
















































MATHEMATICS 4048/2
PAPER 2 

SECONDARY 4 
2020 PRELIMINARY EXAMINATION

2 September 2020 (Wednesday)        2 hours 30 minutes 
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Answer all the questions. 

If working is needed for any question it must be shown with the answer. 

Omission of essential working will result in loss of marks. 

The use of an approved scientific calculator is expected, where 
appropriate.

If the degree of accuracy is not specified in the question, and if the 
answer is not exact, give the answer to three significant figures. 
Give answers in degrees to one decimal place. 

For , use either your calculator value or 3.142, unless the question 
requires the answer in terms of .

The number of marks is given in brackets [   ] at the end of 
each question or part question. 

The total number of marks for this paper is 100.
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Mathematical Formulae 

Compound Interest 

Total amount = P

nr
+

100
1

Mensuration

Curved surface area of a cone = rl

Surface area of a sphere = 4 r2

Volume of a cone = 
3
1

r2h

Volume of a sphere = 
3
4

r3

Area of triangle ABC = 
2
1

ab sin C

Arc length = r , where  is in radians 

Sector area = 
2
1

r2 , where  is in radians 

Trigonometry

C
c

B
b

A
a

sinsinsin
==

a2 = b2 + c2  2bc cos A

Statistics

Mean = 
f
fx

Standard deviation = 
22

f
fx

f
fx

s

Me
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Answer all questions. 

1 (a) Solve the equation a2

7
=

a
3

. [3]

a2

7
=

a
3

3a2 = 7a [M1 cross multiplication]
3a2 7a = 0
a(3a 7) = 0 [M1 factorisation]

a = 0 or a = 2 1
3

[A1]

(b) Solve the inequalities 2 < 7x +3
2

3 x . [3]

2 < 7x +3
2

3 x

2 < 7x +3
2

and 7x +3
2

3 x

4 < 7x +3 and 7x +3 2(3 x)
4 < 7x +3 and 7x +3 6 2x
7x < 7 and 9x +3 6
x <1 and 9x 3

x > 1 and x 1
3

[M1,M1 for solving each inequality]

Ans : 1< x 1
3

[A1]

xxxx >>>>>>>>>>> 1111111 aaaaaaaaaaaaaaandddddddddddd xxxxxxxxxxx 1
3333

AAAAAnnnnnnnnnnnnnssssssssssssss :::::::::: 1111111111111<<<<<<<<<<<<<<< xxxxxxxxxxxxxxx 11111111
3333333333333
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 (c) Express as a single fraction in its simplest form

6
18d 2 30d +8

+
3

16 9d 2
. [4]

   

6
18d 2 30d +8

+
3

16 9d 2

=
6

2(3d 1)(3d 4)
+

3
(4 3d )(4+3d )

=
3

(3d 1)(3d 4)
+

3
(4 3d )(4+3d )

[M1,M1 factoriation of each denomin ator]

=
3

(3d 1)(3d 4)
3

(3d 4)(4+3d )

=
3(4+3d ) 3(3d 1)

(3d 1)(3d 4)(4+3d )

=
12+9d 9d +3

(3d 1)(3d 4)(4+3d )
[M1 sin gle fraction]

=
15

(3d 1)(3d 4)(4+3d )
[A1]

or

=
15

(4 3d )(3d 1)(4+3d )
[A1]

Alternative solution 
6

18d 2 30d +8
+

3
16 9d 2

=
6(16 9d 2 )+3(18d 2 30d +8)

(16 9d 2 )(18d 2 30d +8)
[M1 sin gle fraction]

=
6(4 3d )(4+3d )+6(3d 1)(3d 4)

2(4 3d )(4+3d )(3d 1)(3d 4)
[M1 factoriation of denomin ator]

=
6(4 3d )(4+3d ) 6(3d 1)(4 3d )

2(4 3d )(4+3d )(3d 1)(3d 4)

=
6(4 3d ) (4+3d ) (3d 1)

2(4 3d )(4+3d )(3d 1)(3d 4)
[M1 factorisation of numerator]

=
15

(3d 1)(3d 4)(4+3d )
[A1]

   

222222222(((((((4 3333333d )))))))))))))(((((((((((((444444444444+++++3333d ))))(3d 1))((3dd 4)

===
6666666666666((((((444 33333333333333ddddddddddddddd ))))))))))))))(((((((((((((4444444444444+++++++++++++33333333333ddddddddd ) 6666666((((((((((((((((((((((((((((((((((((((((((((((((((((3333333333333333333333333333333333333333333333333333333333333ddddddddddddddddddddddddddddddddddddddddddd 1111))((44 3d

