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Preface

Hi there, thank you for downloading this book.

You have received a quick and concise summary of all the key concepts of every chapters in
Secondary School Math.

Most students dread revising using the textbooks because they are too thick and lengthy.

That is why we compile this book to help your child extract and understand all the key concepts of
each chapter.

This Revision Notes is broken down into different chapters, according to the latest MOE syllabus.

Each chapter is further broken down into different concepts and each concept is explained with
examples.

Read and understand the concepts. Understand the examples behind the concepts to make sure that
you know how to apply them next time.

Practice is essential. After understanding the concepts, your child needs to put in sufficient practice
to master them. Use this book as a homework companion when practicing Math questions.

I hope that through this book, your child will enjoy learning Math as much as I do.
If your child needs more help, feel free to check out our online courses and tuition classes below.
We look forward to teaching your child one day.

Jimmy Ling
Jimmy Maths and Grade Solution Team
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Online Courses

How to Learn from our online courses:

1) Watch the videos to learn the concepts
2) Do the assignments given after the videos

3) Check your answers with the solutions provided

4) Ask questions through Whatsapp and seek homework help
5) Submit evaluation tests which we will mark and provide feedback personally

Click the links below to find out more:

1) Sec 1 Math Online Course

Click Here >>
https://jimmymaths.com/product/sec-1-math-

2) Sec 2 Math Online Course

Click Here >>
https://jimmymaths.com/product/sec-2-math-

online-course/

online-course/

3) Sec 3 Math Online Course

Click Here >>
https://jimmymaths.com/product/sec-3-math-

4) Sec 4 Math Online Course

Click Here >>
https://jimmymaths.com/product/sec-4-math-

online-course/

online-course/
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Tuition Classes

Live Zoom Lessons at Grade Solution Learning Centre

At Grade Solution Learning Centre, we are a team of dedicated educators whose mission is to
guide your child to academic success. Here are the services we provide:

- Live Zoom online lessons

- Adaptably™, a smart learning platform that tracks your child’s progress, strengths and
weaknesses through personalised digital worksheets.

- 24/7 Homework Helper Service
We provide all these services above at a very affordable monthly fee to allow as many students

as possible to access such learning opportunities.

You can see our fees and schedules here >> https://gradesolution.com.sg/schedule/

*Qur Spaces are very limited. If you find a class which suits your child, sign up fast!

© Jimmy Maths Pte Ltd Vi
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Chapter 1: Factors and Multiples

Prime Numbers

Prime number is a natural number greater than 1 that has no positive divisors other than 1 and
itself.

Examples: 2, 3,5,7, 11, 13,17, 19, 23....

Prime Factorisation

Process of breaking up a composite number into its prime factors.

Example

1176
588 1176 =2x2x2x3x7Tx7

— 93 2 :
204 =2"x3x 7 (Index Notation)

147
49

~N 0NN NN

Highest Common Factor (H.C.F)

The Highest Common Factor (H.C.F) of two (or more) numbers is the largest number that
divides evenly into all the numbers.

To find the H.C.F in index form, compare the factors and take the Lower Power

Example
Find the H.C.F of 2x3*x5 and 2?x3*x7x13.
2x3%*x5

22x3®  x7x13

HCF =2x3?

© Jimmy Maths Pte Ltd 1
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Lowest Common Multiple (L.C.M)

The Lowest Common Multiple (LCM) of two (or more) numbers is the smallest number that
is divisible by all the numbers.

To find the L.C.M in index form, compare the factors and take the Higher Power
Example

Compare and take the Higher Power

2x 3 x5 x11

2°x3x5°

LCM =22x3*x5%x11

Perfect Square

4=2" Ja=2
9=3 J9=3
16 = 2° J16 = 2*
25=5° \/E:S

Perfect Squares = 4, 9, 16, 25...
—> All the powers of the factors are divisible by 2

Perfect Cube
8=2’ fo=2

27 =3 Y21 =3
64 = 2° 364 = 22

Perfect Cube = 8, 27, 64...
—> All the powers of the factors are divisible by 3

© Jimmy Maths Pte Ltd 2
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Chapter 2: Real Numbers

Type of Numbers

Integers 2 Numbers without Decimals

Positive Integers 2 1,2,3,4,5.....
Negative Integers =2 -1,-2,-3,-4,-5.....

Rational Numbers = Numbers which can be expressed as Fractions

All integer are rational All fractions are rational
Rational > 1,2,3,-1,-2,-3... 12 32
23 47
10

Irrational = 7, \/E , % .

73

Decimals

Terminating = 0.2, 0.25

Recurring > 0.3=0.3333333...
0.213 = 0.213333333...

0.213=0.213213213...

All Terminating and Recurring Decimals are Rational

0.2-1+
5
. 1
03-03333333... =

0.16 = 0.16666... :%

Number Line

© Jimmy Maths Pte Ltd 3
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More Than, Less Than

“a>b” means a is more than b.

Example: —2>-3

“a <b” means a is less than b.

Example: -3<-2

Times and Divide for Negative Number

The 4 Rules of Multiplication

1.

Plus x Plus = Plus

2x1=2

Plus x Minus = Minus

2x-1=-2

Minus x Plus = Minus

2x1=-2

Minus x Minus = Plus

2x-1=2

Order of Operations

(BODMAS rule)

PoNbE

Brackets

Order (Power Of)

Division and Multiplication, left to right
Addition and Subtraction, left to right

Example

2 4[3—(~4)2]x (=5) = —2 +[3—16]x (-5)

=-2+(-13)x(-5)
=-2+65
=63

© Jimmy Maths Pte Ltd

l*l
GRADE SOLUTION

LEARNING CENTRE



l‘l

JIMMY -y

Maths GRADE SOLUTION
LEARNING CENTRE
Chapter 3: Estimation
Rounding Off

Decimal Place
24.16 ~24.2 (1 d.p)
Nearest 10, 100 etc
7894 ~ 7890 (Nearest Tens)
~ 7900 (Nearest Hundreds)
Nearest unit
7899 = 0.789Kkg
~1 kg(Nearest Kg)
Significant Figures
Significant figures show the accuracy in measurements.
The higher the significant figures, the accurate the answer is.

Rules of Significant Figures

1.23 has 3 significant figures (All the digits give us information on how accurate the
measurement is).

0.123 has 3 significant figures (The first zero only tell us the size, and not the
accuracy of the measurement).

0.1230 has 4 significant figures (The last zero tells us that this number has been
rounded off, so it is significant).

0.10023 has 5 significant figures (All the zeros between the significant figures are
significant).

10.0 has 3 significant figures (The zero between the significant figures is significant
t00).

10 has either 2 significant figures or 1 significant figure (Depending on the question)
For example, 10.2 = 10 (2 sf)

Or 10.2 = 10 (1 sf)

© Jimmy Maths Pte Ltd 5



JIMMY
Maths

l*l
GRADE SOLUTION

LEARNING CENTRE

Chapter 4: Algebraic Simplification

Remember The 4 Rules of Multiplication!
1. Plus x Plus = Plus
2. Plus x Minus = Minus
3. Minus x Plus = Minus
4. Minus x Minus = Plus

Substitution

Example

Given that x =5 and y = -2 . evaluate
; 2x+y

=

X y

2x+y_x

__ 5 =
" 2(5)+(-2) 5

Algebra Simplification for Times and Divide

Examples
1. 3axba =15a°

2. 27a+9x3c
= 27a><i><30
9b

_9ac

b

© Jimmy Maths Pte Ltd
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Algebraic Expansion

Example

Expand and Simplify 2(a+b)—3(2a—b)
2(a+b)—3(2a—b)

=2a+2b—-6a+3b

=2a—6a+2b+3b

=-4a+5b

Algebraic Fraction

Example

Xx=2 2x—=2
Express -

as a single fraction in its simplest form.

X—2 2X-2
+
4 6

_ 3(x—2) N 2(2x—-2)

12 12
_ 3x—6+4x-4
12
_ 7x-10
12

Algebraic Factorisation

Identify the H.C.F of the terms and put outside the bracket.

Examples

1. 12xy—-36yz

=12y(x—32)

2. 4x—8x?
=4x(1—2x)

© Jimmy Maths Pte Ltd 7
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Chapter 5: Algebraic Equations

Solving Linear Equations

Example

Solve for x in the following equation:

3(4x—-1)=7(2x-5)
3(4x—-1) =7(2x—-5)

12x—-3=14x-35
12x -14x =-35+3
—2Xx=-32

-32
X —_—

-2
x=16

Solving Equations Involving Algebraic Fractions

Solve for x in the following equation:

2p+l 6-5p 12p-15
6 5 10

Multiply each term by 30 (The LCM of 6, 5 and 10)

(Zp”}m—(ﬂ}so:(12p_15jx30
6 5 10

52p+1)—-6(6—-5p)=3(12p—15)
10p+5-36+30p=36p—45
10p+30p—-36p=—-45-5+36

4p=-14

.
2

© Jimmy Maths Pte Ltd
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Chapter 6: Coordinates and Linear Functions

Coordinates

Cartesian Plane

-5 -4 -3 -2 - 1 2 3 4 5

- The position of a point on the Cartesian plane
- Expressed in the form of an ordered pair (X, y)
- Xis the x-coordinate and y, is the y-coordinate.

y
L
= |
T A
st X Coordinates of A: (2, 5)
Coordinates of B: (-5, 3) B T
3-_
8 S
1__
D O S T T
14
o4
-3+
—4+

© Jimmy Maths Pte Ltd 9
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Gradient
Determines the slope of a line

This line has a lower gradient.

This line has a higher gradient.

Calculation of Gradient

Gradient = o h Change ?n Y
X,—X  Change inx

11
o B(3,11)
2] 4
8]
7]
6 A(1,7)
-
4.
3]
2.
1_
o
-/‘s/ 2 1 -1‘0 1 2 3 4 5

© Jimmy Maths Pte Ltd
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Changeinx=3-1=2
Gradient=4+2=2
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Different Gradients

Gradient =2
GreSdient =0
L

Gradient = -2 T

6+ | Gradient = 1
Gradient = -1

2 Gradient =0

Equation of Straight Line

y=mx +c

m = gradient

c = y-intercept (The point when the graph cuts the y-axis)

v

3

o B(3.11)

10

9 4

7] m = gradient=4 +2 =2

ol A(1,7) ¢ = y-intercept = 5

s Pte Ltd 11
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Graphs of Horizontal and Vertical Lines

Equation of a horizontal line is always: y = a

adhs
=
GRADE SOLUTION

LEARNING CENTRE

Equation: y =2

1?H

WVH

L
i
Lo
i
ra—-
i
am
i
——
1
T
-
sl ——
N

Equation: x = 3

Equation of a vertical line is always: x = a

© Jimmy Maths Pte Ltd
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Chapter 7: Geometry (Angles)

1) There are different types of angles.

a) An acute angle is less than 90°.

b) A right angle is equal to 90°.

c) An obtuse angle is between 90° and 180°.

d) A straight line is equal to 180°.

A

e) A reflex angle is larger than 180° but less than 360°. (\

f) A complete turn is 360°.

© Jimmy Maths Pte Ltd 13
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2) Two angles are said to be complementary angles if their sum is 90°.
3) Two angles are called supplementary angles if their sum is 180°.
4) Vertically opposite angles are those on the opposite sides of two intersecting lines.

5) Two angles are said to be corresponding angles if they have the same relative positive at
the each intersection where a line cuts across a pair of parallel lines.

B B
A A
C C
~N
D D

The corresponding angles are equal to each other.

6) Two angles are called alternate angles if they lie on the different side of the line cutting
across a pair of parallel lines.

B B
A i~ A
C C
D D

The alternate angles are equal to each other.

