 0   

on substituting  into given limit 
 
 

 lim𝑢→0
sin(𝑢)

10𝑢
=  

1

10
 𝑙𝑖𝑚𝑢→0

𝑠𝑖𝑛(𝑢)

𝑢
  (or  

1

10
lim𝑥→0

sin(
𝑥

5
)

𝑥

5

   )              

 

                         =  
1

10
∙ 1 =

1

10
 

                                                                                                      
 

 
 
 
 
1 choosing substitution OR 
multiplying by limit expression by 
𝑥

5
𝑥

5

 . 

 
1  simplifying and using 
lim𝑥→𝑎 𝐾𝑓(𝑥) = 𝐾 lim𝑥→𝑎 𝑓(𝑥) 
 

1  using    lim𝑢→0
sin(𝑢)

𝑢
= 1     

                                             Total = 3 

 
(c) 

 

 
  For f to be continuous at 𝑥 = 3 
 

  lim𝑥→3
2𝑥2−𝑥−15

𝑥−3
      =    𝑓(3) 

 

  lim𝑥→3
(2𝑥+5)(𝑥−3)

𝑥−3
  =    3𝑘 − 1 

   
  lim𝑥→3 2𝑥 + 5         =    3𝑘 − 1 
 
                       11        =    3𝑘 − 1          
 
                        𝑘 = 4       
                                                                                

 
 
 
1 equating  
 
1 factorising the numerator of  

       lim𝑥→3
2𝑥2−𝑥−15

𝑥−3
 

 
1  simplifying limit expression  
 
1  substituting 𝑥 = 3                                      
 
1 c.a.o                                 Total = 5 
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1  (d) 

 

 
𝑦 = 𝑥−3 
 
𝑑𝑦

𝑑𝑥
= lim𝛿𝑥→0

(𝑥+𝛿𝑥)−3− 𝑥−3

𝛿𝑥
   

 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

𝛿𝑥→0

1
(𝑥 + 𝛿𝑥)3 − 

1
𝑥3

𝛿𝑥
 

 
 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚𝛿𝑥→0

𝑥3−(𝑥+𝛿𝑥)3

(𝑥+𝛿𝑥)3𝑥3

𝛿𝑥
  

 
 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚𝛿𝑥→0

𝑥3−𝑥3−3𝑥2𝛿𝑥−3𝑥(𝛿𝑥)2−(𝛿𝑥)3

(𝑥+𝛿𝑥)3𝑥3

𝛿𝑥
  

 
 
𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚𝛿𝑥→0

−3𝑥2−3𝑥(𝛿𝑥) −(𝛿𝑥)2

(𝑥+𝛿𝑥)3𝑥3   

 
 

      =  
−3𝑥2

𝑥6    = −3𝑥−4 

                                                                   

 
 
 
1  correctly expressing the 
derivative as a limit 
 
 
 
 
 
1 expressing the numerator a 
single fraction  
 
 
 
1 expanding the terms in the 
numerator 
 
 
1 simplifying the expression 
 
 
 
1 substituting 𝛿𝑥 = 0  
                                            Total = 5 
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2(a)(i) 

 

 

𝑓(𝑥) =  √𝑥3 − 2𝑥 =  (𝑥3 − 2𝑥)
1
2 

 

𝑓/(𝑥)  =
1

2
 (𝑥3 − 2𝑥)−

1

2 …. 

 

𝑓/(𝑥)  =
1

2
 (𝑥3 − 2𝑥)−

1

2 × …      

 

𝑓/(𝑥)  =
1

2
 (𝑥3 − 2𝑥)−

1

2 × (3𝑥2 − 2)   

                                 

 
 
 
 
1 
 
 
1 
 
1                                          Total =3 

 
(a) (ii) 

 

𝑓(𝑥) =
2𝑥 + 1

sin 3𝑥
 

 

𝑓/(𝑥)  =
…

(𝑠𝑖𝑛3𝑥)2 

 

𝑓/(𝑥)  =
(𝑠𝑖𝑛3𝑥)×2−⋯

(𝑠𝑖𝑛3𝑥)2  

 
 

𝑓/(𝑥)  =
(𝑠𝑖𝑛3𝑥)×2−(2𝑥+1)(𝑐𝑜𝑠3𝑥)×3

(𝑠𝑖𝑛3𝑥)2  

 
 

𝑓/(𝑥)  =
2(𝑠𝑖𝑛3𝑥)−(6𝑥+3)(𝑐𝑜𝑠3𝑥)

(𝑠𝑖𝑛3𝑥)2  

 
 
 

 
 
 
 
1 using the quotient rule: 
squaring the denominator 
 
1  sin (3𝑥) × 2  
 
 
1  subtracting  (2𝑥 + 1) ×
the derivative of 𝑠𝑖𝑛3𝑥 
 
                                             Total =3 

    
   (b) (i) 

 
Volume of cylinder = 𝜋𝑅2ℎ = 1000 
 
 

                                         ℎ =
1000

𝜋𝑅2  

 

 
1 equating formula for volume of 
cylinder to 1000 
 
1 rearranging                    Total =2 

          
          (ii) 

 
 Surface area,  𝐴 = 2𝜋𝑅ℎ + 𝜋𝑅2 
 

                          𝐴 = 2𝜋𝑅
1000

𝜋𝑅2 + 𝜋𝑅2 

 
                           

                          𝐴 =
2000

𝑅
+ 𝜋𝑅2 

         
                            

 
1 correct formula 
 
1 substituting for h from (b) (i) 
                                            
 
 
 
                                              Total =3 
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       (iii) 

 
𝑑𝐴

𝑑𝑅
= −

2000

𝑅2
+ 2𝜋𝑅 

 
 

