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Mathematical Formulae

Compound interest

Total amount = P| 1+ L
100

Mensuration

Curved surface area of a cone = 7/

Surface area of a sphere = 477°

Volume of a cone = %ﬂ'lf'zh
4 s
Volume of a sphere = Eﬂr

Area of triangle ABC = %ab sinC

Arc length = 7@, where 0 is in radians

1 . .
Sector area = Erze , where @ is in radians

Trigonometry

a b  c

sin 4 - sin B B sinC
a* =b*+c* —2bccos A

Statistics

_ LR
2/

Standard deviation = \/ ZZ::fj‘ i _ ( %J]{f J

Mean




(a) It is given that a = 2bte .
b—c
(i) Find @ when b =5 and ¢ =- 3.
ue 2(5)-3
5-(-3)
=— (or 0.875)

Answer a =
(ii) Rearrange the formula to make b the subject.
ab—ac=2b+c
(a=2)b=c+ac
po© +ac
a—2
Answer b=
(b) Solve the inequality Gx-D_ ;r 2) S1.
3B3x-1D)—4(x+2)>12
9x—-3-4x-8>12
5x>23
x>4—
Answer ....



x> —12ax—5x+15a

) .. 4
d Simplif
() Py 2x* —184°

4x* —12ax—5x+15a _ 4x(x—3a)—5(x—3a)

2x* —18a° 2(x* =9a%)

_ (4x—5)(x—3a)
- 2(x—3a)(x+3a)

_ 4x-5
2(x+3a)

Answer

Answer



(a)

A is the point (-2, 4) and B is the point (4, 1).

(i) Find the length of the line 4B.

AB= (-2-4) +(4-1)’

5
=6.7082
=6.71 units (to 3 s.f.)
ANSWET ..o units [1]
(ii) Find the equation of the line AB.
) 4-1 1
Gradient=———=—— [M1]
-2-4 2
Subx=-2,y=4,
4= —l(—2) +c
2

1
Equation of 4B is y = —Ex +3

ANSWET ... iiiiiiiieiiieecieeece e [2]

(iii) The line AB cuts the x-axis at P and the y-axis at Q.
Find the area of triangle OPQ where O is the origin.
P=(6,0) and O=(0, 3)

: 1 . 5
Area of triangle OPQ = 5 x3x6=9 units

ANSWEF . ..o, units? [2]



(b)

v v v

Small Medium Large

A company manufactures three sizes of glass which are geometrically similar.
The height of the small, medium and large glasses are # cm, 8 cm and 10 cm respectively.

(i) The top of the large glass has a circumference of 30 cm.

Find the circumference of the top of the medium glass.

Circumference of the top of the medium glass

=§><30
10

=24 cm

ANSWET ... cm [1]

(ii) The surface area of the small glass is % of the surface area of the medium glass.

Show that 4 = 6.

(2]



(iii) Calculate the ratio of the volume of the small glass to the volume of the large

glass.

ANSWET . .oeiieeeecciis & e eeieee e 2]



60 students were each asked how many hours of screen time they had in a day.

The results are shown in the table.

Screen time (f, hours) | 0<¢<2| 2<¢t<4| 4<t<6 | 6<r<8| 8<t<10 |10<t<12
Frequency 4 7 15 19 11 4
(a) Find the interval that contains the median screen time.
6<t<8
Answer .............. St < [1]
(b) Calculate an estimate of the mean daily screen time.
41)+7@3)+15(5)+19(7)+11(9)+4(1)
Mean=
60
376
60
4
=6 5 hours or 6.27 hours
ANSWEF <o hours [1]
() Calculate an estimate of the standard deviation of the screen time.

Standard deviation=
60

=2.5552(5s.1)
=2.56 hours (3s.1)

ANSWEF ..o,

_T

401 +7(3)° +15(5)* +19(7)° +11(9)° +4(11)* ( 6

...... hours [1]



(d)

(e)

()

Three students are selected at random from the survey.
Find the probability that two of them have less than 6 hours of screen time and the other

has at least 8 hours of screen time.
26 25 1
Probability= 26 X 25 X 15 x3
60 59 58
975

" 6344

(or 0.142)

ANSWEF i [3]

60 adults were also asked how many hours of screen time they had in day.