7) Two angles are known as interior angles if they lie on the same side of the line that lie on
the different side of the line cutting across a pair of parallel lines.

B B
A A
C c
B
D D

© Jimmy Maths Pte Ltd 14
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Chapter 8: Polygons

1) A polygon is a closed plane figure with three or more straight lines. Polygons are named
according to the number of sides they have.

N O

Triangle Quadrilateral Pentagon Hexagon
(3-sided) (4-sided) (5-sided) (6-sided)
Heptagon Octagon Nonagon Decadgon
(7-sided) (8-sided) (9-sided) (10-sicgjed)

Note: Polygon with n sides is called an n-gon.

2) A regular polygon is a polygon with all its sides and angles equal.

3)  Triangles can be classified according to the number of equal sides they have.

a) An equilateral triangle is a triangle with 3 equal sides. Each of its angles is 60°.

b) An isosceles triangle is a triangle with 2 equal sides. Its base angles are equal.

4)  The sum of the interior angles of a triangle is always 180°.

© Jimmy Maths Pte Ltd 15
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5) A quadrilateral is a 4-sided polygon. Any quadrilateral can be divided into 2 triangles
along its diagonal. Since the angles of a triangle add up to 180°, the angle sum of a
quadrilateral is 180° x 2 = 360°.

6) A regular polygon is a polygon with equal angles and equal sides. Its n interior angles
add up to (n—2) x 180°.

7) The sum of the exterior angles of an n-sided polygon is always 360°.

Example 11

Find the exterior angle of a 12-sided regular polygon.

Solution
Let x the size of each exterior angle.
12 x x = 360°
x° =30°

Example 12

The ratio of an interior angle to an exterior angle of a regular n-sided polygonis 8 : 1. How
many sides does the polygon have?

Let 8a and a be the interior angle and the exterior angle at the same vertex
respectively.

exterior angle + interior angle = 180° (adjacent £s on a straight line)
a+ 8a=180°
a=20°
Sum of exterior angles = 360°
20°(n) = 360°
n=18
.- The polygon has 18 sides.

© Jimmy Maths Pte Ltd 16
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Chapter 9: Inequalities

Number Line

|
I

|| |
1 I
40 9 8 7 6 5 4 3 2 41 0 1 2 3 4 5 6 7 8

1) a is more than b 3) a is more than or equal to b

a>b azb

2) a is lesser than b 4) a is lesser than or equal to b

a<b as<b

Examples

1) x is more than 2

O >

| I S | | ] (TS POl Y [ [ IO [ S (e [T ] Ly R
— 1 1 & I T 1 &4 &5 &4 a1 §F1 §;>3
0 9 8 -7 6 5 4 3 2 4 0 1 2 3 4 5 6 7 8 9 10

X>2

2) x is lesser than 2

X<2
| I S N I O I (OO GO I N [ IS (S S (N O R [ O
1 I 1 I I 1 I 1 I I 1 I 1 1 I I I I
-10 9 -8 -7 6 -5 -4 3 -2 -1 0 1 2 3 4 5 6 7 8 9 10
3) x is more than or equal to 2
X>2
[ I S NN Y (O A (SN Y [ O [ NN (R S (N O N (N SO
I 1 | | 1 | | 1 | 1 1 | I | | 1 1 I I | |
-0 9 8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10

© Jimmy Maths Pte Ltd 17
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4) x is lesser than or equal to 2

X<2

Y [ | [N O (N N SN AN R G
Tttt & & 1 &t t 1

40 9 8 7 6 -5 -4 3 2 1 0 1

A
@

Maximum and Minimum

If x is an integer and X > 2,
What is the max value of x?
There is no max!

What is the min value of x?

Ans: 3

O >
| I [ [ [ | (S L (S AL IR [N [N L (| S (N (SO [ Y
| I I I 1 Wy = | EHES PR S | | | | B |
10 9 8 -7 6 5 -4 3214 0 1 2 3 4 5 6 7 89 10
If x is an integer and X< 2,
What is the max value of x?
Ans: 2
What is the min value of x?
There is no min!

« @

[ [ [ [N O N [ (SN PO Y N (N [ [ S [ (S N N
| I O | T 1 ¥l = | | | S | | | | | L |
10 9 8 -7 6 5 -4 3 2 4 0 1 2 3 4 5 6 7 8 9 1

© Jimmy Maths Pte Ltd 18
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Chapter 10: Patterns

Patterns with Same Difference

Important Formula: Nth Term=a+ (n—-1) d
a-> 1%term, d = common difference

Example: 1, 3,5,7,9

n
1 1

2 3=1+1x2

3 5=1+2x2

4 7=1+3x%x2

5 9=1+4x2

n Nthterm=a+ (n—-1)d

a = first term
d = difference

nth term =1+ (n—1)2
=1+2n-2
=2n-1

50th term = 2(50) -1
=99

© Jimmy Maths Pte Ltd
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Patterns with Square Numbers

Example: 1, 4,9, 16, 25...

n
1 1=12
2 4=2°
3 9=23?
n Nth term = n?

Sum of Consecutive Numbers

Example: 1, 3, 6, 10, 15

l‘l
=
GRADE SOLUTION

LEARNING CENTRE

n

1 1

2 3=1+2

3 6=1+2+3

4 10=1+2+3+4

5 15=14+2+3+4+5

n Nthterm=1+2+3+...+n

nthterm=1+2+3+...+(n=1)+n
n
=(n+1)x—
( )2

_n(n+1)
2

© Jimmy Maths Pte Ltd
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Chapter 11: Ratio and Proportion

Ratio Involving Rational Number
What is a ratio?
» Avrratio is a comparison of 2 quantities in the same units

Example:

3m:20cm 15:1="—
=300cm: 20 cm

=15:1

Equivalent Ratios

Example 1

w
Il
w|nN
>
ol

|
w
X
o1
|
N
>

|
w |

olU wN

ol NI N~
<

P
Il
wlN
|

5
4

Combining Ratios (Repeated Identity Concept)
Example 1

Ifa:b=2:3andb:c=4:5,whatisa:b:c?

a:b b:c
=2:3 =4:5
=8:12 =12:15
a:b:c

=8:12:15

© Jimmy Maths Pte Ltd 21
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Chapter 12: Percentage

Discount
A discount is a reduction in the price.
Discount = Marked Price — Selling Price

Percentage Discount = wao%
Marked Price

GST

GST (Goods and Services Tax) is an increase on the price. In Singapore, the GST is 7%.

Price after GST = (100% + GST ) xSelling Price

Conversion

To convert a fraction or decimal to percentage, multiply it by 100%.

1=1><100% 11:§x100%

4 4 2 2

0.8=0.8x100% 1.2=1.2x100%
=80% =120%

Finding Percentage of a Number

To find percentage of a number,
1) Write the percentage as a fraction
2) Multiply the fraction by the number

25% 0f802§x80 125% 0f80:%x80
100 100
:£x80 = §><80
4 4
=20 =100

© Jimmy Maths Pte Ltd 22



JIMMY
Maths

Express one Quantity as a Percentage of Another
To express one quantity as a percentage of another,
1) Express as a fraction

2) Multiply the fraction by 100%

Express 15 cm as a percentage of 0.8 m

0.8 m=80cm

15 1009% =18.75%
80

Reverse Percentage

25% of x is equal to 30, what is x?
1) Express 25% as a fraction.
2) Divide 30 by the fraction.

X=30+-2>
100
2 _30 —30:1
100 4
=30x4
120

Percentage Increase and Decrease

Percentage Increase = M x100%
Original
Decr
Percentage Decrease = —e? _ease x100%
Original

e

GRADE SOLUTION

LEARNING CENTRE

The price of a bag increased from $28 to $32. Find the percentage increase?

32-28=4

i><100% =14g%
28 7

© Jimmy Maths Pte Ltd
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Chapter 13: Rate and Speed

Rate
Definition of Rate

Measures how fast something changes

Rate of Change of Distance = Speed (m/s)

Rate of Change of Volume = Water Rate (litres per min)
Printing Rate (Example: 100 pages/min)

» Working Rate (Example: Clean 1 house in 3 days)

Speed

D
Distance = Speed x Time
s T
D Times Distance
g T ' Speed
D Distance
Speed= .
S T Time

» Average Speed is Total Distance + Total Time
Conversion
Express 120 km/h in m/s.
Recall: 1 km = 1000 m
1 hour = 3600 sec
120 km/h =120 000 m/h
=120 000 + 3600 m/s

=13 m/s (Ans)
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Chapter 14: Measurement

Perimeter

1. We use millimetres (mm), centimetres (cm), metres (m) and kilometres (km) as units
for measuring lengths or distances.

The units are related as follows:
1km = 1000m; 1m = 100cm; 1cm = 10mm

2. Perimeter of a circle is referred to as the circumference. The circumference, C, of a
circle of radius, r, can be obtained by using this formula, circumference =2 X w X r

where ©=3.14 org .

Circumference of circle = 2mnr

3. Areaof aclosed figure is the amount of space it covers. It is measured in square units.

4, Note:
a) 1cm?=1cmx1cm
=10 mm x 10 mm
=100 mm?

b) 1m?=1mx1m
=100 cm x 100 cm
=10 000 cm?

c) 1km?=1km x1km
=1000mx1000m
=1 000 000 m?

d) Hectare (ha) is a unit for measuring large land areas such as farms.
1 ha =10 000 m?
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5. Areaofatriangle = % x base x height

a b Area of triangle = :— XcXh

-

6.  Areaof a parallelogram = base x height

c

Area of parallelogram=c X h

7.  Areaof atrapezium = % x (sum of parallel sides) x height

h Area of trapezium = % X (a+b) X h

8. Areaofacircle=mx x r?, where 1 =3.14 org .

Area of circle =t x r?

© Jimmy Maths Pte Ltd
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Volume

Volume of an object is the amount of space it occupies. We use cubic metre (m?), cubic
centimetre (cm®) and millimetre (mm?) as units for measuring volumes.

9. Note:
a) 1lcm*=1cmx1cmx1cm
=10 mm x 10 mm x 10 mm
= 1000 mm?

b) Im*=1Imx1mx1m
=100 cm x 100 cm x 100 cm
=1 000 000 cm?®

¢) 1km®=1kmx1kmx1km
=1000mx1000m x 1000m
=1 000 000 000 m?
10. Volume of a cuboid = length x breadth x height

/

Volume of cuboid=/X b X h

11. Volume of a cube = length x length x length

a

Volume of cube = d°

12.  Acylinder is a special prism with a circular cross-section. Hence, its volume can be
found by multiplying the area of the circular base by its height.

F Volume of cylinder = tr?h
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Surface Area

13. A cube has 6 equal faces. Therefore, its surface area is obtained by multiplying the
area of one face by 6.

a

Surface area of cube

=6xaxa

=6a?

14. The lateral surface of a cylinder is also called the curved surface. If we rolled up a
piece of rectangular sheet, the rectangular sheet will become the curved surface of the
cylinder.

zﬂr m

Area of rectangle = curved surface area of the cylinder

= 2arh

Hence, total surface area of a solid cylinder = area of curved surface + 2 x area of base
= 2nrh + 21

Mass and Density

15. The density of a substance is the mass of one unit volume of the substance. It is
calculated using the formula:
Mass
Volume

Density =

© Jimmy Maths Pte Ltd 28
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Statistics is a science of collecting, organising, interpreting and analysing data in order
to assist the user to make decisions.

A survey on the pets owned by a group of 44 children was conducted and its result were
tallied as shown below.

Pet Name Tally Frequency
Dog HH- HH T 14
Cat i HHHE T 18

Rabbit I 4
Others HH T 8

In the table, the number of times each pet appears is called as frequency.

