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1 Elly runs a home bakery business and sells three different flavors of cakes. A 0.5 kg 
Strawberrylicious, Cheeseburst and Chocofanatic cake is priced at x, y and z dollars 
respectively. A 1 kg cake costs 40% more than a 0.5 kg cake of the same flavour. 
 
Customer A bought one 0.5 kg Strawberrylicious cake, one 0.5 kg Cheeseburst cake and 
one 0.5 kg Chocofanatic cake. She paid a total of $175. 
 
Customer B bought one 1 kg Strawberrylicious cake, three 1 kg Cheeseburst cakes and 
two 0.5 kg Chocofanatic cakes. She paid a total of $463. 
 
During a 11.11 sale, Customer C bought one 1 kg Strawberrylicious cake, one 1 kg 
Cheeseburst cake and two 1 kg Chocofanatic cakes at 10% off the total bill. He paid a 
total of $296.10 after the discount. 

  
 (i) Find the values of ,   and .x y z  [3] 
   
 (ii) Find the total amount paid by Customer D, who bought three 0.5 kg 

Strawberrylicious cakes, two 0.5 kg Cheeseburst cakes and two 1 kg 
Chocofanatic cakes at 25% off the total bill during a 12.12 sale.  [1] 
 
 

 

2 Without using a calculator, solve the inequality 
2 2

3 1 .
x

x
x


   [5] 

 
 

3 The origin O and the points A, B and C lie in the same plane, where 

,  and .OA OB OC
  

  a b c  
  
 (a) Show that if  ,c a b + b a  then OC bisects the angle AOB. [3] 

   
 (b)  Given that  ,a + b + c 0  show that .    a b b c c a                                       [2]  

 
   
 

4 
 
(i) Find 

  1

1
,

1 3

n

r r r    where 3.n   (There is no need to express your answer as 

a single algebraic fraction.)     [5] 
   
  

(ii) Explain why 
 1

1

1 ( 3)r r r



   is a convergent series, and state the value of the 

sum to infinity.              [2] 
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5 Do not use a calculator in answering this question. 
 (a) Solve the equation 3 24 6 4 0.z z z             [3] 

 
 (b) The complex numbers w and z  are given by 1 i 3   and 9sin 9i cos ,   

where 0 ,
2

   respectively.  

It is further given that arg ( )wz = 
5

.
6
  

Find *z  in the form ie ,r 
 where 0r   and 0 2 .       [5] 
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(i) Show that 
 
 

 
1
2

1
2

1
2

2 2
2

2
2

1 1 1
1 1

1 1

x
x

xx

          
for 

1
0 .

2
x       [1] 

   
  

(ii) Hence, show that the expansion of 
 
 

1
2

1
2

2

2

1 1
,

1 1

x

x

 

 
 up to and including the term 

in 3,x  is 31 1
,

2 8
x x  for 

1
0 .

2
x           [2] 

   
 (iii) By making a suitable substitution for x, deduce that   

        

                            31 1
tan sin 2 sin 2

2 8
       for 0 .

12

    [3] 

 
 (iv) Using standard series from the List of Formulae (MF26), write down the series 

expansion for sin 2  up to and including the term in 3.     [1] 
   
 (v) Using the results in parts (iii) and (iv), find the series expansion for tan  up to 

and including the term in 3.     [2] 
   

 

 

7 
 

(a) Sketch on the same diagram the graphs of 1y x   and 2 3.y x    

Hence solve the inequality 21 3.x x        [3] 

  

(b) A curve C has equation 
22

.
x x a

y
x

 
  

 

  (i) For 1,a   sketch C, labelling clearly the equations of the asymptotes and 

the coordinates of the stationary points in terms of a  where appropriate.
  [4] 

   

(ii) Given that the solution set of the inequality 
22

0
x x a

x

 
  is  0 ,,  

deduce the set of values of a.    [2] 
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The diagram shows the curve of  f ,y x  where  1x    and 0y   are asymptotes. The 

curve crosses the x-axis at the point A and the origin, and has turning points at B and C. 

The coordinates of A, B and C are  3 1 3
,0 , ,  and 1, 2

4 2 2
        
   

 respectively. It is given 

that  f 0 2   is the maximum gradient of the curve. 

