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WHAT 15 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. 

. .;::1:t+ ±....+tt: ~ 
w~:- ' : ~·• ~ 

i+ ++++ 

Numbers 
Introduces many different types of numbers, showing how 

they are the building blocks of mathematical calculations as 

well as being essential tools in everyday life. 

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

represent numbers and express the relationships between them. 

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 resu lting data can be 

displayed in graphs, charts and tables. 
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INTERNET LINKS 

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.tom 
and type the keywords "math dictionary." There you will find links fo 
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, guizzes 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 

• learn 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 

How.to access,the websites 
For links to the websites recommended ffrr 
each fo pi.c in t his book, ~~~·Jo the Usbor~~ 
Quicklinks Yl/ebsite at www.usborne
qaick•Hnks:~om and enter the,keywords 

·,)tiath:dictto@.ary," th~n fo1io:w'tne 
· instr_uctions:;you find ·th~re.: 

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 adult 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 Quiddinlts a re regula rly 
reviewed and updated, but occasionally you may 
get a message saying that a site is unavailable. This 
might be temporary, so try agam later, or even the 
next day. If any of the sites dose down, we will, if 
possible, replace them -- surtable alternat ives, 
so you will always find an _p-to-date list of sites 
in Usborne Quicldinks. 



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 progra ms, 
called plug-ins, to play sounds, or to show 
videos, animat ions 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-i ns. Here is a list of plug-ins 
that you might need: 

Real One '" Player - lets you pl·ay video and hear 
sound files 

QuickTime - enables you to view video clips 

flash "M - lets you play animations 

Shockwave® - lets you play animations and 
interactive prog rams 

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. 

fNTERNET UNK5 _,),.-~--, . 

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 lnterne.t , or in an attachment (an extra 
fil e) that arrives with an email. We strong ly 
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 Qu icklinks 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 ch ildren are supervised 
while on the Internet, that they do not use 
Internet chat rooms, and that you use Internet 
fil tering 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 youdon 't have access to the Internet, 
don't wony. }his t?ook is a conirlete, seft
contained reference .book on itS own. 

· Internet liri·ks Fm~tfps-;ofl using th~ Internet,' §JO t0 w~:usbome-qui~kl~nks. rnm 'an~a· select "Net ttelp." 
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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 
,A,ny of the ten (Hindu-Arabic) 

numbers: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9. 

Place value 

Number system 
A way of using numbers to 
help us with counting . The 
base ten number system, for 
example, has ten dig its (O, 1, 

2, 3, 4 ; 5, 6, 7, 8, 9) that 

can be arranged to 
represent larger numbers. 

This number system is 
used by many people 
toda~ It is thought that 
it developed because 
people used their ten 
fingers and ten toes to 
help them count. The 
binary or base two 
number system is used 
by computers and it uses 
only two digits: 0 and 1. 

Integers 
The name for the set of positive and negative 
numbers, t oget her w ith zero . 
e.g. - 11, -4, 0, 3, 8, 12 

Integers do not include fractions*, decimals* or 

mixed numbers*, so 1· 0.32, 6f are not integers. 

/ 
-4 

3 -11 g 

Integers Not integers 

Natural or counting numbers 
The positive integers w e use for counting. 
e.g. 1, 2, 3, 4 
Natural numbers can be added, subtracted, 
multiplied and divided (see pages 14-15). 

Consecutive numbers 
Numbers that are next t o each other. 
e.g. 4, 5, 6, 7, 8 ... 

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, 
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 
the left, and decreased by a power of ten for each successive place to the right. 

Thousands Hundreds Tens Units 

0 0 s 
Tenths 

. 0 
I 

Decimal point* 

Hundredths 

() 

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 . 

*Decimal, Decimal point 19; Fraction 1 7; Mixed numbers 1 a; 
Power 21 ; Remainder 15; Significant figure 9. 



Positive number 
Any number above zero. 
e.g. +1, +6.5, + 327 

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. 
e.g. -3, -21.8, -40 

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 positive and negative 
numbers are used in 
everyday life is in measuring 
temperature. If the 
temperature falls 
below 0°C or 0°F, 
it is measured using 
negative numbers. 

NUMBER 

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. 

-2-

Even number 
Any integer that can be divided by 2 without 
leaving a remainder*. 
e.g. - 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*. 
e.g. -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. 

I 
0 

Prime number 

Directed numbers 
on a number line 

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

2 3 5 7 11 13 17 19 23 29 

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 

Internet links For links to useful websites on numbers~ g0 to www.usb0me-quicklink<S.com 



NUM{JE.R 

Sqljare number 
A positive num15er* that is the .result of 
multiplying an integer by i_tself. (This 
is called squaring the number.) 
e.g.4 X4 = 16 

J ·x 7 = 49 
- 5 :x ::"5.= 25 

The first t_en square numbers are: 

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)n a square. 

The square number 7 6 
can· be represented by 
a square pattern of 
dots measuring 4 X 4 . 

Triangular number 

T/Je square number 49 can be 
represented by a square pattern 
of dots measuring 7 x 7. 

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 tria ngular numbers are: 

3 6 10 15 21 28 36 45 55 

The list of triangular numbe rs is infinite. 

