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WHAT IS MATH? ;

Math, or mathematics, is the study of the relationship between
size, shape and quantity, using numbers and symbols. In this
book, math is divided into four sections. The areas covered by
these sections are explained below.

& Numbers

well as being essential tools in everyday life.

: Introduces many different types of numbers, showing how
3 1 0 they are the building blocks of mathematical calculations as

’ \ Shape, space and measures

| Covers the properties and measurements of the many
different shapes and solids around us. Also includes everyday

units of measurement such as length, mass and capacity.

Algebra

doduubal

Algebra is the branch of math that uses letters and symbols to

represent numbers and express the relationships between them.

=55 This section covers the various methods of simplifying and solving

algebraic equations, including drawing and interpreting graphs.

Handling data

Explains the different ways of collecting and analyzing
information, and how the resulting data can be

displayed in graphs, charts and tables.
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INTERNET LINKS

For each topic in this book, we have chosen some of the most
interesting and exciting websites where you can find out more about
‘the subject, or practice using what you have learned. To visit the sites,
go to the Usborne Quicklinks Website at www.usborne-quicklinks.com
and type the keywords “math dictionary.” There you will find links to

click on to take you to all the sites.

Here are some of the things you can do on the
websites we recommend:

* find math puzzles, quizzes and games to test
your skill and improve your performance

* take a visual tour of the universe from outer
space to the innermost parts of an atom, using
math terms to express the vast distance traveled

"» control a car by altering the magnitude and

direction of vectors

* -check your progress with online worksheets
and have your answers checked in an instant

+ |earn how to use mental math tricks to
perform difficult calculations in your head

» find further examples and explanations to
help you explore deeper into a topic area

f-How to access: the websites
‘For-links to the websrtesr fo
each topicin ’(hls book, -go to the ’dsbome

Qtﬂck]mks Websrte af UVBHAL usbeme-

Internet safety
When using the Internet, please make sure
you follow these guidelines:

* Children should ask their parent’s or
guardian’s permission before they connect
to the Internet.

* If you write a message in a website guest
book or on a website message board, do
not include any personal information such
as your full name, address or telephone
number, and ask an adutlt before you give
your email address.

* If a website asks you to log in or register by
typing your name or email address, ask
permission of an adult first.

* If you receive an email from someone
you don’t know, tell an adult and do not
reply to the email.

* Never arrange to meet anyone you have
talked to on the Internet.

Site availability

The links in Usborne Quicklinks are reguiarly
reviewed and updated, but occasionally you may
get a message saying that a site is unavailable. This
might be temporary, so try again later, or even the
next day. if any of the sites dose down, we will, if
possible, replace them with surtable alternatives,
so you will always find an up-to-date list of sites

in Usborne Quicklinks.
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Using the Internet

Most of the websites described in this book can
be accessed with a standard home computer and
a web browser (the software that enables you to
display information from the Internet).

Extras
Some websites need additional free programs,
called plug-ins, to play sounds, or to show
videos, animations or 3-D images. If you go to a
site and you do not have the necessary plug-in, a
message saying so will come up on the screen.
~There is usually a button on the site that you can
click on to download the plug-in. Alternatively,
go to www.usborne-quicklinks.com and click
on “Net Help.” There you can find links to
download plug-ins. Here is a list of plug-ins
that you might need: )

RealOne™ Player — lets you p‘lza,y video and hear
sound files

‘QuickTime — enables you to view video clips
Flash™ — lets you play animations

Shockwave® — lets you play animations and
interactive programs

Help

For general help and advice on using

the Internet, go to Usborne Quicklinks at
www.usborne-quicklinks.com and click

on “Net Help.” To find out more about how
to use your web browser, click on “Help”

at the top of the browser, and then choose
“Contents and Index.” You'll find a huge
searchable dictionary containing tips on how
to find your way easily around the Internet.

.. INTERNET LINKS

Computer viruses

A computer virus is a program that can seriously
damage your computer. A virus can get into
your computer when you download programs
from the Internet, or in an attachment {(an extra
file) that arrives with an emait. We strongly
recommend that you buy anti-virus software to
protect your computer and that you update the
software regularly. For more information about
viruses, go to Usborne Quicklinks and click on
“Net Help.”

Note for parents and guardians

The websites described in Usborne Quicklinks
are regularly reviewed and the links are updated.
However, the content of a website may change
at any time and Usborne Publishing is not
responsible for the content of any website

other than its own.

We recommend that children are supervised
while on the Internet, that they do not use
Internet chat rooms, and that you use Internet
filtering software to block unsuitable material.
Please ensure that your children read and follow
the safety guidelines on these pages.

For more information, see the “Net Help” area
on the Usborne Quicklinks Website.

Computer not essential

If you don‘t have access to the internet,
don’t wearry. This book is a complete, self-
contained reference book on its own:

[ ]

=]
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NUMBERS

Numbers are the basic building blocks of
mathematics. Some numbers share common
properties and can be grouped together in sets.

Digit Integers
Any of the ten (Hindu-Arabic) The name for the set of positive and negative
1 numbers: 0, 1, 2,3,4,5,6,7,8,9. numbers, together with zero.

eg. 11, °4,0,3, 8, 12

Number system Integers do not include fractions*, decimals® or

A way of using numbers to mixed numbers*, so —;— 0.32, 62 are not integers.
help us with counting. The 8

base ten number system, for / X

example, has ten digits (0, 1, —4, 0.32
’ 2,3,4,5,6,7,8,9) that 3 g Y
! oA L2 LI
! can be arranged to 11 (4
E represent larger numbers. )
| Integers Not integers
|

This number system is
} used by many people
t today. It is thought that
| it developed because
people used their ten
fingers and ten toes to
help them count. The
binary or base two

Natural or counting numbers

The positive integers we use for counting.
eg.1,2,3,4

Natural numbers can be added, subtracted,
multiplied and divided (see pages 14-15).

number system is used Consecutive numbers
by computers and it uses Numbers that are next to each other.
only two digits: 0 and 1. eg.4,56,7, 8...

| ; Place value
! The value of a digit, relating to its position. For example, the figures 12, 205 and 2,600 all
:.] contain the digit 2, but the place value of 2 is different in each of them. In the number 12,
iﬁ the 2 stands for 2 units. In 205, the 2 stands for 2 hundreds, while in 2,600 the 2 stands for
2 thousands. The value of a digit is increased by a power* of ten for each successive place to
l the left, and decreased by a power of ten for each successive place to the right.

Thousands  Hundreds Tens Units Tenths  Hundredths
| 0 7 0 s ¢ 0 Q
| Decimal point™

The diagram above shows how the number 205 means 2 hundreds, 0 tens and 5 units.
Any zeros in front of the first significant figure* (here, the 2), can be ignored.

6 * Decimal, Decimal point 19; Fraction 17; Mixed numbers 18;
L Power 21; Remainder 15; Significant figure 9.




Positive number

Any number above zero.

e.g. 71, T6.5, 1327

Positive numbers can be written with a plus sign
(+) in front of the number, but are usually
written without any sign. Any number without
a sign in front of it is assumed to be positive.

Negative number
Any number below zero.
eqg. 3, 7218, 740

Negative numbers are always written with a minus
sign (=) in front of the number. To avoid confusion
with subtraction, the minus sign can be placed in a

raised position, e.g. ~ 3.

Use the +/— key on your
calculator to convert a positive
number to a negative number.

Directed numbers

One of the common ways in

which both pesitive and negative g
numbers are used in i o
everyday life is in measuring 50 f
temperature. If the ) = \[)70
temperature falls 10\ \/20
below 0°C or 0°F 5 \//0
it is measured using \90
negative numbers. . % v
~

All positive and negative numbers. These can be represented on a number line, like the one
pictured below. Directed numbers are so called because it is important to take into account the

direction they are measured from zero.

Even number

Any integer that can be divided by 2 without
leaving a remainder*.

eg. 2,2, 4,6

Any integer that ends with 0, 2, 4, 6 or 8 is an
even number. 114, 2748 and 357 196 are all
even numbers,

Odd number

Any integer that cannot be divided by 2 without
leaving a remainder*.

eFoR==1-1-3,'5

Any integer that ends with 1, 3, 5, 7 or 9 is
an odd number. 47, 579 and 82 603 are all
odd numbers.

LRGN 2
Directed numbers
on a number line

Prime number
A number that can only be divided by 1 and
itself. The first ten prime numbers are:

2.8 5 7 W i3 17 19 25 2

There is an infinite number of prime numbers:
the list never ends.

It is important to remember that:

= 1 is not considered to be a prime number.
* 2 is the only even prime number.

Composite number
Any number that is not a prime number.
e.g. 6, 9, 20, 27

E% “internet links For links to useful websites on numbers; go to www.usborne-quicklinks.com

{ NUMBER
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Square number

A positive number® that is the result of
multiplying an integer by itself. (This

is called squaring the number.)

eg.4%4 =16
T %7 =49
57°5 =25

The first ten square numbers are:

1 4 9 16 25 36 49 64 81 100

The list of square numbers is infinite. They are
called square numbers because they can be
represented by units:in a square.

000
Q000 16
The-square number 16
can-be represented by

a square pattern of
dots measuring 4 X 4.

The square number 49 can be
represented by a square pattern
of dots measuring 7 X 7.
Triangular number
A positive number* that is the sum* of
consecutive integers.

e.g. 1=1
1+2=3
1+2+3=6
1+2+3+4=10

These numbers can be represented by units in a
triangle. Each new triangle is formed by adding
another row of dots to the previous triangle.

The first ten triangular numbers are:

1 3 6 10 15 21 28 36 45 55

The list of triangular numbers is infinite.

These patterns of dots
represent the triangular
numbers 1, 3, 6, and 10.

@@@@@@@ 49

Cube number

A positive number* that is the result

of multiplying an integer by itself, then
multiplying by itself again. (This is called
cubing the number.)

eg. 4 X4x4=64

The first ten cube numbers are:
1.8 27 64 125 216 343 512 7238 1000
The list of cube numbers is infinite. They are

called cube numbers because they can be
represented- by units in a cube.

T

The cube number 64 can
be represented by a cube
measuring 4 X 4 X 4.

* Decimal, Decimal place 19; Denominator 17; Digit 6; Fraction 17; Integér 6; Negative number 7; Numerator 17; Pi 66;
Place value 6; Positive number 7; Recurring decimal 19; Rounding 16; Set 12; Square root 11;

Sum 14 (Addition); Terminating decimal 19.



Palindrome
A number that reads the same from right to left
as it does from left to right, e.g. 23432.

Pandigital number

A number that contains each of the digits
0,1 2 3,4,5,6,7, 8 and 9 only once,
€.g. 2918653470.

Rational number

Any number that can be written as a fraction™,
where the numerator* and denominator* are
integers*. The integers can be positive* or
negative*. Any terminating decimal*, such as
50.856, and any recurring decimal*, such as 0.3,
can-be written as a rational number.

50856 =
S 5nne — B =
€9 8= =560 VSIS

frrational number

A number that is not rational and so cannot be
written exactly as a fraction® or a decimal*. In
an irrational number, the number of decimal
places* is infinite and there is no recurring
pattern within the number. Pi* (#) is an
irrational number that begins 3.141532653...

Real numbers
The'set* of all rational and irrational nhumbers.

The square root* of 2 (written
\/_) is an irrational number.
It begins 1.4714213562... and
continues indefinitely.

—{"  NUMBER

Significant figure

The digit* in a number that indicates its size to a
certain degree of accuracy. The first and most
significant figure is the first non-zero digit in a
number, as this has the highest value. For
example, in the number 4,209 the first significant
figure is 4 because it tells us that the number is
four thousand and something. The 9, although
a larger digit, only represents nine units and is
therefore the least significant figure here. After
the first significant figure, any zero also counts
as a significant figure.

Answers to calculations are often rounded* to

a specified number of significant figures

(sig. fig. or s.f.), for example 1 s:f,, 2 s.f. or

3 s.f.. The normal rules for rounding* apply. (If
the number to be rounded is to the left of a 5 or
above, it is always rounded up.)

For example,-if 328,000 were written to 2 s.f.,
we would write down the 3, and then decide
whether the 2 should be rounded up or not. As
the next figure, 8, is closer to 10 than to 0, the
2 is rounded up, making the answer 330,000.

8iscloseto 10
sothe 2 is
rounded up.

Second significant
First figure
significant
figure ™\

The same applies to decimal numbers. For
example, the first significant figure in 0.0004591
is 4. The zeros are important as they hold the
place value* but they do not count as significant
figures. If this number were written to 2 s.f. it
would be 0.00046.

First Second’ 9 is-close to
significant  significant figure 10 so the 5 is

figure rounded-up:
The zeros do not count
as significant flgures

o.ooo

numbers, go to www.usborne-quicklinks.com
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Sequences

A Ilst of numbers that follow a particular pattern or rule is called a sequence. Each number or shape
in a sequence.is called a term of the sequence. If the rule is not given, it can usually be worked out
- from the first few numbers in the sequence:

Linear sequence

A sequence that increases or ‘decreases

by a constant*. The formula* 2n

, ln the example above t

1 gives
‘the sequence:

ST R
which goes up in 2s.

kfE g

This 15 because

2 — 4=
p2 = Ay —1=13
(27 3 — 1:= 5. andsa on

Quadrat|c sequence
A sequence that mcludes a squared number:
The formufa* n2 + 1 gives t e sequence:.

S R O o O T
s ’_ 2
2841 =5
33 +1="10... and so oh:

" in the sequence, _apply the fule n2 1 to the

' *Constant 75; Formula 75; Negative number, Positive

'_mb,er);T

7241 =49 +1=50

The valué of any number in this sequence can
be found by applying the rule.in this way.

Chinese or Pascal’s triangle

Fibonacci sequence
The sequence:

S T T R

Each.number (from
calculated by adding together the prevnous two
numbers: For example, the next numb =
sequence is calculated by adding-together-8 an '
13,16 give 21. ]

Any sequence that follows this rule can be
descnbe’ ”as a Fibonacci seguence.
Fis A i

The Fibonacel sequence, identified by Leonardo
Fibonaco in 1202, aoften appears in nature.

VoL S0

b et 10 [he spirokof skl
sping) e ciraiy 0 sevies GFiquaned il st feng ,lan
Fhat oloe the Fbovoot seaerce (10 7243 F

Starting with the first box, draw a
curve from the top right hand corner
1o the opposite corner, and continue
through the rest of the squares.

The result is a spiral like
that seen on this shell.

The number at the point of Pascal’s triangle
is 1 and each row starts and ends with 1.
Each of the other numbers in the triangle is
the result of adding together the two
numbers above it, such as 3 + 3 = 6. The
triangle was used as early as 1300 in China.

It was later named after the French
mathematician Blaise Pascal (1623-62),
who brought it to the attention of Western
mathematicians. The triangular pattern is
now often used in determining probability*.

, Prime ber 7;

Probability 112; Set 12, Sum 14 (Addition).
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A multiple of anumberis the result of -

i tiplying that number with a-whole number.
€9, BX2=6 3%x4=12 3 %6-= 18
6; 12 and 18 are all multiples of 3

ommon multiple
‘number that is a multipfe of two.or more
her-numbers.
). - Muitiples'of 2 include 2, 4, 6, 8, 10, 12
Multiples of 3 include 3, 6,9, 12, 15
So the common multiples:of 2 and 3 from the
sets* above are 6and 12,

The lowest or least common multiple (LCM)
of two or more numbérs is the smallest number

at.is-:a multiple of each, The least common

L \multiplg;:o}f%»z and 37s 6,

Factors

A factor of a number is any whole number that
divides into it exactly. While a prime number*
has only two factors (1 and itself), other numbers
can have many factors. For example, the factors
of 12 are 1, 2, 3, 4, 6 and 12. Any whole number
can be written as a product of its factors.

e.g. 12=2 X6 12=3 X4

Common factor
A number that divides exactly into two or more
other numbers.
e.g. Factorsof 15are 1, 3,5, 15

Factors of 40 are 1, 2, 4, 5, 8, 10, 20, 40
The common factors of 15 and 40 are 1 and 5.

The greatest common factor (GCF) of two or
more numbers is the largest number that is a
factor of each. The greatest. common factor of
15 and 40 is:5.

Prime factor

A factor that is also a prime number*. The
factors of 12 are 1, 2, 3, 4, 6 and 12. Of these
numbers, 1, 2 and 3 are prime factors.

Perfect number
A number that is the sum* of its factors
(excluding itself), e.g. 6 = 1 + 2 + 3.

" NUMBER F !

% ‘Internet links For links to useful websites on numbers, go
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SETS

A set is a group of objects that have something

in common or follow a rule. Every object in a set is
unigue: the same object cannot be included in the
set more than once. Sets can be used to show the
relationship between different groups of objects.

Set notation

The objects belonging to a set are placed
between braces, and separated from each
other with commas.

eg. {a e i, 0, u}

This method is called roster notation.

The order in which objects are listed in a set is
not important.
eg. {a e i, 0,u}=1{u o0 a, e i}andsoon.

It'is not necessary to list every object in the set.
Instead, the rule that the objects follow can be
given in the braces:

e.g. {vowels}

This is particularly useful when handling very
large sets.
e.g. {numbers from 1 to 1000}

Sets are often represented by a single letter.
e.g. A = {even'numbers}

Some commonly used sets are always
represented by a particular letter.
These are:
7 = the set of integers*
N = the set of natural numbers*
() = the set of rational numbers*
R = the set of real numbers*

Element or member

An object that belongs to a set. The symbol &
means “is an element of” or “is a member of.”
The symhal & means “is not an element of” or
"“is not a member of.” For example, 4 is an
element of the set N ={1, 23,4, 5 ...]. This
can also be writien as 1 € N. The number 1
is not an element of this set, so this
refationship can be writtenas — 1 & N

* Inteqers, Matural numbers 6. Odd nomber, Prime number 7;
Ratinnal her Real bers 9,

Braces can be used to indicate
that the objects written between
them belong to a set.

Universal set

The set that contains all other sets. For example,
if set C = {consonants}, the universal set is the
alphabet. The universal set is represented by the
symbol €. e.g. € = {alphabet}

Finite set
A set that contains a limited number of
elements. For example, set A is the set of odd
numbers* between 0 and 6:

A ={1,3, 5}
A is a finite set, because n(A) = 3 (where n is the
number of elements in a set).

Infinite set

A set that contains an unlimited number of
elements. For example, the set of odd numbers*
is an infinite set: it never ends. You can indicate
that a set is infinite by writing down the first few
elements, followed by a series of dots.

e.g. B=41,3,5,7 ...}

B is an infinite set, because n{B) = 00 (where n is
the number of elements in a set and the symbol
oo represents infinity).

Empty set or null set

A set that contains no elements. For example,
the set X = {days of the week starting with a “J”}
is an empty set. An empty set is written as { }, -
or represented by the symbol &, so this example
can also be written X = { } or X = .

Subset

A set that also belongs to another set.

For example, if set A = {consonants} and

set B = {t, r; y}, B is said to be a subset of A.
The symbol C means “is a subset of,” so this
relationship can be written as B C A. If set

C = {a, ¢, i}, it is not a subset of A. The symibal
7 means “is not a subset of,” so this relatianship
can be written as C ¢ A.



Comparing sets

The relationship between two or more sets can
“be studied by looking at the elements of each
set and deciding whether they share any
common elements.

Complement of a set

The set of all elements that are not included in

a particular set. For example, if A contains all

prime numbers*, A’ contains all numbers that

are not prime. This is the same as saying:
A=% A

since the universal set € contains all numbers.

The complement of set A is written as A’

Union of sets
The elements of two or more sets together. This
is represented by the symbol U (called the cup).
For example, if set A = {2, 4, 6} and
set B = {1, 3, 5, 6}:

AUB=1{1,2 34,5, 6}

Intersection of sets
The elements that appear in two or more sets.
The intersection is represented by the symbol N
(called the cap).
For example, if set A = {2, 4, 6} and
set B = {1, 2, 3, 4, 5}:

ANB= {2 4}

Venn diagrams

A Venn diagram shows the relationship
_between sets. In a Venn diagram, a set is
usually represented by a circle, and the
universal set by a rectangle. Elements of
a set are often represented by points in the
circle. Each part of the diagram is labeled
and the parts being considered are shaded.

A Venn diagram

- | XN
The rectangle  This drcle represents The points

repfesents the  set A which is a subset  represent the
universal set. of the universal set.

elements of set A.

Venn diagrams of some common set relationships

%

Set A

é

AUB
%

ANB

Universal

set (€)
é

BCA
%

S(AUIB) A (VB

7 s o s 0w et s 30 o o ks o

13




L ; NUMBER

14.

ARITHMETIC

Arithmetic is the ability to use numbers. The four |
basic operations used in calculations are addition,
subtraction, multiplication and division.

T  Additi
L+_; ition

The mathematical operation to find

Use the

addition the sum of two numbers. It can be
keyonyour  thought of as increasing one given
- calculator e :

to perform number by another. Addition is
addition.

usually written a + b.
eg. 6+3=9

Addition is the opposite, or inverse, operation
to subtraction, and it obeys the associative and
commutative laws.

[_'_ | Subtraction

5 ]
The mathematical operation in which

Use the

subtraction  the difference between two numbers
key on your h

w;’culat};, + is found. It can be thought of as
perform reducing one number by another.

subtraction. g htraction is usually written a — b.

eg. 10-6=4

Subtraction is the opposite, or inverse, operation
to addition. it does not obey the associative and
commutative laws.

s ] Multiplication

J
ke i The mathematical operation in
multiplication  which two.numbers are combined
key on your .

calculator to together to give a product.
perform eg. 6xXx8=48

multiplication.

As in the example above, multiplication is often
written a X b, but it can also be written a.b
or (if quantities are represented by symbols) ab.

Multiplication can be thought of as repeated
addition.
eg. 3X4=-4+4+4or(3+3+3+3)=12
Multiplication is the opposite, or inverse, of
division, and it obeys the commutative and
associative laws.

Long multiplication

A method of multiplying large numbers
without a calculator. Long multiplication is
done in stages. It relies on the fact that any
number can be broken down into the
hundreds, tens and units, etc., that it contains.
e.g. 143 = (1 X 100) + (4 X 10) + (3 X 1)

So, multiplying one number by another is the
same as multiplying the first number by the
hundreds, tens and units, etc., that make
up the second number, and adding the
results together.
e.g. 736 X 143

= (736 X 100) + (736 X 40) + (736 X 3)

The digit representing the largest value is
usually multiplied first, followed by the next
largest and so on, working from right to left.

One way to write out long multiplication
is shown below. The explanation (written
here in brackets) is not usually shown.

+326
X143
F 3 6 0 0 s
29 4 4 0 mxw
2 2 0 8 36x3
1052 48 G




Division

The mathematical opération to find

Use the . i
division key on. the result (the quotient) of dividing

your calclator - gne number by another number.

fo perform
division. eg. 40=8=5

As in the example above, division is often
written a + b, but can also be written a/b or %
For example; 40 divided by 8 can be written in
the following ways:

40 + 8 2y

40/8 5

Division can be thought of as repeated

subtraction, answering the question “how

many times can the second number be taken

from the first?” For example, the number of

times that 5 can be taken away from 40 is 8:
QsB=F -85 -85 =5-"9B=Q

Division is the opposite, or inverse, of
multiplication. It does not obey the associative
and commutative laws.

Remainder

In division, the amount left over when one
number does not divide exactly into the other.
For example if 16 is divided by 3, it will go 5
times, but there is 1 left over: this is the
remainder. Remainder is sometimes abbreviated

i

to “rem.” or “r".

Laws of arithmetic

Associative law

The rule which states. that the grouping of
numbers or terms and symbols (0 an éxpression
daes not affect the result. Both addition and
multiplication follow this rule, whereas
subtraction and division do nat,

The associative law of addition slates that
g rbl+c=a+ b+l
e, 124+ 6 =12+1F +6)

The associative law of multiplication states
that (e B) %o =g * (h = a).
gy Sy A =R )

Long division
A process by which large numbers are divided
without the use of a calculator. To divide 5996 by
22, try to divide 22 into each digit of the larger
number in turn, starting from the left. Join any
remainder (rem.) to the next digit to create a
new number for division.
5 (thousands) = 22 = 0 rem. 5 (thousands)
59 (hundreds) + 22 — Z rem. 15 (hundreds)
159 (tens) + 22 = ¥ rem. 5 (tens)
56 (units) = 22 = 2 rem. 12 (units)
So, the answer is 2 (hundred), 7 (tens) and 2
(units), remainder 12 units, that is, 272 rem. 12.

The conventional way to write down this calculation is shown
here, though you may see long division set out in other ways.

MR cnswer isbuilt wg i Stages;
tarrdininding o each part of the Calcyuiaion

Z?Erﬁm1z

Take 44 (2 % 22) from 59
to-find the remainder”
Bring down T e and
ol bt peiaindsn
4‘ Take 154 (7 X 2} Irewr

159 to find the remamder

Wheh fere are no
miare rvmibers to Bang
tomer, write the final
repraimder oy Hhie bar
o covtiplete e angwel

4' Take 44 (2 X 22) from
56 to find the remainder.

Commutative law

Thie rule which states that the order in
vihich numbers o terms and symbols in an
expression are combined does not affect the
result. Both addition and multiplication
fallow this rube.

The commutative law of addition states that
g+b=hb+a3
Bl B+3 =345

The commutative law of multiplication states
thata =h =8 ¥ &

[ =il SR o Fe g

ck[mkscom i 1

% internet links For Jjnks,té ,qsgéfdlr‘wébs,i't'e'sgoh a'rifhrh*ettiﬁc,r g \ orne-g
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s the same as

=5+
7410 -8
A‘Gr 517-”]

PEMDAS
The order in which operations should be

j: operations. PEMDAS stands for Parentheses,
Exponents* (values raised to a power®),
| Multiplication*, Division*, Addition* and

||
© order is Please Excuse My Dear Aunt Sally.)

For example, to find the answer to the sum
6 40 20X (3 +1)2 - 3
Work out any grouping symbois, such as
Parentheses:
. 6-40+20><(3+1)2—3
Work-out the Exponents:
. 6-40+2O><(74)2
'| Work out the Multiplication:
6+2x16 -3
" Work out the Division:
6+40 + 20X 16— 3
! Work out the Addition:
. 6+32-3
Work out the Subtraction:
38 -3

So, the answer is 35.

* Addition 14; Decimal, Decimal: place 19; Divisi

" Multiplication 15; Power 21; Significant figure 9; Sub

| subtraction®. (An easy way to remember the |

Rounding

The process of approximating a figure by
reducing the number of significant figures®
or decimal places* is called rounding. The
amount of approximation depends on the
degree of accuracy required.

Numbers can be rounded to the nearest
integer*, ten, hundred, or so on. Decimals*
are often rounded to one or more decimal
places. The way a number is rounded often
depends on what is being measured.

For example, a person’s height is usually
rounded to the nearest inch, whereas the
population of a country may be rounded to
the nearest hundred thousand people.

To round a number

Find the place in the number where the

rounding is to be done and look at the digit

to the right:

» if this is 5 or greater, increase the digit
being rounded by 1.

e If it is 4 or less, the digit for rounding
stays the same.

For example, 276 rounded to the nearest
10 would be 280, as 6 is closer to 10
than to 0, and so 276 is closer to 280
than 270. The number 4,872 rounded to
the nearest 10 would be 4,870, and to
the nearest 100 would be 4,900.

Upper bound

The highest value that would be rounded
down to a number. For example, if the
number of beans in a jar is given as 550
to the nearest ten beans, the true number
will be in the range 545 to 554 beans.
The value 554 is the upper bound.

Lower bound

The lowest value that would be rounded up
to a number. For example, if the number of
beans in a jar is given as 550 to the nearest
ten beans, the true number will be in the
range 545 to 554 beans. The value 545 is
the lower bound.

; Multiple 11;



FRACTIONS

When something is divided into equal parts,
each part is called a fraction. A fraction can
be expressed as one number written above
another (X). The number on the bottom (y) is
called the denominator and the number on
the top (x) is called the numerator.

Numerator

The top part of a fraction. The
numerator represents the number
of parts being considered.

For example, the picture

on the right shows

three out of four pieces,

or %, of a whole

orange, so the

numerator is 3.

Eguivalent fractions
Fractions that refer to the same proportion
of a whoele, but are written in different ways.

The circles below have all bean divided intoa
different number of equal parts. The section
of the circle that 1s highlighted is described
as three equivalent fractions:

S s 4

There is an infinite number of equivalent
fractions. The way in which the fraction is
expressed, or wntten, depends on haw many
parts the whale has been divided into. If it
were to be divided into 20 equal parts, half
of thal would be expressed as %

Use the fraction key on
your scientific calculator
to input fractions.

Denominator

The bottom part

of a fraction. The
denominator represents
the total number of equal
parts. For example, the
picture on the Jeft shows
three out of four pieces,
or %, of a whole orange,
so the denominator is 4.

Numerator

TOIW

Denominator

Equivalent fractions can be calculated by
multiplying or dividing the numeratar and
denominator by the sarme number,

LI

g &

%]

Sl
g 3

i
Bt | b

3=
R

f -

When the numerator and denominatar dre
divided by the same number, the resulting
fraction has a smaller numerator and
denominator than the original. This is called
canceling (or simplifying) the fraction. When
the numerator and denominator of a fraction
are canceled down tothe smallest possible
integers, the fraction = said to be in its
lowest possible terms.

A easy way of comparing fractions is by
expressing them with their lowest comman
denominator, .o the lowest multiple® of
both denominataors, Fer example, the lowest
commaon denaminatar of L and £ 15 &, so the
fractions can be expressed as % 3nct% :

—{  NUMBER b -
s

E@ Internet links For links to useful websites on fractions and decimals, go to www.usborne-quicklinks.com I
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“for its
*_ This:is the
: of fraction.

‘Proper fraction
A fr

fion that is less than a whole unit. Any
tlon with a numerator* that is lower than
enommaior* is'a properfractxon

¢
& 5 il

Improper-or top heavy fraction

A fraction that is more than a whole unit. Any-

fraction with a numerator* that is higher than
the denominator* is an improper fraction.

E
e g

Mixed number
A number consisting of an:‘integer* and a
fraction. Mixed numbers can also be expressed
as improper fractions. For example isa
mixed number and can also be expressed

Arithmetic with fractions

To add a fraction

Express each fraction an terms of the
lowest common dencminator” and add the
numerators® toyether,

g A S Bt e e
g < 2 5

L
ik
Il
Sk
o=

To subtract a fraction

Express each fractionin terms of the

lowest common denominator® and subtract
the numerators®,

|3 o
eg  d-1e3

Reciprocal

The reciprocal of a number is found by dividing
1 by.that number. For example; the reciprocal
of 3is !

To find a reciprocal of a fraction, simply. invert
the fractiop (turn it upside down): For example,
the reciprocal of 2 is 2 because:

frod 1_ """ Ty Use the reciprocdl key on your
| / —J scientific calculator to find the

reciprocal of o number.

Fractions and percentages

Fractions can be expressed as a percentage*,
that is, a number of parts-in 100.
For example, 25% means 1—2(%,

Any fraction can be turned into‘a percentage
simply by multiplying the fraction by:100.
e.g. % = (% X 100)% =-50%

|

- (% ®:100)%.= 75%

A percentage can be turned into.a

fraction by-dividing it by 100 and canceling*
it down to its lowest possible terms*.

2.0 25% = rdl.‘.' P ‘

To multiply a fraction
Multiply the numerators* together and then
multiply the derominstors* together.

B9 aitiag

-'L-'U
Nl..

To multiply mixed numbers, first turn them
into improper fractions.

To divide a fraction
Multiply the fraction by its reciprocal.

1

A |
B T

1o &
2 3

= 11
3

R
3

o Im
TP

d
i

o |l

To divide mixed numbers, first turn them
into improper fractions.

~* Base ten 6 (Number system); Canceling 17 (Equwalerit fractmni) :Denominator 17; Integers 6;
Lowest common denominator 17 (Equivalent fractions); Lowest posnble terms 17. (Equivalent fractions);
Multiple 11; Numerator 17; Percentage 27; Pi 66; Place value 6; Power 21.
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DECIMALS

ght is decreased by one power of ten.

Dedmal place

= position of a number to the right of the
“Seaimal point. The first position to the right of
== deamal point is the first decimal place, and
== next position is the second decimal place
‘=52 50 on.

‘Decimal fraction
=, number less than 1 that is expressed as a
Seamal. For example, 0.375 is a decimal fraction

Tm3 expresses:
i 5
10 100 1000

“eaimal fractions are also called just decimals.

‘MiExed decimal
= “_mber that is made up of an integer and a
‘Sedimal fraction. For example, 15.76 is a mixed

Seamal that expresses 15 + -%o + %.

- Fanite decimal or terminating decimal
= decimal that has a fixed number of
Secimal places.

=g % = 0.5 as a decimal

7= q

o 0.0272 as a decimal
o= that these fractions have denominators*
“ch are a multiple* of 2 or 5. This is true of
= BPerminating decimals when they are written
= = fraction.

Decimal ,:t:-ln:!
Each successive place to the left is increased by one power* of ten. Each successive place to the

= e
- ——( NUMBER )

The decimal system is a number system that uses base ten*.
A number written using the decimal number system is called
= decimal. Most commonly, this term refers to a number in
which any parts less than an integer* are written after the
decimal point, for example, 1.2 or 59.635 or 0.0091.

8= diagram below shows the place value* represented by each digit in the decimal 6,539.023.

o i

Decimal point

A dot used to separate units from tenths. It
may be placed centrally between the numbers
(e.g. 1:2) but is now more usually placed on
the line (e.g. 1.2). Some countries use a comma
in place of a dot (e.g. 1,2) to avoid confusion
with a dot that they use as a symbol for
multiplication.

Infigite or non-terminating decimal
A decimal that does not have a fixed number of
decimal places. There are two kinds of infinite

decimals: non-repeating and redurring decimals.

Non-repeating or non-periodic decimal
An infinite decimal in which the sequence of
digits after the decimal point is not repeated.
One example is the decimal form of Pi* (),
which begins 3.141592653...

Recurring decimal

An infinite decimal in which the sequence of
digits after the decimal point repeats itself
infinitely (endlessly).

e.g. 3.333333...

0.125125125...
Recurring decimals are written with lines over
the recurring figure or figures. So, the examples
above would be writtén as 3.3 and 0.125..

'Q, Internet links  For links to useful websites on fractions-and décimals, go-to »vaw.Uﬁborn‘e-quic’klinks.com j

~r
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Arithmetic with decimals

To add or subtract a decimal

It is easier to add and subtract decimals* by
writing the numbers in a-column, with the
decimal points* lined up.

e.g. 11.45+ 17 + 2.5 is written:

The decimal points
are fimed up.

1 14 S
1 380 O
+ 2085 0
309 5

As with addition-of integers; start the sum
at the right-hand side and work left.

e.g. 50.19 - 36.2 is written:

The decimal points
are lined up.

|
50;1‘79
"36 &2 0
13 889 9

As with subtraction of integers, start the sum
at the right-hand side and work left.

To divide by a decimal

tgnore the decimal point* to give integers
(ensuring that the resulting numbers are all
increased to the same power of ten). Then
divide the numbers: the result will be the
same as if dividing decimals*.

e.g. 32404

X 10

ARG
¢ 4 ¥

on
9.

%10

To multiply by a decimal
Ignore the decimal point* and multiply as
integers. Then insert the decimal point so that
the number of decimal places* (d.p.) is the same
as the total number of decimal places in the
numbers being multiplied.
e.g. 3.5x2.36

(1dp)@2dp)
Use: 35 236

5 i

X 236
2 '}0 (35 % 6)
] O 5 0O 6s5x30
} ) OO (35 % 200)
SV GO S

So: 3.5 X 2.36 = 8.260
(1d.p.) +2dp)=(3dp)

To round a decimal
When working with decimals®, it is often
necessary to approximate the figure by
rounding® up or down. Do this in exactly the
same way as you round integers*, but round
the number to the nearest tenth, hundredth,
thousandth and so on, depending on how
many decimal places* (d.p.) or significant
figures* (s.f.) you want to use. For example,
63.537 8 can be rounded in various ways:

63.538 (3 d.p.)

63.54 (2 d.p.)

64 (2 s.t)

Rounding error

The inaccuracy introduced into a calculation
that uses figures which have been rounded*.
For example, if 0.694 73 is rounded to 0.69,
the rounding error is 0.69473 — 0.69, which is
0.00473. In general, leave any rounding up or
down until you have a finished answer. If you
round answers at each stage of the calculation
the final answer will be less accurate.

* €ubing 8 (Cube number); Decimal, Decimal place, Decimal point 19; Fraction 17; Integers 6; Reciprocal 18;
Rounding 16; Significant figure 9; Squaring 8 (Square number); Scientific notation 23.
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EXPONENTS & SCIENTIFIC NOTATION

It can be difficult to work out arithmetic and do rough
calculations when working with very large or very small
numbers. Exponents and scientific notation* allow us to
write out these numbers in a more compact, manageable way.

Exponent
The small number written at the top right
of another number to indicate multiplication
by itself: The exponent tells you how many
times the number should appear in the
multiphication.
eg. al=axa

g=axaxa
(Where @ represents any number)

So, d=4x4
Bi=BxbBxEXE
A negative exponent indicates the reciprocal*
of the number with a positive version of:
the exponent,

1
.0. a t=—
eq L =

{where a and n ;rebresent;any n&mbéir)'

1

So. i ;
B

Fractional exponent

An exponent that is & frachon rather than an-
integer*, e.9. 57, which means V5 5 (see Laws of

exponents 9, on page 22}

Power
The value of 2 number raised to an exponent.
g, A=4dxd=16

5o, 16 is said to be the second power of 4.