We can present the table of data using a pictogram shown below.

.Y
MEXXXX
g

— *®

Key: Each ‘represents 4 animals.

A pictogram is statistical diagram that uses pictures to represent data. It gives a quick
comparison of different categories. However, it is not suitable for large quantities of

data.

Note: When drawing a pictogram, you must remember to include a key to explain what
the individual symbol represents.

© Jimmy Maths Pte Ltd
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4.  The information about the pets owned by 48 children can be represented by a horizontal
or a vertical bar graph.

20

15
10
Vertical bar graph
5 l
0 H
Dog Cat

Rabbit Others

M Pet

5. A pie chart uses sectors of a circle to represent relative quantities. It compares the
proportions of a whole instead of the actual numerical values. However, it is not

suitable to display too many categories. Also, we need to calculate the angle size of
each sector before drawing a pie chart.

6.  The following pie chart shows the number of pets owned by 44 children.

Others
18%

Rabbit
9%

Cat
41%

Observe that
a) Each sector corresponds to the percentage of pets for that category.
b) The angle of each sector is proportional to the number of pets for that category.
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7. Aline graph is drawn by plotting the frequencies at various points and then joining the
points with line segments. This is particularly useful when we wish to show trends over

time.

Pet

Dog Cat Rabbit Others

8. A histogram is a vertical bar graph with no space in between the bars. The area of each
bar is proportional to the frequency it represents.

Pet

20

15
Vertical Histogram

10

mDog mCat mRabbit Others

In Summary

A bar graph is used to compare quantities.
A pie chart is used to compare proportions.
A line chart is used to show trends.

A histogram is similar to bar graph except it has no gaps between the bars and the area is
proportional to the frequency.
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Students
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Chapter 1: Map Scales

Scale Factor

a. Transformation resulted in a figure that has the same shape as original, but a different
size.

b. Transformation can be divided into two: enlargement and reduction.

c. Scale factor: The ratio of a pair of corresponding sides or the enlarged or reduced figure to

the original figure.

Length of a side of the enlarged or reduced figure

Scale factor=
cale factor Length of the corresponding side of the original figurd

d. Scale factor = 1, the transformed figure and its original is the same.
Scale factor > 1, the transformed figure is bigger than its original size.

Scale factor < 1, the transformed figure is smaller than its original size.

Length Scale
The scale of a drawing can be expressed as a ratio of 1: n

Example: 1:500 means 1 cm on the drawing represent 500 cm on the actual object.

Area Scale
If the map scale is 1 : n, the area scale willbe 1 x 1 : n x n.

Example
A football field map was drawn with a scale of 1 : 1500.

Scale=1cm:15m
Area Scale = (1x1) cm? : (15 x15) m?
=1cm? : 225 m?
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Chapter 2: Direct and Inverse Proportion

Direct Proportion

2 quantities x and y are said to be directly proportional to each other if x=ky , where k is a
constant.

Example

A is directly proportional to B, given that A=125 when B =5, find an equation connecting A
and B

A=kB
125=k x5
k=25
A=25B

Inverse Proportion

2 quantities X and Y are said to be inversely proportional to each other if x = k , Where k is
y

a constant.

Example

(i) Aisinversely proportional to B, given that A=125 when B =5, find an equation
connecting A and B

A=
B

125=E
5

k =625
625

B
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Chapter 3: Algebraic Expansion and Factorisation

Algebraic Expansion

Type 1: Expand and Simplify (Rainbow Method)

a) a(b+c)=ab+ac

Example
x(5-Y)
= X(8)+ X(-y)
=5X—Xy

Take note that when we remove the bracket, the signs are included in each multiplication.

Type 2: Expand with formula (Algebraic Identity)

a) (a+b)*>=a’*+2ab+b’
b) (a—b)’=a’-2ab+b?
c) (a+b)(a-b)=a’-b?
Example 1

(X+2)? =x*+4x+4

Example 2
(x—2)*=x*—4x+4

Example 3
(X+2)(x—2)=x*—4
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Algebraic Factorisation

Type 1: Taking out Highest Common Factor (HCF)

To factorise the algebraic expression given, we need to identify the common factor.
Example 1
5X—Xy
=X(5-Y)
Example 2
a’b+2ab —ab?

=ab(a+2-b)

Type 2: Group Factorisation
We need to group the terms to find the common factors.

In some situations, we may need to change the operator in order to find the common factor.

Example 1
2X* —8X —4+X
=2X(x—=4)-1(4-Xx)
=2xX(x—4)+1(x—-4)
=(2x+1)(x—-4)

Example 2

Factorise 2x+2y-+ax+ay completely.
2X+2y+ax+ay
=2(x+y)+a(x+y)
=(2+a)(x+Yy)
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Type 3: Factorisation by formula (Algebraic Identity)

a’+2ab+b* = (a+b)?

a’—2ab+b*=(a-b)’

a’—b’=(a+b)(a-h)

Example 1

Factorise x* +18x+81 completely.
x* +18x +81
= x*+2(x)(9) + (9)?

= (x+9)*

Example 2

Factorise x* —8x+16 completely.
x* —8x+16
= X" =2(x)(4) +(4)*

= (x—4)?

Example 3

Factorise x*—81 completely.

x*—81
=(x*)"—(9)°
=(xX*+9)(x*-9)
= (x> +9)(x* - 3?)

= (x> +9)(x+3)(x—3) (This is a complete factorisation.)

© Jimmy Maths Pte Ltd 37



l‘l

JIMMY -y

Maths GRADE SOLUTION

LEARNING CENTRE
Type 4: Quadratic Factorisation
Example 1
Factorise a’ +5a+6

Observe that

a) the quadratic term, a?, is the product of a and a;
b) the coefficient of x, 5, is the sum of 2 and 3; and
c) the constant term, 6, is the product of 2 and 3.

Using cross-multiplication method to factorise a® +5a+ 6, follow the following steps.
Step 1: Factorise the quadratic term, a*, into two linear factors.
a’=axa
Step 2: Factorise the constant term, 6, into product of two numbers.
6=1x6
6=2x3
Step 3: Place the factors of the quadratic term and the constant term in two columns.

Cross multiply the factors and write the products in the third column. Add up the products in
the third column to see which pair of factors gives +5a as the middle term.

a -1 +6a a +2 +2a
a +6 -a a +3 +3a
a’ -6 | +ba al +6 | +5a

When we consider 6 =1x6, the sign for 6 will be negative and is different from the algebraic
expression required, therefore (a—1)(a+6) cannot be the factorisation of a* +5a+6.

~a’+5a+6=(a+2)(a+3)
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Chapter 4: Algebraic Simplification
Type 1: Algebraic Simplification by Cancellation
Example 1
XY_Y
4

X X

\Ax><x

Type 2: Algebraic Simplification by Cancellation — Factorisation

Example 1
ac+bc+ad+bd c(a+b)+d(a+b)
a? —b? ~ (a+b)(a-b)
_(a+b)(c+d)
(a+b)(a-b)
_(c+d)
- (a-b)
Example 2
2x* =3x—5 (2x=5)(x+1) 2X -5 | +2x
(2x=57  (2x-5) >
X +1 | -5X
_ (x+]) 2 _ _
- (2x-5) 2 > ‘ 3x
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Chapter 5: Algebraic Fractions and Making Subject
Type 1: Algebraic Fractions

Example 1
3 a _3a@th) a
(a+b) (a+b)®> (a+b)* (a+b)?
_3a+3b-a
(a+b)?
_2a+3p
(a+b)?
Example 2
3 + 1t 3 1 (Change sign to make denominator same)
a-b b-a a-b a-b
2
a-b

Type 2: Algebraic Fractions with Factorisation

Example 1

5 2 5 2
X*+3x X+3 X(x+3) x+3

_ 5 2
_x(x+3) X(X+3)

_ 5-2x
X(X+3)
Example 2
5 1 5 1

> +——= +
X“+3x x°-9 x(x+3) (x+3)(x-3)

5(x—3) N X
X(X+3)(x=3) x(x+3)(x—3)

5X—-15+x
X(x+3)(x-3)

6x—-15
X(x+3)(x-3)

_ 3(2x-5)
~X(x+3)(x=23)
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Type 3: Making Subject
Example 1
Make x the subject,
2ax+b=3c
2ax=3c—b

3c-b
2a

X =

Example 2
Make b the subject,

Jb% —4ac

2a

2ax =+b?*—4ac

(2ax)? =b® —4ac

X =

4a’x®* =b* —4ac
4a®x® +4ac =b?

b? = 4a’x® + 4ac

b =+v4a*x* +4ac

© Jimmy Maths Pte Ltd 41



JIMMY -y

Maths GRADE SOLUTION

LEARNING CENTRE

Chapter 6: Quadratic Equations

Type 1: Basic Concept of Quadratic Equations

Any Number x 0=0
0 x Any Number =0

If AxB=0, then either A=00orB=0

X(x+1) =0 x-2)(x+1)=0
Xx=0o0rx+1=0 X—2=0o0rx+1=0
x=0o0orx=-1 X=2o0rx=-1

Type 2: Fraction Form
Cross Multiplication Method

olo

c
d
ad =bc

Example 1

ﬂ-l-izo
6 X—

3
X*r___ 4
X—3
(x+7)(x—3)=-24
x> +4x—21=-24
x*+4x+3=0
(x+3)(x+1)=0

X+3=0o0r x+1=0
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1. The general form for the equation of a quadratic function is y =ax*+bx+c , where a, b

and c are constants and a is not equal to 0.

2. The graph of a quadratic equation is called a parabola.

3. The graph of y =ax’+bx+c passes through the point (0,c) where ¢ is the y-intercept.

4.3) When a is positive (a>0),

v —intercept

AV

Line of symmetry

Minimum point

b) When a is positive (a<0),

Maximum point

V- intm‘ccpt//

»
L

X

X —intercept

Line of symmetry ®

[

>
x —intercept

The quadratic curve is an
upward ‘U’ shape.

The graph opens upwards
indefinitely and has a
minimum point.

The quadratic curve is an
downward ‘U’ shape.
The graph opens
downwards indefinitely
and has a maximum
point.

5. The line of symmetry of the graph is the vertical line that passes through its minimum /

maximum point.
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Match the possible equation to each graph by writing down the Ietter corresponding to the

equation. Use each letter once only.
a) y=-x°

b) y=-3x*

c) y=x"+1

d y=-x"+2

(c)

1 .(~d).

AR

© Jimmy Maths Pte Ltd
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Chapter 8: Simultaneous Eguations

Elimination
Solve the following pairs of Simultaneous Equations by Elimination.

2x+3y=-1
3Xx—-4y=7

Solutions:

3) - (4) Be Careful

9y—-(-8y)=-3-14
17y =-17

y=-1

Sub y=-1into (1)

2x+3(-1)=-1
2x-3=-1
2X=2

x=1

x=1 y=-1(Ans)
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Substitution

2X+3y=-1
3Xx—-4y=7

Solutions:

Sub (3) into (2)

-1-3y
3 _4y=7
( 2 j Y

3(-1-3y)-8y=14

—-3-9y-8y=14
-17y =17
y=-1

Sub y=-1into (3)

© Jimmy Maths Pte Ltd
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Solve the following pairs of Simultaneous Equations graphically.

2x+3y=-1
3X—4y=7

2X+3y=-1

-

r-oR

(11 - 1)

3x—4y =7

Ans: x=1 y=-1

© Jimmy Maths Pte Ltd
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Chapter 9: Financial Mathematics

Simple Interest

For a sum of money (Principal sum), P, deposited in a bank at R% interest per annum for T
years, the simple interest (l) is given by:

_PRT
100

Compound Interest

Compound interest can also be computed half-yearly, quarterly or monthly. In this situation,
we need to find out the interest rate per half year, per quarter or per month.