2222222222222(((((((((((((((((4444444444 3333333333333333dddddddddddddddddddd ))))))))))))))))(((((((((((((444444444444444+++++++++++++++33333333333333dddddddddddddddd ))))))))))))((((((((((((((3d 11))((33dd 4)
6(4 3d ) (4+3d ) (3d 1)
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2 In the diagram below, A, B, C and D are points on the circumference of a circle of centre O.
FCE is a tangent to the circle at C.
Angle BAC = 68° and angle DOC = 100°

Find, giving reasons for each answer, 
(i) angle DBC,

Angle DBC

= 1
2

(angle DOC)

= 50°   [Angle at the centre is twice the angle at the circumference] [B1] 

(ii) angle DCF

angle DCF = angle DBC = 50° (angles in alternate segment are equal) [B1] 

(iii) angle BDO,

Angle ODC

= 180° 100°
2

= 40°

Angle BDC = Angle BAC = 68° (angles in the same segment are equal [M1] 

Angle BDO
= Angle DBC – Angle PDC
= 68° - 40°
= 28°                       [A1] 

B

C

D

E

F

A

O

68°

100°

g ( g

annnnglglglglglglgglglglglglle ee e eeeeeeeeee BDBDBDDDDBDDDDDDDDOOOOOOOOOOOOOOOO,

le ODDODODDODDODODODDDODODDODODDCCCCCCCCCCCCCCCC
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3 The diagram shows a solid made up of a cone and a hemisphere.
The hemisphere has a radius of 5 cm.
The cone has a base radius of 5 cm and a height of 12 cm.

(a) Calculate the surface area of the solid. [3]

Slant height 
= 122 +52 [M1]
=13 cm

Surface area of solid 

= (5)(13) + 1
2
×4 (5)2 [M1 substitution of values int o formula]

= 65 +50
=115 cm2

= 361cm2 (3sf ) [A1]

12 cm 

5 cm 
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(b) Calculate the volume of the solid. [2] 

Volume of the solid 

=
1
3

(5)2(12) + 1
2

4
3

5( )
3

[M1 substitution of values int o formula]

=100 +831
3

=1831
3

or 550
3

cm3

= 576cm3(3sf ) [A1]
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4   

A piece of steel rod AB is placed in a box as shown above. AB is 145 cm. 
One end of the steel rod, A, is in the bottom corner of the box and the other end of the 
steel rod, B, is below the top corner of the box.

It is given that the box has a height of 80 cm, length of 125 cm and width of 50 cm.

 (a) Find the length of BD. [3]

By Pythagoras’ theorem,

AD( )
2
= DX( )

2
+ AX( )

2

AD( )
2
= 502 +1252 [M1]

AD = 2500+15625

AD = 18125 cm

BD( )
2
= AB( )

2
AD( )

2

BD( )
2
=1452 18125( )

2

[M1]

BD = 21025 18125
BD = 53.8516
BD = 53.9 cm (3sf ) [A1]
BBBBBBBBDDDDDDDDDDDD === 53333333333333333.8888888888888885111111111111116666666666666
BBBBBBBBBBBBDDDDDDDDDDDDDD ===== 5555555555555333333333333.99999999999999999 cccccccccccccccccmmmmmmmmmmmmmmmm ((((((((((((((333333333333sssssssfffffffffffffffff ))))))))))))



[Turn over 

9

 (b)  Find the angle ABC. [3]

cos ABD =
BD
AB

cos ABD =
2900
145

[M1]

ABD = cos 1 2900
145

ABD = 68.199° (3dp) [M1]

or sin ABD =
18125
145

[M1]

ABD = 68.199° (3dp) [M1]

or tan ABD =
18125
2900

[M1]

ABD = 68.199° (3dp) [M1]

ABC =180° ABD
ABC =180° 68.199°
ABC =111.8° (1dp) [A1]

Alternative solution 

By Pythagoras’ theorem, 

AC( )
2
= CD( )

2
+ AD( )

2

AC( )
2
= 802 + 18125( )

2

AC = 24525 cm

Using cosine rule, 

AC( )
2
= AB( )

2
+ BC( )

2
2 AB( ) BC( )cos ABC

24525( )
2

= 145( )
2
+ 80 2900( )

2

2 145( ) 80 2900( )cos ABC [M1]

cos ABC =
145( )

