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Mathematical Formulae 
1. ALGEBRA 

 
Quadratic Equation 
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2. TRIGONOMETRY 

Identities 
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1 

 
In triangle ABC, AB = x cm, BC = y cm, AC =14 cm and angle ABC = 120 .  

Given that the perimeter of triangle ABC is 30 cm, find the exact area of triangle ABC.    [5] 
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2 In climate studies, the relationship between daily solar radiation, y Watts, and the latitude on 
earth, x degrees North, is modelled by the equation 
 

 250 60cosy bx   for 90 90x     , where b is a constant. 
 
The graph below shows the graph of y against x. 
 

 
 

 

 (i) Show that 2b  . [1] 

 

 

 

 

 

 

 (ii) Write down the minimum daily solar radiation based on the model.  [1] 

   
 

 

 (iii) A place has a polar climate if it receives a daily solar radiation of less than 209 Watts. 
Find the range of values of x which represent latitudes with a polar climate. [3] 
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3 

 

(i) By considering the general term in the expansion of 
7

5 1x
x

  
 

, explain why there are 

no even powers of x in its expansion. [3] 

    

 

 

 

 

 

 

 

 

 

  

(ii) Given that the coefficient of 6x  in the expansion of  
7

75 1 3x kx
x

    
 

 is 1344, where 

k is a positive constant, find the coefficient of 4x  in the expansion. [3] 
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4 A curve has equation 2 5 12
1

xy x
x


 


, where 1x  .  

 Find the range of values of x for which y is an increasing function of x. [5] 
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5 The percentage of a fully vaccinated population, P %, in a given country, t months after the 

start of their vaccination programme is modelled by the equation:  

 

 2
1.02logP mt c  , where m and c are constants. 

 

In that country, none of the population was fully vaccinated right before the start of the 

vaccination programme. 3 months later, 15% of the population was fully vaccinated.  

    

 (i) Show that c = 1, and find m to 3 significant figures. [3] 

   

 

 

 

 

 

 

 

 

 

 

 

 

  

 (ii) Explain, with relevant calculations, why the given model is inappropriate two years after 

the start of the vaccination programme. [2] 

   

 

 

 

 

 

 

 

  



Name: __________________________________ (       )  Class: __________ 

FMS(S) Sec 4 Express Preliminary Examination 2021 8 
Additional Mathematics Paper 1 

 
6 A curve is such that 

2

2

d 6sin 2
d

y x
x

 .  The normal to the curve has a gradient of 1
5

  at the point 

where 
2

x 
 . Also, the curve passes through the point 3,

12 4
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 (i) Find an expression for the gradient function of the curve.  [3] 

   

 

 

 

 

 

 

 

 

 

 

 

 

  

 (ii) Find the equation of the curve. [3] 
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(i) Express each of 22 4 6x x   and 2 4 1x x    in the form  2a x b c  , where a, b and 

c are constants. [4] 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 (ii) Use your answers from part (i) to explain why the curves with equations 
22 4 6y x x    and 2 4 1y x x     will not intersect. [3] 
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8 Do not use a calculator for this question.  

 (a) State the values, in degrees, between which each of the following must lie:  

  (i)    the principal value of 1sin x , [1] 

 
 

 

 
 

  (ii)   the principal value of 1tan x . [1] 

 
 

 

 
 

 
(b) (i)   Show that sin 75  = 

1 3
2 2


 .  [2] 

   

 

 

 

 

  

  (ii)  Hence, express sec 150  in the form 3a , where a is a rational number. [4] 
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9 (i) Prove the identity cot sin 2 cot cos 2     . [3] 

   

 

 

 

 

 

 

 

 

 

 

 

  

 (ii) Hence, solve the equation 3cot 3sin 2 cos2    , for 0     radians.  [4] 
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10 

 
The diagram shows the sector OPQ of a circle, centre O, radius r cm, where angle POQ = θ 

radians. The perimeter of the sector is 16 cm. 

21Arc length  and Sector area = ,  where  is in radians
2

r r     
 

 

  

(i) Show that area, A cm2, of the sector is given by 
 2
128
2

A 





.  [3] 
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10 It is given that θ can vary and A has a maximum value. 