The term “power” 15 glso often used instead of
exponent. For example, in-42, the number 4 is
said to have been raised to the power of 2.

When a number is raised to the power of two, it
is said 1o have been sguared™. When a number
is raised to the power of 3, it is said to have
been cubed®

x 2- S Use'the exponerid Reys o onr schRiTe:
. ¥ cafcuighor fo square a number (&) e fa
raise a.number [0 any. peer )

This expression takes a lot of
space to wiite out in-full. By
using exponents, you can write
the samie expression-as:612;
Which-is much shorter; afid
easier to understand at o mance.

% Internet links For links to useful websites on exponents ,and powers, ?gqyto WWW ushorhe-quicklinks.com. J 21
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Laws of Exponents

The rules that apply when working with
exponents® are called the faws of exponents,

1. To muliiply powers® of the same fumber,
add the exponents,

e B et
where a, n and m represent any number.

e, A% s 8 = A2+E = AR
becaise  42% 4% = (4w g {4 2 m-diw d)
= A6

This method cannot be used to multiply
powers of different numbers.

2. To divide powers* of the same number,
subtract the exponents.
al=aM=al"m

where a, n and m represent any number.

e.g. 36+ 32=36-2=34

because 36 32
=(B3X3X3xX3x3x3)*(3x3)
:34

Powers of different numbers cannot be divided
in this way.

3. Any number to the power® of 1 s squal 1o
itsalf,

al=a
where a répresents any number.
8.4 31573

4. The numkber-1 raised Lo any power® is
Always 1.

m=1
where n represents any number,
©.0. TE= e e e B =

5. &ny number to the power® of 0 is equal fo 1.
This 15 sometimes called the zero exponent rule.
abl =1
where a represents any number.
e.d. 28 =1
because (using the second law, above)
a.m

Lirl
2 —tand 2 = gmom = a0
a_r.l.'l l'_;"]'l

sq it follaws that " = 1

Mass 72; Power 21; Significant figure 9; Square root 7.

6. To raise a power* to a power, multiply
the exponents.

(@mm = gnxm
where a,'n and m represent any number.
e.q. (52)3 = 52x3 = 56

because (52)3 =52 X 52 x 52
= 52+2+2 — g6 i

7. Toraise a multiplication expression to a
power®, raise each number in the expression
1o the power,

(@ % b =a < &7
where a, & and n regresent any number,

2.0 [5 %32 =52 32
boacause (5 % 3} = 152 = 225
and 57 3R Phin Oi= un

8.: To raise a division expression to a power®,

raise sach number it the esdpression ‘to
the powsr.

becatise

ard

9. Fractional exponents* can be multiplied and
divided in the same way as other exponents.

N[=

e.g. 67X 6:=62"2=6"=6
It also follows that, if 6% X 6% = 6, then 6%
is the square root* of 6. This rule can be
written as:

a’=Va
This also applies to any number to the
power* of %

il
2

iy O ik AN et "
e.g.53 X523 X53=653"3"3=5"=5

1
So, 53 is the cube root* of 5. This rule can
be written as:

i B
as=Va

The general rule is that fractional exponents
give root terms.

1 m a
an=Va and an=Vam

* Cube root 11; Decimal point 19; Exponent 21; Fractional index, Index 21;
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Scientific notation

Scientific notation is a method of writing
numbers in the form a x 107, where a is
greater than or equal to 1 and less than 10.

e.g. 63,000 = 6.3 X 104

Scientific notation is also known as
exponential notation.

To write a number in scientific:
notation, place a decimal point*
between the first and second
significant figures®. This will give a
number between 1 and 10. Next, find
the required power* of ten by counting
how many digits farther to the left or
right the decimal point is in the new
number compared with the old number.

If the new number is smaller than the original,
the power of ten is positive. This is because the
number would need increasing to return to its

original form. If the new number is greater than

the original, the power of ten is negative. B . L
e.g. 683,000,000 written in scientific notation is: The mass* of the
i g - . Moon is a 23-digit number
Position of decimal Position of decimal of kilograms. It can easily be written in
point in new point in original scientific notation as 7.37 X 10?2 kg.
number number

é¢ 23090 ooo¢x103

The decimal point is 8 digits farther to the left.

0.000058 42 written in scientific notation is:

Position of decimal Position of decimal
point in original point in new
number number

’N/\/\

00 05¢84z x10°

The decimal point is 5 digits farther to the right.

- Scientific notation is useful for comparing very
large and very small numbers. For example,
97,430,000,000 written in scientific notation is
9.743 x 10'0 and 785,300,000 is 7.853 X 108.
By comparing the exponents*, you can see that
108 is smaller than 1010, and so know the
relative size of the numbers.

% Internet links For links to useful websites on exponents and powers, go to www.usborne-quicklinks.com | 23
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RATIO AND PROPORTION

A ratio is a comparison of twao quantities in a particular
order. For example, if there are three girls and eight boys
in a room, the ratio of girls to boys is said to be three to

i i ..I__

= i

oL, |
]

. -_I I‘ .

eight and the ratio of boys to girls is eight to three. Ratios = >

are written with a colon (1), so the ratio eight to three is
written 8 : 3. This could also be written as the fraction 2.

Unitary ratio
A ratio In which one of the terms |5 7.
vg. 1LZand Bz

Ratios with more than two terms

A ratio compares two quantities, so a ratlo
that contains, for example, thres terms,

g b ¢ is a shortened way of expressing thres
separate compansons, a2 b, b canda ¢

Equivalent ratios or equal ratios
fwo or more ratios that have the same va[ue‘
For exatrple, 4 1 6 and & - 12 are equwalent
ratios because they can both be snmphf‘ed to
21 3, To find equivalent ratios, multiply or
divide each part of the ratio by the same
number (called a constant),
2,0, Some eguivalent retios of 2 04 ara

T 2 idivided by 2}

i ;8 tmultiplied by 2)

To compare ratios
Express the ratios as fractions® with the same
denominater® and then compare them

For example, to find which is the larger ratio,
20 4 ar 56, first express them as fractions,
ther rewrite the fractions in terms of their
lowwest comman denominator®

r3 #l
Ll | I."”_"H
3:g=2=d apd Srf<Z=1
4 & 12
A A
k3 2
:—;—' Jarger than 2 2, 5051 6 s larger than 3 : 4.

It both parts of the ratio represent the same
meastirermnent, for example l@nath, make sure
that they ate in the same units. 11 15 usually best
to copvert the larger unit into the smaller ong,
e, Im: 47cm = 100cm 47 eny = 100 ; 47

e .,-«i

e rolio f stas
I pyckes 15 5 4

Simplifying ratios

as integers* To simplify a ratio, divide or multiply
both parts by the same number so that the value

‘of the ratio stays the same. When both parts of a
ratio are as small as they can be; while sti [
Integers, ihe ratia is said to be in its s
form. i

To simplify a whole number ratio

If necessary, make sure that both parts of the
fatio. are in the same units. The ratio can then
be: swmphﬁed by dmdmg both parts by fhesr
greatest common factor*,

For example, expressin ntsxmpfest form the

ratio 40min : 2h.

40min < 2h = 40min : 120min:(2h - 120min)

40 120
1+ 3 (dividing each term by 40)

So,/40min - 2h in its simplest form is-1 | 3.

If the-numbers in the ratio have na cammon
factors*, e.g. 7 . 9, the ratio is giready in its
simplest form.

To simplify a ratio that includes a fraction
If mecessary, make sure that both parts of the
ratio are in the same units. Theh multiply the
fract!on to give an integer; and multiply the

i other part of the ratio by the same number.

For example, to express - 1 : % in its simplest
form, multiply both sides by 2

‘%XZ—W and 2=

So, L1 2 inifs simplest form 75 1 - 4.

7

* Comumvon factor 11; Denominator, Fraction 16; Graph (Line gragh) 110; Greatest common factor |7 (Comman factor),
Integers & Lowest common denominator 17 (Equivalent fractions); Product |4 (Multiplication):
Reciprocal graph 52, Slope 80,



3 Proportion

[¥ twwo guantities change by a related amount,
they are said to be in proportion or
proportional to each other. The symbol that
Indicates proportion 15 =6

Direct proportion

A relationship between guantities, such that
ywhen one gquantity increases, the other increases
in the safme ratio. Similarly when one guantity
decreases, tha other decreases (n the same ratio.

For example, if ang
watermelon feeds eight
penple, the ratio of
melons 1o pecpleis 11 B.

T mielons would feed 16-people (2 = 8).

‘Half a melon would :
feed four people {; =g

The number of people fed -
is =aid to be in direct proportion; or directly
~ aroportional, to the number of watermelons..

en guantity a is directly proportic fo
antity b, this is written as a o b. The fixed
==tflonship between the guantities (s called
constant of proportionality and the
anship can also be written as:

a=kb
ere ks the constant of proportionality.

== =sample above, the ratio of people

a) to. watermelons (quantity &) 15 8: 1,
astant of proportionality s 8. This

= that the nurmber of people who can be
ways eight times the number of melons.

showing the number of watermelons

o feed various numbers of people

Iyt plot the
vy of o
aad ban o
qraph®, It gives
i REFRIGhE e
wilkinh pages
thratiph (O
and fras o
shope ™ ol ke

fonr
B o= g 7 S
—== of watermelons (b)

(T NUMBER

Inverse proportion

The relationship between quantities, such that
Wwhen one auantity Increases, the other decreases
in the same ratio. Similarly, when one guantity
tecreases, the ather increases in the same ratio.

For exarmples, the table below shows how long it
woild take a car to travel a distanee of 120km
al various speeds,

The time of the jourdey goes dowr as the
speed goes up. This is an example of inverse
proportian, and the time of the journey is said
fo be inversely proportional to the speed.

When guantity a 15 indirestly proportional to
guantity b, this is written asa = X The
relationship can be alsa be written as:

a= ‘E’ or axb=Fk

wwhere k15 the constant of proportionality

o the example above, the product® of the time

(quantity a) and the speed (quantity b) is always
the same (e.g. 20 6= 120 and 40 % 30 = 120},

50 the canstant of praportionality is 120. This
means that for the 120k journey, the e
taken will always be sgual to 120 divided

by the speed,

All gxamples af inverse proportion can be
expressed by the rule!

The product of two inversely proportional
guantities is constant.

Graph showing the time taken to
travel 130km at various spesds

If'“. I pow plot e
x valies of @ anid
oLl boan @ ghapft®;
s the rasuit is
S ;
2 o re:'r:.'pn:u:cr.l:
T 4l grapi™. which
Iy {5 chines.
& 2

=

T e 3 o o S 7
Time {hours} fat

“e—=t finks For links to useful websites on ratio and praportion, go o wnsw usbomes-guickings oo | 25
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Solving ratio problems

To divide a quantity in a given ratio
1. Add all the numbers in the ratio* to find
out what the total number of parts is.

. Di\‘(idwe the quantity by the total number of

pérts to find the value of one part.

3. Multiply each number in the ratio in turn by
the value of one part to find out the value of
each share.

For example, if angles a, b and c in this triangle
are.in the ratio 4 : 3 : 5, what is the size of
each angle?

Total number of parts =4 +3 + 5 =12

Total number of degrees in the triangle = 180

One part is % = |57 v
Angle a is 4 <15 = 60°
Angle b is 3 X 15 = 45°
Angle ¢ is 5% 15 =75°

[
e

To divide a line in a given ratio

A line can be divided internally or externally in a
given ratio*. If the point P lies between A and B
on the line that joins them, the line AB is said to
be divided internally. The first number in the
ratio represents AP and the second number
represents PB.

e.g. (3 + 2) portions
The:line AB.is A 2 &
divided internally ® @ @
in.the ratio 3 +-2. - :

3 portions 2 portions

if point P lies on the continuation of the line AB
(known as AB or BA produced), the line is said
to be divided externally. If the first part of the
ratio is larger than the second, P is closer to B
than A and is on the line AB produced.

26|

€.9. (3 = 2)-portions 2 portions

A A ,
L o ®
This line AB is 2 martions The first part of the

divided externally
in-the ratio 3 : 2.

ratio 3 ! 2 is larger,
so P-is closer to B.

If the second part of the ratio is larger, P is closer
to Athan B and is on the line BA produced.

e.g. 2 portions (3 —-2) portions
P A g
— ol

3 poelion

This line ABis divided externally in the ratio 2 43,

Solving proportion problems

Unitary method

A method of solving problems where one
quantity is proportional* to another, by finding
the value of one unit of a quantity and
multiplying it to find the value of a required
number of units.

For example, a printing press prints 200 pages
every 5 minutes. How many pages will it print
in 3 hours?

1. Find out how many pages it prints in
one minute:
In 5 minutes, the press prints 200 pages.
in 1 minute, it will print 222 pages.
The press will print 40 pages in 1 minute.
2. Find out how many minutes there are
in 3 hours:
1 hour = 60 minutes
. 3 hours = 180 minutes

In 180 minutes (3 hours) the press will print
180 X 40 pages, that is, 7,200 pages.

Ratio method

A method of solving problems using direct
proportion®. In this method, the ratios* are
shown as fractions*, where the numerator* of
one of the fractions (x) is unknown. The value
of x can then be found by multiplying both
fractions by the same number.

For example, a printing press prints 200 pages
every 5 minutes. How many pages will it print
in 3 hours?

The number of pages printed in 3 hours is
directly proportional* to the number of pages
printed in 5 minutes. Let x be the number of
pages printed in 180 minutes (3 hours).

- 36,000
% 5
x=7,200

So, the press can print 7,200 pages in 3 hours.

* Cancel 17 (Equivalent fractions); Decimal, Decimal point 19; Direct proportion 25; Fraction 17
~ Lowest possible terms (Equivalent fractions) 17; Numerator 17; Proportional 25; Ratio 24.



PERCENTAGES

A percentage is a way of expressing a fraction*

The % symbol is. used to
. represent percentage.

or decimal* as parts of a hundred: per cent

means “in each hundred.” For example, 10
percent (10%) means 710% or 10 hundredths.

To change a fraction or decimal
to a percentage
Multiply the fraction or decimal by 100.

ElghE > = (% P 100)% = 3%0% = 75%
0.28 = (0.28 X 100)% = 28%

In both examples above, the fraction and decimal
are less than 1, so the equivalent percentage is
less than 100%. A fraction or decimal that is
greater than 1 always converts to a percentage
that is greater than 100%.

e.g. 2% = (% X 100,>%,
— 1100
5
0
1
= 220%
and 1.16 = (1.16 X 100)% = 116%

To change a percentage to a fraction
Divide the percentage by 100, then cancel* the
fraction down to its lowest possible terms*.

Wy = LAY =3
eg. 60% o
To change a percentage to a decimal
Divide the percentage by 100.
eg. 60% = 0.6

5.2% = 0.052

To find a percentage of a known quantity
Express the percentage as a fraction (%) and
multiply it by the quantity. Alternatively, express
the percentage as a decimal and multiply it by
the quantity.

For example, 5% of the population of a town
where 9,000 people live is:
1%6 X 9,000 = 450

or 0.05 X 9,000 = 450

Use the percentage key on
your calculator to find-a
percentage of a number.

%

To express one quantity as a percentage
of another

Divide one quantity by the other and multiply
the result by 100.

Quantity A
Quantity B

Percentage = x 100%

For example, in one day, 51 of the 60 buses that
stopped at a bus station were on time. What
percentage of buses were on time?

Buses on time
Total number of buses

% X 100% = 85%

X 100%

85% of buses were on time.

To find an original quantity

Divide the known quantity by the percentage
(to find 1% of the original quantity), then
multiply it by 100 (to find the whole quantity).
Alternatively, divide the known guantity by the
percentage written as a decimal. These methods
are sometimes called reverse percentages.

For example, 75% of pupils in a class passed a
test. If 24 pupils passed, how many pupils are
in the class?

Either:

Divide 24 by 75 percent to find how many
pupils make up 1% of the class then multiply by
100 to find the total number in the class:

24 %100 =32
75

or:
Divide the number of pupils who passed by
the percentage expressed as a decimal:

24 = 0.75 =32

There are 32 children in the class:

NUMBER |
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 Percentage change

mount that a value has changed, expressed

i as a percentage* of the original value, is called

e percentage change.

Percentage

-Percentage _

128

newrvalue — original value . 100

change original value -

Percentage increase
A positive percentage change. A percentage

increase can be calculated using:

Percentage
increase

increase in value

x 100
original value

For ¢ xample a schaol with 750 pupils receives
funding for another 75 places. Express this rise

as-a-percentage increase.

Percentage increase 75 100
LT, 750

L %100

0

it

— 100

710

=10
The rise Vin:h'urhbne‘r- of places that can be offered
at the school is a percentage increase of 10%.

Percentage decrease

‘A negative percentage change. A percentage

decrease can be calcufated using:

decrease in value

AT x 100
original value

decrease

_ For example, one year. & factory produces 60

cars per worker. The following year this total
has fallen to. 57 cars per worker. What is the
percentage decrease?

Decrease in::'c,ar—fs;ﬁfe:r» worker = 60 - 57 =3

3 5¢ 400

Percentage decrease =
Ly

= -L X 100
20

= 100
0

— 5
The fall in the fact ry's output represents
a percentage decrease of 5%.

*Decimal 19, Percentage 27

Interest

When you put money into a savings account
in a bank or credit union, the bank or credit
union uses that money, for example by
lending it to other people. The bank or
credit union pays you a certain amount,
called interest, for letting them use

your money.

Similarly, when you borrow money from a
bank or credit union, you will have to pay
them a certain amount of interest, as well as
paying back the amount you borrowed. The
amount originally borrowed or lent is called
the principal.

The rate of interest (or interest rate) is the
amount of interest charged or earned in a
year. It is expressed as a percentage® per
annum (p.a.) of the principal. (Per annum
means “in each year”.) For example, an
interest rate of 4% p.a. means that every
$100 invested gains $4 (which is 4% of $100)
at the end of the year.

There are two types of interest: simple and
compound interest. These are calcuiated in
different ways.

Simple interest

Interest that is earned or paid only on the
principal without including any earlier
interest earned. The amount that earns
interest does not change.

Compound interest

Interest that is earned or paid on an original
sum of money invested, including the
interest already earned. The amount of
money that earns interest increases each year.

Multiplier

A number that, when muitiplied by a
principal, gives the total amount saved or
borrowed at the end of a period of time
(usually a year), including interest. The
multiplier is 1 plus the rate of interest
expressed as a decimal*. For example, the
multiplier for an interest rate of 6% p.a.

is 1.06.



To calculate simple interest

Simple interest = %OXT

where P is the principal, R is the rate of
interest (as a percentage*) and T is the time
(in years) over which interest is being calculated.

To find the total amount in the account, use:

Total amount = P + =8 =T
100

For example, if a person invests $500 at an
interest rate of 4% per annum, the amount of
interest earned each year is $20, because:

500X 4% 1 _ 7
100 .

The total amount in the account at the end
of the first year is $520 (the interest added to
the principal).

To calculate compound interest

(Long method)

Use a multiplier to find the total amount
including interest at the end of each year, then
use this new amount as the principal for the
following year.

For example, if a person invests $500 at a
compound interest rate of 4% p.a., the amount
in the account at the end of the year is $520
($500 X 1.04). In the second year, interest is
calculated on a new amount, $520 (the original
$500 investment plus the 4% interest), and so on.

Year 1 amount = $500 X 1.04 = $520
Year 2 amount = $520 X 1.04 = $540.80
Year 3 amount = $540.80 X 1.04 = $562.43 (2 d.p.)

This method of calculating compound interest
over a large number of years is time-consuming.
An alternative method is explained opposite.

{ NUMBER
To calculate compound interest
(Short method)

Consider that a person invests $500 in a savings
account that pays interest at a rate of 5% p.a.

At the end of year 1, the new amount is:
$500 % 1.05
(principal X multiplier)
At the end of year 2, the amount is:
($500 < 1.05) X 1.05
= $500 x 1.052

At the end of year 3, the amount is:
($500 X 1.05) x 1.05 X 1.05
$500 X 1.053

This sequence can be used to calculate the
amount in the account:

after 6 years $500 X 1.056
after 10 years $500 x 1.0510
after n years $500 x 1.057

The power to which the multiplier is raised is
called the multiplying factor, and it is the same
as the number of years an investment is earning
interest. So, to find the total amount in an
account earning compound interest, use:

%
Total amount = P X (1 + L)
100

.
Compound interest = P x (1 + %) —P

where P is the principal, R is the percentage
rate of interest and T is the time (in years) over
which interest is being calculated.

For example, $20f invested for five years
at 4% interest would be
$24.33 (2 d.p.):

2o & (1. aﬁ-);
20X 1. 2167
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SHAPE, SPACE AND MEASUR

GEOMETRY

Geometry is the study of the
properties of shapes and the
space around them, from a simple
triangle to the most complex solid.

Point

A location that can be described by giving its
coordinates. A point has no length, width or
thickness. It is usually represented on diagrams
by a small dot or two crossed lines.

Line segment

The part of a straight line between two points.
A line segment has a fixed length. Strictly
speaking, a line continues indefinitely in both
directions. Lines and line segments are one
dimensional: they have length but no width
or thickness.

fine Line segment
Beiint Poing
Transversal /
A line that crosses two
or more other lines.
Transversal

Horizontal
A way- of describing a line or plane that follows
the horizon, at a right angle (90°) to the vertical.

Vertical
A way of describing a line or plane that is at a
right angle (90°) to the horizon.

Perpendicular
A way of describing a line or plane that is at a
right-angle (90° to another line or plane.

Parallel

A way of describing a set of lines or curves that
never meet, however far they are extended. They
are the same distance apart all the way along.
On diagrams,
arrow markings
like these are

used to represent
paratletlires.

The red iine on this letter
“H" is horizontal.

The blue fines are vertical.
They are also-parallel

because they are.the same —P————
distance apart all the way
along.and will never meet. —— ———

Triangle A

Geometry is the study of
shapes, such-as this triangle
and icosahedron, and the
relationships between them.

5 Icosahedron
Collinear

A way of describing points that lie in a straight
line, or share a common straight line.

B
g

Points A, B and C are coffinear, and
points D, E;:B and F are collinear.
C, B and F are not collinear, as
they do not lie in a straight line.

Plane or plane figure
A two-dimensional object, with length and-width.

Examples
of planes

Coplanar

A way of describing points
that lie on the same plane,
or share a common plane.

In this shape, points A, Cand D are
coplanar, and points A B and E are
coplanar, However, A, B, Cand D

are not coplanar because they do 4
not share a common plane.

Solid
A three-dimensional object, with
length, width and thickness.




Cartesian coordinate system

A system of describing the position of points
on a plane or in a space in terms of their
distance from lines called axes. Points on a
plane are described in terms of two lines, the
x-axis and the y-axis, which are at right
angles (90°) to each other to form a
rectangular coordinate system.

; i The yjaxis s YA

f " 3
sually-verticatf:

e SHAPE, SPACE AND MEASURES

Quadrant

Any of the four regions formed-on a plane
by the x-axis and y-axis. (Quadrant is also,
the name of part of a circle, see page 65.)

o

Znd quadran Iist quadrant

Y

3rd quadran 4th quadrant

$Y

® /’
The point where The x-axis
fhe axes meer s is usually
| called the origin. | herizontal.

Distances along the x-axis to the right of the
origin are usually positive, and those along the
x-axis to the left of the origin are negative.
Distances along the y-axis above the origin

are positive and those below the origin

are negative.

i ) A y’viali/es' above the
o

> ate positive,

x values to the left éf I

ihe brigin are negative.

S5 =4 93 2 T 2 8 4 5 b

X values to thé right of

v values. belodr the 9 the origin are positive.

origin are negative,

Cartesian coordinates

The coordinates {x,:y), which describe the
position of a‘point in terms of its distance from
the origin. The x-coordinate is the distance of
the point from the ‘origin, parallel to the x-axis.
The y-coordinate is the distance of the point
from the origin, paralfel to the y-axis. The
x-coordinate is always written first.

i Y A Th? coordinates of.
_The ¢oordingtes of 2 @ this-point-aré-(1-2).
this point are (=5, 1)
® 1-4--The-coordinates -of -
i the origin are (0, 0).
R4 2 2 TN
—q ;
; 1
The coordinates of ' | The coordinates of
this peintate (73,71): rl*n‘smm*m? CRNYE

A

Dimensions
The number of coordinates needed to fix a
point in a space.

The position of a point on a line or line
segment can be described by one coordinate.
This means that a line is one-dimensional.

- - . — X
T e
2 3

]

i
0
The position of point a is 3.

Two coordinates are needed to describe the
position of a point in a plane, so a plane is
two-dimensional.

¥ A The position of
this point is
described as

(a, b), where the
values of a and b
depend.on. the
scale used.

o
Qi@

o

Three coordinates are needed to describe the
position of a point in a space. This means that
the space around us, or a solid shape within
that space is three-dimensional.

The position of this
point is (a, b, ¢, z

Points in a'space .
are described with

where the values ‘reference to.three
.ofa, bandt i lin is,
depend on the @ ;

scale used. i

¥

7 “3' Intertiet links For links to useful websites on general geometry, go to wwushorne-guickiinks.com
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ANGLES

Arms
An angle is formed wherever two lines meet at a point*. Angle
The angle is measured by the amount of turn that one
line must travel about this point to arrive at the position
of the other line. This turn is measured in degrees (°).
There are several types of angles, classified by their size. o

of the angle.

MNull angle or zero angle Obtuse angle

Any angle greater than a
right angle (90°), but smaller
than a straight angle (180°).

Mo rotation (05,

90° < angle < 180°

Whaole turn, ful turn, round angle Reflex angle

T PRI N Any angle greater than a
A complete‘tirn, or straight angle {1807).

revolution, equal to 360°.

Right angle

A quarter of a full turn, equal
i . 10'90°, Lines that meet at a
- S ight angle are described as
perpendicular.

This.symbol-is used to =
/ show that an angle is =3 -“\.l
a right angle. (

=y

Clockwise Counterclockwise

These fines are
perpendicular.

Straight angle or flat angle

The rainute-hand-of a clock-turns a complete revolution, 3607
every hour. The direction in which the-hands travel aretnd
the: clock is describedas clockivise. The: opposite-direction
‘is counterclockwise.

Halt a full turn, equal 1o 180°

Positive angle This “"g;e M
Al ‘a{iglé'—t'h'at'is canstructed
or measured ia counter-

Acute angle clockwise direction.

- Any angle smaller than a right
angle (90°). Negative angle
: Ari:angle that is

= angle = 90° 1constructed or measured
i in 2 wise direction. b!.._\

32 * Cyclic quadrilateral 71; Parallel, Point 30; Right-angled triangle 37; Transversal 30; Vertex 34 (Polygons).
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Pairs of angles

_ ;_m_g.weil' as‘being define-d: b their size, angles can be named and grauped by their relationship to
lines and other angles. Many of the types of angles described below come in pairs.

Adjacent angles ' Corresponding angles

ﬁr;i;lf;'s that:s}-rare-g : b Angles that have a-similar position with

vertex® (paint) and redation to s transversal® and one of a pair

aline. calll of parallel* lines. A transversal across parallel
Angles a aad b are lines produces four pairs of corresponding
ﬁﬁ;ﬁﬂjﬁ {, -anales. Corresponding angles are equal,

gr=h L=l

Alternate angles o ¢

Angles formed on alternate sides of &

transverssl® between paraifel* lings. b? =

Alternate angles are equal,

Tt poiry of Correspamilg
arigkey created by o/ thahsiersel
i paraiet? fings

2=

it = b =

Angles at a point*

The angtes formed when any number of lings ;

meet at & point. These angles add up to 360°,  Supplementary angles
T Two angles that add

up to 1807, Each angle 1s

said to be the
supplement @ +i =807
! F-PElTl “ Attt anigles
of the other.  on's droignt fine
ofe sponlemantarn.
Vi gi:-ch.:“ = 3 it e 4 e e a0
! a
:Cnmplurnentary angles .
Tweo angles that add up to 9007, Each angle is.
said to be the gqmp!_ement of the athor,
y il = 1807 Gl L Y. i
" The m:egfﬁ Heuass paedisl - The copasile auigles 6F
et o rasiemsal e P adrTater
" G 7T T e supEentarn:
a
b Vertically oppasite angles
The angles on opposite
sicfes of the point where
= T NI - o e I lines cross, These
.#nz«r;u uﬂgm,mg.'e U riggh e trangla”, s S S
Wi e g, e angles [he angled @ amd 0 ki l"‘_’f ang.hs ik ]
farmed. Gre _cm?‘rpkm'enfmﬁ,: CornolEmaniany. alweays equal. ot = ctandble ]
. ﬁ Internet links For links to useful websites on general geometry, go to www.usborne-quicklinks.com ’ 33
U
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L .‘A polygon isa shape formed from three or more points* joined by
~ three or more straight lines. The points are known as vertices (each

~ point is a vertex), and the lines are called sides. The name of most
- polygons relates to the number of angles™ or sides it has.

Name of
polygon

Triangle
Quqdrilateral
Pentagan
Hexagon
Heptagon or septagon
Octagon
Nonagon
Decagon
Hendecagon
Dodecagon
Quindecagon

Icosagon

Diagonal

Number of
angles and sides

10

11

12

15

20

A line that j )oms two verUces

of a polygon that are not
next to each :o.t,he{,i

Diagonals

Shape

“Rectangle.39; Reflex 32; Rhioy

.angles of a polygon is eq

N-gon ]
A polygon that has:n angles and n sides,
where n represents any number.

Interior angle )

Any of the angles inside a polygon, where two’
sides meet at a vertex. The sum: of the interior
1o the 'mnfthe

interior angles of any othe
same number of sides: The sum of the ||1ter|0r
angles in an n-sided polygon is 180° (¢ - 2).

fr i naagie, s 3
LERCE —2)
= TRQ" ]
= 180"

SIS T ST = 1802

e quadriloternal nisd, s
180%4 — 2

=@ w2

= Fa0”

FOO%+ GIF & 995 LTl = 360"

Exterior angle or external angle
Any of the angles formed between a side af &
polygon and the extension of the side next to it

An mtenor ang[e

Eateror qrgh

Interior
angle.

V-
up to 180°

Cyclic

A polygon that can have a
circle drawn sround it such
that each vertex of the
polygan lies on the circle’s
circumference®,

A eyehic quaddlataral

|- *Acute angle, Angle 37 Clrcumference 65, Obtuse angle 32 Point 30; -
entary 33:
nkary




Equiangular polygon i

A-polygon in which alf the mterlor angles are
~equal. An eguiangular. palygon does not have
to be equilateral.

(il L]
This rectangle*is
equiangular, as all of its

_angles_are right-angles
(90°). However: it is

; “ not equitateral as the

_] ) r_ lerigths of its sides-vary.

Equilateral polygon

A pelygon in‘which all the sides are equal An
equi’la;teral polygon does not have ta be
eq'u_\}anlgular.

This rthombus™ is
equilateral; as all its
sides gre-equal in
‘tength: However, Jis
interior angles are
different so it is ot
equiangular.

Convex palygun
A polygon in which all mferlor angles are ey
than 180

7 >(Iess' than: ;’80");

Lancave polygon
& palygon in which one or more interior angle
~ = greater than 1807

Al ledslome Flerka
GRS I G ST
Eodjgan Gorefe
(ot TR

Regular polygon
A polygon in which alf t
angles are equal 1t IS be

Equilateral triarale Square

Regular pentogon Reguildy Nesagon

The Pentagon, in Washington, DC, USA, is the headquarters
of the United States Department of Defense. The building is
named after its five-sided shape.

Intarnet lmkl: Faar lirtks touseful wabsies on shapes and mllds go 10w usborne quicklinks com | 35
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Tessellation

Tessellation is the combination of one or more
shapes such that, when repeated, the pattern
covers a surface without leaving any gaps or
overlaps. Shapes that fit together in this way
are said to tessellate.

These circles
don't tesseflate.

These squares
tessellate.

Many shapes tessellate, but there are fwo
kinds of tessellation that involve only regular

polygons*: regular and semi-regular tessellation.

Regular tessellation
A tessellation made up of only one type

of regular polygon.

There are thrae reguilar
podegans that willl farm
o reguiar tesseliation;
an equiiimteral tricnagio,
Squaare and regualar
hexmigon,

36

* Exterior angle, Interior angle 34; Line of symmetry 42;
Regular polygon 35; Vertex 34 (Polygons).

combination of equilateraf

Semi-regular tesseflation

A tessellation made up.of more than
onetype of regular polygon. The pattern
ed at each vertex (point) where the

polygcms meet is the same.

There are eight semi-regular
tesseflations. These use-a

trfangles, squares, hexdagons,
octagons and-dodecagons.

]
LA L A g
B B
@@;@@




Triangles

A triangle is a polygon with three angles and
therefore three sides. If some of the angles and
sides of a triangle are known, others can be
calculated using the Pythagorean theorem (see
page 38) and trigonometry (see pages 60-64).

Triangles can be classified according to the
lengths of their sides.

Equal sides

An equal number of dash

miarks on two or more sides
-ofa shape-identify the sides

that are of equal length.

Scalene triangle
A triangle in which the sides

are all different lengths,

and all three angles are

different. A scalene c
triangle can also be

a right-angled triangle.

In a scalene triangle, sides a,
b and c are different lengths.

Isosceles triangle

A triangle that has two
equal sides. The angles
opposite these sides are also
equal. /sosceles is-a Greek
word, meaning "equal legs.”
An isosceles triangle has
one line of symmetry*,
which divides the triangle
mio two identical right-
angled triangles.

0 BN

This is an isosceles triangle:
angles x and y are equal,
and sides a and b are equal.

Equilateral triangle

£ friangle that has three
equal sides. Each angle
—easures 60°.

Triéng|es can also be classified according to
their angles.

in this acute-angled
triangle, angles

a, band care

all less than 90°.

Acute-angled triangle
A triangle in which all
three interior angles*
are acute, that is,

less than 90°.

Obtuse-angled triangle 3
A triangle in which one interior angle* is obtuse,
that is, greater than 90°.

In this obtuse-angled triangle,
angle a is greater than 90°.

Right-angled triangle

A triangle in which one interior angle* is a
right angle, that is, 90°. The other two angles
are complementary, which means that they
add up to 90°.

A right-angled
triangle has special
properties (see
Pythagorean theorem,
on page 38).

=

Angles in a triangle

Thier top Mertes?
Qf qUIrEage i

The: interior anigles?
i CE e apex,

i up b B0
o R rF = B

Arlrgie: formed
between o

i : < sides 5 colled the
SR S included angle.
15 etpdal torthe s
afthe o opposite

i i
SHAPE, SPACE AND MEASURES |

- eilateral triangle | ;rfermia?q.fﬁfs |
= three lines of ik i
memeiry*, each of which 3 I i : b
wades the triangle into Ep i -'-?\‘, Side [hse} |l/ 3
identical right- VT R el
amgled triangles. et fticn Verfex Wartey
-~ Internet links For links to useful websites on shapes and solids, go to www.usborne-quicklinks.com [
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More triangles

Congruent triangles

Triangles that are exactly the same shape and
size. Two triangles are congruent™ if they meet
any of the conditions described below.

Side-side-side (SSS)

If all three sides of one triangle are equal to all
three sides of another triangle, the triangles
are congruent.

3cm
S5cm
4cm 3cm
Scm
4cm

Side-angle-side (SAS)
if two sides and the included angle* of one
triangle are the same as two sides and the
included angle of another triangle, the triangles
are congruent.

0

24mm

Angle-angle-side (AAS)

If two angles and any side of one triangle are the

same as two angles and any side of another
triangle, the triangles are congruent.

20mm £

Right-angle-hypotenuse-side (RHS)

If the hypotenuse (longest side of a right-angled
triangle*) and one side of a right-angled triangle
are the same as the hypotenuse and one side of
another right-angled triangle, the triangles

are congruent. 15mm

Similar* triangles

Triangles that are the same shape but not
necessarily the same size. Corresponding angles are
equal and corresponding sides are in the same ratio.

* Concave 35 (Concave polygon); Congruent figures 44; Diagonal 34; Included angle 37 (Angles in a triangle);
Integer 6; Interior angle 34; Line of symmetry 42; Parallel 30; Right-angled triangle 37; Rotation symmetry 42;

Similar figures 44; Squaring 8 (Square number); Sum 14 (Addition); Sy try 42; Ti llate 36.
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2= oblong.
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Quadrilaterals

A four-sided polygon is called a quadrilateral
(“quad” means “four”). All quadrilaterals
tessellate*. The quadrilaterals listed on this page
have special properties.

Square

A quadrilateral ih which all sides are equal and
all angles are right angles (90°). The opposite
sides of a square are parallel*. A square has
four lines of symmetry* and rotation
symmetry* of order 4.

A square has 4
sides of equal

The opposite sides
of asquare are

A square has 4
fines. of symmetry

length.and 4 parallel, and its and rotation

fight angles. diagonals* are of symmetry
equal length. of order 4.

Rectangle ,

A quadrilateral in which E

opposite sides are equal
and parallel*, and all
interior angles* are right :
angles (90°). A rectangle T
has 2 lines of symmetry*
and rotation symmetry*
of order 2. The diagonals*

of a rectangle are equal in S 5
‘ength. A rectangle is also
gometimes known as

A rectangle has 2
lines of symmetry and
rotation symmetry of
order 2.

Kite

= aguadrilateral that has
=0 pairs of equal sides
== one pair of opposite
==ual angles. It has only
= line of symmetry* and
== potation symmetry*.

A kite has one pair of
equal gngles. It has one
line of symmetry.

