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Mathematical Formulae 
 

 
Compound Interest  

 
Total amount = 

nrP
100

1  

  
 

Mensuration  
 Curved surface area of cone = rl  
  
 Surface area of a sphere = 24 r  
  
 Volume of cone = hr 2

3
1  

  
 Volume of sphere = 3

3
4 r  

  
 Area of triangle ABC = Cabsin

2
1  

  
 Arc length = r , where  is in radians 
  
 Sector area = 2

2
1 r , where  is in radians 

  
 

Trigonometry  
 

C
c

B
b

A
a

sinsinsin
 

  
 Abccba cos2222  
  

 
Statistics  
 

Mean = 
f
fx

 

  
 

Standard deviation = 
22

f
fx

f
fx
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1 (a) Expand and simplify (4x – 1)2 – (8x + 1)(2x – 1). 

 

 

 

 

 

   Answer (a)___________________ [2] 

 (b) Simplify  2
32

4
5
2 x

x
x , giving your answer in the form axn , where a and n are  

  rational numbers. 

 

 

 

 

 

   Answer (b)___________________ [2] 

2 (a) The area of Singapore is about 710 km2. Express the area in square metres, giving your 

answer in standard form. 

 
 
 
 
 
 
 
 
 
 
   Answer (a) __________________ [2] 

 (b) 2019.04 = 2 103 + 1 10 + 9 10m + 4 10n, where m and n are integers. 

   Write down the value of m and n. 

 

     
   Answer (b) m = ___________ ,n = _____________ [2] 
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3 (a) Solve  
mm
132

2 . 

 
 
 
 
 
 
 
 
 
 
 
   Answer (a)____________________[2] 
 

 (b) Hence solve 
)13(

13
)13(

2
2 yy

. 

 
 
 
 
 
 
 
 
 
 
 
   
  
   Answer (b)____________________[2] 
 

4 An interior angle of a regular hexagon is three times the size of the exterior angle of  

 another n-sided regular polygon, Find the value of n. 

 
 

 

 

 

 

 

 

   Answer ______________________[2] 
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5 The number 2200, written as the product of their prime factors, are 23 52 11. 

 (a) Express 5880 as the product of its prime factors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Answer (a)____________________[2] 
   

 (b) Hence write down the greatest integer that will divide both 2200 and 5880 exactly.  

 

 

 

 

 

 

 

   Answer (b)____________________[1] 
 

 (c) Write down the smallest integer k, such that  
k

2200  will give a whole number.   

 

 

 

 

 

   Answer (c)____________________[1] 
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6 Four points lie on a line segment such that AB : BC = 1 : 2  and BC : CD = 8 : 5. 
 
          
 
 
 
  
  
 
 
 (a) Find AB : BD.   
 
 
 
 
 
   Answer (a)____________________[1] 
 
 (b) If A represents the number  –7 and D represents the number 98.4, find the  

  number that is represented by C.    

 

 

 

 

 

 

   Answer (c)____________________[2] 
 

7 (a) Factorise 4x2 – 28xy + 49y2 completely. 

 

 

 

   Answer (a)____________________[2] 
 

 (b) Given that 4x2 – 28xy + 49y2 = 0, express x in terms of y. 

 

 

 

   Answer (b)____________________[1] 

A C D B 
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8 The number of days some students were late for school was recorded in the table as follows. 
 

Number of days late 0 1 2 3 4 5 
Number of students 13 9 7 x 8 4 

 
 (a) Write down the largest possible value of x if the mode is 0 days.   
 
 
    Answer (a)____________________[1] 
 
 (b) Find the smallest possible value of x if the median is 3 days.    
 
 
 
 
    Answer (b)____________________[1] 
 
 
 (c) Find the value of x if mean is 2.         
 
 
 
 
 
   Answer (c)____________________[2] 
 
 
9 An open field has an area of 112.5 km2. It is represented by an area of 18 cm2 on map X.  

 (a) Find the scale of the map in the form 1 : n.     

 
 
 
 
 
 
 
   Answer (a)____________________[2] 
 
 (b) Map Y has a scale of 1 : 400 000. A road is measured 2.4 cm on Map X. 

  Find, in centimetres, the length representing this road on Map Y.    

 

 

 

 

 

   Answer (b)____________________[2] 
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10 The volume of cylinder A of radius r cm and height h cm is 360 cm3. 

 (a) Find the volume of cylinder B of radius 2r and height h
3
1  cm.    

 
 
 
 
 
 
   Answer (a)____________________[2] 
 
 (b) Cylinder C is similar to cylinder A. If the radius of cylinder C is 0.5r cm, find the  

  volume of cylinder C.    

 

 
 
 
 
 
 
 
 
   Answer (b)____________________[2] 
 
 

11 (a) The sketch represents the graph of y = xn. Write down a possible value of n.      
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

   Answer (a)____________________[1] 

y 

x 
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(b) Write down a possible equation for this graph.      
 
 
 
 

 

 

 

 

 

 

   Answer (b)____________________[1] 
 

12 (a) On the Venn diagram, shade the set 'BA . [1] 
 

 

 

 

 

 

 

 

 (b)  = {x : 0 < x  30} 
  M = {x : x is a perfect cube} 
  N = {x : x = 2k + 1, k integer} 
  Find (M  N ).  
 

 

 

 

 

 

   Answer ______________________[2] 

1 

y 

x 

A 
B 
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13 A bookshelf contains 20 fiction and 5 non-fiction books. 

 (a) Write down the probability that a book drawn at random from the bookshelf will be  

  non-fiction.    

   Answer (a)____________________[1] 
  

 (b) Given that p non-fiction books are added to the bookshelf such that the probability of 

drawing a non-fiction book is 0.5, find the value of p.     

 

 

 

 

 

   Answer (b)____________________[2] 
14 Regina exercises on Tuesdays and Fridays. 

 On Tuesdays, she jogs for 40 minutes and sprints for 15 minutes. 

 On Fridays, she jogs 10 more minutes and sprints 5 minutes less. 

 This information can be represented by the matrix R = 
510

1540
. 

 (a) Regina’s jogging speed is 8 km/h and her sprinting speed is 10 km/h. 

  Represent these speeds in a 2 1 column matrix S. 

 

   Answer (a) S =  ________________[1] 

 (b) Evaluate the matrix P = 
60
1 RS. 

 

 

 

 

 

   Answer (b) P = ________________[2] 
  

 (c) What is the distance covered on Fridays? 

 

   Answer (c)____________________[2] 
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15 Theresa weighed 7 oranges in a supermarket. 

 The mean mass of the oranges was 138 grams. 

 The standard deviation of the masses of the oranges was 4.29 grams. 

 The scales in the supermarket was faulty. 

 The correct mass of each orange was 15 grams more than what Theresa has recorded. 

 Write down the correct values for the mean and standard deviation of each orange.   

 

 

 

 

 

    Answer          mean = _______________ [1] 

                                                                    Standard Deviation = _______________  [1] 

  
 
 
16 The number of goals scored by 2 soccer players, Fati and Bala, in 6 matches are listed below. 
  

Fati 2 1 3 2 3 1 
Bala 5 2 2 0 0 3 

 
 One of them has to be selected for the national team. Who should be selected? 

 Justify your answer with clear working. 

        
 
 Answer_____________________________________________________________________ 

 ___________________________________________________________________________ 

 ________________________________________________________________________[2] 
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17 Given that u = 
2

8
 , v = 

6
2

 and w = 
p

16
.  Find  

(a) u – v  ,  
 
 
 
 
 
 

   Answer (a)_____________________[2] 
 

(b) 2v + u. 
 
 
 
 
 
 

   Answer (b)_____________________[1] 
 

 
18 The force (F units) between two particles is inversely proportional to the square of the 

distance (x units) between them.  

 When the distance between two particles is x, the force is F. When the distance is reduced to 

0.5x, what is the ratio of the force to the original force?     

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Answer _____________________ [2] 
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19 The point R  is such that QR = 
4
2

.    It is given that RS  = 
h
12

. 

 Find the two possible values of  h  which will make PQRS  a trapezium. 

 

    

 
 
 
 

 

 
 

 

 

 

 

 

 

 

 

   Answer _____________________ [2] 
 

P

Q
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20 (a) Solve the linear inequalities  5.7)4(314
3
4 xx  and represent their solution  

  on the number line provided. [3] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 

 (b) Hence, write down the smallest integer which satisfies 5.7)4(314
3
4 xx . 

 
 
   Answer (b)____________________[1] 
 

21 A man invested $7600 in a fund that pays 2.8% compound interest per annum, compounded 

every half-yearly. Calculate the total amount of money he has at the end of 4 years, giving 

your answer correct to the nearest 10 cents. 

 
 
 
 
 
 
 
 
 
 
 
 
   Answer _____________________ [2] 
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22 The letters of the word ‘RESILIENCE PACKAGE’ are pasted onto 17 plastic balls, one letter 

on each ball and they are then put into a box. A ball is drawn at random.  

 If it is a ball with a consonant, it is put back into the box and a new ball is drawn. 

 If it is a ball with a vowel, it is NOT put back into the box and a second ball is then drawn.  

(a) Complete the tree diagram. [2] 

 

 

          First ball      Second ball 

 

         

       

 

      

    

     

           

 

                

 

        

      

         

         

 

 

 

 

 

 

 

 

 

 

 

 

(   ) 

(   ) 

Vowel 

(   ) 

Vowel 

Consonant 

Consonant 

Consonant 

Vowel 

(   ) 

(   ) 

(   ) 



16 
 

SMSS 2019     

(b) Calculate the probability that two vowels are drawn.       

 

 

 

 

 

 

 

 

  Answer (b)___________________[1] 

 

23 Ada draws this graph to show the happiness index of her country for the last 4 years. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

State one aspect of the graph that may be misleading and explain how this may lead to a 

misinterpretation of the graph. 

 
 

 Answer_____________________________________________________________________ 

 ___________________________________________________________________________ 

 ___________________________________________________________________________ 

 ________________________________________________________________________[2] 

 
 

2013 2014 2015 2016 

Annual Happiness Index 

8.8 
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24 In the triangle ABC, D and E are points on AB and AC respectively such that 

 ADE = ACB. 

  

 

 

 

 

 

 

 

 

(a) Show that triangle AED and triangle ABC are similar. 

 ___________________________________________________________________________ 

 ___________________________________________________________________________ 

 ______________________________________________________________________ [2] 

 Given that AD = 8 cm, DB = 4 cm, AE = 6 cm and EC = x cm, find 

(b) the value of x, 

 

 

 

 

    Answer (b)____________________[1] 

(c) the area of triangle ADE : area of quadrilateral BCED. 

 

 

 

    Answer (c)____________________[2] 

A B 

C 

E 

D 

x cm 

8 cm 

6 cm 

4 cm 
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25 (a) Express y = x2 – 6x + 4  in the form y = (x – a)2 + b. 

 

 

 

 

 

   Answer (a)___________________ [2] 

 (b) Hence sketch the curve y = x2 – 6x + 4, indicating clearly, the points of intersection 

  with the y axis and the turning point.   [2] 
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hr
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Trigonometry 
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f
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f
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Answer:

1(a) – 2x + 2 (b)

2(a) 7.1 x 108 m2 (b) m = 0, n =  – 2

3(a) , –1 (b) , 0

4 9

5(a) 23 x 3 x 5 x 72 (b) 40 (c) 22

6(a) 4 : 13 (b) 67.4

7(a) (2x – 7y)2 (b) x =

8(a) 12 (b) 18 (c) 7

9(a) 1 : 250 000 (b) 1.5 cm

10(a) 480 cm3 (b) 45 cm3

11(a) any negative odd integer (b) any exponential equation

12(a)

(b) {1, 27}

13(a) (b) 15

14(a) (b) (c) km

15 Mean = 153 g, SD = 4.29 g

16 SD of Fati = 0.816, SD of Bala = 1.73, Mean of Fati = Mean of Bala = 2

Select Fati as he is more consistent in his score.

A
B

12(a)

(b(bb(b(bb(b(bb(b(b(b(b(bbbb(bb(b(bbb(bb(bbb(bb(b(b(b((((( ))))))))))))))))))))))))))))))))))))) ananannnannnnannanaaaaaaaaa y yyyyyyyyyyy expooooooooooooooooooooooooooneneneneneneneneneneneeneneneeeeeeeeeeeeeeeeeeentiall equatitiiionononon

AAAAAAAAAAAAAAAAAAAAAAAAAAAA
B
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17(a) 10 units (b)

18 4 : 1

19 10, – 4

20(a)

(b) – 1

21 $8494.10

22(a) , , , , , (b)

23 Scale was not state in the question. 

Height of similey face or area of similey face could be used to represent the readings from 
each year which may lead to misinterpretation of data.