  
 (a) Describe fully a sequence of two transformations which would transform the 

curve of  fy x  onto the curve   f 2 1 ,y x   and state the coordinates of the 

point on  f 2 1y x   corresponding to A. [3] 

  
 By showing clearly the equations of asymptotes and the coordinates of the points where 

the curve crosses the axes and turning points where appropriate, sketch, on separate 
diagrams, the curves of 

  

 (b) f ( ),y x    [3] 

   
 (c) f ( ).y x   [3] 
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9 The cartesian equation of the plane 1π  is given by 4 5 5.x y z    

 
 (i) Find the perpendicular distance from the origin O to 1π .   [1] 

   
 (ii) Find the acute angle between 1π  and the y-axis. [2] 

   
 The cartesian equation of the plane 2π  is given by 2 5 3 5.x y z    

 
 (iii)  Find a vector equation of l, the line of intersection of 1π  and 2π . [2] 

   
 The cartesian equation of the plane 3π  is given by 3 3 0.x y z    

 (iv) Describe the geometrical relationship between l and 3π ,  justifying your 

answer. [3] 
   
 (v) Find an equation of the plane p  which contains the point  3, 5,1  and is 

perpendicular to 1 2π , π  and 3π .  [2] 
 

 

10 The function f is defined by  
 

 2f : ln 6 10 5, , 3.x x x x x       

 
 (i) Find 1f ( )x  and state the domain of 1f .  [3] 
   
 (ii) Sketch on the same diagram the graphs of f ( )y x  and 1f ( ),y x  giving the 

coordinates of the axial intercepts.    [3]  
   
 The function g is defined by  

1
g : 2, , 5.

5
x x x x

x
   


   

 
 (iii)  Find the range of 1gf .     [2] 
   
  
 (iv) Solve the inequality f ( ) g( ).x x   [2] 
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11 [It is given that a right circular cone of radius r and height h has total surface area 

2 2 2r r r h   and volume 21
.

3
r h ] 

 
An ice-cream company plans to launch a new product called Tasty Cone into the market. 
Each Tasty Cone is in the shape of a right circular cone with a base radius r cm and height 
h cm as shown in Fig. 1.  
 
 
 
 
 
 
 
 
 
 

  
 (i) The volume of each Tasty Cone is set by the company to be 100 ml and the total 

surface area, S cm2, should be as small as possible to reduce the cost of packaging. 

It is given that 31 ml 1 cm .  
 

Show that 2 2 61
90000.S r r

r
     [2] 

   
 (ii) Sketch the graph of S for 0.r   Hence write down the value of r and find the 

corresponding value of h which will give the smallest S, giving your answers 
correct to 3 significant figures. [3] 

   
 A special edition of the Tasty Cone will include a mystery flavour in the shape of a sphere 

inscribed in the cone as shown in Fig. 2. The sphere has centre O and radius 2 cm. The  
cross-section of the cone is shown in Fig. 3, where A is a point of contact of the sphere 
with the cone.  
 
 
 
 
 
 
 
 
 
 

  

(iii) Show that 2 4
.

4

h
r

h



 [2] 

 (iv) Use differentiation to find the exact values of h and r which will give the 
smallest volume of the cone in the special edition. [5] 

Fig. 1 

 h cm 

 

r cm 

Fig. 2 

r cm 

 
h cm 

2 cm 

Fig. 3 

 
 

O 

A 
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12 On 1 Jan 2023, Sam takes an interest-free study loan of $28 000 from his parents for his 

university fees. He starts to repay $m to his parents on 1 Feb 2023 and progressively 
increases $50 in his repayment amount at the start of each subsequent month.  
 

 (i) Given that 500,m    on which date will Sam finish repaying his parents?  
    [4] 

   
 (ii) If Sam wants to finish repaying his parents by the end of 2024, find the minimum 

value of m, giving your answer to the nearest dollars.          [3]  
   
 On 1 Jan 2023, Sam’s friend, Joshua, takes a study loan of $28 000 from UAB Bank. 

The bank charges an interest rate of 0.2% per month at the end of each month from the 
start of the loan period.    
 

 (iii) Given that he repays $500 to the bank on the first day of every month beginning 
from 1 Feb 2023 onwards, on which date will Joshua finish repaying his study 
loan?   [5] 

 