Parallelogram
A quadrilateral in which opposite sides are*
parallel* and equal in length, and opposite angles
are equal. Most parallelograms have no lines of
symmetry* and have rotation symmetry* of order
2. The exceptions are rectangles, squares

and rhombuses, which are special types

of parallelograms.

e—T
The oppesite angles of - o
this parallelogram are /
equal. It does not {
contain any right angles. | i} i =7

Rhombus ;
A parallelogram in which
all four sides are equal in
length, and opposite angles
are equal. A rhombus has i
two lines of symmetry* and 3 i i
rotation symmetry* of order ’\\i:?,fﬁ
2. A square is a speciat type b

A rhombus is sometimes

called a diamond when
it is standing on a vertex.

of rhombus, as it has four
right angles.

Trapezoid

A quadrilateral that has one pair of parallel*
sides. Most trapezoids have no symmetry*.
However, if the sloping sides a and b of a
trapezoid are the same length, it has one line

.of symmetry*. A trapezoid of this type is an

isosceles trapezoid.

Trapezoid

Arrowhead or delta
A concave* quadrilateral
with two pairs of equal
i adjacent sides. An arrowhead

/ ¥ has one interior angle*

greater than 180°, and one
| line of symmetry*. it has no
| rotation symmetry*.

| SHAPE SPACE AND MEASURES J——
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& Internevtrlin_ks, -For finks to useful websites on shapes-and solids, go to Wwwusbdrn:e:—qu‘icklinks;cbm y ‘
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~ SOLIDS

A tube g

o Verfex
Hafzhedmn

Face

Edge

~ The nameof a polyhedron is refated to.the
number of faces’it has.

Name of polyhedron

Heptahedron
. Nonahedron

Dodecahedron

Diketdral———t__
drhgle

i f'_‘Convex polyhedron

i i.ess than. 180°, for example, a cube.

“Concave polyhedron
A polyhedron in which at
least one dihedral angle
is greater than 180°. This
~ means that at least one
- vertex pointsin toward
e the mlddle of the solid.

Three-di

131 (Dimension); Triz

Regular polyhedron

~Asolid is a three-dimensional* object. A solid can be any shape or size, but
many. sohds such as polyhedra, spheres, cylinders and cones, have particular
propertles ‘The properties of polyhedra are described below, and you can

t more about cylinders, cones and spheres on pages 67-69.

A polyhedron in which the faces

are identical regular polygons®.

The angles at the vertices are
equak There are five regufar
polyhedra. They were known

A regular

Number of faces

A polyhedron in which each: dihedral angle is

Cancdie poihedror

,Angle 32 Axls of rotational symmetry 42; Equtlateral trianr
Perpendicular helghl 56 (Area of a triangle); Polygon 34
gle 37; Two-dimé

to the Greek philosopher
Plato, and are sometimes

called the Platonic solids.

A cube hos
Six sguare
faces;

A regular
dodecahedron
has twelve
faces,‘alf of
which are
regujar
pentagons’.

Semi-regular polyhedr

A polyhedron in which the

faces are more than one
type of regular polygon.

An icosidodecahedron is a

semi-regular pelyhedron

with 32 faces: 20 triangles*

aﬂd 12 pentagons

Euler's theorem
The theorem relating to
such that: .

V~-E+

of edges and F

12 edges and 6 faces (8

The theorem | is named after the: S\Mss

mathemattcran Leonard

131 (Dimension).

. \/ = number of vertices, E = number
number of faces.

This theorem can be demonstrated, for
example, with a cube, Wh;ch has 8: vert!ces

: }allel 30; Péntagen 35 (Regular polygon)
gular polygon 35; Right angle 32;

tetrahedron has
four faces, which
are equilateral
trignyles®.

A regular
octahedron
hds eight faces,
atl-of which are
equilaterat

'trmngies 5

A requiar
icosahedron
has 20 faces;
all of which
are eqmmteral
trignglest.

on

Ieosidodecahedron I

polyhedra,

F=2

— 12 + 6= 2),

Euler (1707-83).




“pyramid. in which the
-apex is directly above

‘The length of a line drawn from
‘the apex of a pyramid to the

“The slant height of a pyramid
-is equal to the perpendicular
‘height” of the triangular face.

Pyramid
A polyhedron with a polygonal base and
triangular sides, which meet at an apex (the
top vertex). The name of a pyramid relates to
the shape of its base. If the base is a regular
polygon*, the pyramid is a regular pyramid.
Triangular
pyramid
(tetrahedron) i

N .
quare
dﬁgﬁv pyramid

Pen tagohal pyramid

Apex

A right pyramid is a Right
\ pyramid

the middle of the base.

Slant height

midpoint of the base edge.

Prism

A polyhedron made up of two parailel*,
identical polygons* (the bases) joined by-
parallelogi’ams (the lateral faces).

e e e

_ Lewreral
face

A rectnnguidr prism-has a
rectangle<ds its base:

A triongular prism hos
3 Fricncie o its buse.

Fit*pri’s_m, the This Aght prism is
faces are at right geﬁj:‘:ﬁ it
les* to the base. If firse s
bases of a right asquare.

are regular

: Right: 5
,guv!;a r prism. Qe

1n an oblique prism,

“The part below the

‘the angles between Lhe

Plan

A two-dimensional*
drawing of a solid as
if viewed directly
from above.

Plan

Elevation

A two-dimensional* drawing of a solid as

if viewed directly from the front (front
elevation), or the side (side elevation). The
front is taken to be the face hearest to you.

Side efevation Front
Front it elevation

Diagonal

A line drawn between two vertices of a solid
that are not on the same edge. Solids have
short diagonals, which lie across the surface,
and long diagonals, which run through the
middle of the solid.

ez qmme e
Short diggoril — S

Long il -

Plane section A plane ’
- sedtie of
A plane (flat) surface R L

rectangle.

formed by cutting
through a solid at
any angle..

Cross section
A plane (ﬂat)f urface

‘through a solid at nght
angles* to the axis of
rotation symmetry*.

Frisstrdden

cross section is
the frustrum.

Net

A plane (flat) shape compose
polygons which- represents
faces of:a polyhedro; and:

L ;_
—(__SHAPE. SPACE AND MEASURES O
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SYMMETRY

A shape has symmetry when it can be halved or turned in
such a way that it fits exactly onto itself. A plane (flat shape)
or solid that is not symmetric is asymmetric. There are two
types of symmetry: reflection and rotation.

Refleétion symmetry, reflective
 symmetry-or line symmetry
Symmetry m Whlch a shape can be divided into

This bowl has reflection
symmetry, as edach half
is-a-mirror image-of
the other.

This butterffy shape has
reflection symmetry, as
each half is.a mirror
image of the other.

Line of symmetry or mirror line

A line that divides a plane into two parts, such
fthat:each part'is a mirror image of the other. A
] eican have more than one line of symmetry.

i This star
-has'four.
fines.of .
Symmetry. s

Thiz arrowe

has ane line

of symmetry.
i .

Plane of symmetry

A plane that divides asolid-into two parts,

such that each part’isa. mirror image of the

This rectanqular prism
has:three planes: of
Symmelry.:.

* Perpendicular bisector 48; Point 30; Vector 45.

(360 that a shape

 THES four-pointed
“star-has rofation

' zThe “dot. 1’11,5(74&‘trirlé1

g elght pomted star.

Rotafion symmetry or rotational
i ,symmetry
Symmetry in which & shape can be turned
about a fised point® or line and. fit exactly
onto itself - .

%

4

can be turned to fit

exactly onto itself,
<$

Center of rotation(al) symmetry
The point* around which a-plane can be
rotated fo fit exactfy onto itself.

Symimetry of order
4-Hecquse-ft can fit
onto itself in 4

<

- different positions.

«centerof rotation
symmetry of this

Axis of rotation(al} symmetry
The line arcund which a solid can be rotated
to fit exactly onto itself.

£t
_____,-":"" Fd This rectarigulor
Asivf e 0 prisey hos rofation
reaLiof | t symirTetry of order
spmmetry 4 gbao! this axfs,
i
b :J/




TRANSFORMATION

L

In geometry, a transformation can change the position, size or shape of a
line, plane (flat shape) or solid. The line, plane or solid that is to undergo
transformation is called the object and the result is the image. Performing
a transformation is known as mapping an object to its image. The points
on a mapped image are identified by ’, for example, line AB maps to A'B'.

Translation
A transformation in which an object is moved to

a new position without being turned or reflected.

The translated image is the same size and shape
as the object. The change in position from a
given point in a given direction-is called its
displacement. During translation, every point is
displaced by an equal amount, which can be
described by a vector*.

y-axis K The vector (?) describes the
5 A’ displacement of this triangle
A to its new position. Fach
4 _ point has moved 3 places
to the right and up 1 place.
3 =% x i i
B | .,
1) % ~“Image
Object s
B0 2 )i 5 R

Reflection

A transformation in which each point is mapped
to a corresponding point, which is an equal
distance from, and at right angles (90°) to, a
mirror line. If the object is a plane, the mirror
line is a line. If the object is a solid, the mirror
line is a plane. The size and angles of the
reflected image stay the same as the object, but
its sense has changed, which means that the
image is back to front.

B # ' 7 B’

The reflected image is exactly the same shape and size as,
but an exact opposite of, the original object. The distances x,
and z are the same on each side of the mirror line.

Rotation

A transformation in which an object is turned so
that each point on the image remains the same
distance from a fixed point (center of rotation)
or line (axis of rotation), depending whether
the object is a plane or a solid. The size and
angles of the reflected image are the same as
the object, but the image itself is in a different
position and at a different angle.

Image

Axis of

rotation This building block has been

rotated around an-axis of

rotation to a new position.
The center of rotation may be inside, on the
edge of, or outside the object. To find the center
of rotation, join any two points on the object to
their corresponding points on the image, and
construct the perpendicular bisector* of each
line. The center of rotation lies where the

perpendicular bisectors meet.

7 The point P where the

two perpendicular
bisectors meet is the
center of rotation.
The angle through which an object has been
turned is called the angle of rotation. |f the
angle of rotation is in a counterclockwise

direction, it is : .
b= A

said. tolhe M Direction of
positive. If it of a counter- e
is clockwise, cloc(l)(;/;/‘tl;\/e‘eor or negative
it is said to it ogen

be negative. — o

pN—>g

Internet links For links to websites on symmetry and transformation, go to wwvu-usborne'-quick/jhks.,cqm,-|‘
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Enlargement

A transformation that changes the size but not
the shape of an object. An enlargement is
measured from a point, called the center of
enlargement, which can be inside, on the
edge of, or outside the object. The amount by
which an object is enlarged is called its scale
factor or linear scale factor.

In this example, the image is
three times larger than the

object, so the scale factor of
the enlargement is 3.

a

D’
c

OA"=3 x 0A AB’ =3 X AB

OB’=3 X 08B BC’ = 3 X BC

0C’=3 x0C C'D'=3XCD

OD'=3 x 0OD D’E’ =3 X DE

OF’ = 3 X OF A =3 XEA

where O Js the center ”»

of enlargement.

If a negative scale factor is used,
the center of enlargement is
between the abject

and the image.

The object ABC has

OA = 72X 0A o been enlarged using
0B =208 a-negative scale

factor of ~ 2, to

0C’'="2x0C -
o produce image ABC".

where O is the
center of enlargement.

A fractional scale factor is between
~1 and 1. It results in an image that
is smaller than the object. B

image AB’C’ is the

result of applying a
scale factor of% to O
object ABC. et

Glide reflection

A transformation in which an object undergoes
translation*, and is then reflected® in a mirror
line* that is parallel* to the translation. The size
and angles of the image are the same as the
object, but the image is back to front

and displaced.

Object This pattern has

undergone a
glide reflection.

Similar figures
Objects that are the same shape but different
sizes, such as those produced by enlargement.

These figures are
similar: they are

the same shape

but different sizes. |

Congruent figures

Objects that are exactly the same shape and
size, including those that are a mirror image of
each other. Reflection®*, translation* and
rotation* produce congruent figures.

These three figures
are congruent: they
are all the same
shape and size.

|

Invariance property

A property of an object that remains
unchanged by transformation. For example,
the shape of an object in translation®,
reflection®, rotation® or enlargement is
invariant because it does not change.

* Mirror line 43 (Reflection); Parallel 30; Pythagorean theorem 38; Reflection 43;

Right-angled triangle 37; Rotation, Translation 43.
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B
A vector is a quantity that has both magnitude ek
(size) and direction. Displacement (change in v

position) is one example of a vector quantity. It is
used on these pages to show the basic properties of
vectars, which can be applied to all vector quantities.

\fector notation

The ways in which vectors are represented.

A yector can be drawn as a directed line, that
is; a 1|ne with an arrow on it. The line shows the
magnltude of the vector and the arrow indicates
its direction.

This vector can-be
written as AB or AB

This vector can be”»
written as DC or BC,
It can also be written It can also be written
as a [in printl, and as ~ a (in print), and
=& or A (if it is
handwritten).

handw nTrPn]

& vectar can also be written as a column vector,
x
in ¢
the form | vl

The top number ‘ a column:vector represents
movermant paraliel* to the x-axis. The bottom
number represents movement parallel to the
y-axis. Movementup and to the right is positive.
Movernent down and to the left is negative.

&

e

Displacement is the distance
an object has moved in a
particular- direction, for
example the displacement of
B from A is 3km northeast.

Magnitude of a vector

The size of a vector. For example, the magnitude
of displacement is the distance an object has
moved. The magnitude of a-is written |a |.

The length of a vector gives its magnitude. To
find the length of a vector, draw the distance
moved along the x-axis and y-axis, so forming
a right-angled triangle* which has the vector
as the hypotenuse (the longest side). Then use
the Pythagorean theorem* (a2 + 52 = c2) to
find the length of the hypotenuse.

For example, to find the magnitude.of x:

Ix| =VaZ+ b2

Ixt =vV32 ¥ 42

Xl =T TE L]

| =25 h
5

-

x

Equal vectors T
Vectors that have the same magnitude and
direction.

Vectors x and.y are equal:
they have the same-length
and direction (thatis, they
are parallel*).

Vectors p and g are not
equal. They are the same
length but do. not-have
the same direction:

A parallel* vector-with*the
same maghitude ds.m but
the opposite direction’is -
called —m. The two_.
vectors are not équa_/.

""2]“-’: Internet finks For links to useful websies on vectors, go ta wirwushome-guickiinks. cam l
e

et
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Arithmetic with vectors

To add or subtract vectors

Draw the first vector, then draw the second vector
at the end of it. Join the ends of the vectors to
create a third vector, called the resultant. This
represents the comhined change along the x-axis,
and the combined change along the y-axis.

b A\

To.add vectors; join therm-with'the arrows pointing the same way
( both c/ockw:se or-cotinterclockwise®). Vectors obey the
com utatlve and associative faws* of addition, as the resultant

a+b=hb+a.
o a
i : b—o
/ :

T suilitrael vecrors, join themr with the ariows pointing the
ufiprilE Wiy (one lockwize®, the other counterclockw;se”)

o+ b

To fmd ‘the resultant of two column vectors?®,

1add or subtract the top-number in each vector
(the change. along the x-axis), then add or
*subtract the bottom number in each vector

g ange-, along:the y-axis).

S e O S
| -3} o ]
bea=(3)+(5)=(-3)
a-bi=(-2)-(3)=( 5]
o-a-(3)-(-3)- (%]

Scalar or scalar quantity

A quantity that has magnitude*, but no
direction. Speed* is a scalar quantity, as it
has size (distance per unit of time) but

no direction.

To multiply a vector by a scalar
Write the vector as a column vector® and
muftiply each number in the vector by the scalar.
€.9g.
{81 .
| =~ | 4 ,
Ui

Fhis diagram shows
vectors x and 2x, -

as expressed in the
cofumn vectors above.
Multiplying a vector by a scalar is sometimes
catled 'scalar multiplication. A vector cannot be
multiplied by another vector.

Geometry with vectors

Vectors can be applied to geometrical problems.
For example, the shape below is formed from a
series of vectors. By finding an expression for
each vector, you can learn about the relative
lengths of the sides.

For example, irghe diagram below, point B is the.

midpoint* of AX. Find expressions for the vectors
—> —>
YB, AB, YA and AZ.

A

g /s

\C

=3 =3 == :
YB=YX4XB= at+ b= a=b

This'is because the direction of a and b need to
be reversed to get from point Y to point B.

—> —>
AB =BX = b

This is. because B is the midpoint of AX
and BX ish.

YA=YB +BA = ("a-b){ b

=g —b-b — 2b

This is because YB. : ;@ — b (see above) and
BA is the reverse of AB , s0is —b.

AZ-= AY - YZ‘a—t—Zb

Th:s is because AY Is the:reéverse of YK
YA— “a—2h, SOAYISG + 2b.

“Adjacent angle 33 Arc 55 Associative law of addition 15; Circle £5; Clockwise 12 Column vector 45 (Vector notation);
Commutative law of addition 15 Counterclockwise 32, Magnitude 4%, Midpoint 45; Reflex angle 32; Speed 73
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GEOMETRIC CONSTRUCTIONS

Construction is the process of drawing geometric figures. Some figures can
be constructed using only compasses and a ruler; others need a protractor too.

Compasses or a pair of compasses

A mathematical instrument used for drawing
circles* and args™ They can also be used 1o
transfer distances fram & ruler to paper or frem
one part of a drawing to another, Cormpasses
have two legs which are joined at ane end. Ong
leg holds a pencil or fead, the olher is a sharp
point, which serves as & fixed pivot

Thiemb
attachrrient,
wherg wau hold=
‘the:compasses.

Snrte gamnosses fioe an
adfustaient mul oy selting
the wdtf of i legs

o

Fomie Covtipeises hove
a pencit epd thimt Fis
in: the end ol dne leg:

“Pencit
¥ Paifit —

Using compasses

Before starting, close the compasses and make
sure that the tip of the compass point touches
the end of the pencil lead. To set the compasses,
hoeld them with the point in the zero marking on
the ruler. Pull the other leg out (or turn the
'adJustment nat) until the pencil lead rests on the
required ruler marking.

i
“ﬁmﬂ:ﬂmku

Pull-the feg: out until
the pencil reaches.
the measurement
you want,

th 2ero mark (0),

The ‘most accurate
way to draw a line of
a reguired length s tc
mark:off the distance
using compasses:

To drawr an arc or circle with compasses
Haold the thurmi attachment with the thumb aned
firsL finger. Swing the compasses ina clockwise™

direction and draw the are® or arcle”, keeping

anual pressure on both legs of the compasses.

.r"'__'“'\*
-

o el o praienl the
Seips from sl Gt
the compassel in the
direction o which, by
e e fatited.

Protractor

An instrument used for measuring or drawing
angles on paper. A protractor is usually a flat
transparent semicircle or circle, with degrees
marked around the edge. When measuring
an angle with a protractor, always readthe
scale starting from zero.

Angle a is measured on
the outside scale of the
protractor, to give

an angle of 45°.

Angle b is measured
on the inside scale, to
give an angle of 77°.

uuhm/ i &

y
"y, %5
////,///7 @
Y
%
Z

To find the size of a reflex* angle, first
measure its adjacent angle®, which is less
than 180°, and subtract this from 360°.

To find angle a, measure angle b
and subtract it from 360°.

e.g. if angle b = 85°
360° - 85° ~275°
50, anglé a'= 275°

&

Internet finks For links to us
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Useful construction terms Equidistant

The term that describes

F G
- - H *
Midpoint Point P is the tyvo or mo.re points®, P
A point* that midpoint of line AB. lines or solids that are 5 i
is exactly haif q the same distance Points A, B, C, D, E and
way along a T.5cm P 1.5am away from another F are equidistant from P.

line segment*. point, line or solid.

. : Bisector
Intersection Point P is the intersection A ' —-
A point* where two of lines AB and CD. A line that cuts an K agbisecion
L )
T angle* exactly in half.
D i .

each other. Perpendicular bisector

> . ! .

c B A bisector that is at_ right Perpendicular
angles* to the line it halves. _bisector

Basic constructions

To bisect an angle

To bisect the angle* shown in the diagram on the right:

1. Place the point of the compasses* on the vertex* (V)
and draw an arc* on each arm* of the angle*.

Bisector

2. Place the point of the compasses on each intersection
in turn and draw an arc between the arms of the angle.

3. Draw a straight line from the intersection of these

arcs to the vertex. The resulting line is the bisector. v }
To construct a perpendicular bisector To construct a perpendicular line through
To construct a perpendicular bisector on the a particular point
line segment AB below: To construct:a line perpendicular® to the
1. Set a pair of compasses* to slightly more than segment AB shown: below, through point P

half the length of the line. Place the point at A 1. Place the point of the compasses at P and
and: draw an arc* on each side. draw arcs that intersect AB.

2. Without changing the setting of the compasses, 2. Place the compasses:on each intersection in

place the point at B and draw another arc on turn and draw an arc-on the opposite side of
each side. the line to P.
3. Join both points:where the arcs meet to find 3. Join P with the point where these arcs
the perpendicular bisector. intersect. The line that you have:d:r—aw'h will
: be perpendicular to the line AB.
P
2] | 3 7
A B A= B
21 o )
*Angle 32;/Arc 47.(To draw an arc...);. Arm 32 (Introduction); Comp . 47; Included angle 37 (Angles in a triangle);

Line segment 30; Perpendicular, Point 30; Protractor 47; Right angle 32; Vertex 34.(Polygons).
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Constructing triangles
To construct a triangie when
all three sides are known . € ¢
-
%, 4
A bt 52 B 4 . — B A — B A 5
T T O T dem 10cm
:1: Draw afine of the 2. Set the compasses™ to 3. Set the compasses to the 4. Join A and B to the
Jongest known length. the second length. Place third length, place the point intersection.
Label-the ends. the point of the compasses at B and draw another arc. (To construct an equilateral
i at A and-draw an arc*. Label the intersection. triangle, keep the compasses

set to the same length as AB.}

To construct a triangle when two
angles and a side are known

AL 3 A B AB

T0cm 10cm 10cm 10cm
1. Draw a line the length 2. Measure the first angle* 3. Measure the second 4. Label the point where
of the known side, and at A with a protractor* angle from B and mark the twa lines intersect.
label the ends. and mark it in. Extend the it in. Extend the arm of
arm* of the angle. the angle.

To construct a triangle when two sides
and the included angle are known

€ €
8cm fra
>4 .A
A — B A B A 20 - B A B
e 10cm 10cm 10cm
I. Draw a line'the length 2. Measure the included 3. Set the compasses* to'the 4. Complete the triangle
of the longest known side, angle* at A with a length of the second arc, place by joining C and B.
and label the ends. protractor and mark the point at A and draw an arc*
it in. Extend the arm* on the extended arm. Label the
of the angle. point where-the lines intersect.

Triangles with two solutions
If the information given about a triangle is not enough to enable you to construct it,
it can have two possible solutions. This is called the ambiguous case.

For example, to construct the
triangle where side AB = 7.5cm,
side AC = 5¢m and

angle* ABC = 50°:

Q= A 30N A LN 2 8
7.5¢cm 7.5¢cm 7.5¢cm 7.5¢cm
1. Draw side AB and label 2. Using a protractor*, 3. Set a pair of 4. The two points where
the ends. measure the angle ABC at compasses* to the length the arc intersects the line
B and extend the arm* of of side AC and draw a provide the two possible
the angle. wide arc* from point A. solutions to the triangle.

E!% Internet links For links.to useful websites on geemetric constrictions, go to ww\',/f/‘qsbomé—quicklinks.comi* 49
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Other constructions

To construct a regular polygon*

For example, to construct a regular pentagon*, divide the

sum of the interior angles* (540°) by the number of angles* 4
in a pentagon (5), to give the size of each angle (108°).

C D € D
108° 108° 108° 108° 108°  7108°
A~ B A B A i 4 3
1. Draw g line to form the 2. Use a protractor* to 3. Set a pair of compasses* 4. Place the point of the
base of the pentagon. measure the required angles at to the length of the base. compasses at C and D in
Label the ends A and B. A and B. Extend the arms* of Position the point at A and B turn and draw two more
the angles. in turn and draw an arc* at arcs. Label the point where
the arm of each angle. Label the arcs cross (E). Join C and
the.intersections* C and D. D to E to finish the pentagon.

To draw a diagram of a straight-sided solid

r
+
A
1
¥
3
¥
¥
1

A

1. Draw the edges you 2. Show edges that cannot 3. Mark parallel* lines. 4: Mark 90° angles on the
can see. Make sure be seen as dotted fines. If there is more than diagram as right angles*. It
that you draw vertical* one set, use different is particularly important to
lines vertically: marks for each set. do this where angles do not

look as if they are 902

Isometric paper

Paper printed with three sets of parallel*
lines, each set being at 60° angles to the
other sets. Using isometric paper makes Squrare

it easier to draw an object and give the | ~pyramid
effect that it is three-dimensional*. B

Cube

When using isometric.paper, always make sure that
one set of lines is placed vertically*, as shown below.

! Rectangular
Using isometric paper “prism-
‘mdkes it.easier to.
draw the-angles in”
three-dimensional* objects..

* Angle 32; Arc 47 (To draw an arc); Arm 32 (Introduction); Bisector 48; Compasses 47; Interior angle 34; Intersection 48;
Line segment, Parallel 30; Pentagon 34 (Regular polygon); Perpendicular bisector 43; Point 30; Protractor 47; Radius 65;
Regular polygon 35; Right angle 32; Semicircle 65; Three-di ional 31 (Di 1sions); Vertical 30.




LOCI

Locus from a fixed point
The loous of a point® that s
the same distance from
a fixed point is & circle.

_,-f’d_'__‘-‘-h"‘-

¥

5 /

e fcis pf & Bt (il @ oisarys ot o g e
"‘-._‘_\_‘__._._,.;-l"'

elitarice ¢ ot fived poimt OV is o eindle.
The cerrled of Hhe sircle iy O and iy rodid 5

Locus from two fixed points ',

The lacus of & point® that is the o
=ame distance lrom two fixed o
Boings |5 the perpendicdlar 4= W
‘mizector® of the line dravwn
Between the points,

‘ﬂ-q
Ay gt o [ logus
1y Hhe-bgme disiance
Trers poimes B angd o

Locus from a line

The locus of a point™ that is the same distance d
Hom a line is twe parallel® |ines, ane sach side of
the original line at a distance o from it

e s S
e A S R
- . g }

M Wagt o fie
Segimarni™ is 1w paraliel
s, ot Eemicinzias ™

e o each linge
§ @5 oG s Hielire.

us from intersecting lines

locus of & point® that is the same distance
swo intersecting lines is the hisector* of
- % angle” between those lines,

: o
s

[E———

T IWsattons dabmier here i Bl ar
g of inbersectimg limes dne gl
e Toly e T el o = A e

point or tie: s s
S sowne Listante fgm
15 (i g

Loci is the plural of locus. A locus is a set of points*
that satisfy a particular condition, and it can be a
path or a region. For example, if you stand with
your arms stretched out to the side and turn
around in one place, the locus of your fingertips is a
circular path. Your body is at the center of the circle
and the circle's radius™ is the length of your arm.

e

Tifs gl 15 petherst By o | o rope
Lo post o fielal NI G e any
GRS witinin reach, Hhe facus o) e
Tl i o cReany Ve o sediie
PO anit Wikl i post il dhe.center.

Compound loci

& set of points® that satishy more than ane

conditicn. When drawing compotind lacn

1. Draww a sketch of what you think the locus
will [ook liks,

2. Use a ruler and compasses® to construct your
final diagram. Do pol erase the construction
lines you have drawn,

3. Add any necessary labels but keep your
tiagram as clear ahd simple as you can.

4, Shade the part of the diagram that satisfies
all conditions and state whal the area
reprasents. Use a solid line 1o show a
baundary that is included i the condition,
arid a dotted lina to show ane that 15 not.

Forexampls, the points B and Q-are Sy apart.
Find the set of points that are fess than 2om
from P bul are closarto Q thap B

I Srach tite ioci. To il the
points Hab dredess tian e
fraen A dranwa girgle of oy
i Ter o WiRe it gt e
eitiser b ) e B alroi e
pEmEadiall et GF PG,

2, Codarmcr thie 0, Mere the nerpendicukar bifectar i @
datfeg i Mot s Tt aeemad inchided 1 e condition) they
it fitoesome glislance frioey & and &F e s gre polclossre e Gk

The shaded regian 4 thie tet bF goims. Bt g
dess I Zeat frovr PobUE are closer e 0 oy B

intarnet links Forlinks to useful wabsites on loci; go towin usborme-quickiinks. com
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DRAWING TO SCALE

Many objects are too big or too small to draw the
same size as they really are. In a scale drawing, each
length of an object is increased or decreased in a given
ratio*. The finished drawing is larger or smaller than
the original object, but the relationships between all
the lengths in the object stay the same.

Size

Scale

A fixed ratic that represents the relatronship
betweer a drawing (or model) and the real
object: The scale is usually written-asx -y,
where x represents the measurement used on
the reproduction-and y 15 the corresponding
measurement on the real chyect.

For exarnple, ascale of 12 1000 means that one
unit-of length on the scale drawing represents
1000 units of the real object.

Scale up

To increase
proportionately® in size.
An object that has been

scated wpwill have a Tiiis st his
scale in which the first figure o
is larger-than the secand,

A
(s 8
Seale. = 41

Icm
Y

B
£

@ this seale drawing of a ladybug,

Zem represent Tem, What is the real size of

the ladybug, to the nearest mm?

Jomi repressnts 3 3om

=, TRt = 13mim

oo reprasents 2 = 3om
=0.66um = Tmm (to nearest mim}

The lacybilie s 10mm bong and Fmim wide,

* Angle 32 Clockwise 37; Horizontal 30, Propartion 25; Ratio 4

Thisis g soate drneing of the Gife!
Tover N Pavis Fronce. The-neel
Fiffel Towear is A0 ey bigoer: el

Scale down

To decrease
progortionately” i size.
An abject that has been

A : s shar N
scaled dovn will have a scale e nia
i invhich the first figure is Hap
smaller than the second.

B Sedferss 1.0 2,780
Z5ERY
_‘; e
A

O this scale drawing of & soooer Figld,
Jem represents 2, 750om, What s the real
size of 1he leld, 1o the fearest 10m7

dem represents 4 =2 750em
= 13,000em = 110m:

Z-5em represents 2.5 5 2, 50cm
— 5 8750m = 68, 75m = 70m (to nearest 10m}

[Fre soccer field 5 110m long and 70m witle,

Scale factor

The amount by which an ohject has been
reduced orenlarged, For example, H an object
lias beer draven 18 times larget, the seals factor
is 10, i it has been draver 8t half its size, the
scaio factoris ;- To find the scale factor user
length on scale drawing
length on original chject
(See also Enlargement on page 44.)

scale facior =




B ¥

e =

 nerth. To ﬁ*"@é
lncking mnwémerMm
di ‘Gi}hﬁ?taﬁ&éﬁgbﬂmtﬁ

of paints: nurfhé\aﬁim
southwest (SW) and i

This pichire Stews
the positsos of elghil
Covfipsass pents, e
kit an e iririer
Girele siwr degrees,

For example, the bearing
of point R from point ® is 0607,

Morth s often indicated

“on a drawing by an ™ ™ M
arrow: Onee you know

hich vay srorth, AL
you can waork aut B v st of A i

other directions. ot of C, 8c

If 2 direction falls between the compass points,
it is measured in degrees from the north or
sputh, whichever is the nearer.

M

)

e elitartion
OF B et 4

P i S0
E-. A
The cifreckion
o ul P g
it MAE,

By using a combination of scale and compass
-paints you can make drawings, such as maps,
which accurately reflect distance and direction.

il This maps st that
Anytar & 20km noen
of Hereby and 35km
reuttreestol Thereky:

2em

Sile = 1 TO0OE0
Harehy

G?E internet links For links to. useful websites on drawing to scale, oo to www usborne-guickiinks.com | 53
o
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Making a scale drawing

To make a scale drawing

1. Make a sketch of the object. This will give 4. Construct the final, accurate
you a rough idea of what your final drawing drawing, using the measurements
should look-like. Mark all given angles* and you have calculated.

full-size dimensions on the sketch.
5. Mark the scale on your drawing. If

2. Choose a suitable scale* for your drawing. appropriate, give your drawing a title.
3. Make a second sketch, and mark on 6. Find any unknown measurements by
it the scaled measurements, as well measuring the distance (to the nearest
as all angles you need to make your millimeter) with compasses* and a ruler
final drawing. and multiplying by the scale factor*.
Example v kww‘mﬂﬁ i?nr!*l:,-

Buring & refurbishmient of & sports center, a
rectangular swimming pool has a shallow
ehildren’s poal bullt ento one end. The ariginzl
pocl measures 10 by 20m. The children’s pool
iz shaped like half a regular hexagon and the
length of each side of the hexagon is 5m

Scler Tom s 2:5m

WUsing & scale of Tom to 2.5m, make 3 scale
drawing of the new pool. Use your drawing 1o
find, to the nearest tenth of a meter, the total
length of the new poosl.

Sketch showing actual Maore accurate sketch
measurements showing scale measurements

'\. ol ...r
)
o ;
| T T
\ & s the midpoint of the edge of the
[l oy [ 19 children’s poal and B is the midpoint
e = S = of the edge of the orginal pool. From
10m ,Lr,[} R the drawing, A8 measures 97 mm; so the

total length of the new poal is 24.3m
{to the nearest tenth of 5 meter).

54 " Angle 32 Compasses 47 Diameter 53 P AG; Polygon 14; Scale, Scabe factor 52,
Sam 14 |Addition|, Two-dimensional 31 (Dimensions).




PERIMETER AND AREA

The distance around the edge of a shape is its perimeter. The amount of
space occupied by a two-dimensional* shape is its area. The area of a
shape is usually measured in square units: square millimeters (mm?) and
square centimeters (cm2) for smaller areas, and square meters (m?) and
square kilometers (km?) for large areas. Very large areas, such as farmland,
can be measured in acres. One acre is equal to 4,047m?2 (or 4,840yd?).

Perimeter

To find the perimeter of
a straight-sided shape,
add together the lengths
of all the sides.

Perimeter = total
distance around
the edge

Perimeter = sum* of all sides

For example, the
perimeter of this
triangle is:
6+5+5=16cm

Scm

The perimeter of a circle is called the
circumference. To find the circumference of a

circle, multiply pi* by the diameter* of the circle.

Pi is equal to approximately 3.14, or you can
leave your answer in terms of pi. The symbol for
pi is the Greek letter .

The edge of a circle
is its circumference.
The diameter is the
distance across

the center.

The formula for calculating the circumference
of a circle is:

circumference = o« % d (or =d)
where d is the diameter.

For example, the circumference of this circle is:
7 Xd
=g 24 55)
=5.5mcm
or
55X 3.14
=17.27cm

Area

Estimating area

To estimate the area of a shape, draw it on a
piece of squared paper and count the number
of squares it covers.

The area of this
shape is 16
square units.

If a polygon* does not fit exactly on the grid lines,
count the whole squares inside it, then count how

many whole squares can be made up from the parts.

This shape covers
15 whole squares.
Aand B fit
together to make
a square, as do C
and D. The area
of this shape.is
17 square units
(15 + 2).

if a shape hardly fits the grid lines at all,
estimate its area by counting as one square any
part of the shape that covers half a square or
more. Ignore any part of the shape that covers
less than half a square.

The area of
this shape is
approximately
4 square units.

@%@ﬂemet links For links to useful websites on area and volume, go tb'WWW.usborne=quick[inks‘c0m
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Area formulae

The area of many types of shape can be
calculated using rules or formulae*. These rules
can then be applied to a shape of any size.

Area of a rectangle

Ta find the area of a rectangle”, count or
measure the number of tinits in its length

' ultiply this by the number of units in
its w!dth_

Width

A
Y

Len_qth

The rule for finding the area of a rectangle is:
area = ]ength x width
Ihis can be expr

Bt

A

Area of a équar’é‘ .
~ Like the area of a rectangle®, the area of
qtrare* 15 found by mumpiymg its length

~As the length and-the- \mdth are the same
’chough the area can be shown by the rule:
area = {side)?

Sem

For example,
the ares of this
squaﬁ-:» is

5 ¥ 5= J5em?

ea‘orm{ﬂa a1 s w

Area of a triangle

To find the area of a triangle*, you need to
know its perpendicular height. The
perpendicular height is a line from the
apex* of the triangle that meets the base
at right angles (90°). Any side of the
triangle can be the base.

Apex

—— Perpendicular
height
In many triangles,
the perpendicular
height is within
the triangle.

in right-angled

Perpendicalar triangles*, the
height perpendicular
height is one of

the sides.

Base

in an obtuse-angfed
triangle*, the
perpendicular
height may be
outside the triangle.

~— Perpendicular
height

-
Base

The rule for calculating the area of a
triangle is:
area = %x (base x perpendicular height)

This can be expressed by the formula* a = %bh.

This rule is sometimes written:
base x perpendicular height
2

area =

For example,
the area of this
triangle is:

% X (5 X 6)
= 1530

2
= 15cm?

aom

~Apex 37 (Angles in‘a triangle); Circles 65; Formula 75; Obtuse-angled triangle 37; Parallel 30; Parallelogram 39;
Pi 66; Polyhedron 40; Radius 63; Rectangie 39; Right-angled triangle 37; Square 39;

Sum 14 (Addition); Trapezium 39; Triangle 37; Vertex 34.