24(a) EAD = BAC (common angle)

ADE = ACB (given)

Triangle ADE is similar to triangle ACB (AA similarity test)

(b) 10 (c) 1 : 3

25(a) (x – 3)2 – 5 (b)

4 

(3,  – 5)  

6.5– 1.2

ley faceceeeeeeeeeeeeeeeeeeeeceeccceee cccccccccccccccoulddd bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbee eeeeeeeeee eeeeeeeeee e e eeee e eee e eeee ususususuuuuuususususuuuuuuuusususususususususususususususususussededededededededededededededededededededededededededededededededededededededededededdddddddd tttttttttttttttttttttttttttttttttttttttttttttttttoo ooooooooooooooooooooooooooooooooooooooooo rrrrepreesesesenenenent tt the readings
sinterrprprrprrrrrprrprrrrprprprrrrrprrprprrprprrprprprprprprprrprprprprppppppppppppp eteeeeeeeeeee ation n nnn nnnn n n nnn n ofofofofofofofofofofofofofofof ddddddddddddddddddddddddddddddddddatatatataatatatatatatatatattatatttttatttttttttatttatttaatattaattatattaatttttttttttttttttttttttttttaa.a.aaaa.aa..aa..aaa..a.a.a.aaaa.a.a.aa.aaa.a.a.aaaa.a.a.a.a.aa.a................aa...

mmon anannnnnannnnnnnnnnannnnanannnnnnnnnnannnanananglglglglglglglglglglglglglgllglglglglgllllllllgggggggggggggggg )))e)

ACB (giveneneeeneneeeneeeeeeneeeneeeneeneeeneeeeeeeeeee )))))))))))))))))))))))))))))))))))))))

iangle ADDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDEEEEEEEEEEEEEEEEEEEEEEEEEEEE is ssssssssssssssimimimimimimimimimimmmmmilarararararararaaarararaaaaraaaaaaaaarararaaa tttttttttttttttttttttttttttooooooooooooooooo trtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtriaiiaiaiaiiaiaiaiaiaiaiaiiiaiiaiaiaiiiiaaiaiaaaaaaaaaaaangngngngngngngngngngngngngngngngngnggngngngnnngngnnngnngnnnnnggglelelllllllllllllllllllllllllllllllllllll  ACBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB (((((((((((((((((((((((((((AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA(((((((((((( siiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimimimimimimimmimimimmimimimmiimimimmmimimimimimiiiimimmmmmmmmmmmm lalalalallalalalalalalalalalalalalaaalllalllalaallarirr ty tesesesest)t)t)t)

) 1000000000000000000 (c) ))))))))))) 111 :::::::::::::: 3333333333333333333333333333333333333333333333333

)2 – 555555 (b( ))
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Mathematical Formulae

Compound 
Interest

Total amount = 

Mensuration

Curved surface area of a cone = lr

Surface area of a sphere = 24 r

Volume of a cone = hr 2

3
1

Volume of a sphere = 3

3
4 r

Area of triangle ABC =

Arc length = , where is in radians

Sector area = , where is in radians

Trigonometry

Statistics

Mean = 

Standard deviation = 

nrP
100

1

Cabsin
2
1

r

2

2
1 r

C
c

B
b

A
a

sinsinsin

Abccba cos2222

f
fx

22

f
fx

f
fx

3

3
r

ngle ABC =
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CCaaaaaaaabbbbssssiiiin
2222222222222222222222222222222
1

r

2

222222222222222
111111111111 rrrrrrrrrrrr

CC
ccbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

ssssiiiinnnnsssssssssssssssssssssssssssinssssssssssssssiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn BBAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

cbba 2222 bbbb cbb 2bb
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1 The graph cuts the x-axis at A and B and the y-axis at C.

(a) Find the coordinates of C. [1]

At C, x = 0,

Coordinates of C are .

(b) Find the coordinates of M, the minimum point of the curve. [2]

When y = 0,
x- coordinate of M =

y - coordinate of M

Coordinates of M are 

Hence,

(c) (i) find the equation of the line MC, and [2]

Gradient MC = 

                   = 1
Equation of MC :

(ii) the length of the line joining M to C. [2]

Length of MC =

= 1.41 units

inates of M ararararee e e 

on offf ttttttttttttttttttttttttttthehehehehehehehehehehehehehehehhehehehehhhhhhhhhhh llllllllllllllllllllllllininininiininininininininiinininiiininininnnnnnnnnnnnnnnnnnnnnnnne e MCMCMCMCMCMCMCMCMCMCMCMCMMMMMMMMM , andddddddddddddddddd

GrGrGrGGrGrGrGrGrGrGGrGrGrGGrGrGrGGrrrGrGrrGrrGrGGrGrrGGGGGGGrGrrG addieieieieieieieieieieieieieientntntntntntntntntntntntntnt MCMCMCMCMCMCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC =========================  

                     ========================= 1
EqEqEqEqEqEqqEqEqEqEqEqEqqEqEqEqEqEqEEqEqEEqEEEEEqEqEEEqEEEqEqEqEqqEqqqqqqqqquauauauauauaaaaauauaaaaaaaaaaaaaaaaaaaaaatititititittitititittitittitittitittittitititiiionoooooo oooooooooooooooooooooooooooof fffffffffffffffffffffffffff MCMMMMMMMMMMMMMMMMMMMM ::::::::::::::::::::

the e e eeeee eeeeeeeeee lelelelelelelelelelelelllelllelelleeeeeeleleeeeeeeeeeengngnnngngngngngngngngnnnngngngngngngngngthththththththhtthhththththhtththhttthttthtttthttttt  of ththththe e e e lilililinennn  joini
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2 (a) Factorise completely

(i) , [2]

(ii) . [2]

(b) Express as a single fraction in its simplest form. [3]action in its siimmpmpmpmpmpmpmpmpmpmppmppmppmpmpmppmpmppmpmpmpmpppmpmpmpmpmpmpmpmpmpppppppppppppplelellelelellellelllllllllllllllllllllllellllllllllllllllllllllellleellllleelllleestststststststststststststststststststtststststststststt fffffffffffffffffffffffforororo m.
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(c) Given that and , express x in terms of a, c and d. [3]

---------- (1)

---------- (2)

From (2)         
Substitute into (1)

__________________________________________________________________________________
  



6 
 

SMSS 4E/5N Mid-Year P2 2019 [Turn Over

3 In the diagram, the circle of radius x cm with centre O is touching the sides of the right 
angled triangle ABC at D, E, F, where angle ACB is 90 .

(a) Find the length of CE in terms of x. State the circle properties used in your working.
[2]

(given)
(tangents rom external point)

(tangent is perpendicular to radius)
(angle sum of triangle)

triangle CEO is isosceles

Hence 
= x

(b) Given also that AD = 7 cm and BD = 5 cm, form an equation in x, and show that it 
simplifies to .

[3]

(tangents from external point)
= x

By Pythagoras’ Theorem

(shown)

B
A

C

D

E F

5 cm 7 cm

O

x

cle propertrtttieieieiessss ususuu edededed in yo

ternal ppppppppppoint)
pendicular rrrrrrrrrrrr totototototototoooooooto radadadadaddadaddaddddddddddddddddddddddddddddddddddddddddddddddddddddddddddiuiuiuiiuiuiuuiiuuiuuiuiuuiuiuiuiuuiuiuiuuiuuiuiuuiuiuuiuiuiuiuuiuiuiuuiuiuuiiuiuiuiuiuuiiuuiuuuuuuuuuuuuiuiuiuuiuiuiuuiuuuiuuus)s)s)s)s)s)s)s)s)s)s)s)s)s)s)s)s)s)s)s)s)s)s)sss)ssss)s)sssss)ssss)s)ss)ssss)ss)sssss))s)ss)sssssss))ss)s)s)s)s)ss)s)s))sssssssss)s)ss)ss)ssss)sss)ss)s)s)))))))))

sum of trtrtrttrtrtrtrtrttrtrtrtrtrtrtrtrttrtrtrtttttttttrtrtriaiaiiaiaiaaiaiaiiaiaiaangn le)

triaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaangngngngngngngngngnngngngngngngngngngngnnngngnnnnggngggggggggggle CECECEEEEEEEECEEEEECECECEECEECEEEEECECECECEEECEECCCCCCEO OOOOOOOOOOOOOOOOOOOOOOOO isisisisisisisisiisiisisii iiiiiiiiiiiiiiiiiiiiiiisosssssssssssssss scccccccccccccccccccccccccccccccelelelelelelelelelleleleleleleleleleleleleleeleeeeleellelellllllllleeseeeeeeeeeeeeee

nce 
============ xxx

Giveveveveveveveveveveveveveveveveveven n n nn n nnnnnnnnnnn also thhattttttt ADADDADADADDADADADDADADAADADDADADDADADADADADADADDADADDDDDDAAAADADADDDADDADADDDDD =============== 77777777777777777 cmcmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm andddd BDBD == 55 cm f
imppplililililillililllilililililliillilllilllllllllill fifififififfifififfififffffififfffffffififififififiiieseseeeeseseseseseseeeseseseseeeseseseses tto o ooooooooooooooooooooooooooooooooooooooooo .

(t(t(((t((t(t(t(t((t(t((t(t(t(t(t(t(t(t(taaangentntntnts s s s frfrfrfromooo ext

agoorras’ The
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(c) Solve the equation , giving both answers correct to 2 decimal 
places.

[3]

x =

=

= 2.426   or  14.426

= 2.43     or   14.43   (to 2 d.p.)

(d) Hence find the shaded area. [2]

Since , x = 2.426

Shaded area = 
= 16.5 cm2 (to 3 s.f.)

__________________________________________________________________________________

= 16.55 cm2 (t(t(t(t((t(t(t(t(t(t(t(((((((((((((((((((( oooooo oooooooooooooooooooooooooooo 3333333333333333333333333333 s.s.sssssssssssssssssssssss f.ffffffffffffffffffffffffffffff )))))))))))))))))))))))))))))
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4 4 toothpicks are arranged to form a square.  The diagram shows the first three of a 
sequence of figures that are formed. All the squares are of the same size.

Figure 
Number (n)

Number of vertical 
toothpicks (V) Total number of toothpicks (S)

1 2 4
2 5 10
3 9 18

7 v s

The number of vertical sides (V) and the total number of sides (S) are recorded in the table 
above.

(a) Find the value of v and of s. [2]

2     5     9     14     20     27     35

3     4       5      6       7      8

4     10     18     28     40     54     70

6       8       10     12     14     16 

(b) Write down a formula that shows the relationship between S and n. [1]

;

Figure 1 Figure 2 Figure 3

al numberr oof f totootothhpicks

4
10
188

vvvvvvvvvvvvvvvvvvvvvvvvvvvv s

mber of f veveeveveveveveeveveveeveveveevveeveevvv rtr icalalalalllllallalllllllallllllllllllllllll ssssssssssssssssssssssssssssssssssssssididdddididddididiiidiididdididddddddddddddddddeseseseseseseseseseseseeeeeeeeeeeeeeeeeeeeeeee ((((((((((((((((((((((((((((((V)V) naanananananananananananannananannnannnnnnand dddddddddddddddddddddddddddddddd ththththththththhhththhthththhthththhthhhhthhhthththhthttttt eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee tttotaal l lll l lllllll l nuunuununuuuuunuuuuuunuuunuuuunuuuuuunuuuuuuu bmbmmbmbmbmbmbmbmbmbmbmbmbmbmbmbmbmbmbbbmbmbmbmbmbmmbmbbbmbbbmbmbmbbbmmbmbbbmbbererereeererererererereerereeereeereeeeeeeeeeeeeeeeeeeeeeeeeeee oooooooooooooooooooooooooof sidessss ((((SS)) arare recoSSS
ve.

FiFiFiFiFiFiFiFFiFFFFFFFFF ndndndddndndnnndndndndddddndndddnddddndnddnddddddddddddddd ttttttttttttttthehehehehehehehehehhhehhhehehehehehhhehehehhehehhhhehehhhhhehheeeheeeeee vvalueeeeeeeeeeeeee oooooooooof f ffffffffffff vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv anaaaaaaaaaaaaaaaaaaaaaa d ofofofoffofofoffofofofofofofofffffofffofofoffofoooooooooo  sssssssssssssssssssssssssssssss..

2     5555555555555    9     1414444444444444444444444444444444444444    22222222222222222222222222222220 00000000000000    2727272727227272777227272777727277722777777277777777777772727222     33335555

  444444444444444444       5 5 555555555555555 5555555555 555    6666      7777    8888

  1111118 8 8 8    28282828    40

3
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(c) If the total number of sides is 700, find the value of n. [2]

is rejected.       

(d) Give a reason why the value of S cannot be a prime number. [1]

Values of S start from 4 and are even numbers, hence it cannot be a prime number.

  

r.

ers, hencee iiiit t t t cacacacannnnnnnnot bbbbe eee a prime 
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5 In the diagram, DB is a diameter of the circle and ST is a tangent to the circle at A.
BDA = 2x, BDC = x, CBD = 7y and DBA = 5y.

1

(a) Explain why angle BCD = 90 . [1]

Since BD is a diameter, by “right angle in a semi-circle” property, BCD = 90 .

(b) Find the value of x and of y. [4]

(angles in opposite segments)
-------- (1)

(angle sum of triangle)
-------- (2)

(2) (1)           

Substitute into (1)         

TB

C

7y

5y

x

2xD

A

S

ght angleeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee iiiiiiiiiiiiiiiiiiiiiiiiiiin nnnnnnnnnnnnnn a seseseseeeseseeeeeeeeeeeeseemmmmimimmimimimimimimimimimimimimimimimimimimimimimimimimimmmmmmimimimimimiimiimmmiimmmiimmmmmmmmmm ------------------cicicicicciciciciciciciciciciciciciciciciciciciciciciciciciciciciciciciciciiiircrrcrcrrrrrrrrcrcrcrcrcrrrrcrcrcrcrrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcccclelelelellleleleleleleeleleleleleleleleleleleleleleleleleeleleeleleeleeeleeleleleeleelelee”””””””””””””” ppppprpp operererertytytyty,,, , BCD = 90

he value ooooooof ffffffffffffffffff xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx ananananananananananananananananananananannnnnnnnnnnnnnnnnd d of y.

(a(a(((((((((((((( ngn leleeeeeeeeeeeeeeeeeeeeeeeeeeeess sss sssssssss ssssss ss ss ssssssssssssss inininninninnininninininiiiiiiiiiiiii oooooooooooooooooooooooooooooppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppoooosoooooooooooooooooooooooooo ititititititititititititititittittititititiittii e segmgmgmgmenenenents))))
-------------------------------------- (1(1111(1(1(1(1(11(111(1111(111(11111111111(1111111((((( ))))))))))))))))))))))))))))))))))))))))

(a(a(a(a(a(a(a(a(a(a(aa(a(a(a(a(a(a(a(aaa(a(a((a(a(a((a(a(aa(a(a((((angngngngngnngngngngngngngngngnnngnnngngggnggnngnnnnnnnn leleleeeleleeleleleleeleleleeeelleeeeeeee sum of trtrtrtriaiaiaiangngngnglelelele))))
------------- ---------------------------------- ------------------------ (2(2(2(2(2(2((((((22(((((((((((( )

) (1(1((1(1(1(1(1(1((1(1(1((1(1(((((1(11((1((((11(1(1((1(1111(11111) ) )) )) )) ) ) )))) ))))))) ) )))))))))             

ute iintntoo ((1) 
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(c) Given that M is the mid-point of BD,

(i) determine if MAT is a right angle. Explain your answer. [1]

M is the mid-point of BD
M is the centre of the circle
MA is a radius of the circle

Since ST is a tangent, by “tangent is perpendicular to radius” property
MAT is a right angle.

