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Mathematical Formulae

Compound Interest

n
Total amount = P (1+ L)
100

Mensuration
Curved surface area of a cone = nrl

Surface area of a sphere = 4 nr

Volume of a cone = %nrzh

Volume of a sphere = %nr3

Area of a triangle ABC = % absinC

Arc length = r@, where @ is in radians

1 . )
Sector area = Erze , Where @ is in radians

Trigonometry
a b c

sin A:sinB:sinC

a’l=b%2+c2-2bccos A

Statistics

Mean=z—fx
> f

2
fx 2 .
Standard deviation = 2 M _{z XJ
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1 (@) Itisgiventhaty = iz(w2 —x?).

(i)

(i)

Find zsuchthaty = 4,w = —1 and x = 3.

4 =2z[(-1)? - 37
16=2[-8]
72=-2

Answer ...... S 2, [2]
Make x the subject of the formula y = iz(w2 —x?).
1 2 2
y=,zw"—x%)
4y = z(w? — x?)
w? — x? _4y
Z
X2 =we - 2Y
z
x=1 w2 -3
z
Answer X =+, W _4y [2]
z

Methodist Girls’ School

Mathematics Paper 2 Sec 4 Preliminary Examination 2023



] . 3 6X
b Simplify —— .
(b) plify x+2+4—x2

3 6X

X+2 4-x°

3 N 6X

X+2 (2-X)(2+X)

_ 3(2—x)+6x

T (2-X)(2+X)

_ 6-3x+6X

T (2-x)(2+X)

_3(2+x)

T (2-X)(2+X)
3

(2-x)

(© In 2022, Singapore has a population of 5.64 million.
The land area of Singapore is 728.6km2,
Find the population of Singapore per kmz2, leaving your answer as standard form.

5.64x10°

728.6
=7.74x 10° (3sf)

Population =

Answer 7.74 x 10° [2]
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A closed cone, of height h cm, is filled with water to half its height as shown in

(@)
Diagram A. It is then inverted as shown in Diagram B.
Find the height of the water level, x cm, in terms of h, in Diagram B.

v

v

Diagram A

VairlnB =z
Vcone 8
5 -5

h
h—x 7
_ —3|—
h 8
3
h—x——zh
2
3
x=h—\—/z
2

Ixcm

Diagram B

Answer ......oooeiiiiiin.
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(b) Janet began her round-island 145 km cycling route from Point A at 6 am, cycling at
an average speed of x km/h.
Q) Write down the expression, in terms of x, for the time taken by Janet to
complete the cycling route.

145

Answer 145 h [1]
X

Angel started on the same route 10 minutes later. She cycled at a speed of 2 km/h
faster than Janet for the first 20 km and cycled x km/h for the remaining route.

(i)  Write down the expression, in terms of x, for the time taken by Angel to
complete the cycling route.

Answer A+12—5 h [1]
X+2 X

Angel reached the end of the route at the same time as Janet.
(ili)  Form an equation in x and show that it reduces to x? + 2x — 240 = 0.
Answer [3]

20 125 1 145

X+2 X 6 X

20 1 20

X+2 6 X

120+ x+2 20

6(x+2) X
122x 4+ x* =120x + 240
X* +2x—-240=0
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(iv)  Solve the equation x? + 2x — 240 = 0.

L2 J(2)? - 4(1)(-240)
- 2(1)
=145 or -16.5 (3sf)

ANSWEN X = .. .o, [3]
(v)  What time did Janet reach the ending point?

Time taken = LI 9 h 59 min
14.524

Time arrived = 3.59 pm

AN TS [2]

Methodist Girls’ School Mathematics Paper 2 Sec 4 Preliminary Examination 2023



8

(@) In a logistics company, each delivery man is paid $x for every correct delivery made,
$0 for no delivery but has to pay a penalty of $1 for each damaged delivery.

Tom and Jerry made the following deliveries on a particular day.

correct no delivery  damaged
x
_Tom (13 4 3 _
A= Jerry (10 8 y ) B= (_01>

Q) Evaluate AB in terms of x and y.
13 4 3 < X 13x -3
( )(0)= ()
10 8 Y /1 10x — y

ANSWET ..., [2]

(i) Explain what your answer in (a)(i) represents.
Rep amount of money Tom and Kerry will be paid respectively for their

deliverieson a particular day...............ccooiiiiiiii i [1]

It is given that Tom earned $18 more than Jerry despite both making the same
number of deliveries.

(iii)  Find the values of x and y.

13+3=10+y
y=6

13x—-3=10x-6+18
X=5

Answerx=5.............. y=6........ [3]
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(iv) By using matrix multiplication, calculate the total amount of money the
company needs to pay both Tom and Jerry on that particular day.

