Contents

Chapter 1 Arc Lengths and Areas of Sectors

1.1
1.2
1.3

Chapter 2 Volumes and Surface Areas

2.1
2.2
2.3
24

Chapter 3 Inequalities

3.1
3.2
3.3

Chapter 4 Simultaneous Equations

4.1
4.2
4.3

Chapter 5 Introduction to Trigonometry

5.1

5.2
5.3

54
5.5

Radian measure
Arc lengths

Areas of sectors

Volume and surface area of pyramids
Volume and surface area of cones
Volume and surface area of spheres

Volume and surface area of similar solids

Review of inequalities
Inequality laws

Compound inequalities

Solving simultaneous equations by graphical methods
Solving simultaneous equations by algebraic methods

Solutions and applications of simultaneous equations

Sine, cosine and tangent ratios in right-angled triangles

Exact values of trigonometric ratios of special angles
Angles of elevation and depression

Bearings

Gradients

© 2014 NTK Publishing Limited

79

87
91

96
104



Chapter 6 Three-dimensional Geometry........cccccveniiiieiienennne. 111

6.1 Projection of an edge onto a plane 111
6.2 Angle between a line and a plane 114
6.3 Angle between two planes 119
Chapter 7 Graphical Representation of Data.......................... 123
7.1 Stem-and-leaf diagrams 123
7.2 Broken-line graphs 129
7.3 Frequency polygons and cumulative
frequency polygons 136
Chapter 8 Quadratic Equations.........ccoceoiiiiiiiiiicciccceeee, 149
8.1 Solving quadratic equations using factorization 149

8.2 Solving quadratic equations using the

graphical method 152
8.3 Solving quadratic equations by completing
the square 155
8.4 Solving quadratic equations using the
quadratic formula 158
8.5 Nature of roots 160
8.6  Applications of quadratic equations 164
Chapter 9 Functions ... e e e 171
9.1 Concepts of functions 171
9.2 Domain and range 175
9.3 Linear functions 181
9.4 Quadratic functions 188
9.5 Transformations of graphs of functions 199

© 2014 NTK Publishing Limited



Vil

Chapter 10 Polynomials ......c.coeoieiiiiiiiicrciccec e e e 207

10.1 Long division of polynomials 207
10.2 Synthetic division of polynomials 211
10.3 Remainder theorem 215
10.4 Factor theorem 217
Chapter 11 Variation ..o e e e 221
11.1 Direct variation 221
11.2 Inverse variation 226
11.3 Partial variation 231
11.4 Joint variation 237
Chapter 12 Exponential and Logarithmic Functions ............... 243
12.1 Laws of rational indices 243
12.2 Exponential functions 246
12.3 Logarithmic functions 254
Chapter 13 MatriCes.......ccoiiiiiiiiir s e s e 261
13.1 Introduction to matrices 261
13.2 Matrix operations 263
13.3 Determinants of 2x2 matrices 271
13.4 Inverses of 2x2 matrices 274
Chapter 14 Complex Numbers™........ccociiiiiimiiicircrcrcsrs e 279
14.1 Introduction to complex numbers 279
14.2 Operations of complex numbers 283

14.3 Argand diagrams and modulus-argument form of

complex numbers 287
ANSWELS ..ottt rr i s s s s s s s s rarararernnn s rnrnrnrnras 295
T =Pt 328

* Extended level materials recommended for students who intend to study IB Diploma Mathematics at Higher Level.

© 2014 NTK Publishing Limited

Vi






Chaptens

Are Laneins ancd Areas of
SEeCtonS

1.1 Radian measure

The radian is a standard unit of angular measure and is commonly used as an alternative
to the degree. The relationship between degrees (°) and radians (rad) is as follows:

z(rad) =180°

Note that we do not usually use a symbol to indicate radians. If there is no symbol after

an angular measure, then it is in radians rather than degrees. Sometimes, the notation

nen

is used to represent the radian, so 2° means an angle of 2 radians.

The conversion between degrees and radians is done as follows:

From degrees to radians: multiply the angle by #

180°

From radians to degrees: multiply the angle by o

Here are some examples:

30°0=30x-2L_=7

180° 6
120%120%#:%”
%ﬂ:%ﬂ%_zm
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Example)

Express 210° in radians as a fraction of z.

°o~210°x T
210° = 210°x 2

_210x
180

Example)

Express 120.4° in radians, correct to three significant figures.

o _ o T
120.4°=120.4 X 180°
=2.10 (correct to 3 s.f.)

