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Mathematical Formulae

Compound Interest

Total amount = P (1+ Lj

100
Mensuration

Curved surface area of a cone = zrl

Surface area of a sphere = 4ar?

1
Volume of a cone = éﬂfzh
4 3
Volume of a sphere = §7zr

. 1, .
Area of triangle ABC = EabSInC
Arc length = r@, where 6 is in radians
Sector area = %rze, where @ is in radians

Trigonometry

a b ¢
sinA sinB sinC

a’=b%*+c®>-2bccosA

Statistics
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Answer all the questions.

8x%) 3

3
1 @ Simplify [—zj , leaving your answer in positive indices.
y

Ml

[l
o0
k@|“"w
—
W |k

- 4 Al

(b) Given that 2* = 5, find the value of 47 +8*.
1

—-x x 3x
47 +8 —22_\,+2 Ml
= Lq+ 5°
5h

1 ,3126

=125—/=—= | Al (accept 125.04
25 25 1 {aceep )

ANSWEN ...t [2]
2 The following chart shows the sales of a company over the years.

Sales (million dollars)

335.106

276.543
237.412
165.849
142.723
75.183 I

2016 2017 2018 2019 2020 2021
State one aspect of the graph that may be misleading and explain how this may lead to a
misinterpretation of the graph.

The difference in sales between 2016 and 2017 was 67.54 while
"""" the difference in sales between 2020 and 202 1was 56.563. Bl

"""" The height difference of the bars between 2020 and 2021 is
_______ greater than 2016 and 2017, misleads us to think that sales
between 2020 and 2021 is oreater than between 2016 and 2017. Bl
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3 X is decreased by 50% and then increased by 40%. Find the percentage decrease in x from its original

value.
x 1s decreased by 50% --- 0.5x

then increased by 40% --- 1.4 x 0.5x = 0.7x Ml

0.7x—x

% change = — > % 100%
X

=_30% Al

Percentage change = 30%

doa‘u—V\

ANSWEN ..o % [2]
. . S 3X 5
4 Write as a single fraction in its simplest form ——+ -
I-x (x-1)
3x 5
+ 2
I=x (x-1)
3x 5
= — + =
x—1 (x — 1)‘ Ml
B —3x(x - 1) +35
(x-1)° M1
_ 34345 —3x" +3x+5 Al
—[ 1) :—(1 3y ANSWEN ... ..o [3]
5 There are 18 boys and x girls in the school’s concert band. It is given that the probability of selecting
.6
a boy from the concert band is 7
(@) Find the value of x.
18 6
18+x 17
6x+108 =306
¥ =133 Bl ANSWEF X = ... cooevnirinininaannnn. [1]

(b)  Two children are selected at random.
Find the probability that a boy and a girl are selected.

[ExE x 2

51750 Ml

_ 198 Al
425

ANSWEN = ...t [2]
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(c) Some boys joined the concert band so that the probability of selecting a boy at random now

becomes 13 . Find the number of boys who joined the concert band.

18+m 13
514m 24 Ml
11m =231
m=21 Al
ANSWEL ...t [2]
6 @) Factorise the expression 10x* +7x—12.
10x* +7x—12
=(2x+3)(5x—4)
ANSWEL ..ot [1]

(b)  Hence solve the equation 10(y—1)° +7y =19,
10(y—1) +7y=12+7

10(y 1) {Jy-7-12=0
10(y=1)°+7(y-1)-12=0

Hence, x =11
[2(y-1)+3]|=00r [5(y-1)-4]=0

——lorr—l—
YT EYEES

Answer y=..........0 ........... [3]

The value of a painting increased from $74 000 in 2018 to $P in 2021.
The value increased by 8% every year.

Find the value of the painting in 2021.