(ii) Find DMA. [2]

is isosceles, hence

= 2(20 )
= 40

(angle sum of triangle)
= 100

__________________________________________________________________________________

  

(a(a((((((((((((((((((((((((((((((((((( ngleeee sssssssssssssumumumumumumummumumuumumumumum ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooof fff f ff ffffffff f ff f ff f f f ffffffffffffffffffffffffffffffffffffffffffff ffffffffffffffffffff trtrtrtrtrtrtrtrtrtrtrtrtrrtrtrttrtrtrrtrtrtrtrttrtrttrtttrtrtttttrtrtrtrtrtrtrtrtttrtrtrttrtrtrtttrtrtrtrtrtrtrtttttrrrtrrrrrrtrtrtrrttttrrrtttrtrriiaiaiiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiiaiaiaiiiiaiiiaiaiiiaaiaiiiiiaiiaaiiiiaaiiiiiiiiiiiiiiiiiiiiii ngngngngngngnngnnnnnnngngngngngngngngnnnngngngngnngngngngngngngngngngngggggggggggggglelelelellllelelelelelelelelelelelllelelelleleleleleleleleleleleleleleleleleleleeeeeeeeeeeee))))))))))))))))))))))))))))))))))))))))))))))
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6 (a) Find the values of the unknown in each of the following.

. [3]

= 3.75

(b) If P = and Q = , find the matrix P2 + 3Q. [3]

P2 + 3Q

= + 3

= +

=

find the matrixixixxxxxxxx PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP22222222222222222222222222222 +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 3333333333333333333333333333333333333333333QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ.

+ 3

= +++++++++++++

=
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(c) The following table shows the working hours of 3 clerks in a week.

Regular Working Hours Overtime
Fatimah 40 4

Vani 45 3
June 38 7

The hourly wages of these clerks are $20 for regular working hours and $30 for 
overtime.

(i) Represent the working hours of the clerks by a matrix A and the hourly wage 
rates by a matrix B such that AB exists. [2]

A = , B =

(ii) Find AB. [2]

=

(iii) Explain what your answer in (ii) represents. [1]

The elements in AB represent the wages earned by Fatimah, Vani and June 
respectively.

(iv) The hourly wage for regular working hours increased by 20% and overtime 
increased by 15% respectively, but the working hours remain the same.
Calculate the increase in the company’s expense in wages paid to the three
clerks using matrix multiplication. [3]

=
=

The increase in wages paid is $555.

__________________________________________________________________________________

ncreaeaeaeaee sesesesed d d d bybybb  15%

=

(i(i((((i((((i((((i(((ii(((i(i((i(i(iii(iiiiiiiiiiiiiii ) ExEEEEEEEEEEEEEEEEEEEEEEEEEEEEE plaiaiiiiiiiiiiiiinn nnnnnnnnnnnn whwhwhhhwhwhhwhwhhhhwhhwhwhwwhwhwhatatatatatatatatatataatataaaataaaaaaaaaaaaaa your anannnnnnnnannnnnnnnanannaannanaannaanaannnnnnswswswswswswwswswswswswswwswswswswswswswwswswwwwwsssswssssssssss ererererereeerererereerreererrerererrrrereerereerrererrreereereee iiiiiiiiiiiiiiiiiiiiiiin n n nn n nn nnn nnn nnnnn nn nnnnnnn n nnnnnnnnnnnnnnnnn (i(i(i(i(i(i(i(i(i(i(i(i(i(i(i(((((((((i(((((((((((i(((((((i(((((( i)i)i)i)i)i)i)i)i)i))i))i)i)i)i)i)i)ii)))i)))))i)))i))i)ii)ii))))))))))) rrrrrrrrrrrrrrrrrrrrrrreeeeeeeeeeepepeeeeeeeeeeeee reseeeentntntnts.s.s.s.

ThThhhThhhhThThThThhhhhhhhhhhhhhhhhhhhhheeeee eeeeeeeeeeeeeeeeeeeeeeeeeeeee elelellelelelelllelelelelellelellelelleee ememeemememememememememeememememememmmmemmmmmmmmmmmmmmmmmmements iiiiiiiiiiiiiiiiiiiiiiiiiiin nnnnnnnnnn nnnnnnnnnn ABABABABAABABABBABABABABABABBABBBABABAAABBAABAAABBABAAAABBBBABABAA rrrererrereeeeerrerereeererererereeeeeeeeprprpprprprprprrrpprpprprprrrprprprprprprprpppppp esent t t ththththe e e e wawww ges e
rrrerrrrrrrrrrrrrr spspppppppppppppppppppppppppppppppectiveveeveveeveveevevvvevevvvevevevveveeevvveveeveeveveveevevvvvvv lylylylylylylylylylylylylylylylylylylylylylylyllylylyllylylyyyylylylyylllylyylylylylyy..................

Thhhhhhhhhhhhhhhhhheeee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee hohohhhhhhhhhhhhhh urlylyyy wwwwagagagage for r

alcullate th
ks
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7 (a)

In the above diagram, C represents the foot of a vertical tower CT. The points A, B and C
are on horizontal ground, where angle CAB = 38 , AC = 60 m and BC = 45 m.
Given that the angle of elevation of T from A is 25 , calculate

(i) the height of the tower, [2]

= 27.978
= 28.0 (to 3 s.f.)              Height of tower is 28.0 m

(ii) angle ABC, [2]

= 55.173
= 55.2 (to 1 d.p.)

(iii) the angle of depression of B from T. [2]

Let be the angle of depression

= tan 1

= 31.870
= 31.9 (to 1 d.p.)

T

A
B

C

25
60 m

45 m
38

T.TT
m and BC

alculatee

978
= 28.0000000000000000000000000 (((((((((((((((((totottottttototototototottotototottotototototottototototoooooooooooooooo 3 s.ffffffffffffffffffffffffffffffffffff.).))))).)))).).).)).)))))))))))))            HeHeHeHHeHeHeHeHeHeHeHeHeHeHeHeHeHeHeHeHeeHeHeeeeeHeHeeeHeHeHeHeeHeHeeHHeeHeeeeHHHHH igigigigigigiggigigigigigigigiggigiiiigiiigggggggggggggggghththththththhthththththhhthththhthhhthhthtthtththttthhtthhhhhhhhhhhhhhhhhh ooooooooooooooooooooof tooooooooooooooooooooooooooooooooowewwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww r is 28.8.8.8.0 0 0 0 m

(i(i((((i(((((((((((((((((((((((((( i) anaaaaaaaaaaaaaaaaaaaaaaa glee ABABABABABABBABABABABABABABAAAAAA C,,,,,,

= 55.1.1.1.173737373
== 5555.22 (to 1



15 
 

SMSS 4E/5N Mid-Year P2 2019 [Turn Over

(b)

A ship sails 7 km from P to Q.  It then sails 5 km from Q to R on a bearing of 070 .
Given that angle PQR = 145 , calculate

(i) the bearing of Q from P, [2]

= 145

Bearing of Q from P

=  035

(ii) how far Q is east of P, [2]

= 4.01503
= 4.02 km

Ans: Q is 4.20 km east of P.

(iii) the distance PR. [2]

= 11.5 km (to 3 s.f.)

__________________________________________________________________________________

North

P

Q
R70

1457 km

5 km

70  

145  

x

P

P

Q
d

7 km 

45

BeBeBeBeBeBeBeBeBeBeBeBeBeBBBBBBBBBBBBBBBBBBBB aaraaaaararaaaaaaa ininininininininininining of QQQQQQQQQQQQQQQQQQQQQQQQQ frfrffffffffffffffffffffffffffff om PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP

== 000000000000000000000000033333333333333333333333333333333333333335555555555555555

(i(((((((((((((((((((((( i) hohhhhhhhhhhhhhhhhhhhhhhhh w fafafafafafafafafafafafafafar rrrrrrrrrrrrr QQQQQ isiiiisiiiiiiiiiiiiiiiiiiiiiiiiiiiii eeeeeeeeeeeeeeeeeeeeeeeeeeeeaaaaaaasaaaa t ofofofofofofofofofofofofofofofofofofofofofofofofofffffffffffffffff PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP,,,,,,,,,,,,,,,,,,

s: Q is 4

PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP

QQQQQQQQQQQQQQQQQQ
d

7 kmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
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8 (a)     The box-and-whisker plot below shows the distribution of the ages (in years) of 50        
members from the Rainbow Country Club.

(i) State the median and find the interquartile range. [3]

Median = 42 years

Interquartile range = 58 31
= 27 years

(ii) The table below shows the ages of 50 members from Sunshine Country Club.

Age (years) 30 35 40 45 50 55 60

Number of Members 8 7 15 8 6 4 2

Find the median and the interquartile range. [3]

Median = 40 years

Interquartile range = 45 35
= 10 years

Age (years)

s

(ii) ThThThThhhThhhThTThhThTTTThThhTTThThTTTTTTThThTTTTThTThTTTTTTTT e e tataatatatataataaaataatttttt blbbbbbbbbbbbbb e bebebbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb lololollololllolollolololollolllololllllllllollololllow w wwwwwwwwwwwwwwwwww shshshshshshshhshshshshshshshshshshshshshshhhhshshshshshssssssssss owooowowowowowoooowowowowowowowooowooowowoooooooooooowwwwwwwws sssssssssssssssssssssss ththththththththhhthththththththhhthtththhhthhhthttthhhhhtheeeeeeeee eeeeeeeeeee agesessesssssssssssssssssssssessssseesesss ooooooooooooooooooooooooooooooooff ffffffffff fffffffffffffff fffff ff fffffffff 505050505055505050505050505505505050505050505050505000005500505050000000 mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmemeeeeeeeeeeeeeeeeeeeeeeeee berssss ffffrorororom mmm SSSuS nsh

AgA e (yyyyyyyyyyyyyyeaeaeaeaaaaeaeaeaaaeaaeee rsrssssssrsssssssssssrsssssssrssssssssssssss))))))))))))))))))))) 303030303030303030303033030303300330303003300303003030303030033003333300303000033333330 35353535 404

NuNuuumbmbmbmmbmbmbmbmbmbmbmbmbmbmbbmbbmbmbmbmmmmmmmmmmmmmbmmmmmm eer ofofffffffffoffoffofffffffffffffffffffo MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMememememememeemememmememmemmmemmmmbebebebebebebebbebebebebbbebebebbbebebebebebb rsrsrsssssssssssssssssssssssssssss 88 7

FiFiFiFiFiFiFiFiFiFiiFiFiFiFiFiFiFiiiFiindndndnndndndndndndndnndndnndnnnnnnnnnnnnnnnnnn ttttttttttttttheheheheheheheheheeheeheheheheheeheheheheeeheehehhhhhehehhhhehheheeeeeeee mmediaaaan n nn anananandddd the int

edian = 40
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(iii) Sunshine Club claims that their members are generally younger than those from 
Rainbow Club.  Do you agree?  Give a reason for your answer.

[1]

I agree that members of Sunshine Club are generally younger than those from 
Rainbow Club because the median age of Sunshine Club (40 years) is lower 
that the median age of Rainbow Club (42 years).

(iv) Which country club has a wider spread of ages among its members?  Give a 
reason for your answer. [1]

Rainbow Club has a wider spread of ages among its members because its 
interquartile range (27 years) is bigger/larger than that of Sunshine Club 
(10 years).

  

members b
n that ofof SSununshin
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8 (b)     A school has two gardens, Famous Garden and Eco-Garden.
The heights of 120 plants from the Eco-Garden were measured.
The cumulative frequency diagram below shows the distribution of these heights.

Use the graph to estimate the

(i) 40th percentile, [1]

From the graph, 40th percentile = 33 cm.
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(ii) percentage of the plants whose height is at least 45 cm. [2]

No. of plants with length at least 45 cm = 120 92
= 28

Percentage of plants whose height is at least 45 cm

=

= 23 %

The heights of 120 plants from the Famous Garden were also measured.
It was found that the height measured has the same median but a smaller interquartile 
range compared to that of the Eco-Garden.

(iii) Describe how the cumulative frequency curve of the Famous Garden may 
differ from that of the Eco-Garden given above. [2]

The cumulative frequency curve of the Famous Garden will be steeper and it 
will intersect the graph of the Eco-Garden at the median height.

  

s
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9 There are 120 commercial buildings in the Sunflower City.  A commercial building generates
solid waste at a rate of 2.75 m3 per day. 

The solid waste of commercial buildings to that of the entire city is in the ratio 4 : 10.  

The Seashell landfill has a capacity of m3.  Currently, 50% of the landfill is filled.

(a) Calculate the volume of solid waste the city generates per week.  (Assume 5 working 
days in a week) [2]

Volume of waste generated by a commercial building per week
= 120 × 5 × 2.75
= 1650 m3

Volume of solid waste generated by the city per week

= × 1650
= 4125 m3

(b) Burning the solid waste in incinerators reduces its volume by 90%.  However, only 
60% of the solid waste can be burned.  Determine how long more, in years, will the 
Seashell landfill be completely filled. [6]

60% of solid waste that can be burned
= 0.6 × 4125
= 2475 m3

Remain of solid waste after incineration
= 0.1 × 2475
= 247.5 m3

40% of waste that cannot be burned
= 0.4 × 4125
= 1650 m3

50% of landfill that is not used
= 0.5 × 1.2 × 107

= 6 × 106 m3

No. of years left where the landfill will be completely filled
= 6 × 106 (1650 + 247.5) 52
= 3162.055 52
= 60.8 years

The landfill will be completely filled in another 60.8 years.
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(c) Norman commented that incineration is a good way of getting rid of rubbish.  Do you 
agree?  Give a reason for your answer. [2]
 
 
Agree.
Reason:  It is a more efficient use of space.

OR
The process of incineration can produce electricity that can be used.

Disagree.
Reason:  Incineration facilities are costly.

OR
The process of incineration emits / produces hazardous pollutants that are       
harmful.

 

po
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10 Answer the whole of this question on a sheet of graph paper.

The following is a table of values for the graph of .

x 1 1.5 2 2.5 3 4 5 6 8

y 7 5.5 5 4.9 5 p 6.2 7 8.8

(a) Calculate the value of p. [1]

(b) Using a scale of 2 cm to 1 unit on each axis, draw the graph of 
for .

[3]

(c) Use your graph to find the values of x for which y = 6.5. [2]

(d) By drawing a suitable tangent to your curve, find the coordinates of the point at 
which the gradient of the tangent is equal to .