Area of a parallelogram

To (ind the area of a parallelogram®, you
need to know its perpendicular height (2
e from a vertex® that mests the base at
right angles (2049,

Pepapriilr
AR

Hirse ?
The rule for _;cé_?culating the area of &
parallelagram is:
area = base x perpendicular height

This can he expressed by the formula® a = bh,

For exapnple,

the area of this

‘parallelogram is:
o w5 = e

Area of a trapezoid

To.find the area of a trapezoid®; you need to
know the length of the parallel® sides (4 and
b} and the distance between them (A}

f

AT k'
- -

The formula* for ¢alculating the area of 2
trapezoid is:
area -—-';‘k'{'ar+h] = h

For example,
the area of this
traperoid is:

To find the area af a cifcle®, you

“prisim 15 calculated as:

—'i SHAPE SPACE AND MEASURES  ——

Area of a circle

know. its radius*. Thé. radius is'the
distanee from the center to any point on
the circumference (edge).
The formula® for calculating
the area of a circle is:

area = @ x r?
ar area = wr2
where & (Pi*) is equal o
‘approximately 3.14 and
r 15 the radius.

For example, the area
of this circle is
G
=314 %9
— 28.3cm? (3 sif).

Surface area

The sum* of the areas of all surfaces of a
salid 15 called its surface area

The rule for calculating the suiface srea of
any s?[id' (i
surface area = sum of area of surfaces

Far example, this prism has 3 equal
rectarigular faces and 2 equal (riangular
faces_ 5o, the surface area of this

HEnI =2 15. wAR 2}#
=45 16 '

Seim
= 5lem=e l

In general, the rule for caleulating the
surface area of & regular polyhedran® s
surface area =
‘area of side x number of sides

<75 The surface area
S | T ‘of ths cube st

i 6 [
“atem = 96em?

\/:ﬁz Internet lihks For links to useful websites on area-and vqiumé, go to www(usborne—quick/inks, com ) 5 1,577‘ i
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VOLUME

The amount of solid occupied by a three-dimensional* shape is called its
volume. This space can be measured by the number of unit cubes that
can fit inside it. Common units of measuring volume are based on the
units of length, for example, cubic centimeters (cm3) and cubic meters (m3).

Volume of a rectangular prism
The volume of a rectangular prism* is calculated
using: volume = length X width x height

A total of 36 cubes would be needed to fill the
space taken up by the rectangular prism below
(3 layers with 4 X 3 cubes on each layer).

This can be written as: volume of rectangular
prism = 3 X4 X 3 = 36 cubic units

1 cubic unit Height
S b , m \N‘&
e ' ‘ For example, the volume of a rectangular prism
B of length 8cm, width 3cm and height 4cm is:
. ) S0 8%3x4
= T = 96cm3
—— g Volume of a prism
T The volume of a prism* is calculated using:
If one cubic unit represented 1cm3, volume = area of cross section x height
the volume of the rectangular Tem X Tcm X Tcm e
prism would be 36cm?. = 1 cubic centimeter (cm3) . ety
L The formula* for
Volume formulas S calculating the area of the

cross section* will depend
on the shape of the base
(see pages 56-57).

Scm
The volume of many solids can be calculated using

rules or formulas*. These rules can be applied to a
solid of any size.

This prism has a triangular base, so you will need
to use the formula for the area of a triangle:
area = 1 x (base x perpendicular height)
The volume of this prism is therefore:

(% X3 X2)x5

5cm3

The formula for finding the volume of a solid
often contains the formula for finding the area*®
of its base. This is because a three-dimensional
shape can be thought of as lots of layers, as in
the rectangular prism example above.

In some solids, such as a cylinder, the area of each A cylinder has a circular base, so the volume is

layer is the same size. This is called a uniform calculated by multiplying the area of the circle

cross sectlgn. 1n ot.hers, like a cone, the area of by the height of the cylinder:
a cross section™ varies throughout the shape. volume = 712 X height
o T e For example, the volume
A P, 3 R ey o 0 g
= f iy =y of this cylinder is:
= kY o
= ANV = 7 X (2.5)2 X 6 Height
— () = 60506 it
= = . RE on e T - i
Every layer in a cylinder is Each layer of this cone is = 117.75¢m3
the same size and shape. a different size and shape. = 118cm3 (3 s.f.)

* Area 55; Cone 41; Cross section 41; Formula 75; Mass 72;Prism 41; Pyramid 68;
Radius 65; Rectangular prism 41; Three-di ional 31 (Di ions).
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Volume of a pyramid or cone
The volume of a cone* or pyramid* is calculated
using the formula*:

volume = % x area of base x height

Height

=T

For example, the volume of this
square-based pyramid is:
1 %6 X 6) X 10

:%x36><10

= 120cm3

Density

Density is the mass* of one unit volume of
a material from which an object is made.
%X mr2 %10 This is usually described as “mass per unit
volume”. Density is measured in grams per
cubic centimeter (g/cm3) or kilograms per
= % X 125.66371 cubic meter (kg/m3). The rule for
calculating density is:

Tne volume of tis cone is:

=%X(7TX4),>'<:10

= 41.9cm3 (3 s.f.)
mass

density = volurne

Volume of a sphere
The volume of a sphere is calculated using:

For example, find the density of this house
volume =§ X 7 %X r3

brick and bath sponge.
where ris the radius* of the cross section* of

the sphere. Mass of brick = 2.4kg

Volume of brick = 1,260cm?

This sphere has

: " = 24009
been cut in half & Ll sl
to reveal its Depsitzofibnies 1260cm3
cross section. = 1.99/cm3 (2 S.f.)
Mass of sponge = 200g
@ - Volume of sponge = 1,260cm?3
For example, the volume -
of this sphere can be ; - 200g
calculated using: Density of sponge = 1260cm3
s
. % X ar X 63 = 0.16g/cm3 (2 s.f)
= ?x 7 X 216 ‘A comparison of the results shows that

brick is a denser material than sponge.

= 904cm3 (3 s.f.)

| internet links For links to useful websites on area and volume; ga to www. ushorne-quicklinks.com -| 59
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TRIGONOMETRY

Trigonometry is the branch of
mathematics concerned with the
relationships between the sides* of
triangles* and their angles*. These
relationships are described in terms
of three main functions* of the
angles: sine, cosine and tangent,
which are known as trigonometric
or circular functions. In
trigonometry, unknown angles are
often represented by Greek letters,
such as « (alpha) and 6 (theta).

Before you can use sine, cosine
and tangent, you need to 2
be able to identify the parts e(\\)s
of a right-angled triangle*. QOK
This diagram shows o
the parts in relation
to-angle 6.

Cppasite
| [sids to 0

Opposite side (opp)
The side opposite the angle in question. In the
diagram above, the side opposite 6 is BC.

Adjacent side (adj)
The side next to the angle in question. In the
diagram above, the side adjacent to 0 is AC.

Hypotenuse (hyp)

The longest side of a right-angled triangle*,
opposite the right angle (the 90° angle). In the
diagram above, AB is the hypotenuse.

Pythagorean theorem
The theorem which states that in a right-angled
triangle*, the square* of the hypotenuse
is equal to the sum* of the squares

of the other two sides. You

can read more about the c
Pythagorean theorem

on page 38.

The Pythagbrean theorem
states that c2 = a? + b?

Finding unknown sides

There are three formulas* that can help you to
find the length of an unknown side or angle of a
right-angled triangle*. These formulas are called
the sine ratio, cosine ratio and tangent ratio.

Sine ratio (sin)
The formula*:
length of opposite side

sine 6 =
length of hypotenuse

Use the sine ratio if you know or need to know
the opposite side or the hypotenuse.
For example, to find the length
of side a of this triangle,
substitute the known AR
values into the sine ratio: da

] _ length of opposite side
sin 6 =
length of hypotenuse
a

I
Rearrange* the formula to solve for a:

sin 48° =

a =9 X sin 48°

Use the “sin” button on your calculator to find
the value of sin 48°, and so solve the equation*:
a=9Xx10.74314482
a=6.69cm (2 d.p.)
Side a is 6.69cm long (to 2 d.p.).

Using your calculator
sin'’

The keys for sine, cosine and tangent can be found on

a scientific calculator, usually labeled sin, cos and tan.
On some calculators, the sine, cosine and
tangent buttons are used to find the inverse
(opposite) of these functions (shown above
each button), but you will probably need
to press a “shift” or “inverse” key first.
Calculators can work in different units, so
make sure your calculator is in “DEG”
mode, so it gives angles in degrees.

’*Angle 32; Equation 79; Formula 75; Function 92; Inverse function 92; Rearranging an equation 79; Right-angled triangle 37;
Side 34; Squaring 8 (Square number); Sum 14 (Addition); Triangle 37. ’



Cosine ratio (c>os)
The formula*:

oo length of adjacent side
- length of hypotenuse

Use the cosine ratio if you know or need to know
the adjacent side or the hypotenuse..

For example, to find side b
of this triangle, substitute
the known values into

the cosine ratio:

cos 6 - length of adjacent side
length of hypotenuse

~ 10
cos 36° = Vi
Rearrange the formula to make b the subject*:
10
cos 36°
Use the “cos” button on your calculator to find

the value of cos 36°, and so solve the equation™:

e
. 0.80901699

b =12.36cm (2 d.p.)
Side b is 12.36cm long (to 2 d.p.).

- Tangent ratio (tan)

The formula*:

length of opposite side
length of adjacent side

tangent 6 =

Use the tangent ratio if you know or need to
know the opposite or adjacent side.

For example, to find the
length of side c in this
triangle, substitute

the known values into
the tangent ratio: e

length of opposite side
length of adjacent side

tan 0 =

. c
tan 50° = =
an =

Rearrange the formula to make c the subject*:
=5 X tan 50°
Use the "tan” button on your calculator to find
the value of tan 50°, and so solve the equation*:
c=1.19175359 X 5
c = 5.96cm (2 d.p.)
Side c is 5.96cm long (to 2 d.p.).

Finding unknown angles

The sine, cosine and tangent ratios can also be
used to find the value of an unknown angle in a
right-angled triangle*. i

The sin™1 button on your calculator gives the
angle that has a sine of x°. This is the inverse* of

the sine, and is sometimes called arcsin.

The cos™ 1 button on your calculator gives the

angle that has a cosine of x°. This is the inverse of

the cosine, and is sometimes called arccos.

The tan™! button on your calculator gives the
angle that has a tangent of x°. This is the inverse
of the tangent and is sometimes called arctan.

For example, the lengths of the hypotenuse
and adjacent side of this triangle are known.
So, to find angle 6, use the cosine ratio:

_ length of adjacent side

@B = =
length of hypotenuse
— =68
cos 9 = 12
g
cos O = 3 0.5

Rearrange the formula*®
to make 6 the subject*:

6 =cos 105
Use the inverse cos button (cos™! or arccos)
on your calculator to find the value of 6:

cos 1 0.5 =60°
Angle 0 is 60°.

ﬁéﬁ\jntemet links For links to useful websites on trigonometry, go to www.usborne-quicklinks.com
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Non-right-angled triangles

If a triangle does not contain a right angle*,
then the sine*, cosine* and tangent* ratios
cannot be used directly to calculate the sizes of
sides* and angles*. Instead, other relationships,

such as the sine and cosine rule, must be used.

_The sine
The
LA
sin A

rule

ol i /"

sm C

:—sin"— B

. ol

sinA  sinB
et 12
sin 40°  sin 957
a A
IE'I fdd 38?60 0. 99619459
a=c gggijﬁ £ 0.642 787 60

a - 12.045838 15 « 0.64278760
a = 7.74cm (3 st)

the subject® of the o rrule

sinA  sinB 7

Eow W

sin A sin 357
M

¢ _ Sin 35°

o) B
sinA = 0.07189705 = 10

<10

sifL & = 0.7169705
A = sin 1.0,7169705
A= 45. 8 (354)

The cosine rule

The formula™:
al=hl4+cl—32bccosA

and its relations:

bi=3a2+cl~ Zaccos A

cl=a?+b?-2abcos A

These can also be rearranged Lo aive;
Bt —al

and

cos A=

2bc

at+€i—h?

cos B = o 5
2ac

al+h?—¢?

d = e
an cos 2ab

The cosine rule can be used to find the length
of the third side when the length of two sides
and the included angle® are known,

For example, in this tnangle, two

sides and the includad angle /\\

are known, so use the a AL

cosine rule to find the "3.4:!-

[ength of side a.

£

=4l = 2he o5 A

i ="102 + 152 — (¥ = 102 15 = cas 500)

a2 =100+ 225 - (300 * D 642737 61)

al =325 - 192.836 283

at= 132163717
g=TlEhifEsT])
Side a5 11.5em (to 3510

The cosine rule can alsa be used ta find
an-angle when the lengths of all three sides
are known. For example, three sides of this
triangle are known, Inthis case, use the
rearranged verston of the rule, in which the
unkpown angle is the subject* of the formuls.

s A e AR
o B b
= A
s 2w S
T2
cos A = —
G0
cos A = 02
A =png 0.2

A =785 (3 5f)
Angle Als TES" (1o 3 5.5

* Angle 32; Area 55; Cosine ratio 61; Equation 79; Formula 75; Included angle 37 (Angles in a triangle); Numerator 17;
Right angle 32; Sides 34; Sine graph 64; Sine ratio 60; Subject 79 (Rearranging an equation); Tangent ratio 61.




The ambiguous case

if you know the lengths of two sides of a
triangle and an angle that is not the included
angle*, the triangle can have two possible
solutions. This is called the ambiguous case,
as you do not have enough information about
the triangle to draw it. (You can find out how
to construct a triangle with two solutions on
page 49.)

For example, a triangle with side @ 12cm,
side b 10cm and angle B 50°, could look

like either of these:

12cm ]

10cm

50°

12cm

Angle A is quite different in each of these
iriangles. Using the sine rule to find angle A:

sin A sin 50°
12 10
. sin 50°
A= X 12
sin 10

sin A = 0.91925333
A =sin"10.91925333
= 66.8° (to 3 s.f.)

This angle is correct for the first triangle. To find

the second value of angle A, subtract the first
value from 180°:
180° — 66.8° = 113.2°

So the possible values of angle A are 66.8° and
113.2°. You can check that this is correct using
the sine graph*. If only one solution is needed,
always give the smallest answer. (Calculators
give this answer automatically.)

—((_ SHAPE. SPACE AND MEASURES  j———

Area of a triangle

When working with trigonometry, the area* of
a triangle can be calculated using the formula*:
area = %ab sin C

where C is the angle you have been
given and is the included angle*
between sides a and b.

For example, in this triangle, 12cm
two sides and the included

angle are known, so the area
can be calculated as:

9cm

%X9><12><sin60°
= ; X 9 X 12 X 0.866025 40
= 46.8cm? (3 s.f.)

If you do not know the length of two sides and
their included angle, you will need to calculate
these using the sine and cosine rules before you
can calculate the area of the triangle.

For example, the sides of the triangle below are
6cm, 12cm and 15cm.

e 12cm

15cm
To find the area, first find the value of A. As all
sides are known, use the rearranged cosine rule:

2 2 2 =
cosA—E B2

(2 X 15 X 6)
117
cos A = 180
cos A = 0.65
A = cos ! 0.65

49.45839813 = 49.5° (3 s.f.)

Then calculate the area of the triangle:
; X 12 X 15 X sin 49.458398 13

(Use the unrounded value of A here
as the final answer will be rounded.)

=_ X 12X 15X 0.759934 21

i
2
= 68.4cm?2 (3 s.f.)

So, the area of the triangle is 68.4cm2 (3 s.f.).

6%% Internet links For links to useful websites on trigonometry, go to www.usborne-quicklinks.com ]
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Trigonometric or circular graphs

Sine graph or sine curve

A graph* of sine* 8 plotted for every
value of 0.:1t gives a curve called a sine
wave. The pattern of the curve repeats
every 360° so it is described as having
a period of 360°. The graph can be
used to find the value of sin x, where
x.is any angle*.

For example, where x = 90°, y = 1, so
the value of 'sin 90° is 1.

Cosine graph or cosine curve

A graph* of cosine* 8 plotted for every
value of 6..The pattern of the curve
repeats every 360° so it is described as
having a period of 360°. The cosine
graphis similar to the sine wave, but is

“ina different position along the x-axis.

This graph can be used to find the

Value of cos x, where x is any angie*.

For example, where x = 180°, ¥ = ~ 1,

's0 the value of cos 180%is — 1.

Tangent graph or tangent curve
A graph* of tangent® 8 plotted for every

value of 6. It is a non-continuous (broken)

graph which repeats every 180°, so it'is

described as having a period of 180° The

graph breaks at the point where tan 8 is
an infinite number. (Tan 90° will give.an

error on your calculator.) These breaks are

sometimes called discontinuities. This

graph can be usedto find the value of tan x,

where x is any angle*. For example, where

x=45°%y =1, 50 the value of tan 45°is 1.

Variations on graphs
Variations of the sine and cosine

; ~graphs are produced when thelr
;functlons are changed Vshghtlyf

5 The graphy = sin-x can"-be ch, Vged
:tqy, = asinx, andy = €Os x.can

“be changed to y = a cos x (where
a does:not equal zerg), These
variations affect the hejght called
the amplitude, of the graphs.

Graph of the functlon y=sinx

eI ¥,
7= s % A
LN < N
/ \ : N
yd \ 74 \
LM 4
/ /
/
/ \ ¥ \ ]/
- — 270 RN ] | 0 i o 2 |X
/ / alue ofi N (degrees) {1
1 \
7 1 \ /
B AY
\\ i N
T
Graph of the function® y = cos x
i i T i H b/ HI !
7 =05 X 3
/7 “/’A‘\ 7L TN
71 N
\ < \ ]
i \ 5 \ i
I <
EE SAREE (AREFCaNEY & PN YRR TR
1 aliie ofifh {degyees)
7 X 7
\ /
\ / \ /
N — 5 Noit
Graph of the function* y = tan x
! : R i E o 17
1 y = tan S
{ o
1 I / S / f
!
7 / i) ;
/ 7 SN BT / /
I g 1
1
=y e TIAN70 - f 1) o ; Is »3 ,‘, Q
/ / ﬁmfgr (degrees) 7
I
L] Vi / I
I I I I
| |
i il i ! Tkt I {
F = sin-x.
The. graph y-= $in'x “The:graphy = 2:sin * has a maximim
Has a.-maximur valLie { - i sin X has
v f 1 and s on,

* Angle 32; Area 55; Compasses 47; Cones 68; Cosine 60; Cylinders 67; Function 92;
Graph (Algebraic) 80; Sine 60; Spheres 69; Tangent 60.




CIRCLES

A circle is a flat closed curve, every point on the edge of
which is the same distance from a given point, called the
center of the circle. A circle can be drawn using a pair of

compasses*. Circles have certain characteristics that help
us to calculate their properties such as circumference and
area*, as well as the volume of cylinders*, cones* and spheres®*.

Parts of a circle

Circumference
The total distance
around the edge of a circle.

Circumference
Arc
Part of the circumference
of a circle. If a circle’s
circumference is divided into
two arcs of unequal length,
the longer arc is called the
major arc and the shorter
one is the minor arc.

m
/140/'0,— ot

Semicircular arc
An arc that is half the
circumference of a circle.

Jo C
9. (
Peireylar®

Quadrant arc
An arc that is one quarter Oligdrant
of the circumference of @ia

a circle.

Radius (plural is radii)
Any straight line drawn
from the center of a

drcle to a point on its
gircumference. The radius
= half the diameter.

All points on the
edge of this circle are
the same distance
from the center.

Sector

Part of a circle formed

by an arc and two radii.
The smaller part of the
circle is called the minor
sector, and the larger part
is called the major sector.

Major
sector

icircula,
el ! %

Diameter

Semicircle

Half a circle, formed by
the diameter and a
semicircular arc.

Quadrant

Quarter of a circle, formed
by two radii that are at right
angles (90°) to each other,
and a quadrant arc.

Radius

Radius

Chord

A straight line joining any
two points on a circle. Any
two chords of the same
length that are drawn within
a circle are equidistant, or
the same distance, from the
center of the circle. This also

Chord

means that if two chords are "
equidistant from the center _i
of a circle, they will always :
be the same length. Chord

Diameter Segment :
% straight line through & Part of a circle formed either e
“he center of a circle, 6\&(@ side of a chord. The larger
pining two points on part is called the major e s
=m= circumference. The segment. The smaller one is -
“ameter is twice the radius. called the minor segment.

;‘% Internet links For links to useful websites on circles, go to Wwfv{'/.usborne';‘q&}fd;lir’;ks._cbr’h;'(" j g [
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CALCULATIONS INVOLVING CIRCLES

Pi ()

Pi is the ratio* of the circumference* of any
circle to its diameter*, or in other words,
the distance around the edge of a circle
compared with the distance across it. Pi

is an irrational number* that has been
calculated to more than a trillion decimal
places, but its value is approximately

3.142 (3 d.p.) or % It is symbolized by

the Greek letter 7. Pi is used when measuring
the area and volume of circles, cylinders,
cones* and spheres®.

[ Use the Pi key on your scientific
l:z ' | calculator to display the value of Pi.

Calculators give the value of Pi to several decimal places,
e.g. 3.141592 654, which is accurate enough for most
calculations. (The number of decimal places varies from
one calculator to another.)

To find the circumference of a circle
Multiply the diameter® by Pi (7). The formula®
for finding the circumference* is

circumference = wd or 2ar

where r is the radius* and d is the diameter
of the circle.

The circumference
of this circle is:

20T S
=2X3.142 X5
= 31.42cm

If the circumference of a circle is known, you
can calculate the length of the radius or
diameter using the following formula:
_ circumference
21
For example, if the circumference of this circle
Is 26cm, its radius is:

26 4 --,'II

7
J
\m____-/ C=26cm

L
=2
6,283

=4 14cm (3 s.f.)

To find the length of an arc
Draw a straight line from each end of the arc* to
the center of the circle and measure the angle*
that is created. The length of the arc is the same
fraction of the total circumference* as the angle
at the center of the circle is of 360° (the total
number of degrees in a full revolution):

/ X

C 360 /
where f is the length

of the arc, Cis the

circumference and x is

the angle at the center of
the circle. This means that:

X
I=—+xC
360
A For example, to find the
T length of the arc AB:

/ | 2% C
n'.r T
{ [,-3:,5. :% X 27r
| -
I".__ Ifn:.'?rh‘\\.._\_‘_‘ =%X 2X7X6

<  =12.6cm (35f)

Area of a circle

A circle has a radius* ()
and a circumference® (24rr).
If you sliced up the circle
and arranged the sectors* Z
as shown below, the
resulting shape would be
roughly rectangular, with
an area of 7rr X r, or 7r2.

VAW

It therefore follows that the area* of the original
circle can be found using the same formula:

wr kus

area = mr2
//’ "'\-‘_‘

'f!:f i

\f

For example, the area
of this circle is:
T X 42
=X 16
= 50.3cm? (3 s.f)

*Angle 32, Arc 65; Area 55; Circumference 65; Cone 68; Diameter 65, Formula 75; Irrational number 9;
Net, Prism 41; Radius 65; Ratio Z4; Rectangle 39; Sector 65; Sphere 69; Surface area 57; Volume 58.



ea. of the cxrde as the
'gle at'the center of the
is of 360" (the total

e |

number of degrees in a full revolution).

area of a sector = X w2
360

x:is: the angle at the center.

= For example, the area
of this sector is:

05 5 rr2

360 :
= 105 5 7% 82

360
f
W - ﬁ X g 64
\ _,-/ 360

"‘-H_\_\__\_'_'_

58.6cm? (3 s:ifi)

A ‘cylinder is.a prism*
with arcular bases: A'net*

fa’ce‘ area* is made
: ,"a/'rec'téng‘e* Helght
and two circles. o)

Height of
cylinder

The width of the rectangle
. is the height of the cylinder,
. ' and the length of the

" rectangle is equal to the
=LA circle’s circumference®.

surface area of cylinder

as the cu’cumference of th
the curved surface area*, use:

area =2#@r X h or 2a@rh

where m is approximately 3.142. AN i
For example, the

curved surface area
of this cylinder is:

2XwX6X15
= 565cm? (3 s.fiy TR

e |

To find the total surface area

of a cylinder

Add together the area* of the rectangle (the
area of the curved surface of the cylinder) and
both circles. (Use the formula® area = wr2 to
find the area of the circles.).

For example, the total surface area* of this
cylinder can be calculated as follows:

curved surface area
2XmTHK6x%x15
= 565.486cm?
T5cm
area of both circles
2 X 62
=:226.194cm?2 i e

565.486 + 226.194
= 791.68
= 792em?2 (35

To find the volume of a cylinder
Multiply the area* of the cylinder's
base by the height il i

of the cylinder: A C

volume = mr2 X h or arzh:

o
For example; the volume* et

of this cylinder is:
7% 62 715
<% 367 15

o

Internet links For links to-useful websites on circles, go To W, usborne-quiéklfnks.com
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Cones

A cone is a pyramid* with a
circular base. If you were to
cut down the pink line of
the cone on the right, and
open out the shape, you
would find that its curved
surface area* is a sector*
of a circle:

The base of g cone is a
circle with a radius* of r.

AR

: i
e
S ______-/ )

The curved surface of

a cone is a sector of a
circle with a radius of 1.

To find the curved surface area of a cone
The length of the curved edge of the sector* is
27, because it is equal to the circumference* of
the smaller circle. The radius* of the large circle
(of which the sector is a part) is the same as the
slant height* of the cone (/), so the circumference
of the large circle is 2.

The length of the curved edge of the sector
compared with the circumference of the larger
circle is 277 which cancels down to L. The area*
of the séctor compared with the area of the

circle of which it is a part is also therefore 5

The area of the sector is calculated by:

fx w/zz%ﬂi ral or rl

which is in effect multiplying Pi*
by the radius of the circular base
and then by the slant height.
Therefore, to find the curved
surface area of a cone, use:

curved surface area = mr/ ,."{

For example, the curved g
surface area of this cone is: |
X 4% 10 .
— X 40 £
= 126cm? (3 s.f) I\x_

To find the total surface area of a cone
Add the area* of the base to the curved surface
area. For the area of the circle, use area = 7r2

and for the curved surface area use

surface area = orr/, where r is the radius* of
the base and [ is the slant height*.

For example, the total curved surface area of
this cone can be calculated as follows:

curved surface area
7 X4X10
= 125.66cm?

area of circle
7 X 16
= 50.26cm?

total surface area of cone
125.66 + 50.26
= 176cm? (3 s.f.)

To find the volume of a cone

The volume* of any pyramid* is a third of the
volume of a prism* with the same base and
height. Therefore, the volume of a cone is one
third of the volume of a cylinder with the same
size base and perpendicular height*. To find the
volume* of a cone, use:

volume = %ﬂ'rzh

where h is the perpendicular height.

For example, the volume
of this cone is:

%XWX42X8

=%X’n'>< 16 X 8
= 134cm3 (3 s.f.)

If the radius* and the slant height* are given,
the perpendicular height can be calculated using
Pythagoras’ theorem*. For example, to find the
perpendicular height of a cone with a radius of
3cm and a slant height of 7cm, use:
aZz+b2=c?

LV ahsd = T
a2 +9=49
a2 =40

a = 6.32455532

So the volume of the cone is:
%x X 32 X 6.32455532
59.6cm3 (3 s.f.)

* Area 55; Chord 65; Circumference 65; Cross section 41; Diameter 65; Line of symmetry 42; Line segment 30;
Perpendicuiar height 56 (Area of a triangle); Pi 66; Prism 471; Pyramid 41; Pythagoras’ theorem 38;
Radius, Sector 65; Slant height 41; Surface area 57; Symmetry 42; Volume 58.



Spheres

round solid. Every
point on the surface
of a sphere’is an equal
distance from the fixed
point at its center.

Any point (P} on a sphere is an equal
distance. from the center (Q). This
distance is the radius* (r) of the sphere.

To find the surface area of a sphere
Multiply the area* of a circle of radius* r by 4.

surface area = 4mr?

where ris the radius.

For example, the
surface area* of
this sphere is:

4 a7 X 42

=4 X 7TX 16
= 201ecm2(3 s.f.)

To find the volume of a sphere
Use the formula:
volume = %nr3

where r is the radius of the cross section*
of the sphere.

For example, the
volume* of
this sphere is:

‘31>< X 43 |t T ERE=—
Y

=4xmx64 . s

= 268cm?2 (3 s.f.)

Hemisphere
Half a sphere. The volume* of a hemisphere
is half the volume of a sphere with
the same radius*. The surface
area* of a hemisphere is half
the surface area of a sphere

of the same radius, plus i
the area* of the circle (
that forms the
flat surface.

A hemisphere
is half a sphere.

-

Ellipses

An ellipse is a closed E}W_ml;‘ftfi.(.dt* curve,
like & squashed or stratched circle, Any
chord® that passes through the center of
the ellipse is a diameter®, Theps are tnlo.
diameters in an =lipse that dre alse lines
of symmetry®, The longer diameter js
called the major axis, and the shartar
one is the minor axis,

4
\‘\.\ Minor axis ol
___,.r"

Cati

S o

An elfipse fios bW firses ol

SPTTELRY, H1E el Gy
ot e AT @,

The line segment™ from the center of the
ellipse to the edge along the major axs is
callet the semi-major axis. The line
segment from the center ﬁrf--‘_the.e“ipss 1o
the edge alang the minor axis s called the
semi-minor axis. These ars used to
caleulate the area® of an ellipse.

Semi-minor.
axis
e e —
The seri-rmaoe o 3e0h mieor dees off
Tt elpseare, gt i e are,
To- calculate the area of an ellipse, use:
area = wa b :
where 4 is the length of the semi-major
auts and b s the length of the

Semisminor axs, /—\

FD_I;'EH'FFIQ_IE, the area ! i
af this ellipse is: !
mKAS RS ' £ <1 |
=AZ4cme (251}
3 I" 4.5cm A
5
e
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‘points O and B.aré joined,
" the perpendicular bisector
“creates two congruent*
‘right-angled triangles*.

ANGLES IN A CIRCLE

A circle has no corners, so it has no

- angles*. However, the various parts

of a circle form angles that all have

certain properties.

Maming angles
An angle can be named with reference
to the paints at the ends of its arms®.
For example, in this triangle, the 4
andie at vertex™ A is referred
teoas © BAC or ACAB, the angle
&t Bas 2 ABC or £CBA and
the angle at C as 2 ACE or
L BCA, These can also
be written as BAC,
ABC and ACE,
respactively.

Subtended angle

An angle formed by lines
drawn from-both ends of a
chord* or arc* to the center
of the circle; or.a point

on the circumference*.
The:angle is'said to be
subtended at the center
or circumference and it

is said to be subtended
by the chord orarc.

L APB is subtended at
‘the circumference by.the
chord AB and the drc AB.

The perpéndicular bisector of a chord
e;at‘riigh:t:f angles* to, and crossing through
dpoint* of, a chord*. The perpendicular

ibléeCtof 6f’a chord always passes through. the

center of a circle (0). c N

Any radius* that passes A

through the midpoint

of a chord (AB) s

perpendicular (at 90°)

{0 that chord. If points_

0 and A are joined and:

The perpendicular bisector
OC crosses chord AB at iits
midpoint M. Angles

£ OMA and- 2 OMB are
bothright angles.

“center, above). This applies

Properties of angles

The properties described below are shared

by all subtended angles.
B
A ’
</

ZAOB = 2X LAPB P

Angles at the center
The angle subtended by
an arc* or chord* at the
center of a circle is
always twice the angle
subtended at the
circumference* by
the same arc.

Angles at the circumference

A
Angles subtended at the J
; S g i B
C
~ Y

circumference* by equal
arcs* or chords* are equal.
Minor segment (pink):

Where arc XY = arc AB,
LXZY = LACB.

Angles subtended by
the same arc or chord
Angles subtended by the
same arc* or chord* are
equal, provided that they
are in the same segment*.

This-diagram’ shows how angles
ZAPB, ZAQB and £ ARB are all
subtended. by the same arc and are-
in the major segment of the circle;

ZAPB Major segment  Q

(yellow)

ZAQB = LARB

Angles in a semicircle
Any-angle subtended at the ;enter of a circle
by a.semicircular arc* is 1802,

It follows, then; that any angle subtended by

the same arc at the circumference* is 90°, as this
is always-half of the-angle at-
the center (see Angles at the

to anyangle subtended
by a diameter*: it is
always a right angle®,

ZAOB=180° Q
LAPB = 2AQB = ZARB = 90° R

" Angle 32; Arc 65; Arms 32; Chord 65; Circumference 65; Corirg‘ruent,triangles‘38; Diameter 65; Exterior angle,
Interior angle 34; Midpoint 48; Perpendicular 30; Quadrilateral 39; Radius 65; Right angle 32;

Right

gled tri

i 137’. <,

Semicircular arc 65; Vertex 34 (Polygons); Whole turn 32.
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Tangents

A straight line that touches
a curve at'a point of
contact is called a
tangent. When a A
tangent touches a
circle, it is called a
tangent to the
circle and has
certain properties.

ABis a tangent
to this circle. P is
the point of contdct.

First property
A tangent to a circle is always

perpendicular* to a radius* drawn
at the point of contact.

Right angles* are formed
at the point where the A
tangent AB meets the
radius of the circle.*

Second property
Two tangents to a circle drawn
from the same point are equal in length.

The length of
tangent AB is
equal to the
length of
tangent AC.

Z0AB= £ 0AC

The diagram above also shows that the line OA
bisects Z~BAC, so ~0AB and £ 0OAC are equal.

Alternate segment property

The angle formed between a tangent and a
chord* drawn from its point of contact is equal
1o any angle subtended by the chord in the
alternate segment. The alternate segment is
the segment on the opposite side of the chord
to the angle formed between

the tangent and the chord

at the point of contact. p

Alternate segment (yellow)

C
Angle 2 BPC is formed between
the tangent AB and the chord
PC at the point of contact (P).
Angle 2 PDC is in the alternate
segment, so ~2BPC = £PDC. 3

L SHAPE:,_SP_A_CE_AND MEASURES

Cyclic quadrilaterals

A quadrilateral* that
has each of its vertices*
on the circumference*
of a circle is-called a
cyclic quadrilateral.
Angles within a cyclic
quadrilateral have some

important properties. Cydlic quadrilateral

First property of cyclic quadrilaterals
Opposite angles in a cyclic quadrilateral are
supplementary, which means that they add
up to 180°.

An angle subtended at the centre of a circle
is always twice the angle subtended at the
circumference* by the same arc* (see Angles
at the centre, page 70). This means that the
angles at the centre of the diagram below
can be labelled as 2a and 2b.

Angles 2a and 2b
add up to 360°, 9

because together
they make a whole
turn®, so angles a and v
b, which are half of that,

2a + 2b = 360°
a+b=180°

must add up to 180°.

Second property of cyclic quadrilaterals
The exterior angle* is equal to the opposite
interior angle*. ’

The diagram below shows that:
Angle x is equal to 180° — a,

because angles on a line
add up to 180°.

q1¥

NG A

Angle y is equal to
180° — a, because
opposite angles in
a cyclic quadrilateral
are supplementary.

° x=180>—a
Therefore angles x . y = 180°—a
-

and y are equal.

iﬁ} Internet links For links to useful websites on circles; go to www.usborne-quicklinks.com _
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\CE AND MEASURES )

yday hfe we need to

> sizes, quantities and

of things, and be

share that information

rately with other people.

ing standard units of

measurement is a way of

~ making sure that everyone

~ interprets measurements in

the same way. Two widely
accepted measurement
systems are the US customary
units and metric system.

US customary units

A system of measurement that originally
developed inthe UK and is used in
warious forms in many English-speaking
countries, including the USA. In some
colntries, these units have been partly
replaced by the metric system,

Metric system

A decimal system” of measurement;
used in many countries worldwide.
The metric system is based on tens,
hundreds and thousands, making
calculations maore straightforward,

Length
The distance belwean two fixed points,

Mass

The amount of matter that an object
contains. Mass is different from
weight, which is the measure of the
pull of gravity en an object’'s mass.
Weight can change so; for example,
a person weighs far less on the Moon
(where gravity is very weak} than on
Earth, but their mass stays the same.

Capacity
The internal velume of an ohject
ar container,

US customary units

Units of length
inch
Foot
Yard
Mile

Units of capacity

Fluid ounce
Cup

Pint

Quart
Gallon

Units of mass
Ounce
Pound

Metric units

Units of length
Millimeter
Centimeter
Meter

Kilometer

Units of mass
Milligram

Gram

Kilogram

Tonne

Units of capacity

Milliliter
Centiliter
Liter

US customary unit

1 foot

5 miles

2.2 pounds
2.12 pints
1 gallon

Abbreviation

I

*

yd

Abbreviation
fl. oz

pt
qt
gal

Abbreviation
0z
b

Abbreviation
mm

cm

m

km
Abbreviation
mg

g

kg

t

Abbreviation
ml

cl

I

Equal to

12 inches
3 feet
1760 yards

Equal to

8 ounces
16 fluid ounces

2 pints

8 pints
Equal to

16 ounces

Equal to

10 millimeters
100 centimeters
1000 meters

Equal to

1000 milligrams
1000 grams
1000 kilograms

Equal to
100 milliliters
1000 miililiters

Metric equivalent

=~ 30 centimeters

= 8 kilometers

=~ 1 kilogram

= 1 liter

== 3.79 liters

{== means “approximately equal to”)

72 * Bearing 51 (Three-flgure bearings); Decimal system |9 Formula 75
Graph (Line] 110 Horlzontal 30; Vector <5; Volume 58



Measures of motion

Speed
A mieasure of distance moved over ume. The rate
of speed is most commaonly measured in miles
per hout Imph), kilometers per hoar {kph, km/h
or kmh ') or meters per second (mys or ms ).
The formula® for measuring the rate of speed is:
distance

time
For example, if a car travels at a steady rate,
covering 180 miles in 3 hotirs, [Ts rate s
Blmph (12 ‘J

rate =

[i & car travels 70 miles in the first hour then

55 tmiles fn-each of the frext two hours, i1 will
still cover T80 miles in the same time as if it had
Lraveled steadily at B0mph. The steady rate that
2nables the same distance to be covered in

the same amount of time is called the

average rate.