1 1) Gg’g : 2) = (106)

Answer $106............ [2]
(b)  Tom is looking for a new job. He targets to earn an annual salary of $150 000 at the

end of 5 years. The job that he is interviewing for is offering an annual salary
increment of 3% per annum.

What is the minimum starting annual salary should Tom request for to meet his target.
He needs to set his salary request in multiples of $1000.

Let P be the annual starting salary.

3 5
150000 =P| 1+—
100

P =129391.377

Answer $ 130 000... [3]
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4 (@ In the diagram, A, B, C and D lie on the circle with centre O.
EF and GF are tangents to circles at A and B respectively.
It is given that #.DAO =42°, #BDC =33° and ZAOB =112°

Find

()  ~CBD,

ZOAB = %(base angle of isos A )
=34°

Z/BCD =180°—34°—42°(angles in opp segment)
=104°

Z/CBD =180°-104°—33° (angles sum of A)

=43°
Answer Z/CBD =.................. [3]
(i) ZABF.
Method 1 Method 2
ZABD =112°+2 (angle at centre = 2 angle
at circumference) Z0BF =90° (tan perpendicular to rad)
=56°
ZABF =56° (alternate segment theorem) ZABF =90°—-34°=56°
Answer ZABF = .................. [2]
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(b) The diagram shows a circle, centre O, with a diameter AB of 12 cm. CD is
perpendicular to AB. CE is an arc of a circle with B as the centre and radius 10 cm.

(i)

(iii)

Show that ZCBD = 0.586 when corrected to 3 significant figures.
Answer [1]

cos ZCBD = 10
12

ZCBD =0.58568 ..
ZCBD =0.586

Find the arc length CE.

10 x 0.586 = 5.86

ANSWer ...oovivininnnn, cm [1]

Calculate the area of the shaded region.

Shaded area = %7:(6)2 +[% 20)@2)sin 0.586—%(10)2(0.586)]
=60.4 cm?

Methodist Girls’ School
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5 A wooden triangular wedge has a rectangular base as shown in the diagram.
AB=10cmand BF =9 cmand £ZFBC =18°.

Xison EF suchthat EX : XF=3: 1.
E

0><
M

10cm B

Q) Find the length of AC.

c0s18° = &
9

BC =9co0s18°
AC = \/102 +(9c0s18°)°

13.163
13.2 (3sf)

Answer

(i) Find the length of CX.

XF=%O®=25

sin18°=E

FC =9sin18°

XC = /2.5? +(95in18°)’
= 3.7396
=3.74 (3 sf)

Answer ................. cm [2]
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(iii)  Find the greatest angle of elevation of X from BC.

Let the angle of elevation be &

cos@:i

3.3796
=48.0°

ANSWEN ..o [2]
(iv)  Find the area of triangle BXC.

Method 1

BX =4/(2.5) +9% = /3%9

2
(9c0s18°)? = (9sin18°)* + 349 —2(9sin18°) 349 cos /BXC
4 4

ZBXC =65.289

Area = %[ /?J(&?E}%)sin 65.289°

=15.866 = 15.9 cm?

Method 2
Area = %(BX)(XC)

%[9 €0s18°](3.7396)
=16.0 cm?

Answer ................... cm? [2]
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A solid cuboid has a square base of x cm, height h cm and a total surface area of 24 cmz2.
(@) Find h in terms of x.

2x? +4xh =24
Axh = 24— 2x?
_6_x
X 2
Answerh=................. [2]
(b)  Show that the volume of the cuboid, y cm3, is given by the formula
y = %x(lZ —x2).
Answer [1]
y = x%h
e (ﬁ_z)
X 2
3
= bx— 2
2
=-x(12 — x?)
The values of xand y for y = %x(12 — x?) are given in the table below:
X 0.5 0.8 1 1.5 2 2.5 3
y 2.9 4.5 5.5 7.3 8 7.2 4.5
(©)  Onthe given grid, draw the graph of y = =x(12 — x?) for 0.5 < x < 3. [2]
(d) Use your graph to find the volume of the cuboid when the base area is 4.41 cm?.
x=+441=21
Answer 7.9 cm3[2]
(e) 0] By drawing a tangent, find the gradient of the curve when x = 1.7 cm.
Working for gradient
Answer accept 1-1t02.2.................... [2]
(i)  What does this gradient represent?
Answer Rep the rate of change of volume of changing. [1]
()] State the maximum volume of the cuboid.
Answer 8 cmd [1]
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—> —> 1

7 In the diagram, OD =a and OC =b. It is given that OD=§DA and OC =%OB.
A

A

B C 0

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

0  AC,
Answer -3a +Db..... [1]
i) DB.

Answer -a+3b ..[1]

(b) Given that DE = 1 , eXpress E in terms of a and b.
DB 4
OF =OD-+ DE

—a:+1DB
4

=a — 1a+§b
4 4

=§a+§b
4 4

Answer §a+ §b [2]
4 4
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Calculate the numerical value of E

AE = AO + OE

:—3a+§a+§b
4 4
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The cumulative frequency curve below shows the distribution of the marks obtained by 160
students for Mathematics Test 1.
160
140 -
120
/]
/
//
100 a
; /7
/

80

60

40

20

o FEE
0 10 20 30 40 50 60 70
Marks
(@) Estimate from the graph,
Q) the median,
Answer 37.................. [1]
(i) the interquartile range,
46 - 25
Answer 21................. [1]

(iii) the percentage of students who obtained more than 50 marks.