Amount =P 1+i
100
where for a sum of money (Principal sum), P, deposited in a bank at R% interest per

annum for n, the number of times compounded according to the time span given in a
question.

Money Exchange

Exchange rate = Home currency + New currency

Example

The exchange rate between the US dollars (US$) and the Singapore dollars (S$) on a certain
day was US $1 = S $1.3542

Convert US $200 to Singapore dollars:

Solution: US $200 = S $1.3542 x 200 = S $270.84
Convert S $500 to US dollars:

Solution: S $500 + 1.3542 = US $369.22
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Income Tax:
Chargeable Income = Assessment Income — Personal Relief
Assessment Income = Annual Income — Donations

Example

Alan’s chargeable income was $75,000. Using the table for Year of Assessment 2017
(below), calculate Alan’s income tax payable.

Solution: (The computation does not include reliefs and donations)

Chargeable Income Income Tax Rate (%) Gross Tax Payable ($)
First $40,000 - 550
Next $40,000 7 2,800

Income tax payable = 550 + ﬁ x (75,000 — 40,000)

=550 + 2,450
=$3,000 (Ans)
Hire Purchase

We can buy goods by paying for it immediately (cash payment) or by spreading the payment
over a period of time.

To buy on hire-purchase, often a deposit or initial down payment is required. The loan plus
interest is then calculated and paid through regular instalments.

Total Interest = Loan x Flat Rate x Loan Period (in years)
Repayment Amount = Loan + Total Interest

Monthly Repayment (Instalment) = Repayment Amount + Loan Period (in months)
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Chapter 10: Speed-Time Graph

- Definitions

Initial = at the beginning
Instantaneously at rest
Stationary

Constant velocity

D < <
TRETRETINL
coo®

1. Velocity is the rate of change of displacement or distance in a particular direction with

respect to time. (Can be Negative > Going in Negative Direction)

distance moved in a given direction

Formula : Velocity = -
time taken

Positive / negative velocity = the object is moving forward / backward respectively

2. Speed is the rate of change of distance. (Cannot be Negative)

_ distance travelled

Formula: Speed = _
time taken
3. Average speed
Formula : Average Speed = Total distance travelled

Total time taken

4.  Acceleration is the rate of change of velocity with respect to time.

change in velocity
time taken

Formula : Acceleration =

final velocity - initial velocity
time taken

Acceleration =
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Distance-time
The diagram shows a distance-time graph of a car travelling from City A to City B.
Distance (m)
A

(2) At rest and not moving

B
(1) _ :

(3) Returning to City A

A \

10 30 't
Time (s)

»
>

o

The gradient of a distance—time graph gives the speed.

Sign: (1) Positive (+) gradient indicates car travelling away from City A to City B.
(2) Zero gradient indicate car is at rest and not moving.
(3) Negative (-) gradient indicates car is returning towards City A.
Speed-time
The diagram shows a speed-time graph of a car

Spﬁed (m/s)

20[----------

»

0 10 25 30 Time (s)

The gradient of a speed—time graph gives the acceleration.
The area under a speed—time graph gives the distance travelled.

Total distance travelled
Total time taken

Average Speed =
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Distance—time graph  Speed-time graph Acceleration—time graph

¢ (m) v (m-s—1) a (m-s—?)

Stationary |

object —t—t— 1t (s) . t(s) , t (s)
r (m) v (m-s—1) a (ms—2)

Uniform motion

t (s) e I ) ‘ t(s)

v (m) v (ms—1) a (m-s—%)

Motion with
constant
acceleration

t(s) t(s) e ——— )

© Jimmy Maths Pte Ltd 52



adhs

JIMMY =7

Maths GRADE SOLUTION

LEARNING CENTRE

Chapter 11: Congruence And Similarity

Congruence

Two figures are said to be congruent if they are identical in shape and size.

. K
Example: Reflected

C F
Translated
I —_— I
A B D E G H

a. All of the triangles above are congruent.

Rotated
_

L

b. Congruency statement: AABC = A DEF = A HGI = A JLK (‘=’ denotes ‘is congruent
to’).
When we write congruency statement, the letters representing the vertices of the
shape have to be written in marching pairs.

Example:

AA%C =A J}_K

This means that A and J, B and L, C and K are corresponding vertices.
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Similarity
Two figures are said to be similar if they have the same shape but different sizes.

Example:

C
Enlarged

5cm
4cm 8cm

3cm
A B D 6 cm E

a. The two triangles above are similar but not congruent due to the different sizes.

b. Similarity statement: AABC is similar to A DEF. When we write similarity statement,
the letters representing the vertices of the shape have to be written in marching pairs.
For example: AﬁﬁQ is similar to A [IPI?FIJ:

]

c. The corresponding angles of similar figures are equal.
Example: AABC is similar to A DEF
<2 BAC =2 EDF, 2 ABC =« DEF, 2 ACB =« DFE

d. The ratios of corresponding sides of similar figures are equal.
Example: AABC is similar to A DEF.
Therefore:
AB BC (A

DE EF FD
3cm_4cm_5cm

1
6cm 8cm 10cm 2

e. The above mentioned rules are applicable to all polygons.
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Chapter 12: Pythagoras Theorem and Trigonometry

Pythagoras Theorem

Hypotenuse

2

right
triangle

-

a’+ p’=c

b
Trigonometry
sin@ = _opposite SOH hypotenuse
hypotenuse opposite
cos = _adjacent CAH
hypotenuse
) [
tanf = M TOA adjacent
adjacent
Example

In the right-angled triangle AABC, AB =12 cm, BC =16 cm and AC =20 cm.

Find the values of

(@) tan6
(b) cos6
(c) sind
d) 26 .
12
(a) tanb=— b) cos = =2 c) sinf="-
A 16 (b) 20 (c)
20 4 5 5
12
0 ]
¢ 16 B

3
/0=tan*| = |=36.9°
(d) (4)
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Chapter 13: Measurement

Pyramid
A pyramid is a solid that has a base with a perpendicular vertex and slant lateral faces.

The base can be a triangle, a square or a rectangle.

\>

S

Nets of pyramid

1
Volume = §X base areaxh Base area = s?

Surface area = % x sx| x4 sides

=2sl
Surface area of pyramid = base area + total area of slant A faces

=2 + 25|

Cone
A cone is a solid with a circular base and a vertex.

vertex |

00

Arc length = circumference of circular base

1 ., Curved surface area = zrl
Volume = 57" h

Surface area of a cone = Area of circle + Area of curved surface
=7zr? + 7zrl
r = radius
| = length of slant height = y/r? +h?
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Sphere and Hemisphere (half-sphere)
Every point on the surface of a sphere is equidistance from the centre.

A hemisphere is half a sphere.

N

4 1 2
Volume = —zr® Volume = =x volume of sphere == zr®
3 2 3
1 . .
Surface area of a sphere = 4rr? Surface area = E><spher|cal surface area + area of circle

=271 + xr? =3771°
Prism

Volume = base area x height
Or area of cross-section x length

Surface area of a prism = Area of all the faces

.................................

Volume = :%xbxhxl
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Chapter 14: Data Analysis

Dot Diagram

A dot diagram consists of a horizontal number line and dots placed above the corresponding

number line value. The number of dots above each value indicates how many times each
value occurred.

fddiddtaddddddd it R Rdd bR R R Rl

LA L L

seseee
FRERABERBNNN
1111

(L1l

(T11]]

LAl L]
SEENIBENEN
SNSRI RRRRRRRS

10 20 30 40 50 &0 70 B8O 90 100

A sample of dot diagram Scores of students in a common test

Histogram
We use histogram to represent grouped data with class interval.
A histogram consists of rectangles whose area are proportional to the frequency.

Grades on the Math Test

40

30

20

Number of People

10

40 50 60 70 80 90 100

Grade on the test

The data is grouped into different class interval
There is no spacing between the different rectangles.

The area of the rectangles are proportional to the frequencies.
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Stem and Leaf

Stem-and-leaf diagram is used to organize a large amount of data.

In a stem and leaf diagram, each value is split into two parts, the stem and the leaf.

The leaf of a number is usually the last digit in a number.

The stem is the remaining digit or digits to the left.

Title: Masses of marbles

Stem | Leaf
5 0 6 8
6 1 3 5 7
7 2 4 6

Key: 5|8 means58g

Advantages and disadvantages of different forms of statistical representation:

The choice of statistical representation depends on the type of data collected and the purpose
of collecting the data.

Dot diagram

An advantage is that it is an easy way to display small sets of data that do not contain many
distinct values.

A disadvantage is that if a set of data is too large, the diagram may appeared packed.

Histogram

An advantage is that the data sets with the highest and the lowest frequencies can be easily
determined.

Stem-and-leaf diagram
An advantage is that individual data values are retained.
The shape of the data distribution can be easily observed if appropriate units are used.

A disadvantage is that it is not useful if there are extreme values in a set of data as many
stems with no leaves will be present.
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Measures of central tendency

A measure of central tendency refers to a value that indicates the approximate centre of a set
of data. The 3 most common measures of central tendency are the mean, median, mode.

MEAN

1. The mean of a data set is the sum of all the data values divided by the total number of data.
Sum of all data

Total number of data

Mean =

MEDIAN
1. The middle value of a set of ordered numbers (ascending or descending) is the median.

2. For a set of n data arranged in ascending or descending order
If the total number of data is odd, the median is the middle value.
If the total number of data is even, the median is the mean of the 2 middle values.

The middle position of a set of data= nTJrl

MODE

1. Mode of a data set is the value which occurs the most frequently (i.e. the data that has the
highest frequency) or

2. Modal class is the class interval with the highest frequency.
Example

Consider the data: 1, 2, 3, 4, 5, 5,

1+2+3+4+5+5
Mean =
6
_ 10
3
Median = ﬂ
2
=35
Mode =5
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Chapter 15: Probability
Introduction of Probability

Probability is a measure of chance.

The probability of an event, A is:

wm:%

Where k is the number of outcomes of A while m is the total number of possible outcomes.
When the probability is 0, it is impossible to happen.
When the probability is 1, it will certainly happen.

0 < Probability <1

Mutually Exclusive Events and Addition Law

Two events are called mutually exclusive events if they cannot occur at the same time.
Eg. Intossing a coin, the event A of getting 1 head and the event of event B of getting 1 tail
are exclusive events. They cannot happen at the same time.

Addition Law
If A and B are exclusive events, then the probability that either A or B occurring is given by

P(A or B) = P(A) + P(B)

Example
A bag contains 4 red balls, 5 green balls and 6 yellow balls. If a ball is drawn at random from

the bag, find the probability that the ball is either green or yellow.

Total of balls in the bags
=4+5+6

=15

P(ball is either green or yellow)
= P(ball is green) + P(ball is yellow)

5 6
= — 4 —

15 15
1

15
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Independent Events and Multiplication Law

Two events are called independent events if the occurrence of one event does not affect the

probability of occurrence of the other event.

Eg. Intossing a coin and a die, the event A that the coin is a head and the event B that the
number on the die is even are independent events.