Ihe farmula for measuring averags rate (s
total distance

average rate = o e

The farmula for rate can be rearranged to give
tormulas for measuring distance and time:
distance = rate » time
_ distance
rate
¥ou can use the grid below to remind you of

these Tormulas. In this grid; [ stands lor
distance, R for rateand T for time.

time

I fine! the foraka Tor distonce,
o Wit the D amd po aie- it
ittt e farr ik 12 T

D
RxT

oy wpiiee R te discguer e
Foferle fairabe B
I

L Bt T o on e delf with I::'

Compound measure

A measurement involving more than one
“Ur 't. For. example speed is a compound
measure involving distance and time.
Another common compound,mea,sure;is, {
density, which involves mass and volume*.
(For.more on density, see page.59.)

To-fined Hetormuds for fime, cover

{.  SHAPE SPACE AND MEASLIRES

Distance-time graph
A graph* showing speed, drawn by plotting
units of distance against units of time.

A straight diagonal
line on a distance-time
graph represents an
object moving at a
constant speed.

ST T I T T]

20

This graph shows an
object moving at a
constant rate of 0 2, 4 6
Smph (total distance Time (hours)

divided by total time). :

Distance in miles

—
=3

A horizontal* line
on a distance-time
graph represents
an object at rest.

[

This graph shows
an object that has
no speed, so is
not moving.

Distance in miles

[
<>

5 10 15
Time (hours)

Velocity

A measure of distance moved in a particular
direction over a periad of time. Velocity is-a
yector™ auantity. Like speed, it is most
commonly measured in miles per hour (mphl,
kilometers. per howr (kph, kin/h or kmb ) or
metats per secand {m/s.ar ms Tl Unlike speed,
a direction must also be given. For example the
velocity of a light alrcraft might be 110kph on a
bearing® of 050°

Acceleration
The rate of change of velocity, Acceleration is a
vector™ guantity, It s usually measured 7 meters
per second per second, which s shartened 1o
mys< or ms £ To calculate acceleration, use;
f velocit
acceleration = mﬂg?_q___ b
time taken

For example, if @ train changes speed from Bmyfs
to 12m/s [ 3s, its accelaration is:

i T
— fgd
3 3 2y
The acceleration of the train & 252 in the
direction af the track,

Deceleration
Hegative acceleration, that is, the DthECt is
showeing dawn,

i*{_ Irrterrlet hinks For links to ussful websiles on measurement, 4ot wwwusburne qwr—k.frn.irs fire g

iy
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TIME

A day is the time it takes the Earth
| to spin around once. This period

is divided into 24 hours, which can

be broken down into smaller units:
| minutes and seconds. These are
| the units used in telling the time.

| Minute (min)
} There are 60 minutes in an hour.

| Second (s or sec)
There are 60 seconds in a minute. A second is
J the smallest unit on a standard clock. It is
| approximately the time taken by one heartbeat
or to say the word “hippopotamus.”

Miliisecond (ms or msec)

There are 1,000 milliseconds in a second.
Milliseconds are used to measure very fast

l speeds*, such as the rate at which a computer
processes information.

12-hour clock
| A time system in which the hours in a day are
divided into two groups of 12.

Hours in the first group, between midnight

(12 o’clock at night) and noon (12 o’clock in

| the middle of the day) are described as “am.”
This stands for the Latin words ante meridiem,

E meaning “before noon.” Hours in the second

f group, between noon and midnight, are

| described as “pm.” This stands for the Latin

| words post meridiem, meaning “after noon.”

The minutes are written after a colon. For

example, 15 minutes past 6 in the morning is
written as 6:15am.

=)

At 10:20am, it is daytime.

(At 10:20pm, it is night.

(- 1
L e

Digital clocks and watches often
use the 24-hour clock. This picture
shows what the time 4:20pm
would look like on a digital display.

24-hour clock

A time system in which the 24 hours of the

day are not expressed as am or pm, but are
numbered straight through from 0 to 23. The
numbers 0 to 9 are written with a 0 in front

of them, e.g. 01, 02... Times written using the
24-hour clock are expressed as four figures, and
the minutes are not separated from the hours
by a colon. For example, 20 minutes past 2 in
the afternoon is written as 1420. The table
below shows how each hour of the day is
written in the 12-hour clock and 24-hour clock.

12 hour clock 24 hour clock

12:00 midnight 0000 hours
1:00am 0100 hours
2:00am 0200 hours
3:00am 0200 hours
4:00am 0400 hours
5:00am 0500 hours
6:00am 0600 hours
7:00am 0700 hours
8:00am 0800 hours
9:00am 0900 hours
10:00am 1000 hours
11:00am 1100 hours
12:00 noon 1200 hours
1:00pm 1300 hours
2:00pm 1400 hours
3:00pm 1500 hours
4:00pm 1600 hours
5:00pm 1700 hours
6:00pm 1800 hours
7:00pm 1900 hours
E:0Dpm 2000 hours
S:00pm 2100 hours
10:00pm 2200 hours
11:00pm 2300 hours

1.74 ‘ “*Area of a triangle 56; Exponent 21; Perpendicular height 56 (Area of a triangle); Speed 73.




in algebraic

> mS is. called'a bmomlal exp

2x f An algebra;c expression contammg three

terms is a trinomial-expression, e.g. 3x iy - Xy

Algebraic identity

A mathematical statement that two algebraic
expressions are equal, whatever the valug of:
the variables. An rdentlty is often indicated -by
the symbol = (

For;mula (plural is formulae)

A general rule that'is usually expressed
algebraically. For example, the area of a
triangle* can be expressed by the formula:

where b represents the base and f represents
the perpendicular height*.

Variable
An unknown number- er guantity represen‘ted
by a letter. A variable is r
represented by the Ietter X
letters can be used as a: re'm,‘,
lhey are replacmg For example d- ,,,,drstance

= time;- ‘and so o Somet:mes a variable has a

range of yalu,gs, for example; if y is gqual t02x,

when yis 1, x'is ; when ¥ i5 2, x is'1, and sowon.

The parts of an expression that are separa
‘by.a+or =

Vcombmahon of letters and same

~unlike terms For example; X

~—(  ALGEBRA

In algebra, lower-case letters
-arid symbols; are used to -
represent the relationships .
_between unknown guantities.

Dependent variable
A variable with-a value that is calculated from
“other values. For example, the area of a triangle*

~depends on the values of the base and

‘perpendieular height®, so the aréa is a dependent
variable. The values of the base and-height of a:
triangle do not depend on anything else, so they
are examples of 'indep'endent variables.

always the same.

Coefficient

“A constant that is placed ]
an expression. For example in ’t e expf:
3x-+ 4y, the coe,fﬁc,lent of the variable x is 3
and the coefficient of the variable y is 4:

Unknown constant coefficients. are usually

-represented by letters_from the beginning of

the alphéb’é;t: a, b, c:For example, ax + I = y.

Term

ign. An algebraic term can by
variable, a coefficient, a constant ora
combmatlo of these For examp!e the terms in
i re2 (constant), 4
(coefficient and nes

Terms that contain the same lett

terms. Terms:that- cpnta_m differe
combinations af letters or dif

terms, but 3y and: y3 are nli

vy

5*’% Internet Imks For Imks to usefu! websutes on general algebra go to WWW usbo:‘
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BASIC ALGEBRA

Many of the general rules of numbers also
apply to algebra. Pages 76 to 78 contain some
number rules that you particularly need to
remember. They also contain useful information
about different ways in which you can make
algebraic expressions* more manageable.

Rules of number and algebra

Parentheses

Parentheses are used to group together algebraic
terms*. The term directly in front of the
parentheses can be multiplied by each term in
the parentheses. For example, 6x — 6y can also be
written as 6(x — ).

Exponents

An exponent* next to a letter indicates that the
value is multiplied by itself. The exponent tells you
how many times the value should appear in the
multiplication, e.g. x2 means x X x. A negative
exponent indicates the reciprocal* of the number
with a positive version of the exponent?*,

e.g.x % ='£,

Powers* of the same letter can be multiplied by
adding the exponents or divided by subtracting
the second exponent from the first.

ah xam=an+m and a’=+am=a"""

Different powers of the same letter cannot be
added or subtracted as they are unlike terms*.
The other {aws.of exponents also apply. These are
summarized below, but they are explained in
greater detail on page 22.

al=a
2=
ab =1

{@Mmm = an x'm
(@ X b)Y =g" X pn

a\™ g

m

an = V/am

Algebraic expressions can often be rewritten
in different ways but still mean the same.

Multiplication

It is usual to write an algebraic multiplication
expression* without a multiplication sign.
e.g. axXb X cbecomesabc.

The commutative law of multiplication* applies,
so abc = ach = bca = bac = cab = cba.
e.g. OS5X3Xx=3X5Xx=..=15x

Directed numbers

Adding a negative term* is the same as
subtracting a positive term.

e.g. 2xeam i) =22 =X

Subtracting a negative term is the same as
adding a positive term.
o 0 2= X ) =82 X = RS X

Multiplying or dividing two terms with the same
sign (& or —) in front will give a positive result.
eg. 4X3y=12

“4x T3y =12
and 16y = 4dy=14
16y + “dy=4 i

Multiplying or dividing two terms with opposite
signs will give a negative result.

eg. 4xX 3y= 12y

and 16y =4y = "4

PEMDAS (see also page 16)

In an expression*® involving mixed arithmetic
operations, the operations should be
performed in the following order:
Parentheses

Exponents (values raised to a power?*)
Multiplication

Division

Addition

Subtraction

76 *Area 55; Area of a triangle 56; Cancelling 17 (Equivalent fractions); Commutative law of muitiplication 15 (Commutative l==
Exponent 21; Expression (algebraic) 75; Formula 75; Like terms 75 (Term); Lowest possible terms 17 (Equivalent fractions

Perpendicular height 56 (Area of a triangle); Power 21; Reciprocal 18; Term 73; Unlike terms 75 (Term); Variable 75.



Algebraic fractions

Equivalent fractions* can be found by

multiplying or dividing the numerator (top

value) and the denominator (bottom value)
“by the same number or letter: '

SR X Xy

979 T8 3 3y 3x

Algebraic fractions can be added or subtracted
“by expressing them as fractlons with a common
-denominator. (A|gebra|c common denommators,
“are like terms )

3 2 3K

e.d. S pr e — e Tir
9 DX ) 5

2% 7

P T

-Multiplication expressions involving algebraic
“fractions can be simplified by multiplying out
the numerators and multiplying out the
denominators, then ,cancelihg*’ the fraction
to its lowest possible terms*. '

, 3a :
eg. Tx_g_

Jiivis—ion expressions invalving algebraic fractions.

can be simplified by finding the reciprocal* .of
the second fraction then multiplying out-the-
numerators, multiplying out the denominators
and canceling the fraction, as above.

g LA B2

TS e

_ Eipeia 3-*!'7--‘-'-;-#,_ -'! =1
s dixx Axe 2 3
Substitution

The replacement of the letters in an algebraic
expression* with-known values is-called
substitution. You might use substltutlon for
example, when calculatmg propertles of shapes
and solids, such as area* or volume accordlng
to a particular formula*.

For example, the formula for finding the area
of a triangle is:

area of triangle = 1bh
where b represents thé base and h represents
the perpendlcular height*. To find the area of a
triangle with a-base-of 8cm and helght on‘ Tcm;
substitute the measurements for the afgebralc
terms inthe formula

area = ; ®8 w7 =; < 56 = 28cm2

— " ALGEBRA

s

Simplification

Combining the terms* in an algebraic
expression* is called simplifying.

Expressions involving addition and subtraction
can be simplified by adding or subtracting
like terms*. For example, to simplify
IXCE=6 /3R | =
combine all the x terms:
(Bx x) = 6y +2y
=2x t By + 2y
then combine all the y terms:
2x + (6y + 2y)
= 2x + 8y

Expressions.involving multiplication can
be simplified by multiplying out the terms.
For example, to simplify the expression 5a x 3b
write the expression out in full:

=5Xax3xb
then combine the numbers (5 X 3):

=15 Xa X.b
then combine the letters (a X b):

15ab

Expressions involving division can be simplified
by canceling* out the terms: For example, to
simplify 8pg3 + 4q, write the expression as
a fraction, then cancel it down:
Bxpraxqgxy
A
1 k!
= 2pg2

When simplifying expressions involving.
fractions, if the numerator and/or
denominators contain more than one term,:it
is often useful to place this part in parentheses
For example, to simplify the expression

2l

3 2

Place numerator-in:pareritheses.
Find‘a common denominator.
Multiply out. the parentheses;

Place.all terms over the
common denominator.

Colfect togé,the[ like terms.

ﬁ} Internet links For links to u;efu[ weﬁéife:s —on;cjérn'e' :
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Distributive property

The distributive property can be applied to an

expression that contains parentheses, in order to

remove the parentheses. To apply the distributive

property, multiply the term* immediately before

the parentheses with every term within them.
-eqg. 2(x—5y)+ 5+ 3y)

=2x — 10y + 5x + 15y
The expression can then be simplified* by
combining the like terms*:
2x — 10y + 5x + 15y = 7x + 5y

To apply the distributive property to an expression
that contains two sets of parentheses, multiply each

term in the first set with each term in the second set.

e.g. 2x+y) (5x — 2y)
= [(2x) X (5] + [(2x) X (T2y)] + [(y) X (5x)]
+10) X (T2l
= 10x2 — 4xy + 5xy — 2y?
The expression can then be simplified:
10x2 — 4xy + 5xy — 2y 2
=10x2 + xy — 22

The same method is used to square* parentheses:
eg. (x+a)2=Kx+a)lx+a)
=x2+xa+ax+a?
=x2 + 2ax + a2
(Remember, xa and ax are like tefms.)
also (x—a)2=(x—a)(x—a)
=x2—xa—ax+a?
=x2 -2ax + a?
It is useful to be able to recognize both these
squared expressions and their expanded form.
(x+a)2=x2+2ax + a2
(x—a)2=x2‘— 2ax + a2 \

Factoring

When an expression is factored, it is rewritten as
a product* of its factors*. For example, to factor
5x — 15, find a common factor* (5) and write it
outside a pair of parentheses:

5 )
Then divide the common factor into each term*
(5x ~ 5=xand 715 + 5 = ~3) and write the
resulting expression in the parentheses:

5x — 15 =5(x — 3)
Check the answer by applying the distributive
property to the parentheses.
5(x — 3) = 5x — 15, so the solution is correct.

To factor a quadratic expression
Quadratic expressions* (containing a squared*
number) are factored into two pairs of parentheses.
For example, to factor:

p2+4p — 12
Find a pair of numbers with a product* of —12
and a sum* of 4:

(p—2) (p+6)
This solution is correct because
T2X6 12 and “2+6 -4

and (p X p) + (pX6)+(T2Xp)+( 2X6)
=p2+6p—2p—12=p2+4p—12

Difference between two squares

A-binomial expression* involving the subtraction
of one perfect square from another perfect
square (to give the difference). For example, the
expression x2 — y 2 s the difference between two
squares and can be factored to (x + y) (x — y).

For example, to factor x2 — 36, write down two
pairs of parentheses. The first term* in each
parentheses is x (the square root* of x2):

x ) )
The second terms in the parentheses should be
the positive and negative square roots of 36:

(x +6) (x—6)
Check the answer by applying the
distributive property:

(et 6) (-6

= LRI+ 0Ox (6] +L6 x () T+[65C6)]

e b e =S S

=x?%-3,
Perfect square
A number that i§ the”!'ﬁuh‘ “f, another
rumiber re root™) medtiplied

by itself. Natural ¢
1e.qg. 4 %4 = 6] a/re'alwéys Jn'tegers.
Rational™ perfect squares (e.g. 2.5 *
2.5 = 6.25} are not necessarily integers.

* Binomial expression 75 (Algebraic expression); Common factor 11; Expression 75; Factor 11; Integers 6; Like terms 75 (Term
Natural number 6; Product 14 (Multiplication); Quadratic expression 85 (Introduction); Rational number 9; Simplification 77;
Square root 11; Squaring 8 (Square numbers); Substitution 77; Sum 14 (Addition); Term, Variable 75.




EQUATIONS
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An algebraic equation is a mathematical statement

that two algebraic expressions® are equal. An
eguation is solved by finding the value of the
unknown variable(s)*. Any value of a variable that
satisfies the equation (makes it true) is a solution.

Rearranging an equation

If necessary, The expressions in an equation can be
rearranged so that one of (he larms® is on s own
1o the left of the equals sign. The equation can
ther be solved for that term,

For example, to rearrange this equation and solve
for x;

dy =2 -6
Leave the x ferm on s awn by adding & to both
sides of the eguation

dy+ =W 60

dy + &= 3x
Mext, divide both sides by 2 to give the valus
of x

dgne _2x

z s
e 3=x
Turfi the squation around so that & |5 of the lefl,
X =2¥ 3

If youl wanl to solve for 3 vanable that appears
imare than ohce in an eguation, you may be able
1o eollact all (he terms containing the letter on
one side af the equatian and then ake the latter
ot as a common tactor®, For example, to
rearrange this equation and solve for o

(s
¥ q ’
Multiply both sides by - At = FH_; r

hiubtiply Batly sides by o
Take g fram both sides:
Take pr fram both sides:
Factar pg — pr:

pg |\ gf=pr s 17
g = pr+ri — g?
py - pr=ri—g?
el ?r}- FE— T

— e
Divide both sides by g - # o= I—q—_f-
Factor r2 — g# (the 9= r=gqlr =gl
difference of two squares); o RF
Cancel like terms _ et g
fricke.q'— f = —f{r=ql} 7= T
The simplified equationis:  p= 10 )

X-3=9+]

T exprpsiins 10 o
EUETGT Qe senaialed
Bl o el ls i

Equals sign (=)

This symbol shows that two expressions or
values are equal. To maintain this equality,
any operation performed on one side of the
equals sign must also be performed on the -
other side.

Solving an equation

[| an equation contains just one varizble, it
can be rearranged and solved for that variable,
and the value of the vanahle can be found
This j5°called selving the equation,

For example, to sclve the equatian;
Gx = F=3x+4

Ada 3 to both sides: Baee= Filr -7

Subtract 3x from B — 3x=3%+ 7 — 3
bioth sides: s ol B

Divicle bioth sides by 2 ¥=35

Fhe solution te the eguation sy = 3.5
You can check this by sdbstitlition®
Trial and improvement £

A method of solving problems, such as eguations,
by trying out different answers to find one that
warks, You need to be systematic about 1he
numbers you choose, Even so, the solution may
be hegative, or & fraction gr decimal, so this
methad may take a long time campared with
other methods,

For example, to solve the equation x 2 = 20
Try any aumber, e.g. &

(bix a2 =76 54 s tao big,

Try a smaller number, e.g. 2.
= B e 1 s 2 15 toa smal

Try & bigger nimber, 2.9, 3,
(G 3) =2 =20 50 the soluticn 5.3,

o e
?13 Internet links For links to uselul websites an equations, go o Wikl LEsborme guickings. com
H e S
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ALGEBRAIC GRAPHS

An algebraic graph is a drawing that shows the relationship between two
or more variables* in an algebraic equation®. The coordinates* of any point
on the resulting line or curve satisfy the equation, that is, they make it true.

Drawing a g_l_-'a_ph

Algebraic araphs ate drawn dsing the Cartasian
coardinate system®. When drawing a graph:

T Begin by drawing up & table of values of x
and ¥ to glve you the coordinates. Forexample,
this is a table of values for the equation y = :’
Wtk sl ol FHawe
et Beiits, for examile;
at Ievesd Invee far o steaight
lirve gragh ana e for o

cureat graply I neveshary,
caitiare Mwh‘u s

X |-l ol 2 32

YeZ o os g

(2} Choose an appropriate scale for each axis®
and mark it in 2t suitahle intervals. Far example,
you might choose to make one sguare represent
BRe-Unit, orane square represent ten units, |
fiteessany use & different Scale far each axis

Geagh of Pos fumcbm y= 2 |

-~ e
j 2 R A
Fai
€},
—ty
A | 1 i 4 iy 5 x_,
i) ! 2,
- W2 EEENE )

(3] Draw arrows on the end of your axes (ta
indicate that the lines go on larever).

O Latiel the axes {or ) and, when appropriats,
wrile what they represent and the units in which
this is given, e.'g:_ Time {mimutes).

{8 Give your graph a title.

(&1 Plot the coordinates Using a cross ar dot. Use
“a sharp pencil and a ruler to join the pomts ona
straight line graph. Always draw ciires freehand
with the page turned into 4 position where your
wirist is-on the inside of the cune, Extend each
end ef a line ar curve to fill the whole of the graph
and lsbel the fine or curve with the function™ wsed,

General graph terms

Function form

The form of an algebraic equation* that

begins “y

...". This form enables you to find

the x and y values needed to plot a graph.
You can read more about functions on pages

92 to 93.

x-intercept

The point where the line or curve on a graph
cuts across the x-axis. At the x-intercept, y = 0.

y-intercept

The point where the line or curve on a graph
cuts across the y-axis. At the y-intercept, x = 0.

Slope (m)
The steepness of a

A positive
slope (+)
slopes up from
left to right.

line.

A negative

slope (—) slopes
down from left to
right.

The slope is the rate at which y increases
compared with x between any two points on a
line. The bigger the slope, the steeper the line.
To find the siope of a line, choose two points on
the line, then use the rule:

yatB-—yatA

slope =
xatB —xatA
For the line AB, 1 "'jz‘! 1 AL
the slope can be *j““"_‘"_ T i
calculated by: ﬁ:t‘_;’,ﬁ‘ 7
nl PTG A T E
7 = 4 T T 8Ll
3 -G B | 2 P
.-’j_l Y/ ;__e_rg : +1 -
3 1?}4£§i§7i7m?>ﬂ'
= — & 3 B O “L_
3 F A
=1 AT L]

* Axis 31 (Cartesian coordinate system); Cartesian coordinate system 37; Coefficient 75; Coordinates 31 (Cartesian
coordinates); Equations 79; Function 92; Horizontal, Parallel 30; Substitution 77; Term 75; Variable 75.



Straight line graphs

In a straight line, or linear, graph, all the points
with coordinates that satisfy an equation can be
joined together to give a straight line. A linear
equation can be written:in different forms:

Slope/intercept form

The form of the equation for a line
y=mx+c

where m is the slope of the line and ¢ is the

y-intercept (where the line crosses the y-axis).

For example, the ‘sfope of the liney = 2x + 3

is 2.and the y-intercept is (0, 3).

Parallel* lines =
have the same ‘
slope, so if | =X —12
the value of m , '
in two equations | g =
is identical, i
then the lines
arg parallel.

T

)
>

The lines y =x + 2 and y.=x =2 are
parallel.as the value of m is the same in
both equations (in this case, m = 7).

iGeneral form
The form 6f the equation for a line

T ax+by+c=20
MNone of the terms* in the general form has
particdl‘ar';'geometric, significance, for example,
« does not represent the y-intercept.

"2 gonvert an equation in general form to
Loapefintercept form, isolate the y-term on one
side of the equals sign and divide each term by
5 coefficient®-of y.

eg. 4dx =2y —2=0

=smations in-other forms can be converted to
“opefintercept form in a similar way.

22 4x — 2 =2y
dXx-2 _ 2
25
2x— 1=y
y=2x—1

ALGEBRA

To find the equation of a straight line

Use the graph to find the value of m (the slope)
and c (the y-intercept) and substitute* these
values‘in the equation y =mx + c.

Sketching a linear graph

A linear equation often contains enough
information to allow you to sketch a graph
without drawing up a table of values.

The slope/intercept form of an equationy = mx
+ c gives the slope (m) and the y-intercept (c).
If cis negative  y

and m is positive,
the line slopes

If cand m are 1%
positive, the line
slopes up-and

crosses the up and
y-axis above X crosses the X
the origin. y-axis below
the origin:
Ifc is positive v ffcandmare y
and mis negative, the
negative, the line slopes
line slopes down and
down and crosses the X

y-axis below

crosses. the y-axis )
the origin.

above the origin.

If c= 0, the equation of a line can be written
as y = mx. A line with the equation y = mx
crosses the y-axis at the origin (where x =0
and.y = 0), with a slope of m.

fmis greater
than 1 and
positive, e.g. 4,

the fine slopes
steeply up.

If m is greater
than 1 and

negative, e.g. —4;
the line sfopes
_Zx- -steeply down.

If.m is less than 1
and negative, y
e.g. _%, the line

slopes‘gently down.

If myis-less-than
1 and positive, ¥
e.g. L, the line-

slopés gently up.

If the slope is zero, the line is
horizontal*, and is-parallel* fyﬂ\
1o the x-axis.

The equation y = ¢

gives a fine that is
parallel/ to-the x-axis:

~  Internet links For |i’nk§'t6'—uséfﬁkfwebsité;:dh 5I'§je5ﬁ,,i§§\;&§§§}§bi vva rne i

81
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To plot a linear graph from an equation*

For example, to plot the linear graph™ y = 2x + 2:

1. Make a table of x and y values.

x -¢ 2 -2-101 2
6 4 2 02460

2. Plot these coordinates* on a graph, and
draw a straight line through them.

Graph of the function y = 2x + 2

Drawing a quadratic graph

As well as following the general guidelines
for drawing a graph (see page 80}, when
drawing a quadratic graph, always show:
* the bottom of the parabola;

* the point where it crosses the x-axis
(if it does).

To plot a quadratic graph
Quadratic graphs can be plotted in the

82|

Y ma
‘A = same way as other types of graph.
i Eams s SEEREEaREEaEnaE For example, to plot the graph of the
R SEAnmaEnREEaa equation*/function* y = x2 + 2x — 4:
; R N R ﬂ~~~ﬂ-<-*'—7:
g fEREaE R HHH 1. Draw a table of values to show the
B aneasmaasEear e iee e coordinates* of the graph:
ENNEE ENNEE 1 T
HH A s=sEs
H HrHH 3
] 1 X 3271012
:*::‘:'gif—:ﬁu ) _rrz":* N g "y
i i ea| 47T 45 4T 4
EnnEN EEae Y X247 x4
BuNNRRNN] SRR AR BASY EREN
SnCIREnE GERaREREWAEEINL SNEw : 2. Plot these coordinates on a graph and draw
o
REEs a-smooth curve through them.
f e Saumsanasaaasyanay Graph of the function y = x2+ 2x — 4
: ] & W _H»»J;“_ Ly ¥ T a: T
A T ; H
3. The sofution* to the equation is the point that SR Ve REE ! :
satisfies the functions* y = 2x + 2 and y = 0. S [ :
This is the point at which the line crosses the gaiE |
x-axis. Here, the solution is x = ~ 1. i H H ';L‘L“:“W: SERSSAEEES
SEEREEEREEER A_,Mj::w_ﬂjﬁ, RERNEET AnnmERS AR Tit* H
N 1 ﬁ
= R naEEERa s 1 T ,IA__< R
Quadratic graphs b
E AN AN ﬁ;:‘ ;‘:" BRES TERSA NESS REAC RN, N |
A quadratic graph is a drawing of a quadratic H iu
expression*. All quadratic graphs can be written EEmaREsaanEEamECaEEESY
in the form: jEEaEee SiRaEaiius: Epinaniiace IRl
y=ax?2+bx+c 3 REERANARAEaaREARa RGN ERaRE
where a, & and ¢ are constants and a is not 0. SN RN HE)IRSEESRENN ) ASEERSEERRACSE
A aus Saam
If a is positive, A :
Parabola the parabola i) RESEENAEANSNE BENSNRREY
A “U”-shaped symmetrical* looks like this.

graph. All quadratic
functions* produce either
positive or negative
parabolas, depending

on the value of a.

If a is negative,
the parabola
looks fike this.

3. The solutions* to the equation are the points
that satisfy the equations y = x2 + 2x — 4
and y = 0. These are the points at which the
curve crosses the x-axis. Here, the solutions
are approximately x = 1.2 and x = ~3.2.

*Constant 75; Coordinate 31 (Cartesian coordinates); Equation 79; Function 92; Graph (algebraic) 80; Linear graph 81
(Straight line graphs); Quadratic expression 85 (Quadratic equations); Solution 79 (Introduction); Symmetry 42.
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Cubic graphs To plot a cubic graph
Cubic graphs can be plotted in the
A cubic graph is a drawing of a cubic same way as other types of graphs.
expression, that is, one that contains the
term x3. All cubic graphs can be written in For example, to plot the graph of the
the form: equation*y = 2x3 — x2 — 8x F+ 4:
y=ax3+bx2+cx+d ;
where a, b, c and d are constants® and a is not 1. Draw a table of values to show the
equal to 0. dis the y-intercept. coordinates* of the graph:
The simplest form of cubic graph is'y = x3. .
x T2l Su i e
Graph of the function y = x3 S =
2 YE / 23-x%8x*t4 | 0 ¥ 91 3£
it} ¥i Y .
hed IR 2=
+ / - .
/ : ' X 0L S e S 7,
/s 0 "2 35 0
233 +4 4
is 2. Plot these coordinates on a graph and draw
iRERRE a smooth curve through them.
] i Graph of the function y =2x3 —x2 —8x + 4
) 4
i 110 L L ol N ) 1N
:*7‘:“'2‘;::::3}"22:#{', 7. ‘*:;iq HEE NSRS UNNEN RN HYR ‘w::f’:
t x it
T ‘ : [ 5 N &
B R R 2 AN : = i) EE ‘52“"“%" EEERIRRRN
Cubic curve = ‘@A i
A curved graph* that has up to two bends in it. o ] A\
The shape of the.curve depends on the value of H
ain the equation y = ax3 + bx2 + cx + d. =
" A -
If the value'of a is If the value of a s JEREREREEY P = i ’g ERERET
“positive; the-cubic negative, the cubic 1 NS s
cutve looks similar curve looks similar REARS &/ anas : N
ORI RO 3 to4, 5 and 6. = yanEn a7
7 4 ENEEREN(/Ena i
Graphs 1, 2, iﬁ' ! T ! T - : ﬁ 1 ; +
4and 5 have EEES) SEnuA N I aa HEH e
two. clear miERRRAE T s L
7 turning points.
A 3. The solutions* to the cubic equation are
the points on the graph that satisfy both the
cubic equation and the equation y-= 0. These
3 Gl et are the points at which the curve crosses the

turning points but they x-axis. A cubic equation can have up to three
are hardly noticeable.

solutions. The solutions to the exa'r.rjp{_e above
arex= "2;x=0.5 and x = 2. il
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Exponential graphs

Ah exponential graph is a drawing of an
algebraic expression*® in which y is a positive or
negative power* of x. All exponential graphs
-can’be written in the form:

Y= aX
where a is a constant®.

Exponential curve

A graph* representing the function* y = ax.
An exponential curve crosses the y-axis where
y = 1. It does not cross the x-axis. The shape
of the curve depends on the value of a.

7 ¥
X ! s
Afais greater than 1, the Af.a is fess than 1, the
exponential curve looks exponential curve looks
similar-to this. similar to this.
YA

- - Tl y=1
If a'is equial to'1, the exponential
cirve s the horizontal* line y = 1. >

¥ X

Reciprocal graphs

All reciprocal graphs can be written in the form:

a
y=—
X

where a is a constant*.

Hyperbola or reciprocal curve

‘A graph* consisting of two separate curves that
are exact opposites of each other. All reciprocal
functions* produce positive or negative
hypérbolaé’, depending on the value of a.

1f x = 0, y does-not have a‘value.

e 4.2 0
Wi @

I ais positive, the hyperbola [ aris tiegative the hyperbola
looks similar to:this. looks simildr to_this:

To plot a reciprocal graph
Reciprocal graphs can be_plotted in the same
way as.any other graphs. For example, to piot
the graph of the equation* y = &, draw a table

o X 5
of values to show the coordinates* of the graph:

x| 3 2
JEl2 2 %
S-S 05 B S G
S W | )

Plot these coordinates on a graph and draw two
smooth. curves through them.

“] 0.5 "0.2¢
e G,

Graph of the function y = %

NN

A e L] —

NN RE 1N R

EEREENERAEE ‘BN EERUNENERRUEE . 4

ENRAREE

¥
3
E)
% S (N W .
‘m L A W 3

The graph does not cross the x-axis, so cannot be
used to solve reciprocal equations.

Circle graphs

An equation* in the form x2 + y2 = r2 gives
a circle of radius™ r and center (0,0).

A graph of the equation {
x2 + y2 = 4 looks like this. 0,2)
The radius of the circle

is 2 units.
(2,0)

It intersects the x-axis (2.0
at (2, 0) and (~2, 0).
It intersects the y-axis
at (0, 2) and (0, ~2). ©,2)

* Algebraic-expression 75; Coefficient, Constant 75; Coordinates 31 (Cérte‘sian coordinates); Equation 79;
Expression (algebraic). 75; Factor 11; Factoring 78; Function 92; Graph (algebraic) 80; Horizontal 30; Power 21;
Product 14 (Multiplication); Radius 65; Solution 79 (Introduction); Squaring 8 (Square number); Substitution 77
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QUADRATIC EQUATIONS

‘A quadratic equation is an equation* that R
_includes a quadratic expression*, that is, a 1},2‘2.’/ S5
variable that is squared*. Quadratic equations j b e
. can. be written in the form ax2 + bx +.¢ =0, 5 i éf/ +4”
~ where a does hot equal 0. Every quadratic ZJ‘C oM
- equation that can be solved has two solutions®,
~ called roots. Quadratic equations can also be Zgﬁfﬁggﬂﬁgigih;ZJ#'E”w

written in the form.y: = ax

E \isolved using a graph (see page 82), or using the
“methods described below and on page 86.

Solving by factoring Identifying factors
: If the coefficient® of x2 is greater than 1 ithat
/ThlS method rnvolves factorrng the equatlon to is, 2x2,3xZ, 4xZ ...}, it can be difficult to know
[ ] : the ‘correct way to factor the -equation wrthout
axz bbx = O one of the expre5510ns in trying. several alternatives. -
parentheses must be equal to 0 (as the result ] i )
of multiplying any value by 0 is 0). By taking For example; ‘to. factor the equation
each parenthesis at a time, the two possible .4x? + 20x # 21 = 0, the coefficients of x-must
solutions to the- equatron can be found. Not all multiply to give 4, and the humbers must add

L o 20 and mult|p|y 1o glve RalE

1. Factor the left side of the equation to give (A% £:3)6c + 7) = 4x2 + 28x + 3x + 21
_two expressions in- par ntheses. First find two = Ax? - 3x + 21 x
“factors* of .the.x term hen find two numbers
which, when. multrplled are equal to ¢ (the
_coefficient* of x)-and‘when added are equal
to b (the constant®).

{oe o Fdx 3 = dxd T b Tx 21
A 8 - 2 x

[+ 32+ N =4ax2 + 14x ¢ 6x + 21

e, ¥EEER+HB=0
T et = 4x2 + 20x + 21
(The X values are correct bece_'use Ohce you have the carrect factor, you can i
X X x = %%, and the numbers are correct the roots of the eguation.
se 2 +4=6and 2 4=8}) eg 2% +3=0
ZXx=0—3
2. Since the product* ef the facto- e i
the factors must equal 0. Calculate the value P
of x for each pair. of parentheses.
e.g.if O+ 21+ 4y =10 2k =4
then either +21=10 or (x+4=0 e =1[=7
so either = or k= 4 i — iy
i e A
The roots of the guadratic equation The toots of the equation 4x2 + 20x + 21 =0
2+ B+ 8 =0arex= "Zandx="14; SHE N = el S
3. Check your ansvwer by substituting® each root Check your answer by substituting® each root
in turn into the origmal eguation. in-turn into the original equation.
eg. f{whenx= "2} 4+ "12+8=10 eg. lwhenx="1.5] H®+ 730+21 =10
fwhen== "4] 16+ 24 +8=10 Vi fwhenx'= "3.5) 49+ 704+ 21=10

" Internet links For links to useful websies on equations, go to H mnnrne guicklinfs. com

8
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Completing the square

Any equatlon in the form
(x +.y)2 = z is a perfect square*.

Completing the square means making the
left-hand side of a quadratic equation® into
a perfect square*, resulting in the form

(x + )2 = z. This method can be used to
solve any quadratic equation.

1. Make sure that the equation is in the form
ax2 + bx + ¢ = 0. Then move the number (c)
to the right-hand side of the equation.

For example, to solve the quadratic equation
X2~ 6x + 2 = 0, first move the 2 to the
right—hand side of the equation:

eg. x2—6x="72

2. To complete the square on the left-hand side,
halve the coefficient* of x and square* the
result, then add this number to both sides.

e.g. (g)z =(3)2:

sO: X2—6x+9="24+9
X2 —6x+9=7

3. Factor* the left-hand side of the equation
in the form (x + y)2 = z.
eg. x2—6x+9=7
(x — 3)2 =

4. Find the square root* of both sides to find
the roots* of the equation.
eg. x—32=7

x=%x2.64575131 + 3

so:  x=1564575131 or x=0.35424869

5, Round* your final answer to an appropriate
degree of accuracy.
eg. x=5.653s1)
or x=0.354 (3 sf.)