2
+ 80 2900( )

2

24525( )
2

2 145( ) 80 2900( )
cos ABC = 0.37139

ABC =111.8° (1dp) [A1]

AC = 24525 cm

UsUUsUsUsUsUUU inininninininininiininng ggggggg coccccccccccc siiiiiiiiiiiiinenneenneneneneneneneenenne rrrrrrrrrrrrulululululululululluuluuuu e,eeeeeeeeeee  

AAAAAAAAAAAAACCCCCCCCCCCCCCCCCC(((((((( ))))))))))))))
22222222222
= AAAAAABBBBBBBBB((((( ))))))))))))))

2222
++++++++++ BBBBBBBBBBBBBBCCCC(((((((((((( )

2
2 AABB(( ) BC(
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5 The diagram shows a plot of land that is in the shape of a quadrilateral PQRS where
PR = 2.2 km and PS = 1.4 km. Angle PRQ = 90°, angle RPQ = 25° and angle SPR = 42°.

 (a) Calculate the length of QR. [2]

tan 25° = QR
2.2

[M1]

QR = 2.2 tan 25°
QR =1.03 km (3s. f .) [A1]

*Alternative method: Using Sine Rule 

 (b)  Calculate the area of the plot of land.  [3] 

Area of the plot of land 

=
1
2

2.2( ) 2.2 tan 25°( ) + 1
2

1.4( ) 2.2sin 42°( )
[M1,M1 subtitution of values in to formula for area]

=1.12846+1.03046
= 2.16 km2 [A1]

2.2 km 1.4 km 

=========111111111.12228444444444444444466666666666666+111111111111.000000000000000333333333330000046666
====== 22222222222.1666666 kkkkkkkkkkkkm22222222222222
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 (c) Determine whether it is possible to build a circular fence such that points P, Q, R
and S lie on the circumference of a circle.
Justify your decision and show your calculations clearly.

[4]

Using cosine rule,

SR( )
2
= PS( )

2
+ PR( )

2
2 PS( ) PR( )cos SPR

SR( )
2
= 1.4( )

2
+ 2.2( )

2
2 1.4( ) 2.2( )cos42° [M1 Finding SR]

SR( )
2
= 2.2222 (5sf )

SR =1.4907 km (5sf )

Using sine rule, 
sin PSR

PR
=

sin SPR
SR

sin PSR
2.2

=
sin 42°
1.4907

[M1 Finding angle PSR]

sin PSR = sin 42°
1.4907

×2.2

PSR = 80.936° (3dp)

RQP =180° PRQ RPQ
RQP =180° 90° 25°
RQP = 65°

PSR+ RQP = 80.936°+65° [M1 comparing RQP + PSR to180°]
PSR+ RQP =145.936°

Since PSR+ RQP 180° , points P, Q, R and S do not lie on the circumference 
of the circle

(By the converse of the property that angles in opposite segments are 
supplementary or opposite angles in a cyclic quadrilateral add up to 180°).

[A1-Decision]

Since PSR+ RQP 180 , points
ofofoffofofofofofoffff ttttheeee cciririririririririririririirirclclcclclcclclclclclcclclcle

(B(B(BB(BBB(B(B(BB(B(B( y y yy yy yyyyyyy yyy ththththththththththththtththhe eeeeeee cocooooconvnvnvnvnvvvnvvnnvnvvvverererrererererererererereersesseseseseseseeseeseeesee ooooooooooooof f ff ffffffff thththtthththttthhhttttt e prpropoperertty tha
supplementary or opposite angles in



[Turn over 

12

6 Ben has just relocated back to Singapore from United Kingdom.

(a) Ben converted his savings of £50 000 to Singapore dollars when the exchange rate 
between pounds (£) and Singapore dollars (S$) was £1 = S$1.78.
Calculate the amount of money in Singapore dollars Ben received after the 
conversion.

[1]

£1 = S$1.78 
£50 000 = S1.78 x 50 000 
£50 000 = S$89 000    [B1] 
Ben had S$89 000 after conversion.

(b) Ben is intending to invest this sum of money in a fixed deposit called the “Multiply
Plan” for a period of one year. The interest earned from the “Multiply Plan” is 
compounded monthly based on the interest rates listed below.

Multiply Plan

Interest rate for first six-month period 2% per annum 

Interest rate for next six-month period 2.5% per annum 
(based on total amount at the end of the 

first six months) 

Calculate the total amount of money in Singapore dollars that Ben would have at 
the end of one year, correct to the nearest cent.