  

 (ii) Find the maximum value of A. [4] 
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11 The function   3 22 5f x x x kx p     is divisible by  2 3x and  'f x  leaves a remainder 

of 42 when divided by  2x .  

 (i) Find the value of k and of p. [4] 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 (ii) Find the remainder when  f x  is divided by   1 2x x  .  [2] 
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11 
 

(iii) Using the values of k and p found in part (i), show that     22 3f x x ax bx c    , 

where a, b and c are integers to be found. [3] 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 (iv) Hence, show that   0f x  has only one real solution and state this solution. [2] 
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12 Solutions to this question by accurate drawing will not be accepted. 

 
The diagram shows a trapezium ABCD with AB parallel to DC, and BC perpendicular to AB. 

The coordinates of A, B and D are (3, 2), (9, 4) and (5, 6) respectively.    

    

 (i) Find the equation of line DC. [2] 

   

 

 

 

 

 

 

  

 (ii) Find the coordinates of C. [3] 
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Continuation of working space for question 12(ii). 

   

 

 

 

 

 

 

 

 

 

  

    

 (iii) Find the area of trapezium ABCD. [2] 

   

 

 

 

 

 

 

 

 

 

  

 (iv) Find the coordinates of the point P on BD such that 3BP = PD.  [1] 
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13 A cyclist, travelling along a straight path, passes a point P with an acceleration of 1.8 km/h2. 

Five hours after passing P, the cyclist reaches the point Q. The velocity of the cyclist, v km/h, 

t hours after passing P is given by 
23 3 2 ,  for 0 5v kt kt t      

where k is a constant.  

  

 (i) Find the time at which the cyclist is at instantaneous rest.    [4] 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 (ii) Explain why the total distance travelled by the cyclist five hours after passing P is not 

given by the distance PQ. [1] 
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13 (iii) Hence, find the average speed of the cyclist for the five hour journey after passing P.    [5] 
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ANSWERS 2021 FMSS Sec 4 Exp AM Prelim Paper 1 
1 215 3 cm  9i 

 2

cos 2sin cos
sin
cos 1 2sin

sin
 (proved)

LHS

RHS


 


 



 






 

 
 

2i Period 180 2  (shown)b    
2ii 190 Watts 
2iii 90 66.6  or 66.6 90x x           
3i 

35 6
1

7 r
rT x

r




 
  
 

. 35 is odd and 6r is even. 

3ii 15120 
4 1 31 and 1

2 2
x x     

9ii 3,   ,     1.25
4 4
     

5i  1.020 log 1c c    (shown); m = 0.0384 10i 
2 16r r  , so 16

2
r





 

 

2

2

1 16
2 2
128   (shown)
2

A 





    




 

5ii P = 158.6% is larger than 100% 
6i d 3cos 2 2

d
y x
x
    

6ii 3 sin 2 2
2 6

y x x 
     

7i  
 

22

22

2 4 6 2 1 4

4 1 2 3

x x x

x x x

    

      
 

10ii Max A = 16 cm2 

7ii Max of  22 3x    which is 3 is less than 

the min of  22 1 4x    which is 4.  

11i k = – 2, 15p    11ii  9 1x   
11iii     22 3 4 5f x x x x     with a = 

1, b = 4 and c = 5.  
11iv 2 3 0 1.5  x x     

2 4  = 16 4(1)(5)
4 0,  no real roots

b ac 
  

 
8ai 90 90x      8aii 90 90x      

8bi 1 1 3 1 1 3   (shown)
2 22 2 2 2

                     
 

12i 1 1 136 ( 5)  or  
3 3 3

y x y x      

8bii 
2

1sec150
1 2sin 75

1
4 2 31 2

8

1
31 1

2

2
3

2 3
3

 
 


 

  
 


 

  
 

 

 

 

12ii C(8, 7) 
12iii 215 units  12iv  8, 4.5P  
13i k = 0.6, and t = 2.5 hours 

13ii The cyclist changed direction at t = 
2.5 hours, so the total distance is 
greater than PQ.  

13iii 5.25 km/h 

 
END OF PAPER 1 ANSWER KEY 