The results are summarised in the table.

Mean 5.23

Standard deviation 1.89

Make two comparisons between the number of hours of screen time by the adults and
by the students.

1. Students spent more hours of screen time as their mean hours of screen time is
higher than the adults’.

2. The number of hours of screen time is more consistent for adults as the standard

deviation is lower than the students’.

Another 10 adults were asked how many hours of screen time they had in a day.
The data was added to the study.
The estimated mean hours of screen time by the adults is now 5.4 hours.

Explain what this tells you about the number of hours of screen time of the adults added
to the study.

The mean number of hours of screen time of the 10 adults is more than 5.23 (or 5.4)
hours. (accept higher than the original 60 adults’ mean)
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(a)  Complete the table of values for y = §x3 -x"+1.

y | 46| 02| 1 | 02 | —14] 26| 22 1 1]

(b)  On the grid provided, draw the graph of y = %x3 —x>+1 for 2<x<5.

2

2

[3]



© @O

(i)

(iii)

11

On the same grid, draw the line y = %x—l for -2<x<5. [1]

Write down the x-coordinates of the points where the line intersects the curve.
—1.45 or 1.35 (£0.05)

Answer X = .....ccccoeuveenn. [0 ST [2]

Show that these x-values are the solutions of the equation
2x° —=10x* =5x+20=0.

Answer
2x* —10x* =5x+20=0
Divide by 10: éx3—x2—%x+2=0

lx3 -x° +1=%x—1 (shown)

Therefore, the intersection of the line and curve gives the solutions of the equation.

Or Since x-values are the solutions,
lx3 -x*+1 =lx—l
5 2
Multiply by 10: 2x* —10x* +10=5x—10
2x’ —10x* —5x+20 = 0 (shown)

(2]

() The equation é x° —x* +1 = k has two solutions.

Use your graph to find the two possible values of .

k=1or-2.7 (£0.05)

Answer k= .....cccccoeun. 0] ST [2]
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Points P, Q and R are on a horizontal ground.

RQ = 66 m and the bearing of P from Q is 123°.
PQ =55 m and the angle POR = 100°.

N
O\ 123°
>
55m
66
P
R
(a) Find the bearing of Q from R.
Bearing =123+100°-180°
= 043°
ANSWer ........oeeeeeeeaaann. [1]
(b) Calculate PR.
Using Cosine Rule,

PR® = 66> +55° —2(66)(55) cos100°

PR =+/8641.69
=92.961 m (5s.1)
=93.0 m (3s.f)

ANSWer .......ccoovveeeeeeeenn. m [3]
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() Find the bearing of R from P.
Using Sine Rule,

sin ZRPQ sin100°
66 92.961

ZRPQ =sin"' 0.69919
=44.362° (3d.p)
Bearing =360° —44.362° — (180°—123°)

=258.6°(1d.p)

(d) A drone flies along the line PR at a vertical height of 10 m.

Find the greatest angle of elevation of the drone from Q.

Shortest distance from Q to PR= 55sin 44.362°
=38.455 m (5.s.1)

Greatest angle of elevation=tan™ 10
38.455
~14.6° (1d.p)

Answer



14

A rectangular piece of land has a length of (x +5) m and a width of (2x — 3) m.

A straight concrete path runs diagonally across the land from one corner to the opposite corner.
The length of this diagonal path is exactly 20 m.

(a) Show that 5x* — 2x — 366 = 0.

Answer
By Pythagoras’ Theorem,
(x+5)° +(2x-3)* =20°
x> +10x+25+4x" —12x = 400
5x” —2x—366=0 (shown)

[3]
(b)  Solve the equation 5x* — 2x — 366 = 0.