28 x100% =17.5%
160

Answer 17.5%............ [1]
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(b)

(©)

(d)

(e)

19

Given that 15% of the students will be awarded a distinction grade, use the graph to
find the lowest mark scored by this group of students.

Answer 52............... [1]

Find the probability of choosing 2 students whose marks are in the 90" percentile
and above.
16 15 1

160 159 106

The marks obtained by the same group of 160 students who sat for Mathematics
Test 2 are also noted. The results are summarised by a box-and-whisker plot shown
below.

-

Q) State the median mark.
Answer 42................. [1]
(i) Find the interquartile range of the marks.
58 -31=27
Answer 27 .............. [1]
Make 2 comparisons between the marks obtained by the students in the two tests.

1 Students did better in Test 2 as the median mark in Test 2 is higher.

2 Students’ performance more consistent in Test 1 as the interquartile range is

smaller which implies a smaller spread about the median mark . ........

Methodist Girls’ School Mathematics Paper 2 Sec 4 Preliminary Examination 2023



20

An event company is holding a 5-day food exhibition for 200 exhibitors to promote their food
items. The event company collects a registration fee of $88 and a daily booth rental of $200
from each exhibitor.

() Calculate the total amount of money collected from each exhibitor.

88 + 200 (5) = $1088

The event company needs to rent one entire exhibition space for the food exhibition.
The space required for the exhibition is as follows:

Size of each exhibition booth 20m?2

Space for visitors’ movement and | 60% of the total area occupied by the exhibition booths
dining area

The layout of the 5 available exhibition halls is as shown:

Hall A Hall B Hall C Hall D Hall E
2000 m? 3000 m? 3500 m? 4500 m? 2500 m?
$6000 per day | $8500 per day | $9000 per day $10000 per day | $7000 per day
Note: Adjacent exhibition halls have removable partitions to expand into a bigger exhibition
hall.

(b) Calculate the minimum amount payable by the event company for the daily rental of
the exhibition space needed.

Space needed for exhibitor = 200 x 4 x5 = 4000m?
Total space needed = 4000 x 1.6 = 6400 m2
Hall D and E cheapest

[Al]
Answer $17 000 [2]

The event company will set up the entire exhibition one day before the actual exhibition starts.
They need to include the rental of the entire exhibition space, tables and chairs for this extra
day of set up.

50 long tables and 350 chairs will be set up in the dining area.
Each exhibition booth will require 4 square tables and 4 chairs.

Items available for rental for exhibition booths set-up:
Rental of square tables: Per 100 tables at $30 per day
Rental of long tables:  $2 each table per day
Rental of chairs: Per 50 chairs at $10 per day
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The event company also needs to employ 3 security guards and 2 part-time staff for 12 hours

per exhibition day.

Information of other costs:

Security Guards: Company A: $10 per hour per guard
Company B: $8 per hour for first 8 hours per guard per day and $12 for
subsequent hour per guard per day.

Part-time staff: $9 per hour per staff

(©) It is estimated that there will be a total of 48 000 visitors for the 5-day exhibition.
The event company wishes to earn a total of $200 000 profit from organizing the event.
Using your answers in parts (a) and (b), calculate and suggest a suitable amount of
entrance fee that the event company should charge for each visitor.

Explain your answer.

Square Tables
Number of tables required: 4 x 200 = 800
Cost of rental = 800/100 x 30 x 6 = $1440

Long Tables
Cost of rental =50 x 2 x 6= $600

Chairs
Number of chairs required = 800 + 350 =1150
Cost of Rental = 1150/50 x 10 x 6 = $1380

Venue
Cost of rental = 6 x 17000 =$102 000

Labour
Wages = [8x8+12x4] x3x5+9x12x2x5=$2760

Total cost = 1440 + 600 + 1380 + 102 000 + 2760
=$108 180

Collection from exhibitors = 1088 x 200 = $217 600

108180 + 200000 - 217600
48000

Entrance Fee =

= $1.887

Answer $2 because this amount can cover all costs and profits needed and there is also an

excess in case there are less than 48 000 visitors.

[8]
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End of Paper
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