[2]

(e) By drawing another suitable line on the same axes, use your graph to find the 

solutions of the equation = 7. [3]

__________________________________________________________________________________
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Mathematical Formulae

Compound interest

Total amount = 
nrP

100
1

Mensuration

rl

r2

Volume of a cone = r2h

Volume of a sphere = r3

Area of triangle ABC = ab sin C

Arc length = , where is in radians

Sector Area = r2 , where is in radians

Trigonometry

a2 = b2 c2 – 2bc cos A

Statistics

Mean = 

Standard deviation = 

3
1

3
4

2
1

2
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C
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B
b

A
a
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Answer all the questions.

1 Write down the following in ascending order.2538           0.49           0.60            0.701
Answer …………. , ………… , ………… , ………… [1]

2 (a) Expand and simplify (2 1)(2 3 ) 3 (2 5).

Answer (a) ……………..………….. [2]

(b) Factorise completely 24 4 + 6 .

Answer (b) ……………..………….. [2]

3 Calculate   .. . , giving your answers corrected to 2 significant figures.

Answer ………………………….. [1]
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4 If the radius of a sphere increases by 10%, find the percentage increase in its 
volume.

Answer …………………………..% [2]

5 On a certain day the exchange rate between the pounds ( ) and the Singapore 
dollars was S$1.684 = 1.

(a) Calculate the amount of pounds that Renee can buy with S$1263.

Answer (a) = ………………………….. [1]

(b) After four weeks, she realized she has too much pounds and she now wants to 

If the loss by this transaction is S$6, what is the current exchange rate? Leave 
your answers corrected to 4 decimal places.

Answer (b) 1 = S$…………………….. [2]
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6 Integers and , written as products of their prime factors, are =  2 × 3 × and =  2 × 7 × , where is a prime number.

(a) Express, in terms of and as a product of its prime factors, the smallest possible 
integer which is exactly divisible by both and .

Answer (a) …………………..……….. [1]

(b) Find the smallest integer, , such that 27 is a multiple of . Give your 
answer in terms of if necessary.

Answer (b) n = …………………….. [2]
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7 Kai Xuan has written down seven numbers. 
The mean of these numbers is 8, the median is 7 and the mode is 11.
The smallest number is an even prime number and the largest number is eight 
times the smallest number.
The second and third numbers are consecutive numbers.

Find the seven numbers.

Answer = ……… , ………. , ……… , ……… , ……… , ……… , ……… [2]

8 Rearrange the formula = and make the subject of the formula.

Answer = ……….………………….. [3]
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9 The graph shows the total revenue, in billion dollars, of three different fast food 
chain.

State one aspect of the graph that may be misleading and explain how this 
may lead to a misinterpretation of the graph.

Answer

[2]

Mcdonald’s Burger King KFC

Total global revenue

35.8 billion

9.5 billion

4.3 billion
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10 (a) Solve the inequalities 8 + < 10 + 15.5 2 .

Answer (a) = …………………….. [3]

(b) Hence, write down the largest rational number that satisfies8 + < 10 + 32 15.5 2

Answer (b) = ……………………… [1]
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11 The first four terms in a sequence of numbers , , , are as follow

= 21 32= 32 42= 42 52= 52 62
(a) Write down the th line and show that it can be expressed as = .

Answer(a) …………….…… [3]

(b) Hence or otherwise, evaluate the following sum and leave your answer as a 
fraction. + + + … … … … … … .

Answer (b) …………….…… [2]
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12 = {points lying on the line 2x + y = 8}    = {points lying on the line 3x 4y = 12}= {points lying on the line mx 4y = c}
(a) Is (-1,6) ? Explain your answer clearly.

[1]

(b) Find the element such that   ( ).

Answer (b)  =…………..…….. [2]

(c) Write down a possible value of and of such that = .

Answer (c) =…………..…….. [1]
=…………..…….. [1]
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13 The diagram below shows an irregular hexagon .
Calculate the value of + + + + + .

Answer …………..……..° [2]

14 Jia Lung invested some money in the savings account for 4 years . The rate of 
compound interest was fixed at 4% per annum compounded anually.
At the end of 4 years, there was $8436.48 in her account.

How much did Jia Lung invest in the account?

Answer $ ……………………… [3]
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15 Akshay jogs at a speed of 10 km/h. 
One evening he jogged around his neighborhood for 1 hour 30 minutes.

(a) Calculate the distance that Akshay covered.

Answer (a) =…………..……..km [1]

(b) Given that the scale of the neighbourhood is 1: 25000, find in cm, the map 
distance that he covered.

Answer (b) = …………………….. cm [2]

(c) A reservoir located in his neighbourhood occupies a total area of 1.70 cm2 on
the map. What is the actual area, in m2, of the reservoir?

Answer (c)…………………………..m2 [2]
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16 is a right-angled triangle. is a straight line.= 12 cm and = 19 cm. 

Find the values of the following, giving your answer to two decimal places 
where necessary.

(a) tan

Answer (a) ………….. [2]

(b) cos

Answer (b)………….. [2]

12 cm

19 cm



14

17 In the diagram, O is the centre of the circle BCD with radius 20 cm and CD is 
the diameter of the circle. The ratio of the length AB to the length AD is 0.5.

A is a point on BC produced such that AD is a tangent to the circle at D.

Calculate the area of the shaded region.

Answer (b) ………………………cm2 [5]
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18 The table below shows the ages of 16 employees who work part-time at a cafe. 

20 21 16 23

22 17 19 65

23 22 17 22

23 19 19 18

(a) Complete the dot diagram to show the distribution of the ages of the 
employees.

Answer (a) [1]

Ages of Employees (years)

(b) Find the median of the distribution of ages.

Answer (b) Median = …………………… years [1]

(c) Calculate the mean age of the employees.

Answer (c) Mean = …………………… years [1]

(d) Pranav made the following statement:
“The mean is the most accurate way to determine the average age of the 
employees.”
Validate if Pranav statement is true. 

[2]

1916 212017 18 652322
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19 Allyson participates in a game show. In order to win a prize, she has to 
navigate through a maze.
The prize is located at checkpoint X. There are no prizes awarded at 
checkpoint Y and Z.
The diagram below shows four junctions A, B, C and D in the maze.
Once Allyson runs pass a junction, she is not able to make a turnaround.

The probability that Allyson goes straight, without changing direction, at 
every junction is .

(a) Find the probability that Allyson hits the dead end.

Answer (a) …………………… [2]

(b) Find the probability that Allyson wins a prize.

Answer (b) …………………… [3]

A

C

D

Checkpoint Z

B

Checkpoint X

Checkpoint Y

Dead End

Start of Maze
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20 Two similar jugs have base area of 45 cm2 and 125 cm2.

(a) Find the ratio of the height of the smaller jug to the ratio of the height of the 
larger jug.

Answer (a) ………… : ………… [1]

(b) The curved surface area of the smaller jug is 63 cm2.
Find the curved surface area of the larger jug.

Answer (b) …………………… cm2 [2]

(c) The capacity of the larger jug is 2.5 litres. Find the capacity of the smaller jug.
Give your answer in cubic centimetres.

Answer (c) …………………… cm3 [2]
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21 OPQR is a parallelogram such that = and is the point (3,2).

(a) Express as a column vector.

Answer (a) = ….……………………… [2]

(b) The point lies on produced such that =
Show that =

[2]
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22 The diagram shows the speed time graph of a car. The car starts from rest and 
accelerates uniformly to a speed of 15 m/s in 10 seconds. 
The car then travels at a constant speed for some time before it decelerates 
uniformly at 0.75 m/s2 until it comes to rest.
The whole journey takes one minute.

(a) Given that the speed of the car after seconds is m/s, express  in terms of .
Answer =……………………… [1]

(b) For how long does the car travel at the maximum speed?

Answer ……………………… [2]

(c) Calculate the total distance travelled by the car during this 1 minute journey.

Answer ………………………… m [2]

O

V (m/s)

t(s)

v

x 10

15

60
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(d) Hence, sketch the distance time graph for the whole journey, indicating all 
relevant values in your sketch.

[2]

~ End of Paper ~

O

Distance (m)

t(s)10 60
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Compound interest
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nrP
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Volume of a cone = r2h

Volume of a sphere = r3

Area of triangle ABC = ab sin C

Arc length = , where is in radians

Sector Area = r2 , where is in radians

Trigonometry

a2 = b2 c2 – 2bc cos A

Statistics

Mean = 

Standard deviation = 
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Answer all the questions.

1 (a) Solve the inequality . [2]

(b) Express as a single fraction in its simplest form ( ) +  . [2]

(c) Simplify ( ) . [2]



4

(d) Simplify ÷ . [2]

(e) Solve the equation = 2 + 3 [3]
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2 A series of diagrams of shaded and unshaded small squares is shown below.
The shaded squares are those which lie on the diagonals of the diagram.

(a) Copy and complete the table below.                                

Diagram, n 1 2 3 4 5
Number of shaded 
squares, S 1 5 9
Number of unshaded 
squares, U 0 4 16
Total number of 
squares, T 1 9 25

[2]

(b) By observing the number patterns, without drawing further diagrams,
(i) write down the total number of squares in diagram 12, [1]

(ii)  find an expression, in terms of n, for the total number of squares, T. [1]

(c) (i) Find an expression, in terms of n, for the number of shaded squares, S. [1]

(ii)  Write down the number of the diagram that has 41 shaded squares. [1]

(d) Hence, or otherwise, find an expression, in terms of n, for the number of 
unshaded squares, U.

[2]
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3 P is the point ( 5, 12) and Q is the point (5, 4)
(a) Find the length of PQ. [2]

(b) Find the equation of the line PQ. [2]
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(c) The equation of the line l1 is 8x + 5y + 10 = 0.
(i) Show how you can decide whether the line l1 does or does not intersect the

line PQ? [2]

(ii) The equation of line l2 is 3y = 4x – 39.
Find the coordinates of the point of intersection of the line l1 and the line l2. [3]
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3 Mrs Tan is a Korean Language teacher. 
She conducts classes for basic and advaced students on weekdays and weekends.
Each student has a 15-week block of lessons with one lesson per week.
The matrix K shows the number of students she teaches each week in one 15-week 
block.

Basic  Advanced

K = 12 35 8   
(a) Evaluate the matrix P = 15K. [1]

(b) Mrs Tan charges $20 for each basic lesson and $32 for each advanced lesson.
Represent the lesson charges in a 2 × 1 matrix L. [1]

(c) Evaluate the matrix T = PL. [2]

Weekday
Weekend
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(d) State what the elements of T represent. [1]

(e) Mrs Tan wants to attract more students, so in the next 15-week block she 
reduces her prices by 10%.
For this block of lessons, on weekdays she has 15 basic students and 5 advanced 
students. 
On weekends she has 7 basic students and 6 advanced students.

Calculate the total amount of money she earns for this 15-week block of lessons. [3]
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5 The cumulative frequency graph shows the distribution of the age groups of the 
Fitness First club.
(a)

(i) Complete the grouped frequency table for the ages of the members. [1]

[1]

[2]

Age (x) 20 < 30 30 < 40 40 < 50 50 < 60 60 < 70
Frequency 10 15

(ii) Calculate the mean age of each member.

(iii) Calculate the standard deviation.

40 5020 30 60 70

200

150

100

50

Age

0

Cumulative Frequency
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(iv) Find the percentage of members whose age is 30 years old and above but 
less than 60 years old.

(v) A magazine article stated that citizens aged 50 and above are less active 
than those aged below 40.
Comment on whether the data from the Fitness First club supports this 
claim.  

[1]

[2]

(b) The table below gives information about the ages of the members in the Any 
Time Fitness club.

(i) One of these members is selected at random.
Find, as a fraction in its lowest terms, the probability that he or she is under 
50.

(ii)  Two of the members are selected at random.
Find the probability that 
(a)   both members are female,

(b)  they are both aged 50 or over, but only one is a male member.

Members aged under 50 Members aged 50 or over 
Male 50 34

Female 36 30

[1]

[2]

[2]
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6 A litre of 95-octane unleaded petrol cost $x in January 2019.

(a) Mr Ang paid $ 85.50 for his petrol. Write down in terms of x, the amount of 
petrol bought. [1]

Mr Bala paid $100 for his 98-octane unleaded petrol which cost 25 cents more per 
litre.

(b) Write down in terms of x, the amount of petrol bought by Mr Bala. [1]

(c) If Mr Ang received 2 litres less petrol than Mr Bala, write down an equation to 
represent this information and show that it can reduce to16 112 + 171 = 0. [3]
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(d) Solve the equation 16 112 + 171 = 0. [2]

(e) The price of the 98-octane unleaded petrol in January 2019 was a reduction of 
7% on the price in December 2018.

[2]

Find the price of the 98-octane unleaded petrol in December 2018 if it cost less 
than $3 for a litre of 95-octane unleaded petrol in January 2019.



14

7 The diagram shows a container consisting of a square bottom with rectangular 
sides, each 20 cm by 4 cm, and a regular pyramid on top with perpendicular height 
given by VX. Water is poured into the container till the brim of the cuboid.

(a) Find the height VX of the pyramid. [2]

(b) Calculate the total surface area of the container. [2]

(c) Find the volume of water in the cuboid. [1]

V

20 cm

20 cm

4 cm

24 cm

X
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The container is now inverted as shown in the diagram below.

(d) Calculate the depth of the water in the pyramid when inverted. [3]

(e) Another smaller container, which is geometrically similar, has a square base 
of 225 cm2. Both containers are made of the same material. 
Find the mass of the smaller container in grams, given that the mass of the 
empty larger container is 1.28 kg.

[2]
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8 In the diagram, OABC is a parallelogram and D is the midpoint of BC. BE and OC
produced intersect at the point F. BE : BF = 1 : 3 and OC : OF = 1 : 2.

Let   OA = a and OC = c.

(a) Express and simply the following vectors in terms of a and c.

(i) AC [1]

(ii) BF [1]

(iii) OD [1]

F

CB

E

O

D

A

c

a

.
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(iv) OE [2]

(b) State two facts about the vectors OD and OE from the results in (a). [2]

(c) Find the ratio of the areas of 

(i)  and , [1]

(ii)      and , [1]

(iii)    and . [2]
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9 Two school teams, Novotel and Temasek, are participating in an Amazing Race in 
Bishan Park. The diagram shows the paths in the park.
The teams assemble at P before heading to Q to start the race.
P is due north of R.
The bearing of R from Q is 241°.
The distance PR is 72 metres and the distance RQ is 85 metres.