[3]

Amount of money Ben has after the first 6 months 

= 89000( ) 1+

2
12

100

6

[M1 Compound int erest formula]

= 89000( ) 1+ 1
600

6

= $89 893.7166 (4dp)

Amount of money Ben has after the next 6 months 

= 89 893.7166( ) 1+

2.5
12

100

6

= 89 893.7166( ) 1+ 1
480

6

= $91023.2568 (4dp)
= $91023.26 (2dp) [A1]

M1 – substitute principal value as the total amount obtained 
from 1st 6 months

= $$$$$$$$$888888888999999 8999999933333.7111111666666666666666666666 (((((4444dpppppp)

AmAAmAmAmAmAmAmAmAmAmmAmA ououuouoooouountntttnttntnn  of f f ffffffffff ff momommommomomommomomomomomommmmmmm nnnennnnnnnnn y y yyyy yyyyyy BeBBBBBBBBBBBBBBBBB n hhhhhhahass afafteter r ththe

6
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(c) Prior to returning to Singapore, Ben worked out a projected monthly expenditure 
for living in Singapore.

Rental of a HDB flat S$2200 
Food S$400 
Transport S$100 
Leisure S$500 

However, he realised that his actual monthly expenditure was different from his 
projected amount. He has to pay 25% more for rental of a flat, 40% more for food 
and 30% more for transport than what he had projected.

In order to reduce his monthly expenditure, he decided to cut back his monthly 
expenses for leisure by 50%.

(i) Calculate Ben’s actual monthly expenditure.

[2]

Ben’s actual monthly expenditure 

=
125
100

×2200 +
140
100

×400 +
130
100

×100 +
50

100
×500 [M1]

= 2750+560+130+ 250
= S$3 690 [A1]

(ii) Calculate the percentage increase in Ben’s actual expenditure compared to his
      projected monthly expenses, correcting your answer to 3 significant figures. [2]

Total projected expenditure
= S$2200 + S$400 + S$100 + S$500 
=S$3200

Percentage increase in his actual expenditure compared to his projected monthly 
expenses

=
3690 3200

3200
×100 [M1 difference]

=15.3% (3s. f .) [A1]

===
3333669990 3200000000000000

3332222222222222220000000000000000000000000000
××××××××××11111000000

=======1155555555555....33333333333333%%%%%%%%%%%%% ((((((((((((((33333333333333333333sssssss.... ffffffffffffffffff ........)))))))))))))
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7  A local restaurant has 3 outlets in Bishan, Clementi and Orchard Road.  

Each outlet offers 4 different set meals at the following prices. 

Set A Set B Set C Set D 
$10 $12 $14 $20 

The table below shows the number of set meals sold at the different outlets for the month of 
January.

Set / Outlet Bishan Clementi Orchard Road 
Set A 250 100 300
Set B 100 80 150
Set C 50 30 120
Set D 80 20 100

 (a)  Represent the information given in two matrices, a 1 × 4 matrix, P, and
a 4 × 3 matrix, Q.

[2]

P = 10 12 14 20 [B1]

Q =

250 100 300
100 80 150
50 30 120
80 20 100

[B1]

 (b) Evaluate PQ. [2] 

PQ = 10 12 14 20

250 100 300
100 80 150
50 30 120
80 20 100

PQ = 2500+1200+700+1600 1000+960+ 420+ 400 3000+1800+1680+ 2000 [M1]

PQ = 6000 2780 8480 [A1]

(c) Explain what each element in PQ represents.  [1] 

6000 represents the total amount of money (in dollars) collected from the sales of 
set meals by the Bishan outlet of the restaurant in the month of January.

2780 represents the total amount of money (in dollars) collected from the sales of 
set meals by the Clementi outlet of the restaurant in the month of January.

8480 represents the total amount of money (in dollars) collected from the sales of 
set meals by the Orchard Road outlet of the restaurant in the month of January. 

PQPQPPQPQQPQPQPQPQPQPQQQ ===== 25252552525252525522525250000000000000+++++++++++++++1212121111212112121121 000000 ++++707777 0+1660000 101000

PQPQPQQPQPQPQPQPQPQPQPQPPQPQQQQ = 6060606606660606060660600000000000000000000000000000000 2727272727272722727272722772 8080808080808080000000 84800
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In view of the Circuit Breaker which took place in the month of April, the restaurant started a 
delivery service in place of dine-in and offered the different set meals at the same price.