The quadratic formula

The quadratic formula can be used to solve any
equation in the form ax? + bx + ¢ = 0. The
quadratic formula is:
x="bh xVbh2 — dac
2a

1. Make sure that the equation is in the form
ax?2 + bx + ¢ =0 and identify a, b and c.
e.g. 2x2+4x —6=0
in which case,a=2,b=4andc= "6

2. Solve the equation by substituting* the values
for a, b and c into the quadratic formula.

e.g.
- 2%2
o= T4x:V16+48
4
e e
=
—4+ V%4 - X:”zl%j@'
4 7 -
_"4+8 SRR Vel
4 4
x=2 o =12
4 4
X =1 or =3

The roots* of the equation 2x> +-4x — 6 =0
arex=Tand x= "3.

4. Check your answer. If it is correct, the sum*
of the roots should be —aﬂ
T, ST

g, == S=2 and";é—'rfT'f: '_2/

This checking method works because the
quadratic formula gives the two values of x as

~b. B2 —4ac =i [5E =g
l+b‘* 2daci i | b b2-—4ac

Do SERM = 5

The sum of these two roots is:

(Y, (b2 dac (b2 - dac|
, 2a;>+' L 2a ) [Za; =5 !

e Sl
w2af \2a 2a -

- *(Coefficient 75 -Equation 79; Expression (algebraic) 75; Factoring 78; Like terms 75 (Term); Perfect square 78;

Quadratic equatlon 85; Rearrangmg an equation 79; Root 85; Rounding 16; Simplifying 77 (Simpllficanon),
Square root ‘11; Squaring 8 (Square number); Substitution 77; Sum 14 (Addition); Term 75; Variable 75.
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SIMULTANEOUS EQUATIONS =

Simultaneous equations are
pairs of equations™ in which the
variables® represent the same

numbers in each equation. To solve
simultaneous equations, you must

find a solution that satisfies both

equations {makes them both true).

Solving by substitution

By substituting® one of the expressions* into the
other equation, the value of one variable can be

found, This value can then be substituted iio

the first equation to find the remaining vartable.

-

o solve for the variabie.
For example, fo solve the equations:

St —y=13
x4ty =15

rearrange the first eguation o solve for y:
Yo 5 - 13

2. Substitute the rewritten expression for the
same variable in the other equation.
eg. Hy=5x~13 '
2x -+ ¥ = 15 can be rewritten as

eqg. 2x+5x—13=15

Ix—13 =15
7x = 15 + 13
7x = 28
x=4

4, Substitite the value of the known variable
into the remaining eguation and use it fo
find the vahie of the other variable,

Ceq. = 4,502 X 4) +y=15
gry=15
y:qa ...... 8
y=7

5. Check your answer by substituting the x —

and y values info the other equation.

. if necessary, rearrange® one of the equations

ALGEBRA

gt
Jc*j’4

Frese equations can be solved fogether to give
vafues of x and y thet meke both equotions true,
inr £itfs case, the vidue of both x gnd y 15 2.

Solving by elimination

If the same or opposite terms® appear in both
equations, they ¢an be combined o eliminate
that term, leaving only one variabie. The
equation can then be simplified® to give the
vakie of the variable, which can then be
siubstituted”® into either of the equations to
find the other unknown variabie.

To eliminate terms that are the same

or opposite

1. ¥ the terms are the same (2.g. 2x and 2x or -
“2x and T 2x), subtract one eguation from
the other If the lerms are opposite (e.g. 2x
and — 2x}, add the equations.
For exampie, 1o solve the equations:

22X —3yw 5B

add the terms together (as opposite like
terms® appear in both eguationsh

(2% - 3y) + (x + 3y} = 5 + 16

3y = 2%

2. Substitute the value of the known variable
into either of the equations, The valye of the
remaining variabie can then be found.
eg. 2x—3y=5

{(2X7y—3y=>5
T4 - 3y =5

By w14 — 5
3y = G

Vo 3

3. Check your answer by substituting the x _
and y values into the other equation. /
eg. 7+ 9= 16, so the answer is correct.

' @ Internet links For Hnks to useful websites on equations, go o www.usborne-guickiinks.com ; . l
v . : :
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Elimination co'ntinued

To eliminate® like terms* if their
coefficients* are not equal or opposite
1. Find the least common multiple* of one
" pair of coefficients (that is, the x values or
 the y values) and mulitiply one or both
equations* by the required number to
-make those coefficients equal.

_For.example, to solve the simultaneous

equations:
2x +3y=0
3x +2y =5

multiply the first equation by 2 and the
second equation by 3:

Ix +6y =0

9x + 6y =15

(Alternatively, here you could multiply the
first equation by 3 and the second by 2 to
make both the x values 6x.)

2. If the terms* are the same (e.g. 2x and 2x or
—2x and —2x), subtract one equation from
the other. If the terms are opposite (e.g. 2x
and  2x}, add the equations.
eg. (4x+6y) —(Ox+6y)=0-15

Bxi="15
% =15
x=3

3. Substitute* the value of the known variable*
into either of the equations.-The value of the
remaining equation can then be found.
eg. 4X3+6y=0

12 +6y=0
6y = 12
y= "2

The solution isx= 3 andy = ~ 2.

4. Check your answer by substituting the x
and y values into the original equations:

e.g. 7
6—-—6=0 /

6 —6=0and 9 — 4 =5, so the answer
is correct.

Solving with a graph

Simultaneous equations® can be represented.by
graphs. (You can read more about the different
types of graphs on pages 82 to 86). Each line or
curve on the graph represents an equation and

the point where the two lines cross provides an
x and y value which satisfies both equations.

To plot a graph of simultaneous
linear equations
For example, to plot the graph of the
simultaneous equations:
Sr—"1 =1
2y +2x=6
rearrange* the equations to solve for y:
y=x-—1
y=3—x
For each equation, make a table showing
possible values of x and y.

Plot these coordinates* on a graph, and draw
a line through each set. Label each line with
its equation.

_Graph of the functionsy = x — 1 andy =3 —x

In this example, the lines y = x — 1 and
"y = 3 — x meet at the point (2, 1). So, the
solution to the simultaneous equations is
x=2andy=1.

* Coefficlent 75; Completing the square B6; Coordinates 21 {Cartesian coordinates); Elimination 87 (Solving by elimination);
Equation 79 Factoring FE; Least comman multiple 11 (Common multiple); Like terms 75 (Term); Quadratic formula 86;
Rearranging the equation 75 Simplifying /7, Simultancous equations 27; Substituting /7; Term, Varlable 75.
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More simultaneous equations

Linear and quadratic equations”
For example to solve:
y=x+3 (1)
y=x2—4x+7 (2)
Substitute* the y value from equation (1) into
equation (2) and simplify™:
x+3=x2—4x+7
3=x2-4x+7 - X
3=x2-5x+7
0=x2 5x+4
x2—5x+4=0
Factor* the equation, then solve it to find x.
x—=-1)(x—4)=0
either x—-1=0 or x—4=0
SO x=1 or

Substitute the x values into equation (1):
When x = 1: y=1+3,s0y=14
When x = 4: y=4+3,s0y=7

Check the answer by substituting both values
into equation (2): -
4=1'—4+7‘/énd 7=16—16+7‘/

If the equations cannot be factored, try
completing the square* or using the quadratic
formula*. You can also solve simultaneous
equations using a graph. The coordinates* of
the points where the graphs cross one another
provide the solutions.

Graph of the functionsy = x + 3 andy=x2—4x +7
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Linear and circle equations
For example ta solve:

et (1)

X2 L yd =35 2)
Substitute® the y value from equation® (1) into
equation (2} and simplify:

xI+ (x—1)2=25

x2+ (x — Dx—11= 25

x2+x2—x—x+1=25

2x2—2x+1=25

2x2—2x—24=0
Factor* the equation, then solve it to find x.

@2x +6)x—4)=0
either 2x +6=0 (o]¢
o} D=3 or

x—4=0
x=4

Substitute the x values into equation (1):
Whenx="3: y= 3-1,s0y= 4
When x = 4: y=4—1,s0y =3

Check the answer by substituting both values
into the second equation (2):
(T3)2+ (742 =25 and 42+32=25

9+16=25 16+9 =25
v/ v

If the equations cannot be factored, try
completing the square*, using the quadratic
formula* or drawing a graph. The coordinates?
of the points where the graphs cross provide the
solution to the simultaneous equations. Remember
that an equation in the form x2 + y2 = r2 gives

a circle with its center at the origin (0,-0) and
radius r (see Circle graphs on page 84).

Graph of the functions y = x — 1jand x2+ y? = 25

| - 7 -
) Internet links For links to useful wabsites on equations, go to wnee ushome-guicklinks, com
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INEQUALITIES

An inequality is a mathematical statement that
two algebraic expressions* are not equal. An
inequality is the opposite of an equation*, but
can be solved in a similar way, to give a range of
'values that satisfy the inequality (make it true).

inequality notation
The symbols used to indicate an inequality.
These include:

means “less than”

means “greater than”

means “less than or equal to”
means “greater than or equal to”

means “not equal to”

For example, x < y means that x is less than y,
and a = b means that a is greater than or equal
+to b. (You may find it useful to remember that
the sign for “Less than” (<) looks like a tilted
capital letter “L".)

Inequalities can be rearranged*, but the
inequality sign must be reversed. For example if
x is less then y (x << y) then y must be greater
than x (y > x). Similarly, if a is more than or
equal to b (@ = b), b must be less than or equal
toa (b < a).

Inequalities can be shown on a number line*.
Values that are included in an inequality are
indicated by a filled circle. A value is included
when the variable* is < or = the value.

This number line shows the inequality x = 1. The value 1 is
included in the inequality, so it is represented by a filled circle.

Values that are not included in an inequality are
indicated by an open circle. A value is not
included when the variable* is << or > the value.

e —— - {.) S
e 0 6

This number line shows the inequality =2 < x < 6. The values
T2 and 6 are not included in_the inequality, so they are
represented by open circles.

2x+3L¢

The expressions in an inequality are
separated-by an inequality sign. There are
several signs with different meanings. The
sign in this inequality means “is fess than.”

Conditional inequality

An inequality that is true only for certain values
of the variables*, for example x & 1 = 4, which
is only true for values of x = 3.

Unconditional inequality
An inequality that is true for all values of the
variables*, e.g. x + 1 >x — 1.

Double inequality

An inequality in which a variable* has to satisfy
two inequalities. For example, in the double
inequality 0 < x < 5, x must be greater than or
equal to 0 and also be less than or equal to 5.

Solving single inequalities

Inequalities can be solved in a similar way to
equations, by rearranging™ the inequality and
solving for an unknown variable. To keep the
inequality true, any term* added or subtracted
on one side of the inequality must be added or
subtracted on the other side. Similarly, if you
multiply or divide one side of an inequality by
a positive term, you must do the same to the
other side. However, if you multiply or divide
both sides by a negative number, you also need
to reverse the inequality sign.

For example, to solve the inequality:
4-3y=12—y
Subtract 4 from both sides: "3y =12 —y — 4
Add y to both sides: T3y ty=12-4
“2y=8
Divide both sides by ~—2 and
reverse the inequality sign: y < ~4

The solution to the inequality is y < 4.
This solution can be illustrated on a number line

4-3y=12-y

A
4

~
)

* Algebraic expression 75; Coordinates-31 (Cartesian coordinates), Equation 79; Graph (algebraic) 80;
Linear equation 81 (Introduction); Number line 7 (Directed numbers); Rearranging an equation 79;
Substitution 77; Term 75; Variable 75; Vertices (Vertex) 34 (Polygons).



Solving double inequalities

A'double inequality represents two inequalities,
so for example, 5 = 2x + 3 = x + 1 represents
the inequalities; 5 = 2x + 3 and 2x + 3 = x + 1.

To find a solution that satisfies both inequalities,
solve each inequality in turn:

5 =243 X E£3=x+ T
5 —=3= 2x 2X—x+3 =1
2= 2x x=1~3
12x x= 2

Values of x that are greater than or equal
1o 72 and less than or'equal to 1 satisfy both
inequalities. These solutions can be expressed by
the double inequality 2 = x =1 and can be
illustrated on a number line:

3 SZPAFFTEAA T

5 2 743 el

Graphs of inequalities

An ineguality can be represenited by a region
onea graph®, Toplot a graph of an inequality:

1. Replace the ineguality sign with an equals
sign (=} and plot the resulting equation
on a graph. (You can find out more about
plotting graphs on page B0.) For example,
to-show the inequality x = 4, first plot
coordinates” that satisfy the linear
equation™® x = 4.

2. Juoin the paints with & solid or dotted line.
A solid line shows that poings on it are
included in the inequality (this is indicatec
by the symbols = ar = in the ihequality).
A dotted line shows that the points on it
are not included (this is indicated by the.
symbols < or = in the neqguality).

3. nless asked to do otherwise, shade the
region that is included, Always clearly
label the region that is incduded in
the inequality.

4. If you need ta find a range of values that
satisfy more than one inequality, draw a
line for each inequality and then shade out
and label the required ragioh.

Example: Inequality problem i
Find the region defined by the inequa 1’EIES=::
Yy <2-—x,x= 4dandy=x— 1. Useyour -
graph to find the points with coordinates*
where the values of 3x % y are &) greatest

and b) least.

Make a table of x and y values for the.equations
y=2—xandy=x — 1 then plot each set of
coordinates on a graph and draw straight lines
through them. Shade the included regions.

* |4 2 0 2 4
Yy=z-x[ ¢ 4 2 O -2

F ol e e
J=x-11¢ 2 0o 2 ¢4

Graph of the functionsy <2 —x, x> 4dandy=x—1
4

P =3 !-"‘
.\'r - h

o 5
A
.
i %
=4 M 4
-
T
= a3
"\
2K 5 )
A
SR e

y<x—1

The unshaded region is defined by the inequalities y <2 — x,
x= 4andy=x—1I.-

The x and y values at the vertices* of the region
are at their highest or lowest while still satisfying
the inequalities. To find the greatest and least
values of an equation, substitute* the
coordinates of each vertex in turn into the
equation and compare the answers.

At (T4, 75) 3X+y="12+ "5="17
At (T4, 6) x+y="12+6="6
At (1.5, 0.5) 3x+y=45+05=5

a) The value of 3x + y is greatest at (1.5, 0.5).
b) The value of 3x + y is least at (T4, ~5);

6% Internet links  For links to useful websites on inequalities; go tdwwwusbdr’-ne—qufck[inks.comi, I I
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FUNCTIONS

A function is a rule that is applied to one set* of values to give
another set of values. Each value in the first set is related to only

one value in the second. Rules such as “double,

"o

square"” and

“add 1" are all functions. A function is represented by the letter f.

Result

The value that is obtained when a function is
applied to a value x. The result is represented by
f(x), which is said, “f of x.” For example, if f is the
function “add 1,” f(x) = x + 1. A function can be
applied to any value of x so, when f(x) = x + 1,
f(2) =2 + 1 =3 and f(200) = 200 + 1 = 201.
The set of results is called the image of f and it is
a subset® of the range.

Domain
The set* of values to which a function is applied.

Range
The set* of values to which the results belong.
Often this is the entire set of real numbers*.

Composite function
A combination of two or more functions. This can
be written as feg(x), where function g is done
first, or gof(x), where function f is done first.
For example, if f(x) = x2 and g{x) = 3x — 1,

fog(x) = f3Bx — 1) = 3x — 1)2;
and gf(x) = g(x2) = 3x2 -1
Inverse function
An operation or series of operations that
reverses a function. This is usually written ~1(x).
For example, to find the inverse of the
function f(x) = 3x + 5:

1. Let y = f(x): y=3x+5
2. Swap all x and y variables: x=3y+5
3. Rearrange* to solve fory: 3y =x=5
=5
Yy=Immy
A, 57 = 5
4, Lety = f 1(x) 1) == B
Map or mapping "

Another name for a function. Mapping notation
is different from function notation, and uses the
symbol —, which means "maps to.” For example,
in mapping notation “f(x) = 2x” is “fx— 2x.”

lllustrating functions

There are several ways to illustrate a function: set
notation, number lines, a flow chart or a graph*.

Set notation

Each element* of the domain corresponds with
an element in the range.

e.g.

for f(x) = 2x

Domain

Number lines

The number line on the left below represents
the domain, and the one on the right represents
the range. Each value in the domain
corresponds with a value in the range.

e.g. 2
forf(x) =x=+1 1 1
0 0

Sl =i

Flow chart or flow diagram

Diagram showing the order of operations to find
the value of a function. The rounded frames show
the value at the start and end of each-calculation
and the rectangular boxes contain the functions.

This flow chart illustrates the function f(x) = 3x + 1.

| add 1 +@

To find the inverse function, read the flow chart from right to
left and reverse each operation. For example, the function
above f(x) = 3x + 1, has the inverse f 1(x) = ’L;i

B sub’1cract *@;

mualtipy | [
> by3 [

- [dwide |
1 by3

* Constant 75; Cosine 60 (Introduction); Element 12; Graph (algebraic) 80; Radius 65; Real numbers 9;
Rearranging an equation 79; Scale factor 52; Set 12; Sine 60 (Introduction); Subset 12;
Tangent 60 (Introduction); x-axis, y-axis 31 (Cartesian coordinate system).



Functions and graphs

Functions can be shown on a graph*, with the
domain on the x-axis* and the range on the
y-axis*. The y-axis can be labeled either “y” or
”f(x),\" since y = f(x). If you label the y-axis “y,”
label the graph “y = ...” If you label the y-axis
“f(x),” label the graph “f(x) = ...” (see below).

Each of the functions Graph of f(x) =x —1
described below ' T
gives a characteristic 7
graph. You can see // -
examples of these
graphs on pages A= x—T
81-84 and page 64. /]
/

VA

Linear function
Any function in the form f(x) = mx + ¢ (where m
is not equal to 0). (See graphs on pages 81-82.)

Quadratic function

Any function in the form f(x) = ax2 + bx + ¢
(where a, b and c are constants* and a is not
equal to 0). (See graph on page 82.)

Cubic function

Any function in the form f(x) = ax3 + bx2 | cx +d
(where a, b, ¢ and d are constants* and a is not
equal to 0). (See graphs on page 83.)

Exponential function
Any funcfi_on in the form f(x) = aX (where a is a
gonstant*). (See graphs on page 84.)

Reciprocal function
ny function in the form f(x) = % (where a is a
nstant®). (See graphs on page 84.)

ircle function

y function that can be written in the form

) = V{x —a)2 + (y — b)2 where (a, b) are the
coordinates of the center of the circle. The graph
n page 84 shows a simple example, in the form
x? + y2 = r2, which gives a circle of radius* r and
center (0,0).

Trigonometric, or circular, function
£ function in the form f(x) = sine* x, f(x) = cosine* x
== f{x) = tangent* x. (See graphs on page 64.)

ALGEBRA :
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INFORMATION FROM GRAPHS

Since a graph is an illustration of the relationship between two
cuantities, it can be used to find the value on the y-axis* that
corresponds with any given value on the x-axis*, and vice versa. In
addition, both the area* under a graph, and the slope* of a graph can
provide further information about the quantities it represents.

The area under a graph

It the wunits of measyrement used on the ¥- and
y-axes are known, the area under a graph gives a
third unit of measurement. Whatever the shape
of the region under the graph, the formula® far
findirig Its area myolves muktiplying distapces
aleng the axes. For this reason, the ares under a
graph can be expressed by the general rufe:

units along
the y-axis

area under _ unjts along
a graph the x-axis

For example; on a speed-time graph {3 graph
shiowing the rate of speed against time| like the
one below, the y-ams shows speed (distance
divided by time] and the x-adis shows time,

¥k Graph showing the different speads at
which a car travels on a 40 minute jaurney

ia

20

jpeed (ks

,, b -

i 20 e 415

Terie denfierest

If these quantities are substituted® into the
general formula for the area under the gragh,
the rewritten formula is:

i distar
area under graph = time = ——== e
time

area under graph = distance

5o, the-area under & speed-timie graph gives
a value for the distance traveied.

You can use this methad to find the meaning ol
the area under graphs showing other guantities,
For example, If the x-axis represants density® [mass®
divided by volume®) and the y-axis represents
volume, the arga under the graph gives the mass.

To find the area under a straight graph
Use the appropriate forrula for the shape of
the area ta be found. For example, the graph
below represents the speed of & car ona
{ourney. What was the total distance coverad?

Graph of the speed of a.car
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Divide the area up into separate shapes and find
the area of each shape.

frea of triangle A

:‘.‘ # base % hefighl = 12 < 0,5 =40 = 10km

Arpa of trapezoid® B
_;'| “ sum®™ of parallel sides) = distance batwesn them
- .I?. =40 + 50 =075 = -; B0 075 = 3375k

&rea of reclangle C:
lemath = width =75 50 = 37 5km
Area of thangle C

1o base % height = 2 @ 0:5% 50 =12.5km

Totdl = 18 3375 + 37,5 = 12.5 = 93.75km

The total distance covered was 93, /5km

* Acceleration /3 Area 55 Chord 65, Density 59, Displacement 43 [Tranilation): Formula 75; Horizontal 30
Mazz 72 Slope 80; Substitutlon 77) Sum 74 (Addition), Tangent 71; Trapezold 3% Velocity 73 Wertlcal 30,

Volume 55; x-axis, p-axis 31 (Cartesian coordinate systom)




To find the area under a curved graph
Divide the area under the curve into a convenient
number of vertical* strips, preferably an equal
distance apart, and draw a chord* across the

top of each strip to form a row of trapezoids*.
The sum* of the areas of these trapezoids will
give an approximate value for the area under

the curve. This method is called the trapezoid
rule. The narrower the trapezoids, the better

the approximation will be.

If the trapezoids are all the same width, you can
find their combined area using:

area =% x w x (first + last + 2(sum of rest))

where w is the distance between the sides of the
trapezoids, “first” is the height of the left-hand
side of the first trapezoid, “last” is the height of
the right-hand side of the last trapezoid and “the
rest” is the sides of all the trapezoids in between.

For example, the speed-time graph below shows
the motion of a clockwork mouse. Approximately
how far does the mouse travel in 40 seconds?

Graph showing the speed of a clockwork mouse

O

aRE s

X 10X (1 + 0.4+ (2X(0.92+ 0.8 +0.64)
=L X (14 + 4.72)
= 5% 6.12 = 30.6m
The clockwork mouse travels 30.6m in 40 seconds.

If the area under a graph is diﬁd‘ed into trapezaids

of unequal widths, calculate the area of each one
separately, then add them together.

Gradients and tangents

Finding the slope* of a graph involves dividing
the distance along the y-axis by the distance
along the x-axis. As a resutt of this, a graph’s
slope can give further information about the
relationship between the quantities illustrated
by the graph. The table below shows examples
of information a slope can provide.

¥y quantity x quantity slope shows
displacement* time velocity*
velocity time acceleration®
mass* volume* density*

The siope of a straight line can be found by
dividing the vertical* distance between two points
on the line by the horizontal* distance between
the points (see page 80}. The stope of a curve
varies and can only be found for a given point.
This is done by drawing a tangent™ at that point
and finding the slope of the tangent.

For exampte, to find the slope at point x = 2 of
the curve y = x2 + 3, draw a tangent to the
curve at the point x = 2. To draw the tangent,
place your ruler at x = 2 and tilt it until the
angles between the curve and the ruler on either
side of the point look eguat, then draw a line:
Graph of the function y =x2 + 3

i |

To find the slope of the tangent use:
units along the y-axis = 8
T T T e s Tt ,:4
units’along the x-axis 2
So; the slope of the graphyr = x2 | 34t
¥=2is 4

i =
'}Eil“% Internet links For finks to useful websites on algebraic graphs, go to wiwawushorme-guickiinks com
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DATA

Data is the collective name for
pieces of information. (The singular
is datum: it is not often used.) The
branch of math concerned with
collecting, recording, interpreting,
illustrating and analyzing large
amounts of data is known , , ,

This data list* shows the number of people in each car that

as statistics. passed a school’s gales between T0am and 10:15am on one day.
: The data is raw: it has not yet been sorted.

1
Types of data Primary data
information that has been collected directly in a
Quantitative data survey, investigation or experiment. For example,
information about quantities that can be questioning a group of people, and recording daily
] measured using numbers. Measurements such temperatures over a period of time are ways of
as length*, mass* and speed* are examples of collecting primary data. Primary data that has not
quantitative data. yet been organized or analyzed is called raw data.
Qualitative data or categorical data Secondary data
Information about qualities that cannot be Information that has already been collected and
measured using numbers. Colors, scents, tastes sorted, for example, information published by a
and shapes are examples of qualitative data. market research company. Once primary data

has been processed, it becomes secondary data.
Discrete data

Infor_rr.jation that can b'e expressed only by a Number of passengers 1 a1
specific value, such as in whole or half numbers.
The number of people in a group is an example Number of cars 2o )

| of discrete data because people can only be..
f The table above shows the number of people in each car that passed

counted in whole numbers. a school’s gates between T0am and 10:15am on one day. The

data js secondary data: it has been sorted and you can easily draw

conclusions, for example that most cars had only one person in.

Continuous data
Information that can be expressed by any value

within a given range. For example, the heights Distribution (of a set of data)

of pupils in a school are continuous data because Usually a table that shows how many there are
the scale of measurement has a value at any of each type of data.

point between the integers*. Temperature and

time are also examples of continuous data. Number on die K220 S

Numberofthrows 1] € 139 € 11
Ordinal data

information that can be placed in numerical A distribution of results when a die is thrown 60 times
order, for example, the height, age or income of
100 people. Frequency

- The number of times an event happens of a
Nominal data value oocurs in a distribution. Far example,
Information that cannot be placed in numerical in the distribution 12 9 1% 12 5 12,
order, for example, the name, gender or place the"frgquﬂnq of the number 12 is 3.

of birth of 100 people.

96 *Data list 99; Integers 6; Length, Mass 72; Population, Sample 98; Speed 73.




Collecting data

There are various methods of collecting
information. The one you choose will depend
on the subject you are researching. Whichever
method you use, it is important to be aware
how bias might be introduced, and plan how
to reduce or avoid it.

Bias

An influence that might prevent results from
fairly representing the truth. For example, if
you asked 1,000 people from a town which
football team was best, the answer might
be biased toward their home-town team.

Observation

A method of collecting data by watching,
counting or measuring and recording the results
using a tape or video recorder, or by writing the
information on an observation sheet. In
systemétic observation, the observer is not
involved in the activity or event being observed.
In participant observation, the observer is
actively involved.

Survey

A method of collecting information from a sample*
of a population* in order to draw conclusions
about the whole population. Surveys often take
the form of interviews or questionnaires.

Pilot survey

A survey carried out on a small number of people
to find out if there are any problems with the
questions or methods used, so improvements can
be made before using the survey on a larger scale.

Census
An official count, for example, of the population,
incuding information such as gender, age and job.

Interview

A'method of collecting data by -questioring
people directly, éither individually or’in groups.
In a formal interview, the questions foliow a
precise format. In an informal interview, ’fhé
questions are more general, leading to a more
loosely structured discussion about a subject.

i AR BINING o i ———

Questionnaire

A set of questions on a form that is sent to a
number of people in order to collect information
on a specific subject. Questionnaires can be used
to gather qualitative data or quantitative data.
The best questions are simple, precise and
unbiased (they should not lead toward any
particular answer).

It is often helpful to limit the range of answers
in some way. This makes it easier to analyze the
information and make comparisons. For example,
you could ask for an opinion in the following way:

School uniform should be compulsory.
Agree [] Disagree [] Undecided [}

The questionnaire below forms part of a survey into the sales of
a brand of ice cream. {t provides basic information on the likes
and dislikes of the people completing the questionnaire.

Dairy Frosty ice cream questionnaire

The following questions relate to your purchases
of Dairy Frosty ice-cream Minicups in the past year,
Please mark the appropriate box under each guestion.

1. Do you eat Dairy Frosty ice-cream Minicups?
Yes [:I No E]
2. Which variety of Dairy Frosty ice-cream Minicups
do you prefer?
Vanilla [_]

Strawberry D
3. Approximately how many Dairy Frosty ice-cream
Minicups do you buy each month?
1-5 [J 6-10 L] 11-15 [_1 More than15 [}
4. How old are you?

under 18 [_1 18-30 [}
~41-50 [} 51-60 [}

5. A spoon should be supplied with each Minicup.
Agree [} Disagree [_} Undecided [_]

Thank you for taking the time to fill in this questionnaire.

Chocolate [_]

31-40 [} 1

over 60 [_}

Please send it to Dairy Frosty in the pre-paid envelope provided.

Data logging

The method of using a computer to measure
and record changes in conditions, such as the
temperature of a room. Data is collected by
sensors attached to the computer. These
measure physical quantities such as temperature
or light, and send the data to the computer,
which uses data logging software to record
the information in a data log. This software can
also be used to analyze and display the.data.

: :‘»Ibsnt'emet I;q'nks “For links to- useful websites on gathering data, go to WWW;,ufsb*orne-qdljc,k{inks./com"& i
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Sampling

A sample is a part of a whole set*. When
conducting a survey*, it is often too expensive or
too time consuming to interview every member
of a set. In this situation, a sample can be taken.
The sample should be representative of the whole
group, and should not contain any bias*. Taking
a sample is called sampling.

Population

The whole set from which a sample is taken. For
example, if a sample of 100 boys aged 5-10 is
taken, the population is all boys aged 5-10.

Convenience sampling
Taking a sample that is easy to collect, such as
consulting friends or family.

Random sampling or simple random
sampling

Selecting a sample in such a way that every

member of a population has an equal chance of
being chosen. There are many ways to do this,
from picking names out of a hat to giving each
member of the population a number and using
a computer, calculator or chart to produce.
random numbers.

Random sampling is based on the idea that
members of a population are homogeneous
(the same). This is often not true, though, so
the results from a small random sample are
likely to be less accurate than those gathered
from a larger group.

Systematic sampling

Using a particular system for choosing a sample.
For example, a population might be placed in
order of age and then every tenth person
selected for the sample. A sample chosen by this
method is less random than a random sample.

Quota sampling

Selecting a sample which contains a specified
number of members of various groups within

a population. These groups are selected before
the sampling takes place. For example, a quota
might include 50 men and 50 women, and
require half of each group to wear glasses.

Stratified sampling

Making a selection by dividing a population
into groups (called strata) according to certain
characteristics, such as gender, and taking a
random or systematic sample from each group.
A stratified sample can better represent the
population if the number chosen from each
group for the sample is in the same proportion*®
as that group is to the population as a whole.

For example, to select a stratified sample of 50
pupils from three year groups containing 126, 105
and 119 people respectively, use:

number from _ stratum

= —————— x total sample
each stratum  population B

In this example, the population is the number of
pupils in all three year groups.
Population = (126 + 105 + 119) = 350

126
Ye 1=—-X%X50=1
‘ear group 350 0 8
105
=——X50=1
Year group 2 350 0 5
119
Yo 8==——=X5 7
ear group 350 0=1

So the stratified sample contains 18 pupils from
year group 1, 15 from group 2 and 17 from group 3.

Multi-stage sampling

A method of selecting a sample from another
sample. For example, if a sample of people aged
over 50 were taken, a further sample of women
aged over 50 could be taken from this group.

Cluster sampling

Dividing a population into groups called clusters,
making a selection of clusters and including each
member of the chosen clusters in the sample. For
example, schools may each form a cluster, and
each member of the selected school would be
included in the sample.

Sampling error

The difference between the data gathered
from a sample and the data for a whole
population. For example, a local survey*
of shoppers might show that a particular
brand of cat food is most popular, but the
sales figures for the whole state might
show that another brand is more popular.

* Average 100; Bar chart 106; Bias 97; Proportion 23; Set 12; Survey 97.




Recording data

Data list

A method of recording data by writing down
each item as it occurs (see illustration on page
96). Information in a data list needs sorting
before any accurate conclusions can be drawn.

Tally chart

A method of recording data using one stroke,
called a tally, to represent each item counted.
Each group of five tallies is arranged M1 (or [4),
which makes it easier to count the groups.

Frequency table

A chart showing the number of times an event
or value occurs (the frequency). A complete list
of frequencies is called a frequency distribution.
This frequency

table shows sales

Ice cream lTallies . Frequency
of ice cream in

one hour. The Vanilla J_H'r I q_
frequency
distribution has Chocolate ‘”’” m K

Strawberry| i Mt

been added to
the tally chart.

10

Cumulative frequency table

A chart showing the running total of the number
of times an event or value occurs. This is called
the cumulative frequency.

Length of Frequency | Cumulative
journey (min) frequency
(=10 ¥ 7

11-20 g 3+¢ =15
21-30 10 15+ 10 = 25

The total cumulative frequency should equal the size of the sample.

Two-way table or contingency table
A table in which each row and column is
associated with a particular category.

A two-way lable l Football] Swimming ’Tennis

showing the

preferred sport  Boys g ’ S ‘ 3
of girfs and :

boys in a class. Girls 4 2 S

Computer database

A computer program that can store and sort large
quantities of data. Many databases can also create
diagrams, such as bar charts*, to illustrate the
data, and calculate statistics such as averages*.

{ HANDLING DATA ]

Grouping data

Grouped frequency distribution table

A chart showing the number of times a group of
events or values occurs (the grouped frequency).
A complete list of grouped frequencies is called
a grouped frequency distribution.

Distance | Tallies |Fre 10 hiesnowsyion
quency away from the
(miles) office a group of
workers live. From the
under 5 Wl /4 grouped frequency
6-10 It 2 distribution you can
see that most people
11-20 H‘H‘ iy 9 in the sample (9 out
Lo of 20) live between
2=l | ! 11 and 20 miles
over 30 I 2 away from the office.

Class interval

A group or category in a grouped frequency
distribution table. For example, the first class
interval in the table above is “under 5.” The
lower and upper values of a class interval are
called the class limits. For example, the lower
class limit of the class interval 6 -10 is 6, and
the upper class limit is 10.

Class boundary

The border between two class intervals. To find
the class boundary, add the upper class limit of
one class interval to the lower class limit of the
next class interval and divide by two. For example,
the class boundary between the class intervals
11-20 and 21-30 is 20.5 (that is, (20 + 21) - 2).
The lower class boundary divides a class interval
from the one below it. The upper class boundary
divides a class interval from the one above it.

Class width, class length or class size
The difference between the upper and lower
class boundaries of a class interval. For
example, the class width of the class interval
21-30is 10 (that is, 30.5 — 20.5).

Mid-interval value or midpoint

The middle value of a class interval. To find the
mid-interval value, add the lower and upper class
limits or class boundaries and divide by 2. For
example, the mid-interval value of the class interval
11-20 is 15.5, calculated from the class limits

(11 + 20) = 2 or class boundaries (10.5 + 20.5) + 2.

% Internet links For links to useful websites on gathering data, go to www.usborne-quicklinks.com ]
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AVERAGES

An average is a single value that

is used to represent a collection of
data*. Averages are sometimes called
measures of central tendency

or measures of average. Three
commonly used types of averages
are mode, median and mean.

Mode of a distribution

The value or values that occur most often in a

distribution®. For example, the distribution of time

in minutes taken by 10 people to finish a test is:
30 31 32 32 35<36_36 36937 40

The value 36 occurs most often in this

distribution, so the mode is 36.

Bimodal distribution

A distribution* that has two modes. For
example, in the following distribution the
values 32 and 36 both occur twice:

30 31¢32 32> 35€36 36) 39
This means that 32 and 36 are both modes.
A distribution which has three or more modes
is called a multimodal distribution.

Mode of a frequency distribution
To find the-mode of a frequency distribution*,
find the value with the highest frequency*.

This table shows the
frequency of the sizes of pairs

Sock size | Frequency
St of sacks bought in a store in

[

Sma{l | 98 a month. You can see from
Medium | 449 the fregiiency table that the

34 category with the highest
lfa dokR a8l frequency (429) is medium,
Extra large | 137 50 the mode of this

distribution is medium.

Modal group or modal class
The class interval* of a grouped frequency
distribution* that occurs most often.

i h | This table shows the
ﬂl‘h& {_mmutesil Frequency length of time that 50

passengers had to wait

1=3 i for a bus one day. The
6-10 75 modal group is 610
11215 a0 minutes as it has the

highest frequency.
T6-20 5

Median of a distribution
The middle value of a distribution* that is
arranged in size order. To find the median
position, use the formula*:

median = %(n + 1)

where n is the number of values.

For example, to find the median of the distribution:
ARSI GBS T2 [ = O 12

1. Arrange the distribution in size order:
AL T2 S LS S G S 7

2. Calculate the median position using:
median = %(n + 1)
=1@+1)=1x10=5

3. Find the value that is in the median position,
in this case, the 5th value in the list:
iF YL A5 5 B &1z
The median of this distribution is 4.

If there is an even number of values, the median

position is halfway between two middie values.
1.1 28 34505 a1 2

To find the median, add the middle values and

divide by two:

median = 4—25 =45

The median of this distribution is 4.5.

Median of a frequency distribution

To find the median of a frequency distribution*,
first calculate the cumulative frequency* of the
distribution. Calculate the median position and
find the value that is in that position.

if the median position is 0.5 more than a cumulative frequency,
add together the corresponding value and the value above it
and divide by two. In the example below, the median position is
25.5 (that is, (50 + 1) = 2). This is 0.5 above the cumulative
frequency 25, so the median value is 7.5 (that is, (7 + 8) = 2).

{12

t12 613225
|25 + 14 = 39
i39— 71 =50

Median of a grouped frequency distribution
To find the median of a grouped frequency
distribution*, read the value at the median position
on a cumulative frequency diagram (see page 109).

= Class:interval 99; Continuous data 96; Cumulative frequency (tabie) 99; Data, Discrete data, Distribution 96; Formula 75;

Frequency 96; Frequency distribution 99 (Frequency table); Grouped frequency distribution (table) 99;
Mid-interval value 99; Product 14 (Multiplication); Sum 14 (Addition).