(a) Find the distance PQ. [3]

85 m

72 m

R

Q

P

North 
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(b) The final station of the race is at R, each team is required to find a clue that is
hidden at point S before completing the race at R.
The bearing of S from R is 099° and QS is 54 metres. 
Given that there are two possible locations for S, find the two possible values 
of angle RSQ.

[3]
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(c) Both teams manage to find the clue at the same time and team Novotel is closer 
to R than team Temasak.
Team Novotel claims that they are the winner.
Given that the speed of team Novotel is 30% less than the speed of team Temask 
when they travel from S to R.
Do you agree with team Novotel that they will win the race?
Justify your answer with clear working in your calculations.

[5]



21

10 Answer the whole of this question on a sheet of graph paper.

The table below gives some values of x and the corresponding values of y for
y = x(1 + x)(5 – x).

x – 2 – 1 – 0.5 1 2 3 4 5
y 14 0 – 1.375 8 18 p 20 0

(a) Find the value of p. [1]

(b) Using a scale of 2 cm to 1 unit, draw a horizontal x-axis for 2 5.
Using a scale of 2 cm to represent 5 units, draw a vertical y-axis for5 25.
On your axes, plot the points given in the table and join them with a smooth 
curve. [3]

(c) By drawing a tangent, find the gradient of the curve where x = 4. [2]

(d) (i) On the same axes, draw the line 2 + = 12 for 2 5. [1]

(ii) Write down the x-coordinates of the points where this line intersects the
curve.

[2]