Multiplication Law
If A and B are independent events, then the probability that both A and B occurring is given

by
P(A and B) = P(A) x P(B)

Example

A bag contains 4 red balls and 6 green balls. Two balls are drawn from the bag one by one with
replacement. Find the probability that

i)  both balls are red,

i) one ball is red and one ball is green.

i)

P(both balls are red)

= P(1% ball is red) x P(2" ball is red)
4 4

= — X —
10 10

_16
100
4

25

i)  P(one ball is red and one ball is green)
= P[(1% ball is red and 2" ball is green) or (1% ball is green and 2" ball is red)]

4 6) (6 4
=] —X— |[+]| —x—
) 50)

_ A
100 100

48

100

12

25
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Chapter 1: Indices

a" means the n™ power of a , where a > 0 and n is a positive integer

a is known as base and n is the index or power

a"=axaxa... xa

H_/

m factors

Indices Law
(a, b, m and n are positive integers)

Same base
1 am X an — am+n

2. a"+a"=a™"

Same index but different base
3.amxbm:(axbf

4. a" +b" = (Ejm
b
5. (am )n =a™

a’ =1

al=a no need to show when index is 1

any number to the power of Ois 1

1 o L
8. a" =—  negative index — division
a

l’l
GRADE SOLUTION
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Example: 10 000 = 10x10x10x10 =10*

2% —2x2x2x2x2x2=64

Example
1. 28x26=2°
2. 27+22=2°
3. 2°x5°=10°
4. 2°:5° =(3T
5

5 (23)4 — 212
6. 2°=1
7. 22=2

L 1
8 2 3 = ?

©
7~ N\
(0N
N
&

Il
7~ N\
N ol
;/oo

1
10. am™ =¥a

m 1
11.a" :(a“

when index is a fraction — root form

m
j:nam

© Jimmy Maths Pte Ltd
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Indices Simplification
2 6
Example 1  Simplify 2*x(3%)° +(53J

=2'x3"+5*
Solving Indices Equations
Solving equations involving same base or same index

a"=a"
a" =p"

= m=n
= a=b

Example

Solve 125" =0.2

x+1 l
(5) =5

53X+3 — 571
Comparing the power

3X+3=-1
4

X=—— (Ans
3( )

Example — Substitution
Solve 22*3 4+ 2X*243(29 =1,
LetU= 2", 272°+ 22°+3(2") =1

8U+4U+3U=1
8U°+7U -1=0

(8U-1) (U+1)=0

U= 1 or U=-1
=27 2 =-2° (N.A)
x=-3 (ans)

© Jimmy Maths Pte Ltd
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a" xb™ =(ax b)m
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Chapter 2: Quadratic Equations

A quadratic equation is in the form of ax*> + bx + ¢ = 0 where a, b and c are constants, and a

#0.
It can be solved by :

(1) Factorisation
(i)  Completing the square
(i)  Using quadratic formula

>i) Factorisation

) 2 _
Example: 2x"-3x-9=0 By trial and error, cross multiply

2X 3 3X
(2x+3)(x—3)=0 X -3 | —6x
2 9 | -3x

2x+3=0 or x—-3=0
x:—g or x=3 (ans)

(i) Completing the square

To solve the quadratic equation ax* + bx + ¢ =0, where a #0

- 2 b C
Step 1 Change coefficient of x2 equal to 1 a(x +E X+E) =0
, Db c
Step 2 Leave x? and x terms on LHS X +5X 73
Coefficient of x+2, square it, add to both sides  x? +9x+(£j2 ——E+(£jz
Step 3 - ’ a \2a a \2a
e e (o) =5z
Step 4 Factorise the equation oa 2 | 2a

Step 5 Simplify
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Example: 2x*-3x-9=0

_81
16
(X_Ejziﬁ
4 4
3 9
X=—+= 0or Xx=—-—=
4 4 4
=3 or =—— (ans)

(iii) Quadratic Formula

l*l
GRADE SOLUTION

LEARNING CENTRE

To solve the quadratic equation ax? + bx + ¢ = 0, where a # 0 using the formula

o —b++/b? - 4ac

2a

Example: 2x* —4x+1=0
a=2, b=-4, c=1

D -2

2(2)

XZ4¢J§

4
x=1.71 or 0.293 (to

Note:

In the case where b®> —4ac <0, X=—

3s.f.) (ans)

b++/b%—4ac

2a

has no solution (no real roots)
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2. Graphical Method
To solve the quadratic equation ax? + bx + ¢ =0, where a # 0 and the highest power of x is 2,
the solution can be obtained from the intersection of the graph y = ax* + bx + ¢ and the x-axis.

The graph cuts the x-axis when y = 0.

1
§ |
1 5F.
. ,
! 3
5 [
4 | <
| S ! .
' 3241 5617 8
A A : A A 5 'S J".
3241 N1 335678 A
2 ! -4
3\ 5
< 5
(a) Ifa> 0, the graph open upwards (b) Ifa <0, the graph open downwards
Example: y=2x*-3x-9
y y=2x"-3x-9
4 wheny =0, 2x*-3x-9=0
2x+3)(x-3)=0
x:—g or x=3 (ans)
2\ o 3 X
2
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Chapter 3: Linear Inequalities

1. Solving linear inequalities in one variable

Linear inequalities are linear equations with either of the following signs

< “1is less than *
> “1s greater than
< “1s less than or equal to
> “ is greater than or equal to
2. Representing the solution on the number line

The solution set to a linear inequality can be represented on a number line with the below
symbols

O open dot for < and > ( means the endpoint value is not included )

o solid dot for < and > ( means the critical endpoint value is included )

<«—» arrows

Inequality notation Number line
a<x<b O 9
<+ I I I I I I i >
a 0 b
as<x<b
[ O
<+ i i i i i I i >
a 0 b
a<x<b
O o
<« i i i i i l i >
a 0 b
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Special rules for linear inequalities:

- When an inequality is multiplied or divided by a negative number, the inequality sign must

be reversed.

Example (1) -2x>10
Multiply by —1, (—2x)(—1) < (10)(-1) * sign reversed to “ <
2x <-10
SX<-b

- Reverse the inequality sign whenever you take the reciprocal of both sides

Example 3> 1
X
1 * . 15 (13
3 <X sign reversed to “ <
1
XSS
3
Combined inequality
Example (1) Solve —7<3x-5<2
separate it into 2 inequalities, =~ —/<3Xx-5, 3x-5<2
move the variable to one side, —7+5<3%x, 3x<2+5
S|mp||fy, —ZSBX, 3x<7
2 7
—=<X, X< —
3 3
_2 <x< ! (ans)
3 3
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Chapter 4: Coordinate Geometry

Finding Length

The length of the line segment joining two points A(x, y,) and B(x,Y,) is given by

y
A
2 2
AB:\l(Xz_Xl) +(¥2 = Y1) o B Y)
LYoV
X =X i
A%, Y1)
> X

Finding gradient and parallel lines

The gradient of the line joining two points A(x, y;) and B(X,Y,) is given by

y
A
gradient=m=22"% \where x, x, + B(X,Y,)
Xo =% '
YW
X, =X i
A% Y1)
> X
0
The gradient of a line can be positive, negative or zero.
a2 Y R R
m<0
c>0 o y=c
C
c m>0 m=20
/ c>0
> X y X > X
0 0 0

© Jimmy Maths Pte Ltd 71



JIMMY =7y

Maths GRADE SOLUTION

LEARNING CENTRE

Gradient of special line
y

A

x=k

m = undefined ()

» X

Parallel lines have the same gradient (m)

Ay

/ H=Math
//V/yZZmX2+C2

/ X

»
>

Finding Equation of Straight Line

To find the equation of the straight line given the gradient ( m ), and the y—intercept ( ¢ ).
y

A

m = gradient

v
x

0

The equation of a straight line is y=mx+c where m = gradient and

¢ = y—intercept
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Chapter 5: Graphs

Straight Line Graphs (y=mx +c¢, x=a, y=b)

. . vertical change
vertical change gradient = ——
_______ horizontal change

«—>
horizontal change

» X
0
A y A y
X=a b
y=b
» X y> X

0 a 0
Quadratic Graphs
@ y = ax’ +bx+Cc where a, b and ¢ are constants and a # 0

R y , N |

\ : / > X /'\ X

e
v

\/ /

a>0 a<o

If a>0, the graph has a minimum point

If a<0, the graph has a maximum point

The graph of y =ax®+bx+c has an axis of symmetry which passes through the minimum or
maximum point.
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(b)  y=(x-p)*+q y=—(x-p)*+q
y y
A A
q
l > X
0
X
minimum point at (p, q) maximum point at (p, q)
To find the x — intercepts, lety =0
To find the y — intercepts, let x =0
The line of symmetry of the graph in the form y =+(x— p)*+q isx =p.
© Y=(x-a)(x-b) y =~(x-a)(x~b)
y y .
A A !
i 0 a i b' X
0 a E b X :
a+b a+b
X=—— X=——
2 2
x—interceptarex =aand x=Db

The line of symmetry of the graph in the form y =+(x—a)(x—b) isx= a_+b.
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Cubic Graphs

n

y=ax", whenn=3 a=0

a>0

Reciprocal Graphs

y=ax"', whenn=-1a=0

a>0
v
F 3

y=ax?, whenn=-2, a=0

a>0

l‘i
=
GRADE SOLUTION
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y
A
> X
a<o
a<o
Ly
F
i > X
a<o

v
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Exponential Graphs

y =ka", where a is a positive integer

y“ yA
\O g X
k
Iy a>0,k>0 k
X a>0,k<0
0
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Chapter 6: Congruence and Similarity

Tests of Congruency

1. Side — Side — Side

B E
H H
A C D F
<A =2D AB =DE
¢«B=¢E BC =EF
<«C=,F AC =DF

So AABC = ADEF (SSS Rule)

2. Angle — Side — Angle
A D

Q

C F

Let BC =EF, «B=,E, AB=DE, «C=/F
So AABC = ADEF (ASA Rule)

3. Side — Angle — Side

AB =EF
£ABC = £EFG
BC=FG

So AABC = AEFG (SAS Rule)

© Jimmy Maths Pte Ltd 77



“‘
JIMMY LT
Maths GRADE SOLUTION

LEARNING CENTRE

4, Right angled — Hypotenuse — Side

A X
[ ] [ ]
B C Y Z
4B = 2Y =90°
AB = XY
AC = XZ

So AABC = AXYZ (SAS Rule)

Tests for Similarity

AABC and ADEF are similar if, B E
1. 2 pairs of corresponding angles are equal Dﬁp
ie. 2A=«D, «B=LE (AA) x C
Example
A
In AABC and ADEC,
B
D ZACB= ZDCE  (common)
E ZABC= ZDEC  (corresponding angles)
ZBAC= ~ZEDC (corresponding angles)
. AABC is similar to ADEC (AA Similarity)
C
2. 3 pairs of corresponding sides are in the same ratio
AB BC AC
ie. DE EF DF (SSS)
Example
F In AABC and ADEF,
A AB_12 2 BC_8 2 AC_10_2
10 8 > 12 DE 18 3° EF 12 3’ DF 15 3
4 ” B ; . . AABC is similar to ADEF (SSS Similarity)

18
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Ratio of Areas of Similar Figures

If 2 figures are similar, then the ratio of their areas is given by
2 2
A_ (m} _ ('_]
AZ h2 |2

Ratio of VVolumes of Similar Solids

For 2 geometrically similar solids,

the ratio of their length or heights are 1, :1, and h :h

then the ratio of their areas is given by i = (ﬁ
A h

V,
and the ratio of their volumes is given by \71 = [%
2 2

© Jimmy Maths Pte Ltd
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Chapter 7: Properties of Circles

Parts of a circle

arc Arc : A segment along the circumference of a circle.

——————— chord Chord : A line segment with both endpoints on a circle.

radius Radius : A line segment that joins the centre of a circle
with any point on its circumference.
diameter
Diameter: A straight line segment passing through the
tangent centre of a circle and has its endpoints on the

circle.
Circumference : is the distance around a circle.

Tangent : A line that touches a circle at only one point.