Mean or arithmetic mean of a distribution
A measure of the general size of the data. To
find the mean, use the rule:

> values
number of values
where the Greek letter sigma, =, means “the
total of” or “the sum* of.”

mean =

For example, to find the mean of the distribution*:

© 5 7 B 2 10

@547 E624 00 =
6 S

The mean of this distribution is 5.

use =5

The rule for finding the mean can also be written as:
== e
SR =
n
where X is the mean, x is the set of values and n is
the number of values in the set.

Mean of a frequency distribution
To find the mean of a frequency distribution®, first
find the sum* of the values by multiplying each
value (x) by its frequency* (f) and adding these
products*. Then find the mean using:

= values
mean = umber of values
For example, the frequency distribution table
below shows the number of books read by a
group of students in one month. To find the
mean of this distribution, first find the sum of
the values, as described above.

MNumber of 'I Freguency | Frequency x value
books (x} (f {fx)
0 1 1=20=0
i 2 2al=2
2 o s =
i 1 1%3=373
4 1 T =4
3 2 s =10
[ 0 G E=0
7 1 Vol =7
| 3f-8 | z-1286
Then calculate the mean using:
mean = Zdvalues 26 = 3.25

number of values ~ g

The mean of this frequency distribution is 3.25
books. A mean value does not have to be a
whole number, even when the data is discrete®.

[, HANDLING DATA

Mean of a grouped frequency distribution
To find the mean of a grouped frequency
distribution?*, find the mid-interval value* (x)
for each class interval* and multiply it by the
frequency* (f). Then add the products* to find
the total sum* of the values and find the
mean using:
2 values

mean = —— ——
number of values
This method can be used for finding the mean
of discrete* and continuous data*. As the exact
values in a grouped frequency distribution are
not known, the mean is calculated using the
mid-interval value, which is itself an average. For
this reason, the mean of a grouped frequency
distribution can be only an approximation.

For example, the grouped frequency distribution
table* below shows how many points were
scored by 60 contestants in a general
knowledge quiz.

Points | Mid- | Frequency | Mid-interval
scored | interval| (f) value =
value | frequency
ix} (fx)

=10 5.0 1 St =500
T1-20 0355 |2 1852 = 31
21-30 (255 4 255 % 4= 107
31-40 | 355 3 1355 % 3 = {065
41-50 | 455 g 455 % @ = 409.5
51-60 | 555 14 555w 14 =777
6170 | A5.5 12 655 12 =788
T1-80 [ 755 9 755 % 8 =679.5
81-90 | 855 5 |85 5% h=A275
91-100) 955 | 1 |955%1 =955

Ef =80 | Zh= 34195

To calculate an estimate of the mean number of
points scored in the quiz, use:

> values

mean = ————— ——————
number of values

_ A
60

- 56.99 (2 d.p)
The mean number of points scored in the quiz
was approximately 57.

< - Internet links - For links to useful websites on averages, go to wwyr.usborne-quicklinks.com 7 l
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MEASURES OF SPREAD

Spread, or dispersion, is a
measure of how much a collection
of data* is spread out. There are
several methods of describing
dispersion. These are known as
measures of dispersion and they
give different types of information
about the spread of the data.

Range

The range of a distribution® is the difference
between the highest and lowest values. (This
must be a single value.) To find the range of
a distribution, use the rule:

range = highest value — lowest value

For example, to find the range of this distribution,
take the lowest value from the highest:
2 158 72191 8 & 6
range = 11 -2 =9

To find the range of a grouped frequency
distribution*, take the lowest possible value
from the highest possible value. For example,
if the first group were 0-5 and the last group
were 46-50, the range would be 50 (50 — 0).

Comparing distributions

To learn more about a set of distributions, it
can be helpful to compare the range and the
mean*. For example, this table shows the
ages of residents in two nursing homes:

Boe  toul|

 Bluebells (67 32 11 69 1 63 102
The Elms |77 782 91 78 %0 79

The mean age at each home is 79 (that is,
553 =+ 7). The range of ages at Bluebells is
35 years (102 — 67) and the range of ages
at The Elms:is 5 years (82 — 77). This shows

* that, although the mean age is the same, the
range of ages at Bluebells is much-greater.

Quartiles

Lower quartile or first quartile (Q,)
The value that lies one quarter of the way
through a distribution* arranged in ascending

order. To find the lower quartile position, use:

lower quartile position = Q%‘l)

where n is the number of values in the distribution,
or the cumulative frequency* of a frequency
distribution* or grouped frequency distribution*.

Upper quartile or third quartile (Q;)
The value that lies three-quarters of the way
through a distribution* arranged in ascending
order. To find the upper quartile position, use:
3(n+ 1)

4
where n is the number of values in the distribution,

or the cumulative frequency* of a frequency
distribution* or grouped frequency distribution®.

upper quartile position =

To find the quartiles of a distribution if the quartile
position is a decimal*, or to find the quartiles of
a frequency distribution or a grouped frequency
distribution, draw a cumulative frequency diagram*
and read off the values at the quartile positions.

Interquartile range (IQR)

The range of the middle 50% of a distribution®,

which eliminates extreme values at either end of

the distribution. To find the interquartile range, use: -
IQR = upper quartile — lower quartile-

For example, to find the interquartile range of:

2 4 5 oy Y. 15 16 16 18

1. Find the value in the lower quartile position:

ol iRl -3

I

The 3rd value in the distribution is 5, so the
lower quartile is 5.

=3

2. Find the value in the upper quartile position:

Hp i), - Se@g==1) 88 4

4 4 b

The 9th value in the distribution is 16, so the
upper quartile is 16.

9

3. Take the lower quartile value from the upper
quartile value (16 — 5 = 11). The interquartile
range of this distribution is 11.

* Cumulative frequency diagram 109; Cumulative frequency table 99; Data 96; Decimal 19; Distribution 96;
Formula 75; Frequency distribution 99 (Frequency table); Grouped frequency distribution (table) 99;
Mean 100; Substitution 77; Sum 14 (Addition).




——

Standard deviation

‘ Standard deviation from the mean*, usually
known as standard deviation, tells you how

spread out the values in a distribution* are from
its mean. Unlike range and interquartile range,
standard deviation takes into account every value
of a distribution. A high standard deviation means
that the values are very spread out, while a low
L standard deviation means that the values are
close together. Standard deviation is given in the
same units as the original data. It is represented
by the lower-case Greek letter sigma, o.

Standard deviation calculation method 1

IStx — %)2
standard deviation (o) = E(xnﬁx)

where x is each value in the distribution, x is the
mean of the distribution, n is the total number of
values and T means “the total of” or “the sum™* of.”

For example, the distribution below shows the

number of years for which eight employees have

worked for a company:

1 3632 107 6

To find the standard deviation:

1.

Calculate the mean (x) of the distribution:

2 values
number of values

_(1+5+6+3+2+10+7+6)
8

mean =

O
8

5

. Find the difference between each value in the

distribution and the mean {x - x):
=4k oy U TA 78 B 2 1

. Find the square of each of these values (x — x)2:

6 0 1 4 Sy 25y S |

. Find the mean of the squares of the differences,

known as the variance <E(x - )—()2)'

ey

16 £0+1+4+9+2544+1
8

:@:7.5

n

V7.5 =274 (3s.1)

The standard deviation is 2.74 years (to 3 s.f.).

. Find the square root of the variance <\/2_(x = X)?

{ HANDLING DATA

Standard deviation calculation method 2

2 2
standard deviation (o) = BE. &)
n n
where x is each value in the distribution*, n is
the total number of values and X means “the

total of” or “the sum* of.”

For example, the distribution below shows the
number of years for which eight employees
have worked for a company:

o B Sl Z |q 7 G

To find the standard deviation:
1. Place the values
in a table and
calculate the
value of x2

for each
value of x.

2. Find the mean
of the squares
of the distribution:
Sx? 260

- =-—-=1325
n 8

3. Calculate the mean of the distribution and
square it:

2x 12— (40)? _ 52 _ 75
n 8

4. Find the standard deviation by substituting*
the values into the formula*:

_ 32 <2x)2 i
ol | AR,
n n
=V325-25=V7.5=274(3s.f)
The standard deviation is 2.74 years (to 3 s.f.).

Variance
The square of the standard deviation.
The variance is expressed by the formula*:
Sx-%2  3x2_ (3xY
n n n
where x is each value in the distribution®,
X is the mean of the distribution, n is the
total number of values and 3 means
“the total of” or “the sum* of.”

nternet links For links to useful websites on- measures of spread, go to WWW.usborlv_e-quick[inkS.com |
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Most scientific calculators have keys that have statistical
functions such as mean* and standard deviation*. Your
calculator instructions will explain how to use them.

To find the standard deviation of a grouped
frequency distribution

Take the mid-interval value* of each class interval®
as the x value and use either of the methods of
finding standard deviation* described on page
103. The standard deviation formulas* need to be
altered to take into account the fact that each
value has to be multiplied by the frequency* ().

Fot example, the grouped frequency distribution

table* below shows the number of telephone calls

received on one day by workers in an office. To

find an estimate for the standard deviation:

1, Calculate values for x and, as it is a grouped
frequency distribution, find fx and 7x2.

Calls f X fx x2

1-5 9 3 27 27 X3 =81
6-10 15| 8 120 120 X 8 =960
11-15 13113 169 169 X 13 = 2,197
16-20 3118 54 54X 18 = 972

Sf = 40 |=fx = 370| =fx2 = 4,210

2. Find the mean* of the squares* of the
grouped frequency distribution:
2fx2 4210
a0
3. Find the mean of the grouped frequency
distribution and square it:

=105.25

2fx\2 - {3701 _ 9 752 — g5 5625
A Ay - A

4. Find the standard deviation by substituting®
the values into the formula:

[yl f V2 :
= 2 (s = V10525 — 855625
\ n | J
= V19.6875 = 4.44 (3 sif.)
The:standard deviation is approximately 4.44
calls (to 3.5:£.).

Changes in standard deviation

If every value in a distribution* is increased (or
decreased) by the same amount, the mean™ is
increased (or decreased) by that amount, but
the standard deviation stays the same.

For example, the distribution below has a mean
of 6 and a standard deviation of 2.83 (3 s.f.):
2 4 @ @ 1
If every value is decreased by 3 to give:
= 18 5 ¥
The new mean is calculated as:
(Z1%143+5+7) 15
S : 3 i
The new standard deviation is calculated as:
(1£1+49+25+49) (15}
\ 5 = (?)
/85 -15"-|i

AR5 | 544
=317 -9 =8 =283 (3s.f)

3

The mean of the new distribution is increased
by 3 (3 + 3 = 6), but the standard deviation is
the same for both distributions (2.83).

If every value in a distribution is multiplied (or
divided) by the same number, the standard
deviation and the mean will both be multiplied
(or divided) by that amount.

For example, if every value of the original
distribution above is multiplied by 2, to give:
A @ 92 16 Z0
The new mean is calculated as:
4+ 8+12+ 16 + 20)
5
80,
5
The new standard deviation is calculated as:

/16 4 64 4144 & 256 + 4001 _ {60}

{50

Y o
_ [ss0
4 5
176 — 144 = /32 = 5.66 (3 s.f)

122

The mean of the new distribution is twice that
of the original distribution (that is; 6 3 2 =:12).
and the standard deviation is also doubled
(thatis; 2.83 % 2 = 5.66).

*Angle 32;'Area 55; Class interval 99; Data, Distribution 96; Formula 75; Frequency 96; Frequency table 99;

Gr

p

d frequeni:y distribution (table) 99; Mean 101; Mid-interval value 99; Protractor 47; Rounding 16;

Sector 65; Squaring 8 (Square numbers); Standard deviation 103; Substitution 7/; Sum 14 (Addition).
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REPRESENTING DATA

There are many different types of
diagrams and charts you can use
to illustrate data*. The methods
you choose might depend on

‘what you would like to show,

as some methods emphasize
slightly different aspects of
the information.

Pictogram, pictograph or ideograph

A chart on which plctures are used-to show
; ncf"k of a drstr;butlon* A g
lndudes: tle and a ki Vi explamlng what the
pictures mean. Part of a picture can be used to
represent'smaller quantities.

Number of ice-cream cones sold in.a week

oy / ! /
(f r )
Thisiy
! !
Wednasdm, A
Fhurscy ’
! ! !
Feidmy
! 7 7 ()
Sufindlay
! ! ! !
Seradiny

=2 ice-cream cones

If dn‘farpm symbols are

2 ice=cream
cones

= 2.ica pops

2ot dogs

Pie chart

A diagram in which the fregiency™ of a
distribution™ is represented by the angles* {or
areas*) of the sectors* of a circle: The title of the
pie chart tells you what it is. showing, and labels
or.a key explain what each sector represents.

How a company's employees nsﬁé}!y,:tra\rél to work

____.-——_l' ___"'--\.\_\_H
.a:_'f || H‘x\
% 5 ™,
/ T | »
b M ' By

f owak N ot \x
| -\\ | \
e R |

o _.:—;_;_" |
llr el ,?Hx"“'-h

4

To find the size of the angle that will represent
‘each frequency, use the formula™

angle =f x 35?

wherefis the freguency:

For exampJe the frequency table* below shows
the data that was used to create the pie chart
above. In thrs? ple, 3f = 60, so

Transport Frequency | Angle

Car 20 20 X 6° = 120°
Bus 15 15 X 6° = 90°
Train 10 10 X 6° = 60°
Carpool 2 206 =12°
Walk 8 8 X 6° =48°
Cycle 5 5 X 6° = 30°

3f =60 T angles = 360°

The su‘m'

of the anqles must: always be 360° It': .
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Bar chart

A chart that uses vertical* or horizontal* bars

of equal width to show the frequency* of a
distribution*. The title tells you what the bar
chart shows, and labels on the axes* explain
what they represent and, where appropriate,
give the units that are used. A bar chart showing
discrete data* has gaps between the bars, but
one showing continuous data* has no gaps.

Favorite drinks of 100 people

Component bar chart, composite bar chart,
sectional bar chart or stacked bar chart

A bar chart that divides each bar into sections
to illustrate more than one set of data.

For example, the component bar chart below
uses the same data as the compound bar chart
opposite, with the bar representing each gender
being subdivided to show their preferred drink.

Favorite drinks of 100 people

i A
y B
; = L W
|
40 L
4
4
i = i
=
LSt i2p
g LG
3 = 3
— n
= = IS =
£ 20l B e s
S ATk >
(E & i o 202
g L = I
- By
° S
[ . - £ ATl ®
15 S e e —
s
B :
= -
]
offee Tea Lilce Cala ater

Men omen

T

i

Compound bar chart or multiple bar chart
A bar chart that uses multiple bars within a
category to illustrate more than one set

of data.

Favorite drinks of 100 people

The component bar chart below shows the
same information but this time with the bar
representing each drink being subdivided to
show the split between genders.

Favorite drinks of 100 people

T =g T =i W) SR =
# l
3 1l
2 40.
Womeén
-~ = g i
Q. "I ISl 20
[ i QA - |
< O | re
D | (1IN ¥} LS
S S
g >
A Al L.
LIS Lo LSl 1o
S 3 (0
S i
. LQ) -t Qi -1
= H L iR LN =L ¥
7
=5 :
bl G i B |
i b T I [ i [l | ; | | | =h
Coifee Tea uice Cola ter offee Tea) ic Calal | | Water |
Drinks rinks B il

* Area 55; Axes 31 (Cartesian coordinate system); Class boundary, Class interval, Class width 99; Continuous data,
Discrete data, Distribution, Frequency 96; Grouped frequency distribution (table) 99; Horizontal 30;
Polygon 34; Proportional 25; Sum.14 (Addition); Vertical 30.



Histogram

A bar chart in which the area* of each bar is
proportional* to the frequency* of a grouped
frequency distribution*. The bars of a histogram
are drawn at the class boundaries*. The height
of each bar is called the frequency density.

To plot a histogram from a grouped frequency
distribution, first find the class width* for each
class interval*, then calculate the frequency

density, using the rule:
frequency

frequency density = e wideh
For example, the grouped frequency distribution
table* below shows the time taken by 25 people
to finish a newspaper crossword. Time is
continuous data* so it is measured to the nearest
minute. The 1-5 class interval therefore extends
from 0.5-5.5 minutes, so its class width is 5. The

other class widths are calculated in the same way.

Time Frequency {Class | Frequency
{minutes) width | density

1-4 1 4 1+4=025
4-6 5 7 5+2=25
7= g 2 = e, R
916 & g 6+~ 8=075
17-20 4 4 4+d4=1

Draw the histogram, plotting the frequency
density against the class intervals. Label the
axes* and give the histogram a title.

Time taken to finish crossword

HANDLING DATA e—

To calculate frequency from a histogram
Use the rule below, which is the rearranged rule
for calculating frequency density:

frequency = class width x frequency density

This is the same as finding the area* of each of
the bars. So, to find the total frequency of
people who finished the crossword:

frequency = (4 X 0.25) + {2 X 2.5) + (2 X 4.5) +
(8 X 0.75) + (4 X 1)
=1+5+9+6+4
=25

The total frequency should be the sum* of the
frequencies in the table.

Frequency polygon

A chart on which the frequency* (or frequency
density) is plotted against the mid-interval
values* of class intervals*. The points are joined
by a series of straight lines and extended to the
horizontal* axis* to form a polygon*.

A frequency polygon can also be drawn on a bar
chart or histogram, by joining the midpoints of
the tops of the bars. The area* under the

polygon is equal to the area under the histogram.

For example, the frequency polygon below is

drawn from the histogram illustrating the time
taken to finish a crossword (see left).

Time taken to finish crossword
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Stem-and-leaf display or stem-and-leaf diagram
A method of representing data* by splitting the
numbers of the distribution* into two parts. It is
most often used to show the range* and spread*
of small amounts of quantitative data*.

For example, to arrange the distribution below
in a stem-and-leaf display, write the tens in the
“stem” column, in'ascending order, and then
write the units in the “leaf” column.

1B 10 A T2 [T OFR) SERTS S 0+

Stem | Leaves

O]
1 7k 45 G
(O T

Key: 2}3 stands for 23

The leaves are usually arranged in ascending order
too, especially if the display is to be used to find
more information, such as the mode*, median* or
range. Turned on its side, the pattern of the leaves
is like a bar chart*, but it has the advantage of
showing individual values within the distribution.

The leaves column can only include one digit
from each number, but the stem can contain any
number of digits. .For example, the stem-and-leaf
display below represents the distribution:

205 216 233 239 240 240 248

Stem | Leaves

20 g

Al b

22

232 39
24 00¢

Key: 24|8 stands for 248

To find the median value of the distribution, count
the leaves from either end of the diagram until you
reach the median position. For example, the display
above has 7 leaves so 4 is the median position

(7 + 1 + 2). The 4th value is 9, so 239 is the median.

To find the mode, look for the number that occurs
most frequently. In this case, the mode is 240.

The range is 248 — 205, which is 43.

1

Stem-and-leaf display with large sets of data
To display a larger distribution as a stem-and-leaf
diagram, the stem can be subdivided into upper
and lower parts to make it easier to read. For
example, the stem-and-leaf display below includes
a large amount of data* with a small range* so it
looks very crowded:

Stem | Leaves

0 a7 4 ec Slehomd
1 112346¢9
Ji 02106

Key: 2]6 stands for 26

By using a — sign to represent the lower part of
the stem (0-4) and a + sign to represent the upper
part (5-9), the diagram becomes easier to read.

Stem Leaves

O—-
o+
1—
e
27—
gt
Key: 2+f6 stands for 26

4
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Back to back stem-and-leaf display

A stem-and-leaf display that shows two sets of
data. To construct a back to back stem-and-leaf
display, first choose appropriate units to build the
stem. Then form the feaves by writing the
remaining digits of one data set to the left of the
stem, and those of the other data set to the right.
For example, to represent the two distributions
from the table below in a stem-and-leaf display:

A |19 20 23 23 27 30 30

BN N ST T o e (T

1. Build the stem of the diagram, including the
tens digits from both sets of data.

2. Form the leaves by writing the units of each
set on either side of the stem:

DataA | | Data B
0 13
J) iy +
IS &0 7 1
00 3 11
4 0
Key: 0 | 3 I 1 stands for 30 and 31

* Bar chart 106; Cumulative frequency 99; Data, Distribution 96; Graph (algebraic) 80;
Grouped frequency distribution table 99; Interquartile range, Lower quartile 102; Median, Mode 100; Quantitative data 96;

Random sample 98; Range, Spread 102; Upper class boundary 99 (Class boundary); Upper quartile 102; Vertical 30.




Cumulative frequency diagram

A-graph* on which the cumulative frequencies*
of a distribution* are plotted and the points are
joined. On a cumulative frequency curve, the
points are joined by a smooth curve, as shown
in the example below. This type of diagram is
also sometimes called an ogive, although the
term is becoming less common. If the points
are joined by a straight line, the diagram is a
cumulative frequency polygon.

For example, the grouped frequency distribution
table* below shows the length of time (to the
nearest minute) that a random sample* of
customers had to wait in a line.

Time Frequen;y-' Cumulative
{minutes) | frequency
-2 5 4

3-5 a2 5+8 =13
68 20 13 4 20 = 33
B P 1 3 334 Ehi==dd
12—-1'4' E 4’4 - E = 5“
15-17 4 S0+ = b
18-20 ¥ 544 1+ 55

The cumulative frequency diagram is drawn
by plotting the cumulative frequencies
against the upper class boundaries®. The
line or curve on both types of cumulative
frequency diagram starts at zero on the
cumulative frequency axis.

Time spent waiting in a line

HANDLING DATA

Using cumulative frequency diagrams
Cumulative frequency diagrams can be used
to find out further information about the data*.
For example, to find the number of peopie who
waited 10 minutes or less, find the point at 10
minutés on the x-axis, and draw a vertical* line
up to-the graph*. Look on the y-axis to find the
cumulative frequency™* at this point. Where x = 10,
¥ = 39 (approximately), so 39 people waited 10
minutes or less. 16 people waited more than 10
minutes (total number of peaple (55) — 39).

To find the median* waiting time, first find the
median position. If the total cumulative frequency
is greater than or equal to 100, use ' If, as in
this case, it is less then 100, use %(n £ 1)

1 =33 P
1(55 + 1) =1 x 56 = 28

Where y = 28, x = 7.75 (approximately), so the
median waiting time is about 7.75 minutes.

To find the interquartile range*, subtract the
lower quartile* from the upper quartile*.

Upper quartile _ 3(n +1) _ 3(55 + 1)

A= = 42
position 4 4

Where y = 42, x = 11 (approximately), so the
upper quartile is 11.

Lower quartile _n+1 55+ 1 14

position 4 4

Where y = 14, x = 5.75 (approximately), so the
lower quartile is 5.75. The interquartile range is
5.25 minutes (11 — 5.75).

Time spent waiting in a line
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‘Five number summary

Thie lowest value, lower quartile®, median®,
upper quartile® and highest value of 3
distribution” These values enable you to
assess the range® and interquartile range®
of the data® and see how symmetrically®
spread it is around the median,

i

Box plot or box-and-whisker diagram

A diagram that shows the five number
summary of a distribution® Box plots can be a
useful way of comparing the spreads™ of two ar
more distributions on the same number ling®,

Each diagram contains & rectangular box, Its
length represents the mterguartile range”, but
it can be any height as this is not significant,
Avertical® line divides the box at the median®
At each end of the box, lines called whiskers

extend honzontally® to the lowest and highest

values 1o show the range™ of the distribution,

For example, the box plot below illustrates the
following distributions:

Samplek’ 2 100100 T2 12 43 15 2o
Sample T U B U 12 A i 7 7
e T T T T : ‘ ...... AR
"-T-..I'IILHE....::.}:‘..:[....E
BEREEE EEmmEammat IWESE smmme IR
nri:r'nrrmmnim;lb. ﬁ1,m. I 1
irscliitess: foinies o fepresent - i
each piece et savmot || ||+
fostrgarhyof Lhie dital T o = == o N R

Somelimes the data® includes a value that is
much higher or lower than all the rest; perhaps
because of an error i measuning, These values,

ccalled outliers, are represented by an individual

pointor asterisk (%) bayond the whisker.

Zig-zag

A nipplein an axis® indicating:
that the scale does nol apply
to that section of the axis.

tine graph

A grapho vhich frequencies® of a
distribution* are pioited and the points are

j Iomedbya series ofstraxght lines. The Litle tells

you what the fine graph shows: Thv?_r Iabeis oh
the axes* explain what they rep

iwhere pprapnate give the un st at are used.

Average maximum temperature in Hamburg, Germany

'f';'-'?lwrc'-'u:lrt'fl;‘il. |

I
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Scatter graph or scatter diagram

A graph on which points are plotted to show

the relstionship between two sets of guantitative
data®. The paints are not joined, and you can have
several paints with the same x or i value: The title
and axis* [abels tell you what the graph shows,

Marks achieved by pupils in French and German test

— | . | | ] | .;_. L1 '
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|
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“Axes 11 [Cartesian conrdinate systam); Data, Distribution 95 Frequency 76 Horizontal 10 Infergquartile range 102,

Lower quartiie 102, Mean 107, Median 100; Number ling 7 {Directed numbersh Quantitative data 9%,
Rainge, Sp]gmd 102 Symmuetrical 43 {introduction ). Upper quartile 102 Vertical 30




Correlation

A relationship between two sets of values. &
scatter graph can show whether there is any
correlation between the sets of daza® {t represents,
An upward trend in the position of points on a
scatter graph 15 called positive correlation A
downward trend s called negative carrelation,

T
E

s scadfer gonpl sHons

This scortae qraph shives
o posifive oofreliaticn.

a’.'wgatM et e

A scetter graph with paints that lie an, or tlise
m a strargh't line has a strong correlatmn

ques

A shong earréiniion
iricrrtet that the
Wi seks af waltiey.
e cipsely relmied e I
ter et cthen N

L
Lo

A scatter gra.ph with paints lying roughly in a
straight line has @ moderate correlation,
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Line of best fit or regression line

A line drawn on a scatter graph to show the
correlation hetvween the two sets of values.
Often, the line can be drawn by eye. Howayer,

to draw a more-accurats line, find the mean® of
zach distribution® and draw a line at right anglas
(90 to the axs™ at this pcunt Then draw the
line of best il through the point where the twa
lings fram the means meet,

For example, the table below shows the number
of swirnming pool lengths swum in various times.

Time (mins)| 5 8 10 13 15 18 20 23

i11 158250 27 3 0 SOs0

Lengths

To show the correlation between these values,
plat them on & scatter graph, then drawea ling
of best fit through the point that represenis the

~__ HANDLING DATA ————

mean of both sets of data (shown:on the graph by

the symbol &)

The mean length of time is:

X ok i TG%—IEj_Ij_E-i A5 21}4 ke
8 e

The miean: num[}er of lengths s .

=M HA5 - 28+ 27 £ 31 - 404 39 2 50

= 74

238
= 295

S0, the line of best fit shiould be drawn thrbugh
the point (14, 29 A in this casg, the line starts at
{{Iﬂ} {as in po time, no lengths. veniil|dl he swumj.

Number of lengths swum
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f‘fThef' '
“coin to land heads up and it does, this would be

-leﬂ cerfam{y not happen is 0
.y:probab{lrty that you will turn:i
- 0.An outcome with a probablhty of Ods

[ HANDLING DATA E——

PROBABILITY

El

Probability is a branch of statistics* that allows you to calculate how
likely something is to happen, and give this likelihood a numerical
value. For example, if you toss a coin, there are two possible results:
either it will land showing the head or the tail. The likelihood of it
showing the head is 1 of the 2 results. This probability can be
expressed as a fraction® (%), a decimal* (0.5), or a percentage* (50%).

Event
Something that happens, for example, the
tossing of a coin or the throwing of a pair of dice.

Outcome
The resuit of an event, for example, a tossed coin
iandmg heads up or a thrown die showing a six.

Success
qusred result. For-example,. if you want a:

a successful outcome.

‘Equiprobable events

‘Events with equally Jikely outcomes. For
“example, if you toss a coin; there is an equal
_chance of the outcome being a head or a tail.

Probability scale

A scale measuring. the likelihood of an
outcome: The probability.of an outcome that
will certainly happen is 1. For example, the
probability that you will be a little-older by the
time you have read this sentence is 1. An
outcome with a probability of 1 s described as
a certainty. The probability of arf outcome that
or example, the
o an eiephant is

described as-an lmpossrblhty

0 i
L i

1 1 ¥
trmpossibility Certainly.

The values 0 and 1-are the extremes of
probabmty, and the probabihty of an outcome

i»occurrmg can-be: anywhere between or including
“Oand 1. The closer a probability is to 0 on the

scale, the less likely the outcome is. The closera

- probability is to 1, the mme»lj‘keiy'ffhé outcome:

t Decimal 1% Fraction 17; Percentage 27 'S‘tatistj‘:t's?gé& (l?qt; "lﬂ

Theoretical probability

The probability of an outcome occurring in
theory. Theoretical probability is based on equally
likely outcomes: that is, no bias or error is involved.

The rule for calculating theoretical probability is:
total successful outcomes
total possible outcomes
where P stands for “the probability of.”

P(success) =

For exampte, if a bag contains 6 red balls and 4
biue balls, the theoretical probability of choesing
a blue ball at random is:

P{choosing a blue ball) = £ = £

The theoretical probability of choosing a biue
ball at random is : This coutd also be written as
a decimal, 0.4, or as a percentage, 40%.

Experimental probability or relative
frequency

The number of times an outcome occurs in an
experiment.

The rule for calculating experimental
probability is:
total successiul putcomes

P(success) =
mtal events

where P stands for “the probabitity of

die and gettmg a 6is:
P(throwing a six) = -1‘;3 3
The. experrmentai probabihty of ‘chrowmg the die

and gettmg a 6 is = This could also ritten as
& decimal, 0,12, of s a percentage




Types of events

Single event
An event that involves only one item, for
example tossing one coin..

Compound event or multiple event

An. event that involves more than one jtem;,

“for. example tossmg two coms‘ or tossing a
“coin and a die.

Independent event

An event that has an outcome which is.not
affected by-any other.event. An independent
svent is also called a random event.

For example, when 3 die is thrown twice, the
chance of throwing a particular number: on the
second occasion is not affected by the firs
event, The probability of getting a & is the sams
no matter how many times: the die is thrown,

Dependent event
An event that has an outcome which is
affected by another event.

For exarmple, if 2 marble is taken at random
from a bag of blue and green marbles, and is
not put back into the bag, the color of the
second marble to be picked will be dependent
on the first event.

If there are 3 blue marbles and 3 green marbles!

P (choosing a blue marble) = 3 = 7

It & Blue marble is taken out and not replaced,
the probahility of picking another blue marble
is now 2 (a5 there are only 2 blue matbles and
5 marhles altogether).

The probiutility
of picking ooe
af these bl
frartHes gt
PRI o
Ot 82

When the probability of an outcome depends
on the probability of a previous outcome, it is
called conditional probability. The conditional
prabability that the second marble s blue is %

None of: “these i can 0
- these probabilities are added together:

ke  prcbabiyof

—i{. HANDLING DATA

Mutually exclusive events

“Two or.more events that cannot both have a

successful outcome at 'the,same;time. For
example, if A is the:event “choosing-ared
card from a deck of playing cards” and B
is the event ”choosi'ng a‘spade from a
deck of playing cards,” '
events A and B are
mutually exclusive.

o" e

If youpick one playing
card from a deck-it.

cannot be a red card .
and also a spade; so
these are mutuofly
exchisive events.

The total probability of a camplete set of
mutually exclusive events always adds up to 1.
Forexample, one set of mutually exclusive

events in choosing a card from a deck are:

= -chuosing @ red card =

. choesmg a spade ( )

* choosing a chub f;té".l

f at the same time.

26 4 13 4 13 _ 52—
62 §2 &Y &
The result is the same if another complete sei cn‘
mutually exclusive events are added together,
such as choosing a black card, _choosing a heart

- and choosing a diamond.

The probability of something not happening is
1 take away the probability that it will happen,

The probatslity of
rofing . oig ced
getting o Nirmber that
5 0r o sl gt 1,
2 34, 0r5) 53

Thiy {5 egueml ta | - l

T - = .
}3":: Internet links For links to useful websites on probability, go to www wsbarne-guickiinks.com !
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Combining probabilities

The addition rule or or rule
The rule that is used to find the probability* of
one of any number of outcomes* occurring. The
addition rule states that:

P(A or B) = P(A) + P(B)
where P stands for “the probability of,” and A
and B are outcomes.

The addition rule can be applied to any number
of events, as long as they are mutually
exclusive®. For example:

P(X or Y or Z) = P(X) + P(Y) + P(2)

For example, to find the probability of choosing
a red card or a spade or the King of Clubs from
a deck of playing cards: i

P(R or S or KC) = P(R) + P(S) + P(KC})
where P stands for “the probability of,” R stands
for “red,” S stands for “spade” and KC stands
for “King of Clubs.”

There are 52 cards in a deck. 26 of these are red
cards, 13 are spades and there is only one King
of Clubs so:

— 0
A = 52
- T3
P(S) = 52
=

P(KC) = o

P S) =264 13 ¢ 1 =40 - 10
(Ror5) Gl B B i B

The probability of choosing a red card, a
spade, or the King of Clubs is %.

The addition rule can be used to calculate
the probability of choosing either a red
card, or a spade, or the King of Clubs.

114

*Comp d event, Dep
Outcome, Probability 112; Ratio 24; Single event 113.

The multiplication rule or and rule

The rule that is used to find the probability* of
a combination of outcomes* occurring. The
multiplication rule states that:

P(A and B) = P(A) x P(B)
where P stands for “the probability of,” and A
and B are outcomes.

The multiplication rule can be used to find the
probability of a combination of independent* or
dependent events*.

For example, to find the probability of throwing
a 4 with a die and choosing a king from a deck -
of playing cards, use:

P(4 and K) = P(4) X P(K)
where P stands for “the probability of,” and K
stands for “king.”

There are 6 numbers on a die and 4 kings in a
deck of 52 cards, so:

=1
P@4) =1
=4
P(K) =
=TIx4d -4 —1
P(4 and K) 6 Z ST o B

The probability of throwing a 4 and choosing a
king is 7%.

To use the multiplication rule to find the
probability of a combination of dependent
events, first calculate any changes in
probability following each outcome, then
multiply the results.

For example, to find the probability of éhoosing
a king from a deck of cards and then choosing
another king, having not replaced the first, use:

P(K and K) = P(first K) X P(second K)
where P stands for “the probability of,” and K
stands for “king.”

There are 4 kings in a deck of 52 cards, so:
; = 4

P(first K) = &=

P(second K) =

5!
51
P(K and K) 4

=l SRl = P = E
527751 2652

The probability of choosing a king from a deck

of cards and then choosing another king, having

not replaced the first, is ;;—1

dent events 113; Event 112; independent events, Mutually exclusive events 113;
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~ The possible outcom:
- can be recorded in

Possible outcomes

“The poss:b!e outfcomes* of an experiment

depend on the number o‘f events® that take
place and whether the events: are dependent®

-sorindependent*.

of independent events

“Far example, if a coiﬁfisi tossed, the bqs’sib}é

outcomes can be listed as:
RE 3

where H.is heads and T is tails.

If two coins are tossed, the number of possible

outcames increases:

HH: HT, TH; TT

And if three coins’are tossed; the-number of
- possible outcomes increases again:

HHH; HHT, HTH; HTT THH; THT TTH; TTT

Possibility space or probability space
A table that shows the possible outcomes* of a
pair of independent events*.

For example, the possibility space below shows

“the possible outcomes of combined scores from

throwing two dice.

First die

Second die
S NP wpN o
H TN DWW -

To'find the probability of a certain number
being the total score from ‘the two dxce countl
the number of times that score ap i
table. Far example, the number- 9a
times out of 36 p0551b:!stles, 50 the. probabmty'
of the total score being 9 is '5 which is é

— HANDLING DaTs

Probakility tree diagram

& diagram on which the possible outcomes*®
of events* are written on the “branches.”
Probability trees are particularly useful for
dependent svents™,

For example, if a ball is chosen at random from

-a bag of 4 red and 5 green balls, the possible

outeomes can be shown as:

Red

7 Green

f the first ball-is not replaced, and then a
second ball is chosen, the probabilities are
dependent Q’n'fhe results of the first outcome:
This tree-diagrarm Réc)

stows the

probabifityfor a
compound évent”.

5 :
A Gréen
i R
F
i
B Gm.-‘»r}“ -\
"
5 e o
Green
e =
First th Second halt

If a red ball is chosen first, and not replacéd, the
probability'of choosing a second red ball is nowy
only % (a’sb'oh!y 3'red balls are left out of & total
of 8 balls). if a green ball is chosen first, the
probability of choosing a second green ball is
now only 4 (as only 4 gresn balls are left out of
a total-of 8 balls}

Odds

The probability* of an event* occurring
expressed as a ratie™ of it occurring to it
not occurring. For example, the odds of
throwing a six with a die are 1:5 (there is
one chance of success to five of fatlure).
The probability of throwing a six is 2_7

@‘1 Internet links For links to useful websites on probability, oo to wwww ushome-guicklinks com
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s of the amount borrowed. APR mciudes any

A card that J

n alpt abetlcal list of some

mciudlng mortgages expressed as a percentage

- Balance
The amount of money in an account when all
incomings and.-outgoings have been considered.

Ease rate or base charges

A fixed fee charged by a utility company for
providing a service to a property. For example, an
electricity bill can include a daily base rate plus a
cost for each unit of electricity used.