In the month of April, there was a 20% increase for each type of set meal sold at the outlet in 
Bishan and a decrease of 40% for each type of set meal sold at the outlet in Orchard Road. The 
number for each type of set meal sold at the Clementi outlet remained the same in the month of 
April.

The matrix R, a 3 × 1 matrix, is such PQR gives the total amount of money collected by the 
three outlets in the month of April. 

 (d) Write down matrix R. [1]

R =
1.2
1

0.6
      [B1] 

 (e) Evaluate PQR. [2]

PQR = 6000 2780 8480
1.2
1

0.6

PQR = 7200+ 2780+5088 [M1]

PQR = [15068] [A1]

 (f) Calculate the difference in the total amount of money collected by the restaurant in 
April compared to January.

Was there an increase or decrease in the total amount of money collected by the 
restaurant in April compared to January? 

[2]

Total amount collected in January
= $6000 + $2780 + $8480 
=$17 260 

Total amount collected in April
= $15068 

Difference
= $17 260 - $15068         [M1] 
= $2 192 

There was a decrease in the total amount collected by the restaurant in April.  [A1] 

WaWaWWaWaaWaWaWaWaWaaaasssssssss thtthttherrrererrrrreeeee eeeeeeeeeeee anannannnnnnnnnnn iiiiiiiiiiiiiiincnncnnnnncncncnnnn rerrr assassse or dececrereasase e in
reerereeeerereereereestsssststsssssss auuuuuuuraaaaaaaaaaaaantntntntntntntttntntntntnnnt iiiiiiiin nnnn nnn ApApApApApApApApApApApApAppA rirriirril coccooocc mpmpmpmpmpmpmpmpmpmpmpmmpmmpmpmpmmmpmmmmpmmpmmpmmpppmpmpmppmmpmpmpmmpmmpmpmpmpmpmppmmpmpmpmppmppmppmmpmpppppmmmppppppppararararararaararaarrrararararraraaararrrarrrrrrrrrarrrrrarrararrrrrededededededededeeeeeeeeeeeeeeeeedd ttoo JaJanu
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8 A tower is made of layers of grey and white cubes. 

The first layer of the tower is made with one grey cube.

Layer 1 

A tower with two layers is made with five grey cubes and one white cube as shown 
below.

Layer 1 

Layer 2 

A tower with three layers is made with nine grey cubes and six white cubes as shown 
below.

Layer 1 

Layer 2 

Layer 3 

 (a) Complete the table below.  [B1, B1, B1 – for any 2 values] 

Number of layers 1 2 3 4 5 n

Total number of white cubes 0 1 6 15 28 (n -1)(2n-3) 

Total number of grey cubes 1 5 9 13 17 4n – 3 

Total number of cubes 1 6 15 28 45 2n2 - n 

[3]CoCoCoCoCoCoCoCoCCoCoCommpmpmpmmmmmmmmmm leeeeeeeeeeeeetetetettetttetetett ttttttttttttttheheheheheheheheheheheheheh ttttttttttababababababababababababbbbllelllllllll bbbbbbbbbbbbbelllllllllllllllllllllllllowooowowoooooooowowowowowowowoowowowoowoowowowowowoowowoowooowoowwwooowowoowowowowwwooowowoowwwwoowwowwow......
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 (b) Find, in terms of n, the total number of grey cubes in a tower with n layers. [1]

For n = 1, no. of grey cubes = 1 
For n = 2, no. of grey cubes = 5 = 1 + 4 
For n = 3, no. of grey cubes = 9 = 1+ 4+ 4 
For n = 4, no. of grey cubes = 13 = 1+ 4 + 4 + 4 
For n = 5, no. of grey cubes = 17 = 1 + 4 + 4 + 4+ 4+ 4 

Total no of grey cubes in a tower with n layers
= 1 + (n – 1)(4) 
= 1 + 4n – 4   [B1] 
or
= 4n – 3   [B1] 

 (c) Find, in terms of n, the total number of cubes in a tower with n layers. [1]

For n = 1, total no. cubes = 1 = 1 x 1 
For n = 2, total no. cubes = 6 = 2 x 3 
For n = 3, total no. cubes = 15 = 3 x 5 
For n = 4, total no. cubes = 28 = 4 x 7 
For n = 5, total no. cubes = 45 = 5 x 9 

Total no of grey cubes in a tower with n layers
= n x (2n – 1)  [B1] 
or
= 2n2- n  [B1] 

 (d) Sarah used 97 grey cubes to build a tower. 
Calculate the number of white cubes she used.