Symmetry properties

1. Equal chords are equidistant from the centre

Chords AB and CD are equal,
AB=CD « OH=0G N

&

C

2. The perpendicular bisector of a chord passes through the centre

AM=MB < OM 1 AB

AB

© Jimmy Maths Pte Ltd 80
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3. Tangents from an external point are equal in length
If TA and TB are tangents from T to a circle centre O

then TA=TB

4. The line joining an external point to the centre of the circle bisects the angle between the
tangents

If TA and TB are tangents from T to a circle centre O

then OT bisects ~ ATB A
and Za= /b
==
B
Angle properties
1. Angle in a semicircle is a right angle
P B
AB is the diameter < ZAPB =90°
A

2. Angle between tangent and radius of a circle is a right angle

If OA is the radius, BC is the tangent,
A is the point of contact, O
then OA is perpendicular to BC
C
A

B
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3. Angle at the centre is twice the angle at the circumference subtended by the same arc.

ZAOB =2 x/ACB

C
8 A

4. Angles in the same segment are equal

C
ZACB= ZADB D
A B
5. Angles in opposite segments are supplementary
D
Za+ Zc=180°, Zb + Ld=180° ¢

AR,
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Chapter 8: Trigopnometry

Trigonometric Ratios of Acute Angles

For right—angled triangle,

1. Sine sin€)=LoSlte SOH
hypotenuse

2. Cosine cosO =M CAH
hypotenuse

3. Tangent tanf= opposne TOA
adjacent

Sine and Cosine of Obtuse Angle

Definition of obtuse angle :

hypotenuse
AN
A
adjacent

l’l
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C

opposite

An obtuse angle is an angle more than 90 degrees and less than 180 degrees.

The range of an acute angle is between 90° and 180°.

For any acute angle 6 ,
sin (180°— @ ) =sin@
cos (180°— @) =—cos @

Example

180°—- @

v

Express in terms of trigonometric ratios of acute angle and find the value.

Give your answers correct to 4 significant figures.

(@) sin 160°
(@ sin160° =sin (180°—20°)
=sin 20°

=0.3420

(b) cos 118° = cos (180° — 62°)
=—cos 62°

=—10.4695

(b) cos 118°

© Jimmy Maths Pte Ltd
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Area of Triangle

For non-right angled triangle with any 2 given sides and an included angle,
1, .
Area of AABC = 3 absinC
1 acsinB
2
1 bcsin A - a
2
Sine rule

For any triangle ABC, A b

a b _ c
sinA sinB sinC

where A, B and C are the interior angles
a, b and c are length of their opposite sides respectively.

Cosine rule
For any triangle ABC,
a’ =b*+c’-2bc cosA cos A is an included angle
b® =a®+c* —2ac cosB cos B is an included angle
c?=a’+b?-2ab cosC cosC is an included angle
or
2 2 2
cos A :b+c—a
2bc
2 2 2
cosB = u
2ac
2 2 2
cosC = M
2ab

where A, B and C are the interior angles
a, b and c are length of their opposite sides respectively.
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Chapter 9: Applications of Trigonometry

Angles of Elevation and Depression

1. When you look at an object above your location, the angle formed between the
horizontal ground and the line of sight is called the angle of elevation.

object
~ .

~
line of sight

<<'./' angle of elevation
horizontal

2. When you look at an object below your location, the angle formed between the
imaginary horizontal ground and the line of sight is called the angle of depression.

w»

Horizontal Line
Observer

Angle of Depression

Object

Bearing

3 rules of bearings
1. Always measured from the North (N).
2. Measure in a clockwise direction.

3. Always express in 3-digit number.

NW (315°) NE (045°)
N\
W (270°) E (090°)
SW (225°) SE (135°)
S (180°)
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The basic technique used to solve a 3-D problem is to reduce it to a problem in a plane (2-D).

The diagram below shows a 16 cm — cube.

Find
(i) DG
(i) DF

(i) ~FDG

(i)

(i)

(i)

DG? = DH? + HG? (Pythagoras Theorem)
DG? =16 +16°
DG =+/16° +16°

=+/512

=22.63

~22.6 cm (3s.f) (ans)

DF? = DG? + GF? (Pythagoras Theorem)
DF? =512 +16°

DF =+/512 +16°
=+/768
=27.71
~27.7 cm (3s.f) (ans)

tan ZFDG = £

22.63
ZFDG =35.26°

~35.3° (1d.p.) (ans)

© Jimmy Maths Pte Ltd

A B
D C
E F
H G
D
16
H G
16 cm
D
\/512
G F
16 cm
F
16
0
D G
\/512 cm
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Chapter 10: Circular Measure

Radian is another unit of measure for angles, similar to degrees.

One radian is the angle made at the center of a circle by an arc whose length is equal to the
radius of the circle.

Conversion from radians and degrees

27 radians =360°

o

7 radians = 360 =180°

180°
T

1 radian =

Conversion from degree to radians
360° =27 radians
180° = r radians

1°=" rad

Conversion between radians and degrees

Radian
Vs 180°
X X
180° Vs

Degree
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Parts of a circle

Sector .
ei\

5

53@

Arc Length

If 0 is measured in degree then arc length =

—

x 27"

o

If 6 is measured in radian then arc length = 9 x2zr =10

Area of Sector

Area of sector _ Central angle, 6

Area of circle 360°

Area of circle = zr?

If 6 is measured in degree then area of sector

If 0 is measured in radian then area of sector

T

Xl

360°

2
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Area of Segment

Area of segment = Area of Sector — Area of Triangle

o

~ 360°

xnrz—%rz sing (if @ is in degree)

=%r29—%r2 sing (if @ is in radian)

Important: If angles are in radian, change the calculator to radian mode.
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Chapter 1: Sets and Venn Diagrams

Set Language and Notations

Set Language Notation
‘...1s an element of ...’ €
‘...1isnot an element of ...’ ¢

The number of elements in set A n(A)

Universal set &

The empty set

Equal sets =

A is a (proper) subset of B AcB

A is not a (proper) subset of B Ag¢B
Union of sets A and B AuUB
Intersection of sets A and B ANB
Complement of set A A

Disjoint Sets ANB=9
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Venn Diagrams
A Venn diagram is a pictorial representation of the relationships between sets.

A~ g B

i

A'NB or (AUB)

(AUB)NC AUBNC) ANBNC
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Chapter 2: Probability

Probability Using Set Notations

If the sample space of an experiment has m equally likely outcomes with k ways for event E
to occur, then the probability of an event E (or a specific outcome) happening is

number of favourable outcomes foreventE _ k _n(E) _  n(E)
total number of possible outcomes m n(S) n(E)+n(E"

P(E) =

Recall that for any event E, P(not E) =1—P(E) . Therefore,

P(E')=1-P(E).
Example

Suppose A is the event that a letter is chosen from the word ‘INTENSE’ is a vowel. Using set
notations, find P(A).

Solution
S={LN,T.E,,N,,SE,}
niS)=7
A={1EE,}
n(A)=3

n(A) 3

e 7

Combined Events, Possibility and Tree Diagrams

We can also list all the possible outcomes in an experiment using a possibility diagram or a
tree diagram.

In Summary

Number of stages or Representation of

components in an experiment Example Sample Space

1 Choosing 1 ball from a bag List of outcomes in a set

Choosing 2 balls from a bag, | Possibility diagram
one after another or tree diagram

Choosing 5 balls from a bag,

one after another Tree diagram

3 or more
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A pair of fair dice are rolled. Let B denote the integer sum of the two numbers shown on both
dice. Find the probability that
a) B=10; b) B isodd,; c) B<13; d) B>12.

Solution
A possibility diagram is drawn to represent the sample space for rolling two dice.

First Die

+ 1 2 3 4 5 6

1 2 3 4 5 6 7

ol 21 3] 4156|718

[ 3 4 5 6 7 8 9
2| 4 5 6 7 8 9 10
S| 516|789 [1]11
wn 6 7 8 9 10 11 12

3 . 18

a) P(B=10)=— b) P(B isodd)=—
) P( ) 3 ) P( ) 36
_1 _1

12 2

36 0

¢) P(B<13)=— d P(B>12)=—
) P( ) 30 ) P( ) ™
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Example — Tree Diagram

Three fair coins are tossed. Find the probability of getting
a) 3 heads;
b) at least one tail.

Solution
A tree diagram is drawn to represent the sample space for tossing three coins.

1st 2nd 3rd Outcome
Toss Toss Toss
H HHH
IR
T HHT
H
H HTH
T
T HTT
H THH
IR
T THT
-
H TTH
T
T TTT

a) P(3heads)=P(HHH)

b) Method 1
P(at least 1 tail) =1—P(no tail)
=1-P(3 heads)
1

8

[

I
o NIEN|

Method 2
Count the number of outcomes with at least I ‘T".

P(at least 1 tail) :%
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Addition Law of Probability and Mutually Exclusive Events

If two sets of events A and B cannot occur at the same time, then A and B are mutually exclusive.
For example, when tossing a coin, the event A: ‘a head appears’ and event B: ‘a tail appears’
are mutually exclusive events.

In general,

e |If A and B are mutually exclusive events,
o P(AorB)=P(AuB)=P(BuUA)=P(A)+P(B)
o P(AnB)=P(©)=0

e To put it simply, add when you see “or”.

Example

A fair die is tossed. Find the probability of obtaining

i) either1or4; ii) neither 1 nor 4; iii) 1 and 4.
Solution

i) A dice cannot show both 1 or 4 at the same time so obtaining 1 and obtaining 4 from a die
throw are mutually exclusive events.

P(lor4)=P(1)+P(4)

i) P(neither 1 nor 4) =1—P(1 or 4)
1

3

[EEN

Il
w|nN

iii) There is only one number on each face of a die so this is an impossible outcome and event.

P(land 4)=0
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Multiplication Law of Probability and Independent Events

Independent Events
If two events A and B are independent, the occurrence or non-occurrence of A does not affect
the probability of B occurring or not occurring.

Examples of Independent Events

1. event A: ‘picking a Queen from a deck of cards’ and event B: ‘getting a tail from a coin
toss’.

2. randomly picking a Queen from a deck of cards, replacing it and then picking a King from
the same deck.

Dependent Events
If the occurrence or non-occurrence of A affects the probability of B occurring or not occurring,
then the two events are dependent.

For example, randomly picking a Queen from a deck of cards, and then picking a Queen again
from the same deck.

In general,
e Ifevents A and B are independent events, P(A and B) =P(AnB) =P(B " A) =P(A)xP(B)

e To put it simply, multiply when you see “and”.

Example — Independent Events

A bag contains 3 white and 2 black balls. Two balls are drawn at random with replacement (i.e.
the first ball is drawn and replaced before the second is drawn). Find the probability that

a) the first ball drawn is black;

b) the first ball drawn is black, the second ball drawn is white;

c) both balls drawn are of the same colour.

a) P(first ball is black) zé

b) P(first ball is black, second is white) = Ex§ — 6
5 5 25
¢) P(both black) = 2x 2 = &
5 5 25
P(both white) = > x> = -
55 25
: 4 9
P(both same colour) = P(both black) + P(both white) = o
1
25
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Chapter 3: Statistics

Cumulative Frequency Table and Curve

Cumulative frequency is the running total of frequencies. The cumulative frequency of a value
is obtained by adding up the frequencies which are less than or equal to that value.

We use the data in a cumulative frequency table to draw a cumulative frequency curve.

Example 1
The table below shows the frequency table of the scores obtained by 32 students in a Math test.

Score, X Frequency
0<x<10 2
10<x<20 5
20<x<30 13
30<x<40 9
40 < x <50 3

(@ Construct a cumulative frequency table for the given data.

(b) Using the table in (a), find the number of students who
(i) scored less than or equal to 30 marks,
(i)  scored more than 20 marks but not more than 40 marks.