Commission

A fee that.is earned for giving a service, such as
selling a car on behalf of someone else. Commission
is often the.value of the item sold.

_ Credit
~ Credit has many meanings. In a credit transaction,
money is received into at account'h‘ your account
_ has a credit, it 5
,have credlt y

{c3 barrow money.

Credlt balance
The amount of money in your bank account,

Credlt card . ;

_used to make plrchases but pay for
em later Payments are usually made monthly
‘and: mterest* may be tharged on the amount of
money- borrowed A charge card or store card is
form: of credit card issued by a store.

(personal tax allowance) and may be able to

OF MONEY TERMS

Currency
The money in current use by a country. -For
example, the yen is the eurrency of Japan.

Debit

Debit has many meanings. In a debit transaction,
money is taken from an account. if you are in
debit, you owe money. A debit can also mean a
sum of money taken from your account.

Debit balance
The amount of money that you owe, for example
to a bank or credit card company.

Debit card

A card issued by a bank or other financial
institution that can be used to make purchases
using the money in your bank account.

Deductible

A fixed amount that a person must pay toward
an insurance claim. For example, if you have an
insurance policy with $100 deductible, you
would have to pay the first $100 of any claim,
and the insurance company would pay the rest.

Discount
A deduction from the price of an item. A 10%
discount means that the price is reduced by 10%. -

Earnings —
Salary or wages. Gross earnings is the amount
earned before any deductions such as income
tax, and pension contributions) are made; Net
earnings, or take home pay, is the amount left
after-deductions have been made.

Exchange rate
The rate at-which a unit of one currency’ ‘can be
e)gchangeq_for ar,;oﬂtherr currancy.

Income tax 3
Tax related to a person’s earnings. Everyone can‘
earn a certain amount without paying tax on 1t

Tax is rharged as a‘ pe centage of taxable
income: the more you earn; the more lax _','f;u pay.
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Income tax withholding program

‘A program by which income tax is deducted
from a person’s-gross earnings, before any
“moneéy s paid to the person.

Inflatlon

average™ i increase in the cost of goods
‘services over time. There are different ways
of measuring inflation, such as the Consumer
Price Index (CPI), which measures the changing
cost of a range of commonly used goods

and services.

Insurance premium

The amount that you pay to an insurance
company. Premiums are usually payable yearly.

A no claims bonus is a reduction in an insurance
premium after several years when no claims have
been made.

Investment income
Money received from various forms of investments,
such as a savings account or mutual funds.

Mortgage

A large sum of money loaned by a bank or
credit union for buying a house or other
property. It is repaid, with interest*, over a
number of years.

Overtime

Money paid for working more than the agreed
number of hours. Qvertime is often paid at a
different rate from normal pay.

;Pensuon program

- An arrangement to pay a person a regular

~sum of money after retirement. A pension

- program is usually funded by payments made
before retirement by that-person and/or

j,‘the:r em p!oyer.

; :Personal loan

A um of ‘money loaned to a person by a bank for:

. purpose. The loan is subject to: mteresi*f

——'\ MNIIMBER

Salary
The meney to be earned over-a year. This is

usually divided into 12 equal parts, paid monthhy,

Sales and services taxes

Taxes that are added to the cost of goods and:
services, for?éi(’arﬁﬁléi; restaurant bills. The amount
of tax is a fixed percentage”® of the selling price
of the goods, and it is decided by the government.
Some countries have a combined tax for sales
and services called Value Added Tax (VAT).

Savings account
An account that pays mterest* on the money in it.

Statement

A report from a bank or finance company that
shows the incomings (amounts received) and
outgoings (amounts paid out) of an account.
A credit card statement will also show how
much payment is due.

Stock market
The market for buying and selling stocks and

shares in companies. If a company is performmgj

well, its share price is high. If a company is
performing poorly, its share price is low.

Tax

Money collected on behalf of the governrment
so they can provide. services, such as schaals
for the country. There are many different taxes.
The act of taxing people is called taxation.
Direct taxation takes place before any money is
spent. Income tax is a common forr '
taxation. Indirect taxation takes ;ila, : When i
money is spent. Sales tax is an exampie of
indirect taxation.

Unit trust or mutual fund.
A program run by an investment company that

“invests people’s money in a:range of shares.

Utility bill

bill for an essential service to a property, such
as gas; electricity and water services. Uity bills

«can be paid weekly, monthly or gquarterly.

Wages

The money eamed over a period of tfme usuaHy

paid weekly or monthiy after the end of the penod{

ff{ Internet !ink§ ,Fof links to useful websites on managing money, go to www.ysborne—quic_,klibks.comi i l
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MATH SYMBOLS

The following list includes symbols commonly used in math that you

[ need to be able to use and recognize. (The letters n and m are used
where appropriate to represent any given values.)

f 3

nZ

n3

*n

Addition sign
(see page 14)
eg.2+5=7

Subtraction sign
(see page 14)
eg.23 -4=19

Multiplication sign
(see page 14)
eg.6x5=30

Division sign
(see page 15)
e.g.45+9=5

Equals sign
(see page 79)
eg.2+3=6-1

Squared number
(see pages 8 and 21)
e.g.42=4x4

Cubed number
(see pages 8 and 21)
eg.33=3X3X3

Square root
(see page 11)
e.g. V49 =7

Cube root
(see gage 11)
e.g. V125=5

Percent
(see pages 27-28)
eg. 1 =50%

Positive number
(see page 7)
eg. t2x*+3 =16

. Negative number

(see page 7)
eg. T3x 4 12

*n

i)

nm

Positive or negative
number (see page 11)

e.g. V16 =4

Recurring number
{see page 19)
eg.10 +3 =33

Ratio
(see pages 24-26)
eg.3:2

Proportional to
(see pages 25-26)

Degrees
(see pages 32-33)
e.g. angles in a circle =

360°

Pi (see page 66)
i.e. 3.141592654...

Angle
(see page 32-33) -
e.g. a right angle is 90°

Right angle
(see page 32)

Unknown angle alpha
(see page 60)

Unknown angle theta
(see page 60)

Identity sign
(see page 75)
e.g.3x=5x — 2x

Less than
(see page 90).
eg.1<3

Greater than
(see page 90)
e.g.3>"1

I\

W

3

{n}

D or
(

Less than or equal to
(see page 90)

— S ——

Greater than or equal to
(see page 90)

Not equal to
(see page 90)
eg.3X2#4

Is approximately equal to
(see page 72)
e.g. 100 +9 ~ 11 |

The sum of
(see pages 14 and 101)
eg.2(1,2,3)=6

The mean of
(see page 101)

Set (see pages 12-13)
e.g.set A= {3,5, 8} and
set B= {1, 2, 3}

Is a mémber of the set
(see page 12)
GEE S E 8,5, B

Is not a member of the set
(see page 12)
eqg.4 ¢ {3,5, 8}

Universal set
(see page 12)
e.g. € = {{AHB}H..}}

Empty set
(see page 12)

Union or cup

(see page 13)

e.g. {3,5.8} U {1,2,3}
=4{1,2,3,5, 8}

Intersection or cap

(see page 13)

eqg. {3,58} N {1,2,3}
= {3}
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INDEX

The page numbers listed in the index are of two types. Those printed in bold
type (e.g. 92) show where the main definitions of words can be found. Page
numbers in lighter type (e.g. 92) refer to supplementary entries. Singulars,
abbreviations and symbols are given in parentheses after indexed words. If
a page number is followed by a word in parentheses, it means that the
indexed word can be found inside the text of the definition indicated.

12/24-hour clocks 74

A

acceleration 73, 95
accounts (financial) 28, 29,
116, 117
acres 55 (introduction)
acute angles 32, 35
acute-angled triangles 37
addition (1) 14, 15, 16
in algebraic
expressions 76
‘of algebraic fractions
77
of decimals 20
of exponents 22
of fractions 18
of vectors 46
rule 114
adjacent
angles 33
side of a triangle
to 6 60, 61
algebra 75-95
rules 76-79
algebraic
equations see equations
expressions 75, 76, 77,
78,79, 90
fractions 77
graphs 80-84
identities (=) 75
alpha (o) 60
alternate
angles 33
segment-property
71
segments 71 (alternate
segment property)
ambiguous case 49, 63
amplitude 64 (variations
on graphs)

and rule 114
angle-angle-side (AAS)
congruence 38

angles 32-33, 48, 53, 64, 105

dihedral 40
in circles 70-71
naming 70
of depression 53
of elevation 53
of polygons 34, 35, 37
of rotation 43 (rotation)
of triangles 37, 60-63
annual percentage rate
(APR) 116
ante meridiem (am)
74 (12-hour clock)
apex
of a pyramid 41
of a triangle 37 (angles
in a triangle), 56
approximately equal to (=)
72 (equivélent units)
arcs 47, 48, 49, 50, 65, 70
finding lengths of 66
arccos 61 (finding unknown
angles)
arcsin 61 (finding unknown
angles)
arctan 61 (finding unknown
angles)
area 55-57, 68, 69
of bars in a histogram 107
of circles 57, 66, 105
of ellipses 69
of polygons 55-57
parallelograms 57
rectangles 56
squares 56
trapezoids 57, 94
triangles 56, 63, 77
of sectors 67
under a graph 94-95

arithmetic 14, 15, 16
meah see mean
with decimals 20
with fractions 18
with vectors 46
arms of angles 32, 48, 49,
50, 70
arrowheads 39
associative laws 14, 15, 46
asymmetry 42 (introduction)
average speed 73 (speed)
averages 73, 99, 100-101
axes (sing. axis)
of ellipses 69
of rotation(al) symmetry
41, 42, 43
x- and y- 31 (Cartesian
coordinate system),
80, 111

B

back-to-back stem-and-leaf
displays 108

balance 116

bar charts 99, 106, 107,

108 '

base rate 117

base ten 6 (number system)

base two 6 {number system)

bases
number 6 (number system)
of polyhedra 41

bearings 73 see also three-
figure bearings

bias 97, 98

bimodal distributions 100

binary numbers 6 (number
system)

binomial expressions 75, 78

bisectors 48, 51

box plots or box-and-whisker
diagrams 110

119




boxes 110 (box plot)
braces ({}) 12

&

calculating
frequency from a
histogram 107
interest 29
probability 112-115
standard deviation 103, 104
canceling fractions
17 (equivalent fractions),
18, 27
cap (M) 13 (intersection
of sets)
capacity 59, 72
Cartesian
coordinates 31
coordinate system 31, 80
categorical data see
qualitative data
census 97
centiliters (c!) 72 (metric units)
centimeters (cm) 72 (metric
units)
center
of a circle 70,
65 (introduction)
of enlargement
44 (enlargement)
of rotation(al) symmetry
42, 43 ‘
certainties 112 (probability
scale)
change in position see
displacement
changes in standard deviation
104
charge cards 116 (credit card)
Chinese triangle 10
chords 65, 69, 70, 95
circle
equations 84 (circle
graphs) 89
functions 93
graphs 84
circles 47, 51, 55, 57, 65-71
circular
functions 60-64, 93
graphs 64 .
circumference 34, 55, 65, 66,
67,68,70,71.
formula 66

class
boundaries 99, 107, 109
intervals 99, 100, 101,
104, 107
length see class widths
limits 99 (class interval)
sizes see class widths
widths 99, 107
clockwise 32, 43
cluster sampling 98
clusters 98 (cluster sampling)
coefficients 75, 81, 85, 86, 88
collecting data 97
collinear points 30
columnyvectors () 45 (vector
notation), 46
combining probabilities " 114
commission 116
common
factors 11, 24
fractions 18
multiples 11, 79
commutative laws
of addition 14, 15, 46
of multiplication 14, 15,
46, 76
comparing
distributions 102
guantities 24, 25
ratios 24
sets 13
compass 53
compasses 47, 48, 49, 50,
51, 54
complementary angles 33, 37
complements of sets 13
completing the square 86, 89
complex fractions 18
component or composite bar
charts 106

- composite

functions 92

numbers 7
compound

bar charts 106

events 113

interest 28, 29

loci 51

measures 73
computer databases 99
concave

polygons 35,39 ~

polyhedra 40

conditional
inequality 90
probability 113 (dependent
event) -
cones 56, 59, 68
congruent
figures 44
triangles 38, 70
consecutive numbers 6
constants 10, 24, 75, 83, 84,
85, 93
of proportionality (k) 25
construction
of compound loci 51
of geometric figures 47-50
arcs 47
bisectors 48
circles 47
perpendicular bisectors
48
perpendicular lines 48
regular polygons 50
straight-sided solids 50
triangles 49
consumer price index (CPl) 117
(inflation)
contingency tables 99
continuous data 96, 101, 106,
107
convenience sampling 98
convex
polygons 35
polyhedra 40
coordinates (x, y) 30,
31 (Cartesian coordinates),
80, 82, 83, 84, 88, 89, 91
coplanar points 30 _
correlation 111
corresponding angles 33
cosine
graph or cosine curve 64
ratio (cos) 60, 61, 93
rule 62, 63
counterclockwise 32, 43
counting numbers see
natural numbers
credit 116
balance 116
card 116, 117
rating 116
‘transaction 116 (credit)
union 28, 117
cross sections 41, 58, 69



cube
numbers 8
roots 11, 22
cubes 40, 58
cubic
curve 83
functions 93
graphs 83
units of measurement 58
cubing 8 (cube number)
cumulative frequency 99, 100
(cumulative frequency tables)
curves 109 (cumulative
frequency diagram)
diagrams 100, 102, 109
polygons 109 (cumulative
frequency diagram)
tables 99
cup 72 (US customary units)
cup (U) 13 (union of sets)
curly brackets see braces
currencies 28,29, 116
curved surface area 67, 68
cyclic
polygons 34, 71
quadrilaterals 71
‘cylinders 58, 67

D

data (sing. datum) 96-97
handling 96-117
lists 96, 99
log 97 (data logging)
logging 97
days 74
debit 116
balance 116
card 116
transaction 116 (debit)
decagons 34 (polygons)
decahedra 40 (polyhedra)
deceleration 73
decimal
fractions (decimals) 6, 9,
19, 20, 27, 74, 102, 112
as percentages 27
places (d.p.) 16,19, 20
point 6, 19, 20, 23, 27, 74
system 19, 72
decrease proportionately in size
see also scale 52
deductible 116
deductions 116 (earnings) -

degrees (°) 32 (introduction),
33,53
deltas 39
denominators 9, 17, 18
density 59, 73, 94, 95
dependent
events 113, 114, 117
variables 75
diagonals
of polygons 34, 39
of polyhedra 41
diameter 55, 65, 66, 69, 70
diamonds see rhombuses
difference 14 (subtraction)
between two squares 78
digits 6
dihedral angles 40
dimensions 30, 31
direct
proportion 25, 26
taxation 117
directed
lines 45 (vector notation)
numbers 7, 76
direction 53
discontinuities 64 (tangent
graph)
discounts 116
discrete data 96, 101, 106
dispersion see spread
displacement 43 (translation),
45, 95
distance 73
distance-time graph 73
distribution 96, 100, 101,
102, 103, 104, 105, 106,
108, 109, 110, 111
distributive property 78
division (<) 14, 15, 16, 76
by a decimal 20
in a given ratio 26
in algebraic fractions 77
of fractions 18
of powers 22
dodecagons 34 (polygons), 36
dodecahedra 40 (polyhedra)
domains 92, 93
double inequality 90
drawing
compound loci 51
geometric figures see also
construction 47-49
graphs see plotting graphs

drawing (cont’d)
straight-sided solids 50
to scale 52-54

E

earnings 116

‘edges 40 (polyhedron), 41

elements (€) 12, 13, 92
elevation 41
elimination
of like terms with
coefficients not equal
or opposite 88
of terms the same or
opposite 87
ellipses 69
empty sets ({} or &) 12
enlargement 44, 52
equal.
ratios or equivalent ratios
24
vectors 45
equals sign (=) 79
equations 60, 61,
79 (introduction), 80, 81,
85, 86, 87, 88, 89, 90
of straight lines' 81
quadratic 85
simultaneous 87-89
equiangular polygons 35
equidistant points, lines or
segments 48, 65
equilateral
polygons 35
triangles 36, 37, 40
equiprobable events 112
equivalent fractions 17
in algebra 77 (algebraic
fractions) )
ratios 24
estimating area 55
Euler's theorem 40
even numbers 7
events 112, 113, 114, 115
exchange rates 116
experimental probability 112
exponential
curve 84
functions 93
graphs 84
notation 21
exponents 16, 21, 22
in algebraic expressions 75, 76
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expressing a quantity as a
percentage of another 27

expressions see algebraic
expressions

exterior or external angles 34,
37,71

extremes of probability
112 (probability scale)

F

faces 40 (polyhedron), 41
factoring

expressions 78

quadratic equations 85,

86, 89
factors 11, 78

identifying factors of

quadratic equations 85
feet (sing. foot) (*)

72 (imperial units)
Fibonacci sequence 10
finding

area under graphs 94-95

expressions for vectors 46

original quantities 27

percentages of known

quantities 27
unknown angles of
a triangle 60-61
unknown sides of
a triangle 60-61
finite

decimals 19

sets 12
first quartile (Q4) see lower

quartiles
five-number summary 110
flat angles 32
flow charts or diagrams 92
fluid ounces (fl. 0z)

72 (US customary units)
foot see feet
formal interview 97

(interview)
formulas

acceleration 73

algebraic 75

area 56-57

of circles 57, 66

of ellipses 69

of sectors 67

of triangles 56, (using
trigonometry) 63, 77

formulas (cont’d)
averages 100, 101
density 59
gradient 80
mean 101
median 100
pie charts 105
probability 112
range 102
rearranging 60, 61, 62, 63
sequences 10
solving quadratic
equations 86
speed 73
standard deviation 103
substitution into 77
volume 58-59, 67, 68, 69
cones 59, 68
cylinders 67
prisms 58
pyramids 59
rectangular prisms 58
spheres 59, 69
fractional
exponents 21, 22
scale factors 44
(enlargement)
fractions 6, 9, 17-18, 19, 21,
24,27, 112
algebraic 77
expressed as
percentages 27
frequency (f) 96
density 107 (histogram)
distribution 99 (frequency
table), 100, 101, 105,
106, 110
polygons 107
tables 99, 105
front elevation 41 (elevation)
frustrum 41 (cross section)
full turns see whole turns
function form 80
functions (f) 80, 82, 84,
92-93
graphs 93
trigonometric or circular
60-64, 93

G

gallons (gal) 72 (US customary
units)
general form 81

geometry 30-31, 32-44,
47-50, 51, 52-54, 55-57,
58-59, 60-64, 65-71
with vectors 46

glide reflection 44

grams (g) 72 (metric units)
per cubic centimeter
(g/cm3) 59 (density)

graphs
algebraic 80-84
area under 94-95
circle 84
cubic 83
distance-time 73
exponential 84
functions 92, 93
general terms 80
inequalities 91
line 110
quadratic 82
reciprocal 25, 84
scatter 110, 111
simultaneous

equations 88-89
sketch a linear graph 81
transformation 93
trigonometric 64
greater than (>) 90
(inequality notation)
or equal to (=) 90
(inequality notation)
greatest common factors (GCF)
11 (common factor), 24
gross earnings 116 (earnings),
117
grouped frequency- 99
(grouped frequency
distribution table)
distribution 99 (grouped
frequency distribution
table) 100, 101, 102,
104, 107
finding standard deviation
of 104
tables 99
grouping data 99

H

handling data 96-115
hemispheres 69
hendecagons 34 (polygons)
heptagons 34 (polygons)
heptahedra 40 (polyhedron)
hexagons 34, 36 (polygons)



hexahedra 40 (polyhedron)

histograms 107

homogeneous population
98 (random sampling)

horizontal 30, 53, 81, 84, 95,
106, 107, 110

hours 74

hyperbolas 84

hypotenuse 45, 60 (Pythagorean
theorem), 61 -

icosagons 34 (polygons)
icosahedra 40 (polyhedron)
icosidodecahedra 40 (semi-
regular polyhedron)
identifying factors 85
identity (=) 75
ideographs 105
illustrating
data 105-111
functions 92, 93
image
of f 92 (result)
of object after transformation
43 (introduction)
impossibilities 112 (probability
scale)
improper fractions 18
inches () 72 (US customary
units)
included angles 37 (angles in a
triangle), 49, 63
income tax 116, 117
withholding program
116
increase proportionately in size
see also scale 52
independent
events 113, 114, 115
variables 75 (dependent
variable)
indirect taxation 117
inequalities 90-91
graphs of 91
solving 90
solving double 91
inequality notation 90
infinite
decimals 19
sets 12
infinity (c0) - 12
inflation 117

informal interview 97
(interview)

information from graphs 94-95

insurance premiums 117
integers 6, 12, 19
interest 28, 29, 116, 117
rate 28
interior angles 34, 35, 37,
50, 71
interquartile range (IQR) 102,
109, 110
intersections
of lines 48, 49, 51
of sets (N) 13
interviews 97
invariance property. 44
inverse
cosine, sine and
tangent ratios 61
functions 92
operations 14 (addition), 15
proportion 25
investment income 117
irrational numbers 9, 66
isometric paper 50
isosceles
triangles 37
trapezoids 39

K

kilograms (kg)
72 (metric units)
per cubic meter (kg/m3)
59 (density)
kilometers (km)
72 (metric units)
per hour (kph, km/h, kmh ™ 7)
73 (speed)
kites 39

L

labeling polygons 35
lateral faces 41 (prism)
laws
of arithmetic 15
of exponents 22,76
least common multiples (LCM)
11 (common multiples)
length 72, 96
less than (<)
90 (inequality notation)
or equal to (=)
90 (inequality notation)

like terms 75 (term), 77, 78, 88
line 30, 31, 32, 33, 34, 48
graphs 110
of best fit 111
of sight 53
of symmetry see also
reflection symmetry
37, 39, 42
segments 30, 31, 48, 51
symmetry 42
linear
equations 81, 88, 89, 91
functions 93
graphs see straight line
graphs )
scale factor 44 (enlargement)
sequences 10
liters (1) 59, 72 (metric units)
loci (sing. locus)
51 (introduction)
long
diagonals 41 (diagonal)
division 15
multiplication 14
lower
bounds .16
class boundaries 99 (class
boundary)
class limits 99 (class interval)
quartiles (Q;) 102, 109, 110
lowest
common denominators
17 (equivalent fractions),
24
common multiples (LCM)
11 (common multiples),
88 (=
possible terms
17 (equivalent
fractions), 27

M
magnitude 45, 46
major
arcs 65 (arc)
axes 69 (ellipses)
sectors 65 (sector)
segments 65 (segment)
mapping
functions 92
transformation
43 (introduction)
maps 53 i
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mass 23,59, 72, 73, 94,

95, 96
mean 100, 101, 102, 103,
104, 111
measurement 72-73
measures

of central tendency or
average see averages
of spread or
dispersion 102-103
measuring
angles 47
temperature 7
median 100, 108, 109, 110
members of sets see elements
meters (m) 72 (metric units)
per second (m/s, ms )
73 (speed)
‘per second per second
(m/s2, ms2)
73 (acceleration)
metric measurement system
72-73
mid-interval values 99, 101,
104, 107
midnight 74 (12-hour clock)
midpoint
of a chord 70
of a class interval 99
of a line segment 48, 54
miles 72 (US customary units)
per hour (mph)
73 (speed)

milligrams (mg) 72 (metric

© units)
milliliters (ml) 59, 72 (metric
unitsy
millimeters (mm) 72 (metric
units)
milliseconds (ms or msec) 74
minor )
arcs 65 (arc)
axes 69 (ellipses)
sectors 65 (sector)
segments 65 (segment)
minutes (min) 74
mirror lines 42, 43, 44, see
also lines of symmetry
mixed
decimals 19
numbers 6, 18
operations 16
modal group or class 100

mode 100, 108
moderate correlation
111 (correlation)
money 28, 29, 116-117
mortgages 116, 117
motion 73
multimodal distribution
100 (bimodal distribution)
multinomial expressions
75 (algebraic expression)
multiple
bar charts 106
events 113
multiples 11
multiplication (X) 14, 15, 16, 21
by a decimal 20
in algebraic expressions 76
in algebraic fractions 77
of a vector by a scalar 46
of fractions 18
of powers 22
rule 114-
multipliers 28, 29
multiplying factor 29
(compound interest
short method)
multi-stage sampling 98
mutual funds 117
mutually exclusive events
13,114

N
N-gons 34
naming angles 70
natural
numbers 6, 12,78
perfect squares
.78 (perfect square)
negative
angles 32
correlation 111 (correlation)
gradients 80
numbers (7) 6, 7
parabolas 82
rotation 43 (rotation)
scale factors 44 (enlargement)
square roots (TVn) 11
net earnings 116 (earnings)
nets
of cylinders 67
of polyhedra 41
no-claims bonus
117 (insurance premium)

nominal data 96
nonagons 34 (polygons)
nonahedra 40 (polyhedron)
non-periodic or non-repeating
decimals 19
non-right-angled triangles
62-63
non-terminating decimais 19
noon 74 (12-hour clock)
not equal-to () 90
notation
mapping 92
of inequalities 90
of sets 12,13, 92
of vectors 45
null
angles 32
sets ({} or &) 12
number 6-31
bases 6 (number system)
lines 7 (directed numbers),
90,92
numerators 9, 17, 18, 62

@)

object of transformation
43 (introduction)
oblique prisms 41 (prism)
oblongs see rectangles
observation 97
obtuse-angled triangles
37,56
obtuse angles 32, 35
octagons 34, 36 (polygons)
octahedra 40 (polyhedron)
odd numbers 7
odds 115
ogives see cumulative
frequency curves
one-dimensional 30,
31 (dimensions)
opposite side of a triangle
to # 60, 61
or rule 114
order of rotation(al)
symmetry 42
orders see exponents
ordinal data 96
origin 31
ounces (0z) 72 (US customary
units)
fluid (fl. 0z) 72 (US
customary units)



outcomes 112, 113, 114
outliers 110
overtime 117

P

pair of compasses see
compasses
pairs of angles 33
palindromes 9
pandigital numbers 9
parabolas 82
parallel 30, 33, 39, 41, 44,
45, 50, 51, 57, 81
parallelograms 39
parentheses 16
in algebraic expressions 76,
78,79
participant observation
97 (observation)
parts of circles 65, 70-71
Pascal’s triangle 10
PEMDAS 16, 76
pension plans 117
pentagons 34 (polygons),
40, 50
pentahedra 40 (polyhedron)
per annum (p.a.)
28 (interest), 29
percent 27 (introduction)
percentage
change 28
decrease 28
increase 28
rate of interest 29
percentages (%) 18,
27 (introduction), 28, 29, 112,
116, 117
perfect
numbers 11
squares 78, 86
perigons see whole turns
perimeter 55
period (of graph) 64 (sine graph)
perpendicular
‘bisectors 43, 48, 51,
(of a chord) 70
height 41, 56, 57, 68, 75
lines 30, 32, 48, 71
personal
loans 117
tax allowance
116 (income tax)
pi (m) 9,19, 55, 66

pictograms or pictographs
105
pie charts 105
piece rates 117
piece-work 117 (piece rates)
pilot surveys 97
pints (pt) 72
place value 6, 9, 16, 19
plane 30, 31, 43
figures 30
of symmetry 42
sections (of a solid) 41
plans 41
Platonic solids 40
plotting graphs 80
cubic 83
functions 93
inequalities 91
linear 80, 82
quadratic 82
reciprocal 84
simultaneous equations
88-89
point of contact 71 (tangents)
points see also vertices 30, 31,
32, 33, 34, 42, 48, 51
on a compass 53
polygons 34-35, 40, 41, 50,
55, 56, 57, 107
polyhedra (sing. polyhedron) see
also three-dimensional objects
and solids 40-41
polynomial expressions 75
(algebraic expression)
population 97, 98
positive
angles 32
correlation 111 (correlation)
gradients 80
numbers () 6, 7
parabolas 82
rotation 43 (rotation)
square roots (Vn) 11
possibility space 115
possible outcomes 115
post meridiem (pm) 74
(12-hour clock)
pounds (lb) 72
powers 6, 16, 19, 21, 22, 76, 84
primary data 96
prime
factors 11
numbers 7, 11

principal 28 (interest), 29
prisms 41, 58, 67
probability 10, 112-117
scale 112
spaces 115
tree diagrams 115
products 14 (multiplication),
25, 56, 78, 101
proper fractions 18
properties
of angles
of angles in circles 70-71
of angles in cyclic
quadrilaterals 71
of circles 66
of numbers 6-9
of polygons 34-39
of polyhedra 30, 40-41
of tangents 71
proportion (<) -24, 25, 26, 52,
98, 107
protractors 47, 49, 50, 105
pyramids 41, 59, 68
Pythagorean theorem 37, 38,
45, 60, 68
Pythagorean ftriples or triads
38

Q

quadrant arcs 65
quadrants .
of circles 65
on a plane 31
quadratic i
équations 85-86, 89
expressions (see also square
numbers) 78, 82, 85
(introduction)
formula 86, 89
functions 93
graphs 82
sequences 10
quadrilaterals 34, 39, 71
cyclic 71
qualitative data 96, 97
quantitative data 96, 97, 108

quart (qt) 72 (US customary

units)
quartiles 102
questionnaires 97
guindecagons 34 (polygons)
quota sampling 98
quotient. 15 (division)



R

radius (pl. radii) 51, 57, 65, 66,
67, 68, 69, 70, 71

random
events 113
sampling 98
range

of a distribution 102, 108, 110
set of results 92, 93
rate see speed
rates of interest 28 (interest), 29
ratio (n:m) 24 (introduction),

25, 26, 52, 66
method 26
rational

number perfect. squares 78
numbers 9, 12, 78
raw data 96 (primary data)
real numbers 9, 12, 92
rearranging
equations 60, 61, 62,79,
87, 88, 90
trigonometric formulas 60,
61,62, 63
reciprocal 18, 76, 77
curve 84
functions 93
graphs 25, 84
recording data 99
rectangles 35, 39, 56, 67
rectangular coordinate system
31 (Cartesian coordinate
system)
rectangular prisms 41, 58
recurring decimals 9, 19
reduction 52
reflection 43, 44
reflection symmetry or reflective
symmetry 42
reflex angles 32, 35
regression line 111
regular ,
polygons 35, 36, 40, 41, 50
polyhedra 40, 41
prisms 41 (prism)
pyramids 41 (pyramid)
tessellation 36
relative frequency 112
remainders (r. or rem.) 7, 15
representing data 105-111
result (f) 92

resultant vectors 46

reverse percentages 27 (to
find an original quantity)
revolution 32 (whole turn)
rhombuses 35, 39
right
angles 30, 32, 41, 48, 50,
51, 56, 57, 64, 70, 71
prisms 41 (prism)
pyramids 41 (pyramid)
right-angle-hypotenuse-side
(RHS) congruence 38
right-angled triangles 37, 38,
45, 56, 60-61, 70
roots
cube 11, 22
of quadratic equations 85
square 11, 22, 86
roster notation of sets 12 (set
notation)
rotation 43, 44
rotation symmetry or
rotational symmetry 39, 42
round angles see whole turns
rounding
decimals 20, 86
error 20
integers 9, 16
rules
functions 92-93
in sequences 10
insets 12
of algebra 76-79

S

salaries 117
sales and services taxes 117
samples 97, 98
sampling 98

error 98
savings accounts 117
scalar or scalar quantity 46
scalar multiplication 46
scale 52

drawing 52-54

factor 44, 52, 54
scalene triangles 37
scaling up or down 52
scatter graphs or diagrams

110, 111
scientific notation 21
secondary data 96
seconds (s or sec) 74
sectional bar charts 106

sectors 67, 68, 105
area of 67
segments
of circles 65, 70
of lines 30, 31, 48, 51
semi-
circular arcs 65, 70
major axes 69 (ellipses)
minor axes 69 (ellipses)
regular polyhedra 40
regular tessellation 36
semicircles 51, 65, 70
sense 43 (reflection)
septagons 34 (polygons)
sequences 10
sets 12-13, 92, 98
notation 12, 92
shapes see polygons
short diagonals 41 (diagonal)
showing proportion 25
side-angle-side (SAS)
congruenceé 38
side elevations 41 (elevation)-
sides 34, 35, 37, 49, 60, .62
side-side-side (5S5S)
congruence 38
significant figures (sig. fig. or
s.f.) 6,9, 16, 23
similar
figures 44
triangles 38
simple
fractions 18
interest 28, 29
random sampling 98
simplification
of expressions and equations
77,78, 87, 89
of fractions see canceling
fractions
of ratios 24
simultaneous equations 87-89
sine
graph or sine curve 63, 64
ratio (sin) 60, 61, 93
rule. 62, 63
wave 64
single event 113
size see magnitude’
slant height 41, 68
slope (m) 25, 80, 81
and tangents 95
of graphs 94, 95




slope/intercept form 81

SOHCAHTOA 61

solids see also polyhedra 30,
40-41, 48

symmetry 42

transformation 43

volume 58-59
solutions 79 (introduction),

82, 83
solve for... see rearranging

equations
solving

_equations 79, 85-86

inequalities 90, 91

proportion and ratio
problems 26

simultaneous equations 87-89
speed 46, 73, 74, 96
speed-time graphs 94 (area

under a graph)
spheres 59, 69
spirals 10
spread 102, 108
square
" numbers 8, 10, 21, 38,

78, 85 :

roots (V) 9, 11, 22, 78, 86

units of measurement 55
squares 36, 39, 56
squaring 8 (square number), 21
stacked bar chart 106
standard

deviation 103, 104

statements 117
statistics 96 (introduction), 112
stem-and-leaf displays or

diagrams 108
stock markets 117
stones (st) 72 (US customary

units)
store card 116 (credit card)
straight

angles 32

line graphs 80, 81, 82
strata (sing. stratum)

98 (stratified sampling)
stratified sampling 98
strong correlation

111 (correlation)
subsets (C) 12, 13, 92
substitution 77, 79, 81, 85, 86,

87, 88, 89
‘subtended angles 70

subtraction () 14, 15, 16
in algebraic expressions 76
in algebraic fractions 77
of a decimal 20
of exponents 22
of a fraction 18
of vectors 46
success 112
successful outcomes
112 (success), 113
sum ()- 14, 38, 55, 101
supplementary angles 33
surface area 57
of cones 68
of cylinders 67
of spheres 69
surveys 97, 98
symmetry 37, 39, 42, 69, 82
systematic
observation 97 (observation)
sampling 98

T

take home pay 116 (earnings)
tallies 99 (tally chart)
tally charts 99
tangent
graph or tangent curve 64
ratio (tan) 60, 61, 62, 93
tangents (to a curve) 71, 95
taxable income
116 (income tax)
taxation 117 (tax)
taxes 116, 117
terminating decimals 19
terms
in sequences 10
money-related 116-117
of algebraic expressions 75,
78,79,-88
of ratios 24
to describe constructions 48
to describe graphs 80
tessellation 36, 39
tetrahedra 40 (polyhedron)
theorems
Euler's 40
‘Pythagorean 37, 38,745, 60,
68
theoretical probability 112
theta (6) 60, 61
third quartile (Q;) see upper
quartiles

three-dimensional objects see
also polyhedra and solids
30, 31, 40, 50, 58
volume of 58-59
three-figure bearings 53 see
also bearings
time 73, 74
tonnes (t) 72 (metric units)
tons 72 (US customary units)
top heavy fractions 18
total probability 113 (mutually
exclusive events)
transformation 43-44
of graphs 93
translation 43, 44
transversals 30, 33
trapezoid rule 95 (to find the
area under a curved graph)
trapezoids 39, 57, 94
trial and improvement
method 79
triangles 30, 34, 37-38, 56,
60-63
constructing 49
triangular
numbers 8
prisms 41
trigonometric
functions 60-64, 93
graphs 64
trigonometry 60-64
trinomial expressions
75 (algebraic expression)
two-dimensional shapes
30 (dimensions), 31,
41, 54
two-way tables 99

U
unconditional inequality
90
uniform cross-section 58
(volume formulas)
union of sets (U) 13
unit cubes 58
unitary
method 26
ratio 24
units of measurement 24, 55,
58,72-73,74
universal sets (¢} 12, 13
unknown angles 60
unlike terms 75 (term), 76




upper
bounds 16
class boundaries
99 (class boundary)
class limits 99
(class interval)
“quartiles (Q;) 102,
109, 110
US customary units 72-73
utility bills 117

v .
Value Added Tax (VAT)
117 (sales and services tax)
variables 75, 79, 80, 87,
88, 90
variance 103
variations on graphs 64, 93
vector notation 45
vectors 43, 45-46
velocity 73, 95
Venn diagrams 13
vertex see vertices

vertical 30, 31, 50, 95, 106,
109, 110
vertically opposite angles
33
vertices (sing. vertex) 91
of polygons 33, 34, 35, 36,
37,48,57,70, 71
of polyhedra 40, 41
volume 58-59, 94, 95
cones 59 (volume of a
pyramid), 68
rectangular prisms 58
cylinders 67
prisms 58, 68
pyramids 59, 68
spheres 59, 69

w

wages 117

weight 72 (mass)

whiskers 110 (box plot)
whole numbers see integers
whole turns 32, 71

X

x-axis 31 (Cartesian coordinate
system), 45, 80, 81, 93, 94, 95

x-coordinate 31 (Cartesian
coordinate system)

x-intercept 80

4

yards (yd) 72 (US customary
units)

y-axis 31 (Cartesian
coordinate system), 45, 80,
81, 93, 94, 95

y-coordinate 31 (Cartesian
coordinate system)

y-intercept 80, 81

Z

z-axis 31 (dimensions)
zero -
angles 32
exponent rule 22
zig-zags 110
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