LoD V(=2) —4(5)(-366)
2(5)

2447324

10
=8.7580 or -8.3580
=8.76 or —8.36 (3s.f)

ANSWEr X = ceeveeeeeeaeann. or



(©)

(d)

15

Hence find the perimeter of the rectangular piece of land, giving your answer correct to
1 decimal place.
Reject x =-8.36
Perimeter= 2[8.7580 +5+2(8.7580) —3]
=56.548 (3d.p)
=56.5m (1d.p)

ANSWEF v, m [3]
A contractor claims that if the diagonal path is increased to 40 m while keeping the
exact same algebraic expressions for the length and width, the new value of x will be

exactly double the positive value found in part (b).

Without solving the new equation, explain mathematically why the contractor's claim

1S incorrect.

Answer

The algebraic expression x + 5 and 2x — 3 contain constant term. When x is doubled,
only the variable part is doubled, while constants remain the same.

The dimensions do not scale linearly, doubling x does not result in doubling the length

and width. Therefore, the contractor’s claim is incorrect.

[1]
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The first four terms of a sequence are shown below.

T1=1*+3=4
T=2>+6=10
T5=32+9=18
Ts=4>+12=28

(i) Write down 75 in similar form
Ts=52+15=40

Answer Ts= ..ccoooeeeeeeennnnn.. = .

(ii) Find an expression, in terms of n, for Th.
T,=n*+3n

ANSWEFr T = e,

(iii) Explain why T, is always even for all positive integer values of n.
Answer
T,=n(n+3)
When # is odd, (odd +3) is even, odd x even = even
When # is even, (even +3) is odd, even x odd = even

As such T, is always even for all positive integer values of 7.

(iv) Show that 7, = 2T,1 — Tho + 2 for all integers n.
Answer
2A(n—1)° +3(n—D]-[(n—2)* +3(n—2)]+2
=2(n* —2n+1+3n-3)—(n" —4n+4+3n—-6)+2
=2n*+2n—4—n*+n+2+2
=n’+3n

=T (shown)

[3]
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n’+4
4n—1

(b) The n™ term of another sequence is given by T =

The term Tk:g

Find the value of 7, ,.
k*+4 8

4k—-1 3
3k +12 =32k -8
3k 32k +20=0

(k-2)(k—10)=0

k= % (rejected) k=10

I, =T,
_ 122 +4
4(12)-1

47

Answer T, = oo,
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An online shopping platform, Maobao, ships two types of parcels: Standard and Express.
They utilise two courier services: Speedy (S) and Timely (T).

The shipping costs (in dollars) per parcel for each courier are represented by the cost matrix C.

S T
C— 5 6) Standard
12 x Express

Maobao has a shipment of 80 Standard parcels and 50 Express parcels on Monday and a
shipment of 100 Standard parcels and 40 Express parcels on Tuesday.

(a) Write down a 2 x 2 matrix, A, to represent the parcel quantities, where the rows
represent the days (Monday and Tuesday respectively) and the columns represent the
parcel types (Standard and Express respectively).

Standard Express

80 50) Monday
100 40

Tuesday

Answer A = [1]

(b) Find, in terms of x, the matrix M = AC.

80 50)(5 6
M=

100 40112 x

(1000 480+ 50x

1 980  600+40x

Answer M = (2]

(c) Explain what the element in the second row and first column of your answer in part (b)
represents.

The element represents the total cost of courier service of Speedy on Tuesday.



(d)

(e)

()

@
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The elements of the matrix B, where B = MD, represent the cost differences of the two
courier services for Monday and Tuesday respectively.

Write down the matrix D.

Answer D = [1]

Find, in terms of x, the matrix B = MD.
B 1000 480+50x 1 B 520-50x
1980 600+40x) | -1) (380-40x
Answer B = [1]

The cost of courier service for Tuesday is $20 cheaper if Maobao engage Speedy’s
courier service.

Find the value of x.
380—-40x=-20
x=10

ANSWEF X = ovvieeiieeeeieeee e [2]

The operations manager states:

“Our total shipping bill will be exactly the same for the two days for either courier
services.”

Justify whether the manager’s claim is correct.