(c) Using ascale of 2 cm to represent 10 marks on the horizonal axis and 2 cm to represent
5 students on the vertical axis, draw the cumulative frequency curve for the given data.

Solution
(a)
Score, X Cumulative Frequency

x <10 2

x<20 2+5=7

x<30 7+13=20

X <40 20+9=29
x<50 29 +3=232

Notice that the cumulative frequency for the last class in the table (x < 50) is the total
number of students in the class.

(b) (i) number of students who scored less than or equal to 30 marks = 20
(i)  number of students who scored more than 20 marks but not more than 40 marks
=29-7
=22
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(©)

Cumulative Frequency

a

35

30

25

20

10 y

AN

\

>
0 10 20 30 40 50 Marks (x)
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Median, Quartiles, Percentiles, Range and Interquartile Range

When a set of data is arranged in ascending order, quartiles divide the data into four equal
parts:

e Median (Q2) — the middle value of a set of data and it divides that set of data into two
equal halves,

e Lower quartile (Q1) — middle of the lower half of a set of data,

e Upper quartile (Qs) — middle of the upper half of a set of data.

The range measures the spread of data. There are two measures of spread to show the degree
of variation i.e. how spread out the data values are.

For a set of data,
1. Range = Largest value — Smallest value
2. Interquartile range = Upper quartile — Lower quartile = Qz— Q1

Example
For each of the following sets of data find

e Q1,Q2and Qs,

e the range,
e the interquartile range.

(@ {13,311,89,510,317,1,20}
(b) {10,30,13,5,12,9, 24,28}

(@) Arranging the data set in ascending order, we get:

lower quartile median upper quartile
(Qu) (Q2) (Qs)
v v v
1, 3, 3 5 8 9 10, 11, 13, 17, 20.
Ioweyr half upperY half

Q1 =3

Qz =9

Q=13

Range = 20-1

=19

Interquartile Range = 13—-3
=10
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(b) Arranging the data set in ascending order, we get:

lower quartile  median  upper quartile

(Qu) (Q2) (Qs)
v v v
5 9, 10, 12, 13, 24, 28, 30.
lower half upper half
9+10
Q= >
=95
12+13
sz 2
=125
24 + 28
Q3= 2
=26
Range = 30-5
=25

Interquartile Range = 26—-9.5
=16.5

Percentile

A cumulative frequency curve is used to estimate the quartiles for grouped data by dividing the
total frequency or data set into four equal parts:

e Lower quartile (Qa) is estimated using %xtotal frequency,
e Median (Q2) is estimated using %xtotal frequency,

e Upper quartile (Q3) is estimated using gxtotal frequency .

We can also divide the total frequency or data set on a cumulative frequency curve into 100
equal parts. Each part is called a percentile.
e Lower quartile (Q1) = 25" percentile = P,

e Median (Qz) = 50" percentile = Py,
e Upper quartile (Qs) = 75" percentile = P,,.
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Box-and-Whisker Plots

A box-and-whisker plot, also called a box plot, is a way of summarising a set of data using five
numbers — minimum, lower quartile, median, upper quartile and maximum values of data
set contained in one diagram. The box shows the range of the middle 50% of the data.

Example
Draw a box-and-whisker plot for the following set of 24 km run timings in minutes: 10, 16, 10,

7,11, 14, 9.

Arranging the data set in ascending order, we get: 7, 9, 10, 10, 11, 14, 16.

Q=9

Q, =10
Q=14
Min. =7
Max. = 16

9 10 14

—
6 8§ 10 12 14 16

Time (min)

© Jimmy Maths Pte Ltd 103



JIMMY -y

Maths GRADE SOLUTION

LEARNING CENTRE

Standard Deviation

Interquartile range measures the spread of a set of data from the median

Standard deviation measures the spread of a set of data from the mean.

To find the standard deviation of an ungrouped data set {xl,xz,xg,...,xn}, where n is the
number of data in the set:

Formula 1
Standard Deviation = \/(Xl _)_()2 +(X2 _)_()2 +(nX3 _)_()2 +"'+(Xn _)_()2
—\2
= M , Where x_z—

Formula 2 (easier)

Standard Deviation = \/(Xl)z +(% )2 +(X3)2 et (% )2 —(>_<)2

Example
The heights of five people in centimetres (cm) are: 155, 176, 182, 149, 166. Find the mean and
the standard deviation of their heights.

vl 155 +176+1i2+149+166 _165.6cm

D _x? =155 +176” +182" +149” +166°
=137882

2
Standard deviation = 2X —()7)2

_ \/137882 16567

=+/153.04

=12.4cm (3 s.f.)

© Jimmy Maths Pte Ltd 104




JIMMY -y

Maths GRADE SOLUTION

LEARNING CENTRE

Standard Deviation for Grouped Data

To find the standard deviation of a grouped data set:

Formula 1

z[f(x_;ﬂ
> f

Standard Deviation = , Where f = frequency and x = mid-value of the

> f
2t

group/class and x =

Formula 2 (easier)

o |:f (X2 ):| _\2
Standard Deviation = ——(x) , Where f = frequency and x = mid-value of the

D f
> f
2t

group/class and x =

Example
The table below shows the ages of 60 participants in an archery competition.

Age (z years) 15<x<20 20<x<25 25<x<30 30<x<35
Frequency 24 19 10 7

Calculate the mean and the standard deviation of the age of participants.

z f Mid-value, x fx f (xz)
15<x<20 24 15420 475 420 7350
20<x<25 19 22.5 4275 9618.75
25<x<30 10 27.5 275 7562.5
30<x<35 7 325 227.5 7393.75
> f=60 > fx=1350 | > f(x*)=31925
Z fx
mean age = ?
1350
60
=225
f(x? _
Standard Deviation = M—(x)z = /@—22.52
f 60
~5.08(3s.f)

© Jimmy Maths Pte Ltd 105




JIMMY -y

Maths GRADE SOLUTION

LEARNING CENTRE

Chapter 4: Matrices

1 Introduction to Matrices

e A matrix (plural: matrices) is a rectangular array of numbers belonging to the same set.
e Each number in a matrix is called an element.
e The order of a matrix tells us how many rows and columns it has.

An mxn matrix has m rows and n columns.

Examples of No. of No. of .
Matrices Order Rows | Columns Special Name
1 2 Square matrix:
( 4} 2x2 2 2 Matrix has the same number of
3 rows and columns.
5
Column matrix:
3 31 3 ! Matrix has only one column.
Row matrix:
(8 9 10 11) 1x4 . 4 Matrix has only one row.
0
-2 3x2 3 2 -
2
(2) :
1x1 1 1
(0) Zero matrix/Null matrix:
All elements in the matrix
000 (of any order) is zero.
(o 0 oj 2x3 2 3 Commonly denoted by 0.
10
0 1 2x2 2 2 Identity matrix:
A square matrix with elements in
100 the diagonal equal to 1 and the
010 3% 3 3 3 remaining elements are zero.
00 1 Commonly denoted by I.

Equal matrices have the same order and their corresponding elements are the same.
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2 Addition and Subtraction of Matrices

We can only add or subtract matrices of the same order.

. a b e f
In general, given A = and B = , then
c d g h
b e f a+e
A+B= + =
c d g h c+g
a b e f a—e
A-B= - =
c d g h c—g

Note:
e A+B=B+A

oo (o) oo

o]

)-{s

e A+B+C=(A+B)+C=A+(B+0C)

eg A+B+C =(1 2)+(3 4)+(5 6)
=(1+3+5 2+4+6)

=(9 12)
(A+B)+C=[(1 2)+(3 4)]+(5 6)
=(4 6)+(5 6)

=(9 12)
A+(B+C)=(1 2)+[(3 4)+(5 6)]
=(1 2)+(8 10)

=(9 12)
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3 Matrix Multiplication

Multiplication by a Scalar
If a matrix is multiplied by a scalar k, every element in the matrix is multiplied by k.

ta=(2 P thenkaz (k@ XY
c d kc kd

Multiplication by another Matrix
Multiplication of a matrix is only possible if the number of columns in the first/left matrix is
equal to the number of rows in the second/right matrix.

A X B C

mxn, anxr mxr
~ -~
MUST be equal

We multiply the rows of the first/left matrix with the columns in the second/right matrix.

Example

.. 5 6 9 1 2 3 -1 0
It is given that A = ,B= ,C= ,D= and E = (7).
7 8 10 4 5 6 3 11

(@ Find the following.

(i) AD,

(i) DA,

. 5 6)-1 0

@ (@ AD= 7 8}[3 11}

_ (5(-1)+6(3) 5(0)+6(11)
7= +8(3) 7(O)+8(11)j
(13 66
a7 88}

(i) DA = -1 OjLS 6}
3 117 8

~1(5)+0(7) —1(6)+0(8)
3(5)+11(7)  3(6) +11(8)

(-5 -6
192 106

Compare this answer with the answer to (a)(i). Notice that AD#DA so unlike
multiplication of real numbers, multiplication by matrices is not commutative.
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4 Application of Matrices
We can solve word problems with the use of matrices.

Example
A factory makes two types of confectionary — Chocolate Dream and Strawberry Wonder. The
number of packets of ingredients required to make a box of each is as follows:

e Chocolate Dream needs 3 packets of sugar, 3 packets of flour and 2 packets of yeast.
e Strawberry Wonder needs 2 packets of sugar, 4 packets of flour and 2 packets of yeast.

The cost of a packet of sugar, flour and yeast is $1.20, $8.25 and $3 respectively.

3 32 120
Itis given that E = and F=|8.25].
2 4 2 3

(i) Evaluate EF.
(i)  Explain what your answer in (a) represents.
(ili)  Bala’s Sweets orders 10 boxes of Chocolate Dream and 5 boxes of Strawberry Wonder
every week.

(@ Write down matrix D such that its product with matrix EF, matrix DEF will give
the total cost of ingredients incurred by the factory to fulfil Bala’s Sweet’s weekly
order.

(b) Hence, find the total cost of ingredients to fulfil Bala’s Sweet’s weekly order.

Solution
1.20

(i) EF 33 Zj 8.25
2 4 2
3
_ (3(1.2)+3(8.25) +2(3)
2(1.2) +4(8.25) +2(3)
34.35
41.40

(i)  The total cost of ingredients to make one box of Chocolate Dream and one box of
Strawberry Wonder.

(i) (@ D =(10 5)

(b) DEF = (10 5)(34'35j

41.40
= (10(34.35) + 5(41.40))
= (550.50)
. total cost of ingredients to fulfil Bala’s Sweet’s weekly order = $550.50.
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Chapter 5: Vectors

1 Vectors in Two Dimensions

Scalars and Vectors
A vector has both magnitude and direction but a scalar only has magnitude.

For example, a car has a speed of 90 km/h but a velocity of 90 km/h northwest.
(Speed is a scalar but velocity is a vector. Speed is the magnitude of the velocity.)

Other examples:

Scalar Vector
Distance Displacement
Mass Weight
Temperature

Representation of Vectors
e A vector is represented by a line segment.
o The length of the line segment represents the magnitude of the vector.
o The arrows on the line segment indicates the direction of the vector.

e The vector on the right is denoted by @ or a.
(In your workings, instead of a you can write a.)

Q

100 km

Column Vectors
Vectors on a Cartesian plane can be expressed as a column vector. Column vectors are written

X
in the form [ j where X is the horizontal component and y is the vertical component.

y
Examples:
C
. 1 S 3
E F AB = CD =( j
3 —
A
D _. (2 . 0
¢ A EF = GH =( ]
J 0 -
— (0 . (-3
I 2 -4
H L
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Magnitude of Vectors
Magnitude of PQ = length of PQ = ‘ﬁ‘ =la| = |a|.