8 3
P =74000 1+ —
[ 100]

=$93 218.69 or $93 000

Answer $ ... [2]
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8 The braking distance, d, of a car is directly proportional to the square of its speed, s.
When the speed is p metres per second, the braking distance is 6 metres.
Find the percentage change in the breaking distance when the speed is increased to 300%.
d=rs’
6
d=6ands=p, F=— Ml
6 2
s=3p, d=—(3p) Ml
P’
=54
% increase in braking distance = 24~ x100% = 800% Al
Answer ...... 8 OO ......... % [3]
9 Factorise completely
(@ ab—a-b+1,
ab—a—b+1:a(b—l)—(b—1) Ml
= (b-1)(a-1) Al
ANSWEN ...t [2]
(b)  x*—2ax+a’—4b°.
):2—2mvc+az—4bz:(x—a)z—ﬁlb2 Ml
Z(x—a—Zb)(x—aJer) A2
ANSWEL ..ot [3]

e A=( & nd 76 (1
10 Given that AB = and AC = find
-8 18
M [a8],
43| J# e (-8)
= /80

= 8.94 units Bl

ANSWEN ...viviiiiiiieane, units  [1]
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(i) the value of m such that AB and AC are parallel,

)

4="/m and -8=18% Ml

Thus, k= 4 and m =

Al
ANSWET ...t [2]

(iii)  the coordinates of B if A is the point (-1, -3).

a (2)

Bis (3, -11) Bl

Answer B(............ ) e ) [1]

11 The ratio of Abby’s money to Betty’s money is 4 : 7. The ratio of Betty’s money to Claire’s money
is4:09.
The three girls have $321 altogether.
Claire gives some money to Abby and Betty so that each of them has the same amount of money.
How much money will Abby receive from Claire?

; Abby : Betty : Claire = 16 : 28 : 63 M1
107 units --- $321
1 unit --- $3 M1
Abby’s initial amount = $48

If each has the same amount of money, | Al
each should get $107

Therefore, amount Abby receive from
Claire = $107 — $48 = $59

Answer $.......ooiiiiiii [3]
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12 In the diagram, AD and BC are tangents to the circle, centre O, at the points A and B respectively.

AOEC and BOFD are straight lines.

D

4 v B
(@) Show that triangle OAD and triangle OBC are congruent.

Give a reason for each statement you make.

Answer

M2 for any 3 statements

ZAOD = ZBOC (vertically opposite angles)
M1 for 2 statements

04 = OB (radii of circle)
Z£0A4AD = Z0BC =90° (radius perpendicular to tangent)

Therefore, triangle OAD is congruent to triangle OBC Al
(ASA congruency test)

3]
(b)  Two similar solids have volumes V1 and V2 such that 8V, =125V, .

If their surface area, A1 and Az respectively, are such that A = kA, , find the value of k.

v 125 (1)
v, 8 4
h s
L, 2 Ml
4 (1Y 25
4, (1) 4
25
— 4
4="74
k:? Al
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The diagram shows a semicircle SOR and an isosceles trapezium PQRS, where PS =(x+3y) cm,
QR =(4y-3x+5) cmand RS =(7y+3x-1) cm.
Given that the vertical height of the trapezium is (2x+3y) cm, find the perimeter of the semicircle

SOR, leaving your answer in terms of 7.

P o 0
) R

x+3y=4y—-3x+5 Ml
4x—y=5--—-(1)
2(2x+3y):7y+3x—1 MI
x—y=-1--(2)
(H-2): x=2

y=3 Al
Radius =2(2) +3(3) =13 cm
Perimeter of semicircle = 26 + 7:(13) Al

= 26+137 cm

ANSWEN ..., cm [4]



10

14 A line P is perpendicular to another line Q with equation 4y —-3x-16=0.

Line P also passes through the point (-15, 10).
The product (gradient of P) x (gradient of Q) = —1.
(@) Use this information to find the equation of line P.

) 4
Gradient of P= — 5 M1

Equation of P: y = —%x+c , (=15, 10)

10- 2(15)c
3
c=-10
Hence y = %xlO Al
L ] [2]

(b)  The equation of another line R is 4x+3y-15=0.
Without solving for x and y, explain whether line R intersects the line P.

ANSWET 4y +3y-15-0

) = i +5
Y 3 X Bl
Since the gradient of R is the same as the
gradient of P . the lines are parallel and the
lines have different y-intercepts so the lines
are not overlapping. Hence, line R does not
intersect line P.

Bl

[2]
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(@)

(b)

(i)

(i)

(i)

(i)

o= r’—4
5-qr?