[3]

4n – 3 = 97 
4n = 100 
n = 25         [M1] 

Total no of cubes to build a tower with 25 layers 
= 25 (50 - 1) 
= 25(49) 
=1225     [M1] 

No. of white cubes used 
= 1225 – 97 
= 1128                                         [A1] 

4n4n4n4n4n44n4nnn4nn4n4n4n – 3333333 ============ 99999999999999977 777777777777
4n44n4n44444n4nnn44nn = 111110000000000000000000 
nnn nnnn ============= 2525252552525255252525255252525255        



[Turn over 

18

9 The graph below shows the heights of 120 Secondary Four students in a school.    

(a) Using the graph,
(i) write down the median, [1]

   Median = 165 cm      [B1] 

(ii) find the interquartile range [1]

     Interquartile range
      = 170 – 160
     = 10 cm               [B1] 

(b) Given that 40% of the students are taller than x cm, find the value of x. [1]

60% of students
= 0.6 x 120
= 72 
x = 167 [B1] 

  MMMMMMMMMMMMMeddedeedededediaaaaaaaaaaaaaan nn nnnnnnnnn = 16161616161616161616161616161661 555555555555555 cmccc      

(i((i((i(i(i((i( i)i)ii)iii)ii)i))))))))) fffffffffffiniinnininiinininininndd dd ddddd dddd ththhththththththththththe eeeee eee ininininininininininininiiintetetetetetttetetettet rqrqrqrqrqrqrrqrqrqrqrqrqrqquauauauauuauauauuuauuuuaartrrrrrrrrrrrrrr ile rarangnge e 
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(c) The minimum height requirement to join the school’s basketball team is 175 cm.
If two students are randomly selected, calculate the probability that they meet the 
height requirement for the school’s basketball team.

[2]

Probability

=
11

120
×

10
119

[M1 prob for selecting two students without replacement]

=
11

1428
[A1]

OR

=
12

120
×

11
119

[M1]

=
11

1190
[A1]

(d) (i) Complete the frequency table below.

Height (cm) Frequency
Frequency

(Alternative
Solution)

Frequency
(Alternative

Solution)

Frequency
(Alternative

Solution)

150 < x 155 11 11 12 12

155< x 160 19 19 18 18

160 < x 165 30 30 30 30

165< x 170 30 30 30 30

170 < x 175 19 18 19 18

175< x 180 11 12 11 12

(e) Mean 165 cm 
(3 sf) 

165 cm 
(3 sf) 

165 cm 
(3 sf) 

165 cm 
(3 sf) 

(f) SD 7.10 cm 
(3 sf) 

7.16 cm 
(3sf)

7.04 cm
(3sf)

7.10 cm
(3sf)

[B2, 1, 0] 

[2]

(ii) Estimate the mean height of the students.  [1] 
Mean height = 165 cm  (3 s.f.) [B1] 

(iii) Estimate the standard deviation of the height of students. [1]

Standard deviation = 7.04 cm   or 7.10 cm     [B1] 

111111111111111777777777777775<<<<<<<<<<<<<<< xxxxxxxxxxxxxxx 111111118888888888888880000000000000 1111

165 cm
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10 The diagram shows a rectangle PQRS, where PQ = 15 cm and PS = 10 cm.

The large circle has a centre A and touches three sides of the rectangle.
The small circle has a centre B and touches two sides of the rectangle.
The small circle touches the large circle at point T.
The large and small circles touch the side SR at D and C respectively.
The point E is the foot of the perpendicular from B to AD.

 It is given that the radius of the large circle is 5 cm and the radius of the small circle is x cm.

(a) Write down, in terms of x, an expression for the lengths of [3]

(i) AB = 5 + x                          [B1] 

(ii)
AE = AD – ED 
AE = 5 – x                           [B1] 

(iii)
EB = DC 
EB = SR – SD – CR
EB = 15 – 5 – x
EB = 10 – x
DC = 10 – x [B1]

(i(i(i(i(i(i(i(i(ii( iiiiiiiiiiiiiiiii )
EBEBEBBBBBBBBBBBBB === DDDDDDDDDDDDDDDDC
EBBEBBBBEBEBBBBBBBBB ============ SSSSSSSSSSSSSSSR RR R RRRRRRRRRRRR –––– SDSDSDSDSDSDSDSDSDSDSDSDDDSDSDD –––– CCCCCCCCCCCCCCCCRRRRRRRRRRRRRRRRRRRRRR
EB = 15 5 x
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(b) Form an equation in x and show that it simplifies to x2 40x +100 = 0 [3]