For the vector PQ on page 1, ‘@‘ =100.

— X
The magnitude of a column vector AB=Db = [y} is given by
‘HS" =|b|= N

Equal Vectors
Two vectors are equal if they have the same magnitude
and same direction.

i.e. AB=CD so0 AB is parallel to CD and ‘ﬁé‘ = ‘(ﬁ‘ .

Negative Vectors
Two vectors are negative vectors of each other is they
have the same magnitude but opposite direction.

ie. AB=—-BA OR BA=-AB
a=—(-a) -a=—(a)

Regardless, ‘Né‘ = ‘E&‘ .

2 Addition and Subtraction of VVectors

Vector Addition

l*l
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The principle of adding two vectors can be extended to more than two vectors.

Method 1: Triangle Law of Vector Addition

AB+BC=AC=a+b
same point
start nd

AC is called the vector sum or resultant vector,
indicated by a double arrow in the diagram.

Method 2: Parallelogram Law of VVector Addition

AB+AD=AC=a+b
same point

Notice a and b are the sides of the parallelogram and
AC =a + b (the resultant vector) is the diagonal.

© Jimmy Maths Pte Ltd
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Method 3: Resultant by Column Vectors
For column vectors,

W)

In general,
e Vector addition is commutative: a+ b =b + a.
e Vector addition is associative:a+b+c=(a+b)+c=a+ (b +c).
e Itisusually easier to use method 1 and 3 unless the parallelogram has been drawn.

Vector Subtraction
The principle of subtracting two vectors can be extended to more than two vectors.

Method 1: Addition of Negative Vectors

[ S A
a-b=a+(-b) OR  AB-AC=AB+(-AC)
- AB+CA —b a
—CA+AB
-CB C > B
a-b
Method 2: Triangle Law of Subtraction
From addition, AC +CB = AB. C
Therefore, AB— AC =CB . b
- a-b
eI”d gtart
, A » B
same pOInt a

Method 3: Resultant by Column Vectors/Coordinates
For column vectors,

(oo

© Jimmy Maths Pte Ltd 112




JIMMY -y

Maths GRADE SOLUTION

LEARNING CENTRE

3 Scalar Multiplication and Parallel Vectors

Scalar Multiple
When vector a is multiplied by scalar k, the resulting vector has magnitude k times of a,

ka| =k|a.

e When k >0, ka is a vector with the same direction as a and a magnitude that is k times
of a.

e When k <0, ka is a vector with the opposite direction as a and a magnitude that is k
times of a.

e When k=0, ka is a zero vector.

In general, for any vector a and b, and real numbers m and n, then
e m(na)=n(ma)=(mn)a
e ma+na=a(m+n)
e ma+mb=m(a+b)

Parallel Vectors
e |If a=kb, where k is a scalar and k =0, then a is parallel to b

and [a| =k|b. /y
e Ifaisparallel to b, then a=kb where k is a scalar and k #0.
e If ma+nb=pa+qb,wherem,n, pand qare scalars and a is not parallel to b, then m=p
and n=gq.

a=/kb
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Collinear Points

If points A, B and C lie in a straight line (i.e. they are collinear), A
then AB=kBC .
B
C
4 Position Vectors
y

The position vector of any point is the vector from the origin A
to that point. b P(a.b)
For example, OP s the position vector of P relative to O.
If point P has coordinates (a, b), then the position vector of P,
. —— [a
OP is written as OP = . .

b O a X

For any two points P and Q, @ is the position vector of Q relative to P.

PQ=PO+0Q=0Q-0P
@is also known as a translation vector because the vector can be regarded as a movement
from P to Q.
y

A
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5 Applications of Vectors

Solving Geometric Problems Involving Vectors

Example

In the diagram, OACB is a trapezium where AC is parallel to OB. 5
. : ) OA 1

The line OA is produced to the point D such that AD = >

(1) Given that OA=a and OB=b, express as simply as
possible, in terms of a and/or b,

(@) BD,
(b) OC.
(i) Given that OE =3a+2b, A C
(@) state the name of the quadrilateral ODEB,
(b) explainwhy O, C and E lie in a straight line. a
(iii)  Find, giving your answers as fractions in the simplest form,
area of AADC o) > B
@ — b
area of AODB
area of AAD
(b) f C

area of quadrilateral ODEB
Solution
() (@ BD=3a-b
. . : I . OA
(b) Since AC is parallel to OB, triangle DAC and DOB are similar. Since AD =

BC 1 DB 2
then —=—-s0 —=—.
Cb 2 DC 3

N |

OC =0D+DC
:3a+§(b—3a)

:a+gb
3

(i) (a)Since DE is parallel to OB, ODEB is a

Y

Trapezium

0 b B
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() OE=3a+2b

=3(a+gbj
3

=30C
Thus OC is parallel to OE . Hence the O, C and E are collinear.

area of AADC ( 2}2 4

iii a —=
(i) @ area of AODB 3 9
(b) AADC - 4u D
AODB - 9u 2b E

ABDE > 9ux2=18u
Quadrilateral ODEB - 9u + 18u = 27u

area of AADC _ 4 A C
area of quadrilateral ODEB 27 a
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How We Teach Math at Jimmy Maths & Grade Solution

KCA Math Teaching Methodology: A Comprehensive Approach to Mastering Math
Problems

At our core, we believe in empowering your child to not only understand math concepts but
also to apply them confidently and efficiently.

Our KCA (Keywords, Concepts, Applications) methodology is designed to guide your child
through each step of the problem-solving process, ensuring mastery of the subject.

1.

Keywords

The first step in solving any math problem is identifying and understanding the
keywords.

We teach your child how to spot these critical terms and, more importantly, how to
translate them into correct mathematical operations.

Many students grasp the meaning behind the words but struggle to convert that
understanding into proper math workings.

For example, when a problem states, "The line AB is parallel to the line CD," or "A, B,
and C are collinear points", we guide your child on how to accurately express these
relationships in mathematical terms.

Concepts

Once the keywords are identified, the next step is linking them to the correct
mathematical concept. Each topic is broken down into its key concepts. To ensure
your child masters these concepts, we provide a step-by-step framework for each
one. This structured approach helps your child to build a deep understanding and
confidence in applying these concepts to various problems.

Additionally, we utilize our Concept Mastery Method, where practice questions are
grouped by concept, allowing your child to focus on and master one idea at a time.

Below are some examples of how we break down a topic into its key concepts:
Topic: Linear Graphs

- Coordinates

- Cartesian Plane

- Gradient

- Parallel Lines

- Collinear Points

- X and Y-intercepts

- Linear Functions

- Applications to Real-Life Scenarios
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Applications

Understanding the concept is crucial, but applying it efficiently is where true mastery
lies. In this phase, we teach your child the step-by-step approach to apply the concept
correctly.

For instance, under solving Simultaneous Equations, there are 3 methods of solving
them (Elimination, Substitution, Graphical) and each way has its own processes. We
will teach your child the step-by-step process behind each method.

When it comes to formulas and methods, we do not just teach students to memorise
them. Instead, we use stories, diagrams, and videos to ensure students have a full
understanding of how they work.

To reinforce these skills, we use a Confidence-Building Approach in our
worksheets. This approach arranges questions in increasing order of difficulty, allowing
your child to build confidence with easier questions before progressing to more
challenging ones.

Initially, we guide your child through the first few steps of solving a problem, providing
clear explanations and support. This helps them understand the process and feel
secure in their abilities.

As your child becomes more comfortable, we gradually reduce the level of guidance,
allowing them to take on more responsibility for solving the problems on their own.
This step-by-step reduction in assistance is carefully calibrated to ensure that your
child remains confident while developing the skills needed to tackle challenges
independently.

To make students aware of the common mistakes, we use an Inversion Approach
which we show the incorrect solutions in class and get students to spot the errors.

Lastly, we believe that learning should be engaging and fun. That’s why we
incorporate a Gamified-Learning Approach which we use interactive games in class
to test and reinforce your child’s understanding of the concepts. These games not only
make learning enjoyable but also provide a dynamic way to assess and strengthen
your child’s grasp of the concepts.

© Jimmy Maths Pte Ltd 118



JIMMY %

Maths GRADE SOLUTION

LEARNING CENTRE

Check Out Some of Our Success Stories Below!

Hi Mr Jimmy, thank you for your good
guidance for Sec 1 Math last year. | was
able to achieve highest in level for math!

-
Chew Sharon
X e 6 reviews

% %% ® % 22 hours ago

My son has attended Mr Tan Kok Heng's A Maths
class every Sun since April 2023. Prior to attending
his class, his Sec 3 A Maths results was E8. After
Mr Tan's patience in teaching & encouragement,

his grade has improved significantly overtime and
currently scoring Al. It was a 7 grade jJump. In view
of his great ability to guide my son, my son shared
that he wanted to attend Mr Tan's E Maths class to
further improve his E Maths as his O level is coming
soon. Hence he has just joined Mr Tan's E Maths

class too.

Good morning Mr jimmy!
| got my results back.. and got a

77/100 for math!!

You've really helped me improve from
abarely 33%.. to an A1.

Thank you so much!

Lera 10:37 AM
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Chee Hoe Lee
X e 2 reviews

¢ % 2 hours ago

My son who is in Sec 3 this year has demonstrated
significant improvement for his A Math from B4 to
A2 within 5 months under Ms Goh Li Shan. Jimmy
Math making Math concepts easy to understand
and apply. Jimmy Math recorded lessons also
allow my son to revisit the topics which was taught
previously to further enhance the learning
experience. Thank you Jimmy Math

r
X Yvonne Ng .
1 review

a month ago

"Before enrolling in the tuition program, Eda
struggled with certain math concepts and her test
scores reflected that, averaging around AL6.

She started her online class with Grade Solution in
December 2024. Since starting the tuition, her
confidence and understanding have improved
significantly, and she recently scored A1 for her
recent Math WA.

And with that result, she is being selected by the

school for the Australian Mathematics Competition
2025.

We are impressed with the program's approach and
teaching methods. The lessons are well-structured
and engaging which has made a huge difference in
her progress. The tutors are knowledgeable,
patient, and truly committed to helping students
succeed.

We couldn't be happier with the results and highly
recommend this tuition program to anyone looking
to boost their child's math skills!"
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Does your child need help in his or her studies?
Online Courses

How to Learn from our online courses:

1) Watch the videos to learn the concepts

2) Do the assignments given after the videos

3) Check your answers with the solutions provided

4) Ask questions through Whatsapp and seek homework help

5) Submit evaluation tests which we will mark and provide feedback personally

Click the links below to find out more:

1) Sec 1 Math Online Course 2) Sec 2 Math Online Course

Click Here >> Click Here >>
https://jimmymaths.com/product/sec-1-math- https://jimmymaths.com/product/sec-2-math-
online-course/ online-course/

3) Sec 3 Math Online Course 4) Sec 4 Math Online Course

Click Here >> Click Here >>
https://jimmymaths.com/product/sec-3-math- https://jimmymaths.com/product/sec-4-math-
online-course/ online-course/
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Tuition Classes

Live Zoom Online Lessons at Grade Solution Learning Centre

At Grade Solution Learning Centre, we are a team of dedicated educators whose mission
is to guide your child to academic success. Here are the services we provide:

- Live Zoom online lessons

- Adaptably™ a smart learning platform that tracks your child’s progress, strengths
and weaknesses through personalised digital worksheets.

- 24/7 Homework Helper Service
We provide all these services above at a very affordable monthly fee to allow as many

students as possible to access such learning opportunities.

You can see our fees and schedules here >> https://gradesolution.com.sa/schedule/

*Qur Spaces are very limited. If you find a class which suits your child, sign up fast!
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