Note: If the angle is not an integer, we do not need to express it in terms of z.

Example)

Express 2 radians in degrees, correct to three significant figures.

2_9,180°
T

=115° (correct to 3 s.f.)
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Exercise 1.1

Section A

1. Express the following angles in degrees.
(@)
(c)
(e)

ol Wy NN
=

N A o

A 2l

2. Express the following angles in degrees, giving your answers to the nearest 0.1°.
(@) 2.1 (b) 4
(c) 1.245 (d) 3.14

3. Express the following angles in radians in terms of z.

(a) 180° (b) 60°
(c) 135° (d) 15°
(e) 210° (f) 315°

4. Express the following angles in radians, giving your answers to one decimal place.

(@) 42° (b) 310°
(c) 91° (d) 208°
Section B
1. Express the following angles in degrees.
@) 52 (o) 1%
© 3% @) 3%

2. Express the following angles in degrees, giving your answers to three significant

figures.

2
(a) V3 (b) =
(©) 1++2 (d) %
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3. Express the following angles in radians, giving your answers to three significant

figures.
(a) 102.01° (b) 31.7°
(c) 191° (d) 902.444°

1.2 Arc lengths

The circumference is the perimeter of a circle, and an arc is part of the circumference.
Consider the following diagram:

The arc AB is part of the circumference and the region OAB is called a sector. In order
to distinguish between the longer arc (the dashed arc) and the shorter arc (the solid
arc), we name them the major arc and the minor arc, respectively. Similar terms are

also applied to sectors, and these are known as major sectors and minor sectors.

To find the arc length, we first need to find the circumference and then divide it by 360°
(this is the arc length for one degree). Then, we multiply the result by 9, where @ (in
degrees) is AOB, to obtain the required arc length.

Arc length :27zrx% where r is the radius and @ is the angle (in

degrees) at the center.
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If the given angle is in radians, we can use the following formula to calculate the arc
length:

Arc length =ré@ where r is the radius of the circle and 9 is the angle
(in radians) at the center.

The proof is as follows:

Since 360° is equivalent to 2z radians, for 6 in radians we have:

Arc length = 27zr x %
=rf
Example

A sector in a circle of radius 6 cm subtends an angle of 70° at the center. Find its arc
length, giving your answer in terms of z.

Solution:
70°
Arc length = 27(6) x
360°
i
=—cm
3
Example

A sector in a circle of radius 6 cm subtends an angle of%[ at the center. Find its arc
length, giving your answer in terms of z.

Solution:

If the given angle is in radians, we can use the expression r0 to find the arc length:
Arc length=r@

43

=27 cm
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Example

4 cm

B
If the length of arc AB is = cm, find the value of AOB in radians.

Solution:
Since the angle is required in radians, we have:

Arclength=r0
7 =4(AOB)

AOB =" rad
4

Exercise 1.2

Correct your answers to three significant figures and give angles in radians, unless

otherwise specified.

Section A

1.  An arc AB of a circle with center O and radius 6 cm subtends an angle of % at O.

Find the exact length of arc AB.

2. An arc AB of a circle with center O and radius 10 cm subtends an angle of % at O.

Find the exact lengths of the major arc and the minor arc AB.
3. Consider an arc AB of a circle with center O. Find the radius of the circle if

(@) the length of arc AB is 8 cm and it subtends an angle of 2 radians at O;

(b) the length of arc ABis 12.32 cm and it subtends an angle of 1.54 radians at O.
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4. Consider an arc AB of a circle with center O. Find the angle it subtends at O if
(@) the radius of the circle is 8 cm and the length of arc AB is 12 cm;

(b) the radius of the circle is 6 cm and the length of arc AB is 4.5z cm.

5. The given diagram shows a sector of a circle of radius

f3—” at center O. Find

J13 cm. It subtends an angle o 5
B

the perimeter of this sector.

6. A sector subtending an angle of 1.7 radians is cut from a circle of circumference

15 m. Find the arc length of this sector.

7. The given diagram shows a sector of a circle of radius
8 mm. The perimeter of this sector is 22.4 mm. Find x.

8. An arc AB of a circle with center O and radius 20 cm subtends an angle of x at O.
The major arc AB subtends an angle of 7x at O. Find the exact length of the minor
arc AB.

9. The given figure shows a sector subtending an angle
of 1.8 radians made by a piece of wire. If this piece
of wire is used to make a circle, what would be its

radius? 5cm
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