             −
2000

𝑅2 + 2𝜋𝑅 = 0 

 
 

                   𝑅3 =
1000

𝜋
 

 

                   𝑅 =
10

√𝜋
= 6.83 𝑚 

 
 

 
1 differentiating A w.r.t. R 
 
 

1 equating 
𝑑𝐴

𝑑𝑅
 to 0  

 
 
 
 
 
 
1 c.a.o                               Total =3 

      
   (c) (i) 

 

    
𝑑𝑦

𝑑𝑥
=

𝑑𝑦

𝑑𝑡
×

𝑑𝑡

𝑑𝑥
 

 

    
𝑑𝑦

𝑑𝑡
= −

2

𝑡2 

 

    
𝑑𝑥

𝑑𝑡
= −4   →

𝑑𝑡

𝑑𝑥
= −

1

4
 

 

    
𝑑𝑦

𝑑𝑥
=  −

2

𝑡2 × −
1

4
=

1

2𝑡2 

 

 
1 using the chain rule s.o.i. 
 
1 derivative of y w.r.t  t 
 
 
1  derivative of x w.r.t  t 
 
1 c.a.o                                Total = 4 

 
   (c) (ii) 

 

 Gradient of tangent at t=2,  𝑚 =
1

2×4
=

1

8
 

 
  At t = 2,  𝑥 = 3 − 4(2) = −5 
 

                  𝑦 = 1 +
2

2
= 2 

 

   (𝑦 − 2) =  
1

8
(𝑥 + 5) 

 
    𝑥 − 8𝑦 + 21 = 0 
 

 

1 using 
𝑑𝑦

𝑑𝑥
 from (c) (i) correctly to 

find the gradient of the tangent.  
 
 
1 getting coordinates of point on 
curve 
 
1 using equation of a straight line 
 
 
1 expressing equation of line in 
required form 
                                           Total = 4 
 

 

  



5 
 

 

  
  3(a)           

 

  
𝑑𝑦

𝑑𝑥
= (2𝑥 + 1)−2 

 
  𝑦 = ∫(2𝑥 + 1)−2 𝑑𝑥 
 

    = − 
1

2(2𝑥+1)
+ 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

 
  
 Substitute 𝑥 = 1 and 𝑦 = 1 to find value of constant of 
integration. 
 

  𝑐 =
7

6
    

 

  𝑦 =
7

6
− 

1

2(2𝑥+1)
 

 
 
 
1  attempt to integrate  
(2𝑥 + 1)−2                                     
 
1 integrating (2𝑥 + 1)−2 
correctly 
 
1 s.o.i 
 
 
1 c.a.o.                               Total = 4 

  
    (b)(i) 

 

 𝑦 = ∫ cos(1 − 3𝑥) 𝑑𝑥
1

0
 

 

𝑦 = −
sin (1−3𝑥)

3
 |1

0
    

 

𝑦 = −
sin(−2)

3
− (−

𝑠𝑖𝑛 1

3
)  

 
 
𝑦 = 0.58     (0.02 if working  in degree measure) 

 
 
 
1 integrating correctly 
 
1 substituting limits 
 
1 working in radian measure 
AND substituting limits correctly 
 
1                                         Total = 4 
 

  
  (b) (ii) 
 

 
𝑢 = 𝑥2 + 2 
 
𝑑𝑢

𝑑𝑥
= 2𝑥  ⇒ 𝑑𝑥 =

𝑑𝑢

2𝑥
 

 
When  𝑥 = 1   𝑢 = 3 
             𝑥 = 2   𝑢 = 6 
 
So integral transforms to: 
 

∫
𝑢3

2

6

3

 𝑑𝑢 

 

    =
𝑢4

8
 |6

3
  

 

     =  
64

8
−

34

8
= 151.875  =  152 (to 3 s.f.) 

 

 
 
 
1 differentiating 
 
 
1   changing limits 
 
 
 
 
1   substituting for u 
 
 
1   integrating correctly 
 
1     c.a.o                            Total =5 
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   (c) 
 

 

  𝐴𝑟𝑒𝑎 =  ∫ 𝑠𝑖𝑛2𝑥 + √𝑥 𝑑𝑥
2

0
 

               

             = −
cos 2𝑥

2
 + ⋯        

 

             =  −
𝑐𝑜𝑠2𝑥

2
+  

2

3
 𝑥

3

2   |
0

2

  

           
             =   (0.327 + 1.886) − (−0.5 − 0)   
 
             =  2.71  (1.89 if working in degree measure) 
                                                                                                       

 
1 writing area as an integral 
 
1 correctly integrating sin 2𝑥 
 
 

1 correctly integrating √𝑥 
 
1 working in radian measure 
AND substituting limits correctly. 
 
1                                         Total = 5 

 
  (d) 
 

 

    
𝑑𝑦

𝑑𝑥
=

5𝑥2

𝑦
 

 
    𝑦 𝑑𝑦 = 5𝑥2 𝑑𝑥 
 

∫ 𝑦 𝑑𝑦 = ∫ 5𝑥2 𝑑𝑥  
 

   
𝑦2

2
= ⋯ 

 

   
𝑦2

2
= 5

𝑥3

3
+ 𝑐 

 
Substitute  𝑥 = 𝑦 = 3  to determine value of c . 
 
 

  𝑐 =  −
81

2
 

 

  𝑦2 = 10
𝑥3

3
− 81     OR  3𝑦2 = 10𝑥3 − 243 

 

 
 
 
 
 
1 setting up integrals 
 
                                           
1 integrating y correctly 
 
1 integrating 5𝑥2 correctly 
 
 
1 substituting x = y =3 to 
determine c 
 
1 correct value of c 
 
                                             Total =5 

 

 