(iii) The x-coordinates of the points where the two graphs intersect are 
solutions of the equation x3 + Ax2 + Bx + 12 = 0.  Find the value of A and 
the value of B. [2]

~~~ End of Paper ~~~
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Compound interest

Total amount = P 1
100

nr

Mensuration

Curved surface area of a cone = rl

Surface area of a sphere = 24 r

Volume of a cone = hr 2

3
1

Volume of a sphere = 3

3
4 r

Area of triangle ABC = 1 sin
2

ab C

Arc length = r , where  is in radians

Sector area = 21
2

r , where  is in radians

Trigonometry

sin sin sin
a b c

A B C

a2 = b2 + c2 2bc cos A

Statistics

Mean = 
fx
f

Standard deviation = 
22fx fx

f f
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Answer all the questions.

1 Solve 13 6
4
x .

Answer x ……………………… [1]

2 Peter boards a bus at bus stop A at 6.50 am. The bus travels to bus stop B at an average speed of 
60 km/h to school. He reaches bus stop B at 7.15 am. 

What is the distance between the 2 bus stops?

Answer ……………………..… km [2]

3 John wrote down five numbers.
The mean of these numbers is 8, the median is 6 and the mode is 5.
The largest number is three times the smallest number.

Find the five numbers.

Answer …….… , ….…… , …….… , …….… , …….…  [2]

4 A field which has an area of 1800 m2, is used to plant sunflowers.
It is known that an acre of land, which is about 4047 m2, can grow an average of 20 000 sunflower 
plants.
Each sunflower plant has an average seeding rate of 1500 seeds. 

Calculate an estimate of the total number of seeds that can be harvested from the field, leaving 
your answer in standard form, correct to 3 significant figures.

Answer ………………….…. seeds [2]
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5 Simplify 3 4(2 3 )
5 7
x x .

Answer ……………………...……. [2]

6 :  is a positive integer and 25x x x

:  is a perfect squareA x x

:  is an odd numberB x x

(a) Find n A B .

Answer …………………………… [1]

(b) On the Venn diagram, shade the region which represents ' 'A B .

[1]

7 Factorise fully 6 9 12 8ac ad bd bc .

Answer ……………………...……. [2]

A B
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8 A is the point 2,  5 and 
4

8
BA .

(a) Find the coordinates of point B.

Answer B (………..…, …….….…) [1]

(b) Calculate BA .

Answer …………………………… [1]

9 Andrew weighed ten large watermelons from his farm.

The mean mass of the watermelons was 9070 grams.
The standard deviation of the masses of the watermelons was 362.8 grams.

The scales used by Andrew were found to be inaccurate.
The correct mass of each watermelon turns out to be 1650 grams more than Andrew recorded.

Write down the correct values for the mean and standard deviation (SD).

Answer Mean = ..……………….. g

SD = .…………………... g [2]
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10 A man purchased a painting in 2016.
The value of the painting increased by 8% in 2017.
In 2018, the value of the painting was $73288.80, an increase of 20% as compared to 2017.
Express the cost of the painting in 2016 as a percentage of the cost of the painting in 2018.

Answer ..………………….…… % [3]

11 (a) David makes a mocktail drink for his kids.
He uses apple juice, lime juice and sparkling water in the ratio 3 : 2 : 7 respectively. 
He uses 2.1 litres of sparkling water.

(i) How much apple juice does he use?

Answer ……………………... litres [1]

(ii) How much mocktail drink does he make altogether?

Answer ……………………... litres [1]

(b) Wen Ni makes a mocktail drink using lemon juice, syrup and coconut water.

The ratio lemon juice : syrup is 1 1 :  
2 3

.

The ratio syrup : coconut water is 1 : 8.

Find the ratio lemon juice : syrup : coconut water.

Answer ………...… : …………… : ……......… [2]
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12 Jane draws a triangle.
The first angle is 20º bigger than the second angle
The third angle is three times the size of the first angle.

Form an equation and solve it to find the angles of the triangle. 

Answer ……….... º, …………. º, ……..….. º [3]

13 It is given that x and y are in direct proportion.
The difference in the value of y, when x is 5 and when x is 17, is 54.

(a) Find an equation connecting x and y.

Answer …………………………… [3]

(b) Find the value of x when 84y .

Answer …………………………… [1]
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14 When written as the product of their prime factors,

m is 2 22 5 11
n is 32 3 5 7

Find

(a) the largest integer which is a factor of m and n,

Answer …………………………… [1]

(c) the smallest integer p such that mp is a perfect cube,

Answer …………………………… [1]

(d) the smallest positive integer value of q such that 3
mn
q

is an integer.

Answer …………………………… [1]

15 (a) Solve the inequalities 15 8 3 2x .

Answer …………………………… [2]

(b) Write down all the integers that satisfy 15 8 3 2x .

Answer …………………………… [1]
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Name: ________________________________________(          ) Class: __________

16 The diagram shows a regular hexagon and a triangle.

(a) Calculate the sum of the interior angles of the regular hexagon. 

Answer …………………………...° [1]

(b) Calculate the sum of the angles a, b, c, d, e, f and g.

Answer …………………………...° [2]

aº

bº

cº

dº

eº

f º

gº
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17 The diagram shows a right circular cone which is divided into 3 parts A, B and C by planes parallel 
to the base as shown. B and C are frustums of a cone. The height of each part is h cm.

The curved surface area of A is 200 cm2

(a) Show that AA : AA+B is 1 : 4, where AA is the curved surface area of A and AA+B is the 
combined curved surface areas of A and B.

[1]

(b) Find AB, the curved surface area of B.

Answer …………………….… cm2 [1]

(c) Find the ratio of the volume of B to the volume of C.

Answer …………………….…….. [3]
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18 The diagram shows the positions of three towns P, Q and R.
PQ = 35 km and QR = 45 km.
The bearing of P from Q is 235º and the bearing of R from Q is 205º.

Calculate the distance between towns P and R.

Answer ……………………..… km [3]

35

45P

R

North

Q
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19 The diagram shows six points A, B, C, D, E and F on the circumference of a circle with centre 
at O.
It is given that the diameter BE of the circle is 14 cm, BED = 35º and AB = ED.

Calculate the area of the shaded region.

Answer ……………………… cm2 [5]

O

B

DE 35º

A

CF
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20 In the diagram, the equation of the line L1 is 2 3 5y x .
The line L2 has the same gradient as the line L1.
A and D lie on the y-axis. BC is parallel to the y-axis and BC = 8 units.

(a) Find the equation of the line L2..

Answer …………………………… [2]

(b) What is the area of quadrilateral ABCD?

Answer …………………..… units2 [1]

(c) Find the value of tan ABO .

Answer …………………………… [1]

O
A

D

y

x

L2

L1

B

C
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21 (a) The period of oscillation of a pendulum is given by 2 lT
g

.

Rearrange the formula to make l the subject.

Answer …………………………… [2]

(b) A solid is made from a cylinder and a cone.
Both the cylinder and cone have radius 2.5 cm and height 5 cm.

Calculate the total surface area of the solid. 

Answer …………………….… cm2 [3]
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22 A gift company sells three hamper packages containing packets of biscuits, bars of chocolates 
and bottles of wine.
The cost of one packet of biscuit, one bar of chocolate and one bottle of wine are $7.20, $10.80 
and $32.00 respectively. 

Biscuit Chocolate Wine
Hamper A 6 packets 5 bars 3 bottles
Hamper B 9 packets 7 bars 4 bottles
Hamper C 10 packets 8 bars 2 bottles

The quantity of the items packed into each of the three types of hamper packages is shown in the
table above.

These information can be represented by the matrices H
6 5 3
9 7 4

10 8 2
and P

7.20
10.80
32.00

.

(a) Evaluate the matrix R = HP.

Answer R = ……………………… [2]

(b) State what the elements of R represent.

………………………………………………………………………………………….… [1]

(c) A total of 20 Hamper A, 25 Hamper B and 30 Hamper C are sold.
Represent the total number of hamper packages sold in a 1  3 matrix T.

Answer T = ……………………… [1]

(d) Using matrix multiplication, find the total amount of money obtained by the gift company 
from the sales of the hamper packages A, B and C.

Answer $ …...………………….… [2]
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23 Some boys are placed into five groups, A, B, C, D and E, based on their heights.
The pie chart shows the proportion of boys in each group. 

Group A comprises 1
4

of the boys, Group B 30% of the boys and Group C has 18 boys.

Group D is represented by a 60 sector.

(a) Find the percentage of the boys who are in Group D.

Answer ………………………... % [1]

(b) Given that the number of boys in group B is 36, find the total number of boys.

Answer …………………...… boys [2]

(c) Calculate the number of boys in group E.

Answer …………………...… boys [2]

60º

A

B

E

D

C
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24 A bag contains 20 marbles, n of which are red and the rest are yellow. 
A marble is chosen at random and not replaced. 

(a) Write down, in terms of n, the probability that the marble is yellow.

Answer …………………………… [1]

A second marble is chosen at random.

(b) Find, in terms of n, the probability that both marbles are yellow.

Answer …………………………… [1]

(c) (i) The probability that both marbles are yellow is 39
95

.

Show that 2 39 224 0n n

[2]

(ii) Solve the equation 2 39 224 0n n to find the number of yellow marbles in the bag. 

Answer …………………………… [3]

~~ End of Paper 1 ~~~
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Mathematical Formulae

Compound interest

Total amount = P 1
100

nr

Mensuration

Curved surface area of a cone = rl

Surface area of a sphere = 4 2r

Volume of a cone = 21
3

r h

Volume of a sphere = 34
3

r

Area of triangle ABC = 1 sin
2

ab C

Arc length = r , where  is in radians

Sector area = 21
2

r ,  where  is in radians

Trigonometry

sin sin sin
a b c

A B C

a2 = b2 + c2 2bc cos A

Statistics

Mean = 
fx
f

Standard deviation = 
22fx fx

f f
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Answer all the questions.

1 (a) Factorise 427 3a .

Answer ……………….................................. [2]

(b) Express as a single fraction in its simplest form

(i)
2

3 2

2 1 6 1
4 8
x y x

y y
,

Answer ……………….................................. [1]

(ii) 3 2
2 3 1m m

.

Answer ……………….................................. [2]

(c) Solve the equation 2

3 5 1

12
2

x

x
.

Answer ……………….................................. [2]
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(d) (i) Express 2 8 6x x in the form 2x b c .

Answer ……………….................................. [1]
(ii) Hence solve the equation 2 8 6 0x x , giving your answers correct 

to one decimal place.

Answer x ..................  or  ..........................[3]

___________________________________________________________________________
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2 In the diagram below, OB BC and AF FB . It is given that : 2 :1OA AE and 
: 4 : 3ED DC . OA 2a and OB b.

(a) Express, as simply as possible, in terms of a and/or b,
(i) CE ,

Answer ……………….................................. [1]

(ii) CD ,

Answer ……………….................................. [1]

(iii) BA ,

Answer ……………….................................. [1]

AE

F

B

C

D

O
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(iv) OF ,

Answer ……………….................................. [2]

(v) FD .

Answer ……………….................................. [2]

(b) Find 

(i) Area of 
Area of 

OBA
OBE

,

Answer ……………….................................. [1]

(ii) Area of 
Area of 

OBA
OCE

.

Answer ……………….................................. [2]

___________________________________________________________________________
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3 (a) Celine wishes to buy a new car. The price of the car is $98 000. 

(i) The car dealer requires Celine to make a downpayment of $19 600.
Express this amount as a percentage of the price of the car.

Answer ...............................% [1]

(ii) After making the downpayment, Celine decides to take a bank loan for 
the rest of the money to be paid to the car dealer.
Bank OCC charges an interest rate of 2.78% per annum compounded 
half yearly.
Bank DBB charges a simple interest rate of 2.99% per annum.
If Celine decides to take a seven year loan, which bank should she loan 
from? Justify your answer. 

Answer……………………………………………………………….

……………………………………………………………………... [4]

(b) Celine visits the petrol station weekly to refill petrol, refilling 51 litres of 
petrol each and every time. In order to save on petrol costs, she decides to 
drive to Johor Bahru, Malaysia, weekly to refill the petrol.

(i) How much does she need to pay weekly to refill petrol in Singapore if 
the price of petrol is $2.25 per litre?

Answer S$.............................. [1]
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(ii) How much does she need to pay to refill petrol weekly in Johor Bahru 
if the price of petrol is RM 2.08 per litre?

Answer RM............................ [1]

(iii) (a) How much is Celine able to save weekly if she refills the petrol 
in Malaysia? Give your answer in terms of Singapore dollars.
(Given the exchange rate is S$1 = RM 3.05) 

Answer S$.............................. [2]

(b) Express the amount of savings as a percentage of the cost of refilling 
petrol weekly in Singapore.

Answer ...............................% [1]

___________________________________________________________________________
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4 The diagram below shows a circle ABCD with centre O. AT and CT are tangents to the 
circle and angle 40ATO .

(a) Find, giving reasons for each answer,            

(i) angle AOD,

Answer ……........................ [2]

(ii) angle ABC,

Answer ……........................ [2]

(iii) angle ADC,

Answer ……........................ [1]

(iv) angle OCD.

Answer ……........................ [1]

40

B

O

A

C

D40T
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(b) Calculate the area of the shaded region, given that the radius of the circle is 
5 cm.

Answer ……....................cm2 [4]

___________________________________________________________________________
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5

The diagram above shows a prism ABCDEF whose cross section is an isosceles 
triangle.

It is given that AB = 8 cm, BC = 12 cm, and AF = 3 cm.

(a) Show that 21.6ABF , correct to 1 decimal place. [3]

(b) Find the angle of elevation of E from B.

Answer ……........................ [3]

8 cm

12 cm3 cm

A B

C
D

E

F
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(c) (i) Calculate the volume of the prism ABCDEF.

Answer ……....................cm3 [2]

(ii) The prism is melted and moulded into a hemisphere. Calculate the 
radius of the hemisphere.

Answer …….....................cm [2]

___________________________________________________________________________
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6 Answer the whole of this question on the sheet of graph paper.
The variables x and y are connected by the equation

2 2 3
3
xy

x
.

Some corresponding values of x and y, correct to two decimal places, are given in the 
table below.

x 0.5 1 1.5 2 2.5 3 4 5
y p 0.67 0.92 0.67 0.12 0.67 2.83 q

(a) Find the values of p and q.

Answer p =………….........

q=.………............. [2]

(b) Using a scale of 2 cm to represent 1 unit on each axis, draw a horizontal x-axis 
for 0 5x and a vertical y-axis for 2 6y .
On your axes, plot the points given in the table and join them with a smooth 
curve. [3]

(c) Use your graph to find the solutions to the equation  
2 2 3

3
x

x
.

Answer x =……… or ….........[2]
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(d) By drawing a tangent, find the gradient of the curve at 3, 0.67 .

Answer .................................. [2]

(e) By drawing a suitable line on the graph, solve the equation 

2 2 2 6 0
3
x x

x

Answer Equation of line y .................................. [1]

x =…………….…..........  [1]

___________________________________________________________________________
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Name: ……………………………………..(   ) Class: …………………..

7 (a) In the lucky draw, there are 3 types of tickets to be drawn from a box: $5 
tickets, $20 tickets and “N” tickets. If a customer draws a $5 or a $20 ticket, the 
ticket will be exchanged for a $5 or $20 shopping voucher respectively. 
However, if the customer draws an “N” ticket in the first draw, the “N” ticket 
will be placed back into the box and the customer will draw a ticket a second 
time. The second draw is the final one.

Given 3
5

of the tickets are $5 tickets, 1
10

of the tickets are $20 tickets and the 

rest are “N” tickets, complete the tree diagram below.

Draw 1 Draw 2

[2]

(i) Find the probability that a customer will draw an “N” ticket.

Answer …….......................... [1]

(ii) Find the probability that a customer will win a cash voucher.

Answer …….......................... [2]

$5

$20

“N”

(     )

(     )

(     )
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(iii) If both Mary and Peter take part in the lucky draw, what is the 
probability that at least one of them will win a cash voucher?

Answer …….......................... [2]

(b)  The cumulative frequency curve below shows the distribution of the weekly 
wages of 80 employees.

Cumulative 
Frequency

Wage ($)
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Use the curve to estimate 
(i) the median wage,

Answer $…........................... [1]

(ii) the interquartile range of the wages,