Evaluate p when q = 3% and r =-1.

(-1)*—4
531y
D=3~

2

p= :_2

Bl

Sp—pgr =r° —4

r(1+pg)=>5p+4
P = Sp+4

_1+pq

S5p+4
r=4=
1+ pg

Ml

Ml

Express 18—5x+x? in the form a+ (b +x)”.

(x;)2 (;] +18

5, 47

=x—)+—

=2y +

47 5

= —+(=+x)
9

4 "2

Write down the equation of the line of symmetry of y=18-5x+x".

x=2.5

Ml

2

[1]

[3]

[2]

[1]
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(©)

12

Solve i+i:4.
X+3 3—-X

Give your solutions correct to 2 decimal places.

(i)

(i)

3—x+6(x+3)=4(x+3)3—x) Ml
Sx+21=—4x"+36
4x* +5x-15=0

54 2 _ _
. 5457 —4(4)(-15) Ml
2(4)
x=141or-2.66 ﬁ Al
? ANSWEL ..ot [3]

Ashton wants to buy a pair of shoes from a shop in Singapore.
The price of the shoes is reduced by 10% in a sale.

The sale price of the shoes is $108.

Calculate the price ot the pair of shoes before the sale.

EXIOO Ml
90
=$120 Al

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

Ashton finds the same pair of shoes selling in an online shop from San Francisco with a
mark price of 80 USD selling at a 15% discount.

The exchange rate between Singapore dollars ($) and American dollars (USD) is
$1=0.73 USD.

Ashton will also have to pay a Currency Conversion Fee of 1.8% of the sale price and
SGD $6 delivery fee.

Is it better for Ashton to buy the shoes from the shop or online?

Justify your decision you make and show your calculations clearly.

Answer
Cost in SGDS$ = 0.85x80+0.73 M1
=$ 93.1506
Include Currency Conversion Fee and
M1
delivery = 1018 x93.1506 +6

100
~s100.8h3 £ §107
Conclusion: Ashton to buy the shoes
online as it costs cheaper. Al

[3]
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3
17 The variables x and y are connected by the equation y = Xg —X+2.

Some corresponding values of x and y are given in the table below.

X -4 -3 -2 -1 0 1 2 3

y —-6.8 |p 2.4 2.8 2 1.2 1.6 4.4

(@) Calculate the value of p.

p=-04 | BI ANSWET .ot [1]

(b)  On the grid below, draw the graph of y = Xg— X+2 for-4<x<3.

Use a scale of 2 cm to 1 unit for the horizontal x-axis and a scale of 1 cm to 1 unit for the
vertical y-axis. [3]

81 — Seale

Eﬂg axes

4 - P1 — Points
all corract
C1-

K\Sﬂmnﬂl
curve

(—2.378,1.689)

[N
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(c) By drawing a tangent, find the gradient of the curve at (2, 1.6).

Exact gradient = 1.4 MI — correct tangent that touches curve
Give allowance of 8742 | Al
0.94, 1-9
ANSWEL ..ot [2]
(d) Q) On the same grid, draw the graph of 2y + x = 1. [1]

(i) Write down the x-coordinate of the point where the line intersects the curve.
x=-2.3 | Bl

".). ‘§ "/* - ; ’ ‘knswerx: .............................. [1]

(ili)  Explain why the equation 2x® —5x+15=0 has only 1 solution.

Evidence:2x° — 5x+15=0

2% —10x+ 20 = —5x+5 M1 for splitting into curve and line
r x+2=— X + l
5 2 2
Concept: At intersection. equation of curve =
equation of line. Al
Hence, since the nly | intersection,

2x° —5x+15 =0 only has 1 solution.

[2]
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18 A, C and B are points on a circle with centre O.
AP and BP are tangents to the circle.
Angle CAO = 37° and angle APO = 24°.

A
c
28~
B
(@) Giving reasons for each step, find
(i) angle AOB,
Z/PAO = 90° (tangent perpendicular to radius)
ZAOP = 180° — 90° — 24° M1
= 66° (angle sum of triangle)
ZAOB =2 x 66°
= 132° (tangents from external point) Al
Answer Angle AOB=................ [2]

(if) angle OBC.