AB( )
2
= AE( )

2
+ EB( )

2

5+ x( )
2
= 5 x( )

2
+ 10 x( )

2
[M1]

25+ x2 +10x = 25+ x2 10x +100+ x2 20x [M1 expansion]
25+ x2 10x +100+ x2 20x 25 x2 10x = 0 [A1 Simplification]
x2 40x +100 = 0 (shown)

(c) Solve x2 40x +100 = 0 , giving your answer correct to 2 decimal places. [3]

x2 40x +100 = 0

x =
( 40)± 40( )

2
4(1)(100)

2(1)
[M1]

x = 37.3205 or x = 2.67949
x = 37.32 (2dp) or x = 2.68 (2dp) [A1, A1]

(d) Hence, find the radius of the small circle, correct to two decimal places. [1]

Radius of the small circle = 2.68 cm (Reject x = 37.32 as as x < 5)         [A1]
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11 The variables x and y are connected by the equation y = 2x + 4
x2

5 .

Some corresponding values of x and y, correct to 2 decimal places, are given in the table below.

x 0.75 1 1.5 2 3 4 5 6 

y 3.61 1 p 0 1.44 3.25 5.16 7.11 

(a) Find the value of p, giving your answer to 2 decimal places. [1]

sub x =1.5,

p = 2(1.5)+ 4

1.5( )
2

5

p = 0.22 (2dp) [B1]



[Turn over 

23

(b) Using a scale of 2 cm to represent 1 unit, draw a horizontal x-axis for 0 x 7 .
Using a scale of 2 cm to represent 1 unit, draw a vertical y-axis for 1 y 8 .
On your axes, plot the points given in the table and join them with a smooth curve. [3]
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(c) Use your graph to find

(i) the least value of y, [1] 

Least value of y = - 0.24 (± 0.1)   [B1] 

(ii) the range of values of x for which y is less than 2, [2]

Graph of y = 2 drawn [M1] 

0.9 (± 0.1) < x < 3.3 (± 0.1)       [A1] 

(iii) the solutions of the equation 3x3 =14x2 8 by drawing a suitable straight line. [4]

3x3 =14x2 8
3x3

x2
=

14x2 8
x2

3x =14 8
x2

[M1 obtaining ter m in x 2and x]

3x
2
= 7 4

x2

3x
2
+

4
x2
= 7

3x
2
+

4
x2

5= 7 5

3x
2
+

4
x2

5= 2

x
2
+

3x
2
+

4
x2

5= 2+ x
2

2x + 4
x2

5= 1
2

x + 2 [A1]

     Line of y = 1
2

x + 2 drawn      [M1] 

x 0 4 7 
y 2 4 5.5 

x = 0.85 (± 0.1) or x = 4.55 (± 0.1)   [A1] 

22222
+

222222
+++++

xxxxxxxxxxxxxxx222222222222
5555555555= 22222+

222

222222222222xxxxxxxxx +++++++++++ 4444
xxxxxxxxxxxxxxxxxxx22222222222222

555555555555========= 1111111111111
222222222222222

xxxxxxxxxx ++++++++++++++ 222222222222
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12 The most popular ride at the Outer Space amusement park is the Ferris wheel.  
The diagram below shows a model of the Ferris wheel at the park.

Each day, the Ferris wheel rides run from 10:30 a.m. to 8:30 p.m. with an hour break for 
maintenance work at 3 p.m. 

 The Ferris wheel has 16 passenger cabins. There are seats for 3 passengers in each cabin. 
Due to recent rules on social distancing, it is mandatory to have an empty seat in between 
two passengers in each cabin.

Before each ride, passengers take about 5 minutes to be seated and undergo safety 
checks. At the end of each ride, passengers take about 2 minutes to disembark.

The table below shows the ticket prices for one ride on the Ferris wheel for weekdays 
and weekends. Tickets must be used on the same day of purchase.

Weekday Ticket $18 
Weekend Ticket $23

(a) Given that the Ferris wheel makes 1 revolution every two minutes and 
makes 4 revolutions per ride, calculate the total number of rides each cabin 
on the Ferris wheel makes in one day. 

[2]

Time taken for 1 ride
= 4 revolutions x 2 minutes 
= 8 minutes

No. of rides per day

=
60

8+ 2+5
×9 [M1]

= 36 [A1]

(b) Calculate the maximum number of passengers that the Ferris wheel can take 
in one day.