Answer  $…........................... [1]

(iii) the percentage of the employees who earned at least $500.

Answer …...........................% [2]
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8 (a) The first four terms in a sequence are 1 1 1 1, , ,
3 6 12 24

Find the 5th term .

Answer   ............................... [1]

(b) The nth term of a sequence is given by 2

1
1nT

n
. Find the sum of the

4th and 5th terms.

Answer .................................. [3]

(c) The first four terms in a sequence of numbers are given below

3
1

3
2

3
3

3
4

1 5 6
2 7 15
3 9 36

4 11 75

T
T
T

T
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(i) Find 5T .

Answer .................................. [1]

(ii) Express nT in the form of 3 2an bn cn d , where a, b, c and d are 

integers to be determined.

Answer a ..........................

b ...........................

c ...........................

d ...........................[2]

___________________________________________________________________________
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9 ABC represents a triangular plot of land on horizontal ground.
AB = 8 km, BC = 5 km, AC = 11 km and B is due west of C.

(a) Calculate
(i) the bearing of A from C,

Answer ............................... [3]

(ii) the bearing of C from A,

Answer ............................... [2]

8 km

A

B

C

N

5 km

11 km
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(iii) the reflex angle ABC,

Answer ............................... [2]

(iv) the area of the triangular plot of land ABC.

Answer .......................... km2 [2]

(b) A vertical lamp post is erected at point A. State with a reason, whether the 
angle of depression of B or of C is larger from the top of the lamp post.

Answer………………………………………………………………………..

……………………………………………………………………………….[2]

___________________________________________________________________________
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10 Mr Wong is thinking of applying for a credit card that gives the most savings in terms 
of dining, grocery and petrol. His gross monthly expenses (before any discounts) are 
listed in the table below:

Type of Expenses Amount ($)
Petrol 350

Grocery 100
Dining 400

After doing some research, he decided to narrow his options to the three cards listed 
below:

Credit Card Savings on Petrol Savings on Dining Savings on Grocery
CBSH  Card 14% upfront 

discount plus 5% 
cash rebate (on 
monthly petrol 
expenses) with
monthly minimum 
spending of $600 
on the CBSH card

5% cash rebate on
dining expenses 
with monthly 
minimum spending 
of $600 on the 
CBSH card

5% cash rebate on  
grocery expenses 
with monthly
minimum spending 
of $600 on the 
CBSH card

BSOP Card 15% upfront 
discount plus 6% 
cash rebate (on 
monthly petrol 
expenses) with 
minimum spending 
of $1000 on BSOP 
Card

5% cash rebate on 
all dining expenses 
with minimum
monthly spending 
of $1000 on the 
BSOP Card

5% cash rebate on 
grocery expenses 

CBCO Card 14% upfront 
discount plus 4.3% 
cash rebate (on 
monthly petrol 
expenses) with
monthly minimum 
spending of $800 
on the CBCO Card 
plus 2.1% cash 
rebate (on monthly 
petrol expenses)
with monthly 
minimum spending 
of $400 on petrol 

5% cash rebate on 
all dining expenses 
with monthly 
minimum spending 
of $800 on the 
CBCO Card

5% cash rebate on  
grocery expenses 
with monthly 
minimum 
spending of $800 
on the CBCO Card
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Which credit card should Mr Wong apply for so as to maximise his savings, given that 
he can only apply for one card and this card is to be used only for these three types of 
expenses? Show your working clearly. [9]

___________________________________________________________________________
~ End of Paper 2~

Remember to check your work carefully
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9 Mean = 10 720 g
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10 Cost of painting in 2017 = 73288.8 $61074
1.2

Cost of painting in 2016 = 61704 $56550
1.08
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3 units represent 0.9l B1

11b 1 units represent 0.3l
12 units represent 3.6l B1

11c Lemon  :  Simply Syrup  :  Coconut water
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13a y kx                                                      or         x ky  

5y k  ------------ (1) 5 ky  ------------ (1) 
17y k   ------------ (2)                             17 ky   ------------ (2) 

(2) – (1);          17 5 54k k                       17 5 54
k k

 

12 54k                                 17 5 54k  

4.5k                                    2
9

k  

 

                            4.5y x                                  
2
9

x y  

M1
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A1

13b 4.5y x  
84 4.5x  

218
3

x  
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14a 20 B1
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14c 924 B1
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3

x
x

x

          and           
8 3 2
6 3
2

x
x

x
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3

x
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A1
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16a Sum of interior angles = (6 2) 180 720 B1

16b Sum of angles  7 angles at a point [Sum of interior angle of 
hexagon + sum of interior angle of triangle] 

7 360 [720 180]
1620

Or        4 (360 120) 960a g f b
(3 360) 2(120) 180 660d c e

Sum of angles = 960 660 1620
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h
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19 180 35 35 110DOE

Area of segment = area of sector DOC – area of triangle DOC
2110 1(7) (7)(7)sin110

360 2
24.01415413

Area of section of circle
= area of circle – 2 x area of segment 

2(7) 2(24.01415413)
2106cm

OR

180 35 35 110DOE

2 x ( Area of sector BOD + Area of triangle DOE ) 

= 2 x ( 2180 110 1(7) (7)(7)sin110
360 2

 ) 

= 2 ( 29.932396 + 23.224692) 
2106cm
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Gradient = 1.5
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g
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21b 2 25 2.5 5.59016994l

Total surface area = curved SA of cone + curved surface area of 
cylinder + base area 

2(2.5)( 31.25) 2 (2.5)(5) (2.5)

= 142 cm2 (3sf)

M1, M1 
(any 2) 

A1

22a 6 5 3 7.20
9 7 4 10.80

10 8 2 32
R

193.20
268.40
222.40

M1

A1

22b R represent the cost of each hamper. B1

22c 20 25 30T B1
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20 25 30 268.40

222.40
= $ 17 246 

M1

A1

23a 60 100% 16.7%
360

B1

23b 30% rep 108 represent 36 boys

1 represent 36
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360 represent 36 360 120
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M1

A1

23c No of boys in group E = Total boys – boys in ( A + B + C +D)
                                     = 120 – 30 – 36 – 18 – 20  
                                     = 16 boys 
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24c (20 )(19 ) 39
380 95
n n

(20 )(19 ) 156n n
2380 20 19 156n n n

2 39 224 0n n (Shown)

M1

A1

24d 2 39 224 0n n
( 32)( 7) 0n n

Either 32n  or 7n

No of yellow marbles = 20 – 7  
                                    = 13
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Mathematical Formulae 

Brand / Model of Calculator 

For Examiner’s Use 



Quadratic Equation 
ax2 bx c

a
acbbx

Binomial expansion 

n
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A A
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A A

A B A B A B
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A A A

A A A A A

A
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BC y
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ABC AD DC BD h

BD AC
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U

t q





Quadratic Equation 
ax bx c

b b acx
a

Binomial expansion 

n n r nn n n rn n n
a b a a b a a

r
bb b

n
n nn n n
r r r r

r
n

Identities 

A A

A A

A A

A B A B A B

A B A B A B

A BA B
A BA

A A A

A A A A A

AA
A

Formulae for ABC

C
c

B
b

A
a

Abccba

bc A
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Examiner’s 

Use 

For 
Examiner’s 

Use x x



For 
Examiner’s 

Use 

For 
Examiner’s 

Use f x x ax bx a b
x x

a b

f x

y y y y



For 
Examiner’s 

Use 

For 
Examiner’s 

Use x
x x

x x

x
x x

x



For 
Examiner’s 

Use 

For 
Examiner’s 

Use 
x xx x

x x x
x x



For 
Examiner’s 

Use 

For 
Examiner’s 

Use y x y C

C x y x y

x C

Q R QR
C QR



For 
Examiner’s 

Use 

For 
Examiner’s 

Use x y
nyx A n A

x
y

y x
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Examiner’s 

Use 

For 
Examiner’s 
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A n

y x
x nx A
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Examiner’s 

Use 

For 
Examiner’s 

Use A B p C D
AB DC DAB

ABO CBO

AB CB p
p
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Examiner’s 

Use 

For 
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1. ALGEBRA

Quadratic Equation
For the equation ax2 + bx + c = 0,

a
acbbx

2
42

Binomial expansion
                                   ,

where n is a positive integer and 

2. TRIGONOMETRY

Identities
sin2 A + cos 2 A = 1

sec 2 A = 1 + tan 2A

cosec 2 A = 1 + cot 2A

sin ( A B ) = sin A cos B cos A sin B

cos ( A B ) = cos A cos B sin A sin B

sin 2A = 2 sin A cos A

cos 2A = cos 2 A – sin 2 A = 2 cos 2 A – 1 = 1 – 2 sin 2 A

tan 2A =
A

A
2tan-1

tan2

Formulae for ABC

C
c

B
b

A
a

sinsinsin

a2 = b2 +c2 – 2bc cos A
Area of = ab2

1 sinC

+ cos 2 A = 1

sec 2 A = 111111111111111 +++++++++++++++ tatatataaaaaaaaaaaaann n n nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn nnnnnnnnnnn nnnnnnn nnnn 2222222222222222222222222222222222222222222222222222222222AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA222222222222

cococcoccocococococccccccocococoocoooococccoccooocococoocooooosessssssssssssssssssssssss c c cccccc ccc cccc 222222222222 AAAAAAAAAAAA = 1 +++++++++++++++ cocccccccccccccccccccccccccccc t 2AAAAAAAAAAAAAAAAAA2

sin ( (( AAAAAAAAAAAAAAAAAAAAAAAAAAA BBBBBBBBBBBBB ) ) )) )))))))))))))))))))))))) === sisisisssisissisisisissssssssssssssssss n n nnnnnnnnnnnnnnnnnnnnnnn AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA cococooooooococoooooooooooococcoooossssssssssssssssssssssssssssss BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB cos A siinn BB

cocococccocococcccocccccococcoccccococococcoccccocccccocccocc ssssss ssssssssssssssssssss ( ( ( (((((((((((((((((((((((((( A BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ) == cocococoooococooooooocooooocococooooooooooos A cooos s s s s s sssssssssssssssss ssssssssss BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB sis n A sin BB

sisisisisiisisiisisiisisisiisiiisiiiiinnn nnnnnnnnnnnnn 2A22 = 2 222 sisisisin n n n AA cos A

cos s s ssssssssss ssssssss 222222222222222222222222AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA222222 ========================== cocooocococococoococoococccccc ssss s ssssssssssssssssss 2222222222222222222 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA – sisinn 22 AA == 2 co

tan
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1 (i) On the same diagram sketch the curve  and  . [2]

(ii) Find the coordinates of the point of intersection of the two curves. [3]

Qn Solution Mark
i B1 for 

B1 for 

ii

M1 for substitution

M1 for value of x or y

A1

M1M1 for ssububststitituttion

M
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2 A particle moves along the curve  in such a way that the y-coordinate of the particle 

is increasing at a constant rate of 0.3 units per second. Find the y-coordinate of the particle at 

the instant when the x-coordinate of the particle is increasing at 0.01 units per second.

[4]

Qn Solution Mark

M1 for dy/dx

M1 for sub into equation 
connecting dy/dx, dy/dt, dx/dt

M1 for or

A1

3 The equation of a curve is , where k is a constant. Show that the 

line  intersects the curve for all real values of k. [5]

Qn Solution Mark

Since and line 
intersects the curve for all real values of k.

M1 for combining equations

M1 for 

M1 for subs into 

M1 for 

A1 for conclusion

or sub in
connecectitingng dy/

M1M1 fforor  o

A1A1A1AA

of a cucuuucucucucuucuucucucucucucuccucuccccccccccc rvrvrrrrvrvrrvrvrvrvrvrvrvrvrrvrvrvrvrrvrvrrvrvrvrvrrvrvrrvrvrvrvvvvvvvvvvvvve is , whereree k is aa ccononststant. S

intetetttttttttttttttttttttttttttttttt rsrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr ececececececececececececececececeeeeeececeeeececcccccccccccccccctstststststststststststtsstsssssssssssssssss ttttttttttttttttttheeeeeeeeeeeeeeeeeeeeeeeeeeeee cccccururururururururururururuuruuuuururuururuuruururuuurururrrrrvevevevevevevevevevvevevevevevevvevvvvvvvvveeee ffffffffffffffffffffffffffffffffffffffffor aaaaaaaaaaaaaaaaalllllllllllllllllllllllllllllllllllllllllllllll rreaeaeaeaeaeaeaeaeaeaeaeaeeaeaeaaeeeaeaeaeaeeaaaeeaaeaaeeaaaaeeee l l lllll l lllllll l lll vavavavavavvavvvavavavavavvavavavvvavavvavvaavavvaaaavvaavavvaavavavvavaaalulululululululululululululuuluuuululuuuuuuulululuues of kk.

utionnnnnnnnnnnnnnnnnn  
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4 (a) Given that  , find the value of  . [3]

(b) The side of an equilateral triangle is  cm. Without using a calculator, 

find the exact value of the area of the equilateral triangle in the form  

cm2, where a, b and c are integers. [4]

Qn Solution Mark
a

M1 for or

M1 for 

A1
b M1

M1 for 

M1 for 

A1

5 Find the range of values of x for which the gradient of the graph  is 

increasing. [5]

Qn Solution Mark

M1 for 

M1 for 

M1 for 

M1 for factorised form

A1

M11

M1M1M1M1MM  for 

M1MMMMMMMMMMMMMMMMMMMMM  forrrr 

A1A1

ange of vaalulululululllulllullulullullulllullululllllulllllul eseseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ooooooooooooooooooooooooooooooooooooof f x for whicch hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh thtttttttttttttttttttttttttttttttttt e gradddddddddddddddddddddddddddieieieieieieieeieieeeieeeeieieieieeieieeieiieieieiiiii ntntntnntntntntntntntntntntntnnnnnnnnnnnnnnnnnnnn oooooooooooooooooooooof the graph hhh  

creasingngggggggggggggggggggggggggggggggg..

ion 
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6 A curve has the equation  .

(i) Find the coordinates of the points at which the curve intersects the x-axis. [2]

(ii) Sketch the graph of  . [3]

(iii) Using your graph, state the range of values of k for which has 

4 solutions. [1]

Qn Solution Mark
i M1

A1 or B2

ii T1 for turning point (1.5, 1)

P1 for (1, 0) and (2, 0)

C1 for shape of graph

iii 0 < k < 1 B1 (no mark if students got 
part ii wrong)

A1A1 oor r B2B2

T1TTTTT1T1T1TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT11TTTTTTTTT  for ttttururururninininingngngng point (

P1P1P1P1PPPPPPPPPPPPPP fffforororor ((((1,1,1,1, 0000) ) ) ) aand (2, 0)

C1C1 for sshahapepe oof f grgraph
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7 It is given that  and  .

Show that  . [5]

Qn Solution Mark

M1 for 

M1 for  

M1 for 

M1 for sub into 

A1

8 Solve the equation  for  . [5]

Qn Solution Mark
M1 for 

M1 for equation

M1 for 

M1 for basic angle

A1 for both answers
Ignore if students do not reject 

M1 foror ssubub into

A1A

fofofofofofofofofofofofofofofor r  . [5]

MaMark
M1M1 fforo  

M1
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9 (a) Given that the first two non-zero terms in the expansion, in ascending powers of x, of  

are 1 and  and that  , find the value of a and of b.

[5]

(b) Find the term independent of x in the expansion of  . [3]  

Qn Solution Mark
a

M1 for 

M1 for 

M1 for 

A1

A1
b M1 for 

M1 for 

A1

M1M1 ffor 

M1MMMMMMMMMMMMMMMMMMM  forrrr 

A1
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10 The equation of a curve is  .

(i) Find the coordinates of the stationary points of the curve. [4]

(ii) Determine the nature of each of the stationary points of the curve. [4]

Qn Solution Mark
i

M1 for quotient or product rule

M1 for 

M1 for both x

A1 for both coordinates

ii

OR

x – 0.1 0 0.1
> 0 0 < 0

x 0.9 1 1.1
< 0 0 > 0

(1, 1) is minimum point.

M1 for 

M1 for sub either x = 0 or x = 1 
into 

A1 for (0, 0) max pt

A1 for (1, 1) min pt

M1 for 1st derivative test

A1 for (0, 0) max pt

M1 for 1st derivative test

A1 for (1, 1) min pt

M1M1M1M1MM  for 

MMMM1M1M1M1MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM fffforororor bbbbotototothhhh xx

A1A1 for bbototh h cocoordinat

M1M1 for
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11

The diagram shows part of the curve  meeting the y-axis at point A. The 

tangent to the curve at A intersects the x-axis at point B. Point C lies on the curve such that

BC is parallel to the y-axis. Find

(i) the equation of AB, [4]

(ii) the area of the shaded region. [5]

Qn Solution Mark
i

M1 for dy/dx

M1 for dy/dx at A

M1 for 
A1

ii

M1 for x-coordinate of B

e  memememememememmmmemmememememememememmmmmmememememememememememmmemmemmmmemmmmmmmmmmmmeeeememeeeeeeeeemeeeeeememeeemeemeeemeemeeeeeeeetetetteteetettettetttttteeeteetettttttttinininini g ththththeee yy--aaxis at po

tersects tttttttttttttttttttttttttttthehehehhehehehehehhhhehehehhhe x-axisisisisisisisisisisisisisisis aaaaaaaaaaaaaaat pooooininininininnininninininiinniiiinininniniininininininiinnininininininininniiininininininininininnniininininininiiniiiiininiiiiiniiinininiinnninniinnnnininnnnninniiinnniint ttt ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB. PPPPPPPPPPPPPPPPoioioioio ntntntt CC lilieses oonn the curve s

y-axis. FiFiFiFiFFiFiFFiFiFiFiFiFiFiFFFiFiFiFFFFiFFFFFFiFFiFiFFFFFFFiFiiFindndndnndndndnddndndndndndnddnddddndndnndndnddnnnnnnnnnnnnn