ZACB=132°+2=66° (£ atcentre =2 / at M1
circumference)
Reflex ZAOB =360° — 132° = 228° (s at a point) MI
Z0OBC =360° —228° — 66° — 37° =29° (£ sum of
quadrilateral) Al
or ZACB=132°=+2 Ml
= 66° (£ at centre = 2 / at circumference)
/OPB = 24° (tangents from external point) M1
ZOBC =360° — 24° — 24° — 37° — 90° — 90° — 66°
= 29° (£ sum of quadrilateral) Al
or ZACB=132°+2 Ml
= 66° (£ at centre =2 / at circumference)
Z/0OAB = /0BA
= (180° — 132°)+ 2 Ml
= 24° (base /s of isosceles A)
ZOBC=180° — 66° — 37° — 24° — 24°
=29° (/ sum of A) Al

Answer AngleOBC =.................. [3]
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The radius of the circle is 6 cm.
(b) Find the length of major arc ACB.

360°—-132°

360°
=239 cm (3 sf)

x 27(6)

MI]

(© Q) Explain why a second circle that passes through the points A, O, B and P

can be drawn.

Angles P40 and PBO are angles in semicircles | Bl
Answer .| 04P and OBP respectively. e
ZOAP + ZOBP =90° + 90° = 180°, so they are | Bl

angles in opposite segments.

or | ZAOB+ /APB=132° + 48° = 180°, so they ‘ Bl
are angles in opposite segments
Therefore the 4 points forms a cyclic quadrilateral within the circle.
(i) Calculate the area of the second circle.

sin 24° :ﬂ
OP

B 6
 sin24°
=14.751 cm

: 14.751
Area of second circle = 7(

) =

M1

M1

171 cm? (3 sf) | Al

ANSWET ... cm?[3]
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19 The diagram below shows a park ABC and a path is also located along AC.
AB=90m, BC=97mand AC =165m.

97 m C

N
A B

90 m 165 m

(@) Calculate

Q) angle ABC,

90 +97° 165"
Angle ABC = cos™
ngile Ccos [ 2(90)(9?) J M1
=123.81
=123.8° Al
L ) [2]
(i)  angle BAC.
Angle BAC — sin” [ 97 xsin123.8 lj Ml
165
=129.238
=29.2° | Al
L ) [2]

(b)  Atower is located at the point A and Mr Huang is standing at the point B.
Mr Huang estimates his angle of elevation to the top of the tower is 40°.
Calculate the estimated height of the tower.

Let height of tower be /.

tan 40° = i
90

M1

hi=90tan 40
h=755m Al

ANSWEN ..ot m [2]
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(c)  From point B, Mr Huang decides to cut across the park to reach point D along the path AC in
the shortest time.

Calculate the distance he would have to walk to reach D in the shortest time.

Let shortest distance be 4.

) . d

sin29.238 _% Ml
d =90s51n29.238
d=440m Al
OR

1 ) 1
E><90><165><311129.238°:5><165><d Ml
d=44.0m Al

(d) Mr Huang claims that the angle of elevation to the top of the tower from B is larger than D.
Without any calculations and using mathematical concept, justify Mr Huang’s claim.
Evidence: 4B is the hypotenuse of the right angle
triangle ABD. Ml
Concept: Smaller ground distance will produce
larger angle of elevation. @~ | e
Conclusion: Since the height of tower is fixed,
" ground distance 4B is larger than ground distance of | A1 =777
AD, the angle of elevation to the top of the tower
" from B is smaller than D.
... Therefore, his claim is incorrect.

Answer ...

- [2]
A toilet is located at point E.
The bearing of E from A is 070° and the bearing of E from C is 160°.

(e)  Show that triangle CEA is a right-angled triangle.

Answer

Marked angle x and y as shown in the diagram,

Angle x = 70° ( both alternate angles, // lines) M1 for both angles
Angle y=20°
Angle CE4 = 180° — 70° — 20° (angle sum of triangle) Al

=90°

Therefore triangle CEA is a right-angled triangle
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[2]
() If AE=100m, find EC.

EC =~/165% —100° M1
- 131m Al

ANSWET ..o, m [2]