Answer
5 _[520-50(10)
~(380-40(10)

=

The manager is correct as Speedy cost $20 more on Monday and $20 less on Tuesday
when compared to Timely, the total shipping bill will be the same.
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The Wong family consists of two working parents and two school-going children living in an
HDB flat.
Their current 10-year-old petrol car has reached the end of its Certificate of Entitlement
(COE). The COE needs to be renewed based on the latest prices if they wish to extend the use
of their current car.
Mr Wong is considering the two following options:

o Option A: Renew the COE of their existing petrol car for 10 years. No other upfront

cost for this option.
e Option B: Buy a brand-new Electric Vehicle (EV), the BYD Atto 3.

The fuel/energy consumption costs of his current car and the EV he is considering are given in
the table below.

Current Petrol Car EV (BYD Atto 3)
Capacity (Petrol Car) 1800cc 100kW
Max Power (EV)
Energy Consumption 12km per liter 16kWh per 100km
Rate
Energy Unit Cost $3.00 per liter of $0.65 per kWh of charging
petrol

(a) Calculate the total annual cost of petrol for his current car and the total annual charging
cost for the EV, assuming that the family drives 15,000 km a year.

Annual Petrol Cost = % x3=%$3750

Annual EV Charging Cost = %x 16x0.65=3%1560

Answer Petrol Cost $.......cccoovvvveiieiieieieeieeee, [1]
EV Charging Cost $.......ccccceveveneninnnnns [1]
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(b) In addition to the two options indicated above, Mr Wong’s cousin recommends him to
consider a third option as given below.

o Option C: Switch entirely to a mixture of public transport (bus and train) and
limited Grab rides per week.

( Public Transport (MRT & Bus): The family will take a combined total ofﬁ
standard trips per week. The average cost per trip is $1.70.

e Grab / Ride-Hailing: The family estimates taking a total of 10 Grab trips per
week.

o 6 trips are during Peak Hours at an average of $24.00 per trip.

o 4 trips are during Off-Peak Hours at an average of $14.00 per trip.

K (Assume there are exactly 52 weeks per year.) /

Taking into account the relevant information given above, calculate the family’s total
transport cost if they adopt Option C over a full 10-year period.

Total cost = [ (40x1.7)+(6x24)+(4x14) |x52x10 = $139,360

Answer $.......ooooiiiiiiiii [2]
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Mr Wong has put aside a family transport budget of $200,000 for the next 10 years if
he continues to maintain his petrol car or change to a new car.

Taking into account the inconvenience of giving up driving if he chooses to, he is
willing to consider Option C (public transport option) only if the total transport cost is
less than 70% of his allocated budget for use of a car.

Evaluate each of Options A, B and C defined above to determine the option(s) which
are financially feasible for Mr Wong, given his budget of $200,000 and his condition
regarding Option C. You must show full calculations for each option.

Latest COE Prices
Category A Cars<1600cc or <110kW $121,847
Category B Cars >1600cc or >110kW $121,502
Category C Goods Vehicles & Buses $93,001
Category D Motorcycles $9,989
Option A: Option B:
Renew COE (Petrol) Buy new EV (BYD Atto 3)
Upfront cost COE Renewal Only Price of car $61,000
(COE to be bought separately)
Annual Road Tax & $2,200 $1,500
Insurance
Annual Maintenance $1,800 $600
and Inspection

Answer

Option A (10 year cost):

Cost of petrol = 3750x10=$37,500
COE Cat B =$121,502
Other costs = (2200 +1800) x10 =$40,000

Total for option A = $199,002 (Feasible since within budget)
Option B (10 year cost):

Charging cost = 1560x10 =$15,600
COE Cat A + Price of car = 121,847 + 61,000 = $182,847
Other costs = (1500 + 600) x10=$21,000

Total for option B = $219,447 (Not feasible since exceed budget)

Option C
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Since % x 200,000 =$140,000 and option C is less than this amount, it is a

feasible option.

[3]
(d) State one non-financial disadvantage for one of the feasible option(s) you have
identified.

Answer

Non-Financial Disadvantage:

Accept any logical real-world observation.
o Examples: Option A carries risk of breakdowns due to mechanical wear

on an old car body OR Option C creates lifestyle inconvenience because
surge pricing or rainy weather might make securing a Grab vehicle
difficult for the family etc.

End of Paper
BLANK PAGE