thee eqqqqqqqqqqqqqqqqqqqqqqqqqquauauauauauauauauauauauauaationnn oooooooff fffffffffffffffffffffffffffff ABBABABABABABABABABABABABBABABAABABABABABAAAAAAABABABABAABABABABABABABABABABBBBBBB,

ii) ththttththththtththtththtthththttttththtththtttttthtthttthhtttht eeeeeeeeeeeeeeeeeeeeeeee ararararararararararararararararararararaaaararararararrrrrrrrrrreaeaeeeeeeeeeaeeeeeaeeeeeeaeeaeeeeeeea of fffffffffffff thththhththhthhhththhhtttthththe e eeeeeeeeeeeeeeeeeeeeee shshhhshshshshhhhhhshshshssss addddddddddddededededdededededededededededddedededededededdddddedededdeedededdedeeeeee rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrregegegegegegegegegegegegegegegeggggggggegggggeggee ioioioiiiiiiioiiiiiiiiiiiiiiiii n.
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M1 for (independent of 
limits)

M1 for area of OACB

M1 for area of tri OAB

A1
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12 (a) State the values between which the principal value of  must lie. Give your 

answer in terms of . [1]

(b) The diagram below shows triangle ABC where AD = 2 m, DC = 3 m and BD = h m. 

BD is perpendicular to AC and  .

By using a suitable formula for  , find the value of h. [5]

Qn Solution Mark
a B1

b M1 for tan addition formula

M1 for either or

M1 for tan 45 = 1

M1 for 

A1

ByByByByByByByByByBByByByByByByBBByBBByBBByyBBBBBBBBBBy uusingngngngngngngngngngngnggng aaaaaaaaaaaaaa suiuiuiuiuiuiuiuiuiuiuiuiuiuiuuiuiuiuiiiuiiuiiiiiiitaaaaaaaaaaaaaaaaaaaaaaablblblblblblblblblblblblblblblblble fofofoffofofofofofofofofoffofofoffffofoffoofooooooooooooooooooormrmrmrmrmrmrmrmrmrmrmrmrmrmrmmmrmrmmrmrmrmmmmmmrmmrmmmrmrmrrrrrrrrrrr ulullullluluululuulullullulluuulllullluluuuuullluulululuu a aaaaaaaaaaaaa fofofoofofofoofoofofofofofofofofofofofoooofofoofofofof r r rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr  ,, fifindnd the v

on 
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13 The Ultraviolet Index describes the level of solar radiation on the earth’s surface. The 

Ultraviolet Index, U, measured from the top of a building is given by  ,

where t is the time in hours, , from the lowest value of Ultraviolet Index and q is 

a constant. It takes 10 hours for the Ultraviolet Index to reach its lowest value again. 

(i) Explain why it is impossible to measure a Ultraviolet Index of 12. [1]

(ii) Show that  . [1]

(iii) The top of the building is equipped with solar panels that supply power to the building 

when the Ultraviolet Index is at least 3.5. Find the duration, in hours and minutes, that 

the building is supplied with power by the solar panels. [5]

Qn Solution Mark
i

Since max value of U = 11, we cannot measure a Ultraviolet 
Index of 12.

B1 for stating max value of U

ii

B1 for 

iii M1 for forming equation

M1 for basic angle

M1 for 
M1 for all 4 values

A1

END OF PAPER

pply p

ration,n, iin n hoh ur

lar panelss..

MMMMMMMMaMaMaMaMMMMMMMMMMMMMMMMMMMMMMMM rk

e cannot memmemememeememmeemmeemmmmeasaaaa ure aaaa aaaaaaaaaaa UUUUUlUUUUUUUUUU travavavavvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvioioiooooioioioioioiooiooooioooioioioioiioooiooioioioioiooiooioiooiooioioooioioioooooioiiioiioiiooioiooioioooooooooooooooooooooooi lelellellellelllllelllelelelelelelelellelllelelllellllllllllllllllllllllllllelellelelelelelelellleleleleletttttttttttttttttt 
BB1B1B1B1BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB for statatatatitititingngngng max value

BB1 for
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1. ALGEBRA

Quadratic Equation
For the equation ax2 + bx + c = 0,

2 4
2

b b acx
a

Binomial expansion

1 2 2( )
1 2

n n r nn n n rn n n
a b a a b a a

r
bb b

where n is a positive integer and ! ( 1 () 1)
! ! !

n nn n n
r r r r

r
n

2. TRIGONOMETRY
Identities

2 2sin cos 1A A
2 2sec 1 tanA A

2 2tc 1osec coA A

sin( ) sin cos cos sinA B A B A B

cos( ) cos cos sin sinA B A B A Bn sinsin

tan tantan( )
1 tan tan

A BA B
A Btan tanA tan

sin 2 2sin cosA A A
2 2 2 2cos 2 cos sin 2cos 1 1 2sinA A A A A

2

2 tantan 2
1 tan

AA
A

Formulae for ABC

C
c

B
b

A
a

sinsinsin

Abccba cos2222

1 sin
2

bc A

(() 1
!!
nn r

IGONOMETTTTTTTTTRYRYRYRYRYRYRYYRYRYYRYRYYYRYYRYYRYRYRYRYYYYYYYRYYYYYRYRYRYRYRYRYYYRYYYRYRYYYRYYYRYRYYYYRYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY

2 22 22 222 2ssssssssssssssssssssssssssssiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinnnnnnnn cos 12 22 22 222222 22 2222222 coscos222222222222222cososcos2222222222222

2 2sssssssssssssssssssssssssssseeeeeeeeeeeeeeeeeeeccccccc 1 tttttaaaaaaaaaan2222222222222222222 AA2tttttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaannnnnnnnnnnnnnnnnnnnnn1111111111111111111111111
2 22 22 22 222 2222222 222 22tttttttttttcccccccccccccccccccccccccccccccc 1oooooooooooooooooooooooooooooossssssssssssssssssssssssssseeeeeeeeeeeeeeeeeeeeeeeeeeeccccccccccccccccccccccccccc222222222222222222222222222 cccccccccccccccccoooooooo AAAAAAAAAAAAAA2222222222222222222222222222ttttttttttttttttttttttttttttttttttccccccccccccccccccccccccccooooooooooooooooo1
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For 
Examiner’s 

Use 

For 
Examiner’s 

Use 1 The roots of the quadratic equation 22 8 9 0x x are and .
(i) Show that the value of 3 3 is 10. [3]

(ii) Find a quadratic equation whose roots are 2

1
and 2

1 . [4]

M1 – sum & pdt

M1

A1

M1

M1

M1

A1

Allow for ECF

oots are 2

1
2 aaanandddd 22

1
2 .

M1MM1M1M1M1MM1M1M1M1M1M1MMMM1M1MMMM
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For 
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Use 

For 
Examiner’s 

Use 2 The function 3 2( ) 6 12f x x ax bx , where a and b are constants, is exactly 
divisible by x + 2 and leaves a remainder of 5 when divided by x + 1.

(i) Find the value of a and of b. [4]

(ii) By showing your working clearly, factorise ( )f x . [3]

(iii) Hence, solve the equation 3 2 3 4 26(2 ) 2 12 22y y y y [4]

M1

M1

A1

A1

M1

M1

A1

M1

M1

M1

A1

orise ( ))f ( .

Hencce, sssololololveveveve tttthehehehe equa

M1M1M1M1M1M1M1M1M1M1M1
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For 
Examiner’s 

Use 

For 
Examiner’s 

Use 3 (i) Express 2 )
2

)
1

(
6

( 4 2 1
x

x x
in partial fractions. [5]

(ii) Differentiate 2ln( 4)x with respect to x. [2]

(iii) Hence, using your results in (i) and (ii), find 2  d
4)(2 1( )

8 x
x x

x . [4]

M1

M1

M1

M1

A1

B2

M1 partial frac

M1

M1

A1

(ii) Diiiiiiiiiiiffffffffffffffffffffffffffffffffffffffffff ererererererererererererererenenenenenenenenenenenenenentiate eeeeeeeeeeeeeeeeeeeeeeeee 222222222222222222llllllllllllllllllllllllllllllllllllln((((((((((((((((((((((((((((((((((((( 444444444444444444)))))))))))))))))))))))))))))))22 wiwiwiwiwiwiwiwiwiwwiwiwiwiwiwiwiwiwiwwwiiwiiiwiiwwwww thththththththththththththttthththtthththththththhhhhhhthhhttt rrespepeepeepepeeepepepepepepepepepepepepeepepeepepepepppeppeppepppeeppepppppp ctctctcctcctcctctccctctctcctctctctctctccctctctttctctctcttcttccccc tttttttttttttttttttttttttttttttto o o oooooooooooooooooo oooooo xxxxxxxxxxxxxxx...................

Hencncncncnccccncccccccccccccccccccccccccccce,eeeeeeeeeeeeeee  usingngngng yyyyouououour resul

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA1

BBBBBBBB2BBBBBBBBB2BBB22BBB2BBBBBBBBBBBBBBBBBBBBB
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For 
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Use 

For 
Examiner’s 

Use 4 Prove the following identities.
(a) o( sse c ec 1) oc tan )( c tx xx x [3]

(b) 1 cos 2 sin tan
sin 2 cos

x x x
x x

[3]

M1 sin and cos only

M1 single fraction

M1 cos^2 + sin^2 = 1

M1 cosine double angle

M1 sine double angle

M1 factorise and cancel

s n tttttttttttttttttttttannn
2 cos

xsin xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xcos

[3

M1 cooooooooooooooooooosisiiiisisisisiisisisisisisssinenenenenenenenenenenneenenenennnne doubl

MMM1MMM si
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For 
Examiner’s 

Use 

For 
Examiner’s 

Use 5 The lines 8y and 4 3 30x y are tangent to a circle C at the points ( 1,8) and
(3,6) respectively.

(i) Show that the equation of C is 2 2 2 6 15 0x y x y . [5]

Let centre of circle be O.
Horizontal tangent at ( 1,8) means that O is on the line x = – 1.

To find normal of circle at (3,6) :

Horizontal tangent is y = 8. Hence radius is 5.

(ii) Explain whether or not the x-axis is tangent to C. [3]

C has centre and radius 5. 
Hence its horizontal tangents are 

x-axis is , which is between the two horizontal tangents. 
Hence the x-axis will cut through C at two points.
Hence the x-axis is not tangent to C.

Alternative solution: Sub into eqn of C, show that 

(iii) The points Q and R also lie on the circle, and the length of the chord QR is 2 
units. Calculate the shortest distance from the center of C to the chord QR. [2]

Let M be midpoint of QR. Hence OM perpendicular to QR.
Hence, OM is shortest distance from C to chord QR.
Consider right-angled triangle OMR.
By Pythagoras Theorem, 

M1

M1

M1

M1

M1

M1

M1

A1

A1

M1
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For 
Examiner’s 

Use 

For 
Examiner’s 

Use 6 The table shows experimental values of two variables x and y, which are known to 
be connected by the equation nyx A , where n and A are constants.

x 1.0 1.5 2.0 2.5 3.0
y 22.0 13.0 8.9 6.9 5.3

(i) Plot lg y against lg x and draw a straight line graph. [3]

lg x 0 0.176 0.301 0.398 0.477
lg y 1.34 1.11 0.949 0.839 0.724

Scale: 4 cm to 0.1 units on X-axis, 2 cm to 0.1 units on Y-axis.
Scale used must be appropriate in order to award L1.

T1 table of 
values

P1 plot of 
lg y / lg x

L1 scale & 
best fit line
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For 
Examiner’s 

Use 

For 
Examiner’s 

Use 
(ii) Use your graph to estimate the value of A and of n. [4]

(iii) On the same diagram, draw the line representing the equation 2y x and hence 
find the value of x which satisfies the equation 2nx A . [2]

Let graph 1 be , and 
Let graph 2 be 

From graph, let intersection be (X, Y).

M1

M1

A1

A1

M1 for drawing line

A1

(i(i(i(i(i(i(i(i(i(i(i(i(i(i(i(i(i(iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii)))))))))))))))))))) OnOnOnOnOnOnnOnOnOnOOnOnOOnOOOnOOnOnOnOOnOOnOOnOOnnOnnnnnnnnnnnnnnnnnnn tthe samamamamamamammmamammamamammeeeeeeeeeeeeee dididddidididididdddiddddidddidddddddidddddddddiddddddddidididdid agaaaaaaaaaaaaaaaaaaaaaaaaaaa ram,m,m,m,mm,m,mm,m,m,m,m,m,mm,,,,,,,m,mmm,mm,,mmmmm dddddddddddddddddddddrarararararararararaararararrarararararararrrrrrrrararrarraraaaaaaw wwwwwwwwwwwwwwwwwwwwwww thhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhheeeeeeeeeeeeeeeeeeeeeeeeeeeeee lililillililllililillliililililliliiilililllililllllllll nee rrrrrrrrrepepepeprerereresesesesentnnn ing th
fffffiffffffffffffffffffffffffffff ndddddddddddddddddddddddddd ttttttttttttttttttttttttttttttheheheheheheheheehhehehehehehehehehhehehhhhehehhhhheheeeeeee vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvallueee oooof f f ffffffffffff f fffffffff ffffff fff f xxxxxxxxxxxxxxxxxxxxxxxxxx whwhwwhwhwwwhwhwwhwhwhwwhwhwhwhwhwhwhwhwhwhww iciciciciciciciccicicicicciccicicicccccccccch h hhhhhhhhhhhhhhhhhhhhhhhhhhhhhh sssatisffffieieieies sss ththththe equat

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA1111111

M1 f
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For 
Examiner’s 

Use 

For 
Examiner’s 

Use 7 The diagram shows a trapezium with vertices ( 2.5,0)A , (0, )B p , (1,3)C and D.
The sides AB and DC are parallel and the angle DAB is 90°. 
Angle ABO is equal to angle CBO.

(i) Express the gradients of the lines AB and CB in terms of p and hence, or 
otherwise, show that 5p . [3]

M1

M1

M1

the gradieeeeeeeeeeentntntntntntntntntntntnttttntntntntntntntntntntntnttttttttntnnnnn sssssssssssssssssssssssss off ttttttttttttttttttttttttttthehehehehhhehhehhhhehehheheehehehhheheheheeeeeeheheheeeeeee lllllllllllllllininnninninninininnniniiiiiii eseseeeeeeeeeeeeeeeeeeeeeeeeeeee  ABABABABABABABABBBBABABABBBABABABBBABBBBABABBABABABBBBABABBABBAABBAABBBB and CB inn tteerms of pp anand d henc
rwise, ssssssssssssssssssssssssssssssssssssssssssssshohohhhohohohhohohohohoohohohhoohohoohoowwwww wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww thatttttttttttttttttttttt 55555555555555555555555555555pppppppppppppppppppppppppppppppp .

MMMMMMM1MMMMMMM

M1M1M1M1M1M1M1M1M1MM1MMM1MM1MM1MMMM11M1MMMM1M1M1MM1M1M1MMMM1M1MM1M1M1M1M1MM1MM1M1M1MM111MMM1MM11MMMMMMMMMMMMMMM

M
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For 
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Use 

For 
Examiner’s 

Use 
(ii) Find the coordinates of D. [4]

Alternative method: finding eqn of line AD and eqn of line CD.

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

M1 m1m2 = -1

M1 form eqn of k, h

M1 solving either unknown

A1

M1 shoelace method
Or attempt to cut up trapezium

A1

ternnnnnnnnnnnnnnnnatatatatatattaatattatatttattatatattttatttattttatttattattattatattaattataaattivivivivivivivvivvivvvvivivvivvivvivivvviviviiiiiiiiiiviviiiiviiiiii eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee memeeeeeeeeeeemeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeethththththththththhthththththththhhthththhththhhhththhthththhthhthhhhthththththththhhhththththththhhhtthttttththtttthhthtthtthhhththhhthhhthhhhhtht ododoododoodododododododododdododododododododooododododddododododdoddoddddododoododddddddododdoddoddddddodooooooooooooooooooooooooooooo : findddndndndndnnddddinininininniininininiining ggggggggg eqeeeeeeee n of l
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For 
Examiner’s 

Use 

For 
Examiner’s 

Use 8 (a) Solve the equation 33log 3 8 4logx x . [5]

(b) It is given that loga x p and loga y q .
Express 2 3log y ax y in terms of p and q. [3]

M1 common log base 3 eqn

M1 simplify to quad eqn

M1

A1, A1

M1 splitting of logs

M1

A1

p annnnnnnnnnnnnnnnd d dddddd dd ddddddddddddddddddd llllllloga yyyyyyyyyyyy qqqqqqqqqqqqqqq .
3x y innnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn ttttttttttttttttttttttererererererererererererererererrererrrererererererree msmsmsmsmssmsmsmsmsmsmmsmmmmsmsmsmmmmmmmmmsmmmssm oof f ff f f ffff f ff f f ppppppppppppppppppppp ana d q.. [3

A1, ,,, ,, ,,,, ,,, , , ,,, A1

M1 splittininininininiiiinininiinnnnnnng gggggggggggggggggggg ofofofofofofoofofoofofoofofofofo lllllllllllogs

M1M1M1M1M1M1M1M1M1M1M1M1M1M1M1M1M11M1M11
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For 
Examiner’s 

Use 

For 
Examiner’s 

Use 9 The figure shows a stage prop ABC used by a member of the theatre, leaning against 
a vertical wall OP. It is given that AB = 30 cm, BC = 100 cm, 90ABC AOC
and BCO .

(i) Show that n(100co 30si ) ms cOC . [2]
Let D be foot of B on OC, let E be foot of A on BD.

(ii) Express OC in terms of )cos(R , where R is a positive constant and is 
an acute angle. [3]

(iii) State the maximum value of OC and the corresponding value of . [2]

(iv) Find the value of for which OC = 80 cm. [3]

M1

M1

M1 for R

A1

B1
B1

M1

M1

A1

M1 for alpha

m .
ot of A on BDDDDDDDDD.......

press OCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC ininnnnnnnnnnnn tttttttttttttttttttttttttttttereeee ms oof ffffffffffffffffffffffffffffff )))))))))))))))))))))))coooooooooooooooooooooooooooooooooooooooos((((((((((((((((((((((((((((((((((((((((((((((RRRRRRRRRRRR ))))))))))))(( , whwhhhhhwhwhhwhhhhwhwhwhhwhwhwhhhwhwhwhhwhwhwhwhwhwhhhhhheeeeereeereeeeeeeeereeeeeeeeeeeeeeee e R is aa ppositivivee cconstan
an aaacucucucucuuucucuucucucuucuccccccccucucuccucccuutetetetetetetetetetetetetete angggggggggggggggggggggggggggggggggleleleeeeeeeeeeeeeeeeleeeeeeeeeeeeeeeee.

Statttttttttttttttttte e e eeee eee eee eeeeeee ththththththththththththththththththththththttht ee maxixixiximumumumummmm valu

M1
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For 
Examiner’s 

Use 

For 
Examiner’s 

Use 10 Given that cos 4y a b x , where a and b are integers, and x is in radians,
(i) state the period of y. [1]

Given that the maximum and minimum values of y are 3 and – 5 respectively, find
(ii) the amplitude of y, [1]

(iii) the value of a and of b. [2]

Using the values of a and b found in part (iii),
(iv) sketch the graph of cos 4y a b x for 0 x . [3]

(v) On the same set of axes, sketch the graph of 4sin 3y x , and hence state the 

number of solutions of cos 4 4sin 3a b x x . [3]

Number of solutions = 2

B1

B1

B1
B1

C1 shape (cos)

P1 two periods

I1 impt coords

EC
F 

m
ax

 2
 m

ar
ks

S1 shape (sin)

M1 modulus

A1

und in paraaaaaararaaaaaaaaaaaaaaaarttttttt tttttttt (i((((( iiiiiiiii)))))))))))))))))))))))))))))))))))))))))))),,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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For 
Examiner’s 

Use 

For 
Examiner’s 

Use 11 The dimensions of a cuboid are 3x cm by 2x cm by h cm and its total surface area is 
312 cm2. The volume of the cuboid is V cm3.

(i) Express h in terms of x. [2]

(ii) Show that 2 )36 (26
5

V x x . [2]

(iii) Find the maximum volume of the cuboid as x varies, giving your answer to the 
nearest cm3. [5]

M1 form eqn of total SA

A1

M1

M1

M1 differentiate

M1 solve for x

A1

M1 2nd deriv. test

M1

olume ofofooooooofofooofofooofoffoffoooffoofoo  the cububububububububbububububuubbu oioooooooooooooo d dddddddddddddddddddddddddddddddddddddddddd asasaasaaasaasasasasasasasasasasassasasasaasasasasassaaasasassasasaasasasasaasssaasaaaaasassaaaaaaaaassssssssssssss   xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx vavavavvvvvvvvvvavavavavavvvvvavvvvvavvavavavavavavavavvavavavvvvvavavvvvvvvvvvvavvvvavvvvvvvvvvvvvvvvvvvvvvvvvvvvv riririririririririririririririririririririririririririririririririririririeeeeeeeesesseeeeeeess, gigigigivivivivingngngng yyyyouououourrrr answer to t
[5
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