[1]

Maximum number of passengers that the Ferris wheel can take a day 
= 2 passengers × 16 cabins × 36 rides
= 1152                       [B1] 

NoNoNoNoNoNoNoNoNoNoNoNoNNoNoNo....... ofofofofofofofoffofofofof rrrrrrrrrrrididididididiididiiiddeeseeeeeee pppppppppppppppererererererrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr dddddddddddddddddddddddddddddddddddddddddayyayayayyayayayayyyayyayaayyyayyyyayyayyyyyayyayayayayayyayaayayyyayayaayyyayyyyyy

==
666666666666660000000000000000

8+ 2+5
××××××××××××××××99999999999
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(c) If all the seats are taken up for every ride, calculate the total amount of 
money that the park can collect from the sale of tickets for Ferris wheel 
rides on a weekday.

[1]

Total amount of money the park can collect from the sale of tickets for rides 
on the Ferris wheel on a weekday. 
= 1152 × $18 
= $20 736                      [B1] 

(d) To commemorate its tenth birthday, the amusement park is planning to give out free 
tickets for its Ferris wheel rides.

Propose a sensible number of tickets to be given free such that the amount collected 
from the sale of tickets sales for the day covers its operating cost of $10 000. It is also 
estimated that 40% to 60% of the total possible seats will be taken for each ride. 

Explain your proposal clearly and state any assumptions made.

[6]

Marking Scheme 

[B1] Stating reasons for decision to give out weekend or weekday tickets.
Eg. Identifying that maximum possible free tickets would be on a weekend due to 
greater possible free tickets due to higher ticket prices for paid tickets 

[B1] Stating assumptions related to range of occupancy between 40% to 60%.
Eg. 50% occupancy rate as it is the mean between 40% and 60%.
Eg. 60% occupancy rate for weekend is a high possibility 

[M2] Showing calculation for number of paid tickets required to cover operating cost 
of $10 000. Value should be rounded up.

[M1] Showing calculation for number of free tickets based on assumption made on 
occupancy rate (subtraction made for the right values) 

[M1] Overall clear explanation and conclusion

occcccccccucuccccuucuuupapapppaappapapappapap ncnnnnnn y y yy y yy y yy yyyyy rarrrrrrrrrrr teeteteeeteeteeete (((((((((((((((sussususususussssusss btbbb raaaaaaction madede fforo

OOOOOOOOOO evevevverallllllllllllllllllllllllllll cccccccccclelleleelelelelelelelelelleaaraaa eeeeeeeeeexpxpxxpxpxpxpxpxpxpxpxxxpppppplanaa iiiitiiiiiiitiiiiiiiiionon aandnd co
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Weekday Tickets
Max no of paid tickets to cover operating cost 

=
$10000

18
= 555.6
= 556
(rounded up to nearest whole no.)

Assumption:
40% occupancy 

Assumption:
50% occupancy 

Assumption:
60% occupancy 

No. of free tickets 

=
40

100
×1152 556

= 460 556
= 96
[Not possible] 

(460.8 is rounded up to 
nearest whole no.) 

No. of free tickets 

=
50

100
×1152 556

= 576 556
= 20

No. of free tickets 

=
60

100
×1152 556

= 691.2 556
= 691 556
=135

(691.2 is rounded down to 
nearest whole no.) 

Weekend Tickets 
Max no of paid tickets to cover operating cost 

=
$10000

23
= 434.8
= 435
(rounded up to nearest whole no.) 

Assumption:
40% occupancy 

Assumption:
50% occupancy 

Assumption:
60% occupancy 

No. of free tickets 

=
40

100
×1152 435

= 460.8 435
= 461 435
= 26

(460.8 is rounded up to 
nearest whole no.) 

No. of free tickets 

=
50

100
×1152 435

= 576 435
=141

No. of free tickets 

=
60

100
×1152 435

= 691.2 435
= 691 435
= 256

(691.2 is rounded down to 
nearest whole no.) 

NoNNooNooNooNN . fofofofof frererererereeeeererererereeee eee eeeeee eee tiiiiiiiiiiiiickckckckccckckckckckckckckcckc eteteteteeteteeteetetssss

======
404044444444404044440

101010101010101011010100101010000000000000000000
×××××××××××11111111111111111111 525252525252552552552222522252 4343434334343434333333335555555555555

NoNo.. oof

==
5050

100

40% occupancy 50%
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End of Paper 
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