1 
3 

These patterns of dots 
represent the· triangular 
numbers 7, 3, 6, and 10. 10 

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.) 
e.g. 4 x 4 x 4 = 64 

The first ten cube numbers are: 

1 8 27 64 125 216 343 512 729 1000 

The list of cube numbers is infinite. lh~yare 

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

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

*Decimal, Decimal place 19; Denominator 1 7; Digit 6; Fraction 1 7; Integer 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. 23 432. 

Pandigital number 
A number that contains each of the digits 
0, t;· 2_, 3, 4, ~. 6, 7., 8 and 9 only once, 
e.g. 2 918 653 470. 

Rational number 
Any numberthat 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 o.3, 
can 'be written as a rationa·I number. 

e.g. 50.856 = 50 856 o 3 = i = 2-
1 OOO . 9 3 

Irrational 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* (7r) is an 
irrational number that begins ,3.141 592 653 ... 

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

The square root• of 2 (written 
Vl) is on irrational number. 
/t begins 1.414 213 562 ... and 
continues indefinitely. 

NUMBER 

Significant figure 
The digit* in a number that indicates _its sizeto 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.L, 
we would write down the3, 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. 

Second significant 8 is close to 1 O 
First figure · /so the 2 is 
significant \ rounded up. 
figure "" 

~~ OOO 
3 3 0 00 0 

The same applies to decimal numbers. For 
example; the first significant figure in 0 .000 4591 
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 0.000 46. 

First Second 9 is· Close to 
significant significant figure 1 0 so the Sis 

figure~ \ rounded up. 
The zeros do not count 
as significant fif:res. I 

f " 

0 . 000~1 

0 . 00046 
lnternet (ihk~ ·F~r link~·to\rseful JSe_'i:i$1t~;;.cih numbers, go to www.usborne-quicklinks.com ' . . . . . . . ~ ··~ :-



~·.· 

NUM£!£/I: 

Sequences 

A Jistof ~ymbersJhat fotlo\1\1 ~ plartlcular pattern or rule is called a sequenc~. Each number or shape 
in . a seqqence is called a term oft he sequence. If the rule is not given, it can usually be worked out 
ffoirr:l th!'lfirst few numbers in the sequence. 

Unea.r·sequence 
A!ieq(Jence that incr.eases or decreases 
by. a.·constant*. l'heformula:" 2n - 1 gives 
·the. sgql.lence: 

1, 3', 5, ];; 9, 11- . -
whkh goe{l i.upJn/2s. 

Thj~ is bee<iu se: 
(.2 x 1) - 1 = 1 
(.2 x 2) - 1 = 3 
(2 x 3) - 1 = 5 ... a nd so on. 

Quadratic sequence 
A sequence that rndu,des a .sqµared number, 
The formµla* 'n2 + 1 gfvesthesequence: 

,, 5, 10, 17, :;16,,, 

T:fifsis b~'dn.ise: 
p + l. = 2 

:e + 1 ""• s 
3i + 1 = 10 ... and so on. 

trrsorne:·ca'ses,a:tulif.ciln be expressed as a 
formula .fo'ratypicalJnernber of ·ttlesequence. 
In · the ·example above:;;foJr~dtffe7th number 
in the sequence, apply the rule n 2 + 1 to the 

n~ltib~r. 1 : 
72 + ·.1 = 49 + 1 = 50 

The value 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: 

1, 1, 2, 3, 5, 8; 13 ... 

Each number (from the .third number onwards) is 
·· _ - ---~-- - . >'-;_:- -: - _: > - , 

calculated by adding together the previoustwo 
numbers; For example, the next ·num~efirJ~.e> 

sequence is calculated by addingtogeth~r/,S<afid 
13/~ to give Z1. 

Any sequen<;e that follo"'l':S· t his rul e c<:in be 
desc/ibed,?s ~ fibornmi $equenco. 
,e,9. 7, 1 o. 11, n ... 

The Fihon<;1c.d 5~qLI'enc.e , rdontlfo~d by l~on ardo 
Fi bo nacci in 1202, ofhm <lPPears in n<;iturc. 

Th~ "''*'~rJ 1('q1;n!l'1t. rr.in Ill> lil'llrl 1n 11'.W ~.rmr.ll 4/ ~· l)l>lr. Yau aut 
(ecri_a/~ (nit !pi.·~ IF/ ~·mwift9' n ~"'""' ~ <:>! )q1mrri wiri; .1irli< A•n!l rf).1 
iflo( forrt>W tlw toOO<wcc1 lc-qurnc~ (!. 1, J, 3. ~ ,.). 

Starting with the first box, draw o The result is a spiral like 
curve from the top right hand corner .that seen on this shell. 
to the opposite corner, and continue 
through the rest of the squares. 

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 r 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*. 

*Constant 75; Formula 75; Negative number, Positive number, Prime number 7.; 
Probability 112; Set 12; Sum 14 (Addition). 



~ultiples 

·~ - ri"iuitipleof anumbetisthe result.of· 
m\:Jltiplying that number with awhole number. 

":17·9: .. 3 x 2 "" 6 3 x 4 "" '12 3 x 6 - 1 8 
t~pJ-~; 12 and 18 are all multiples of3; 

. ·comrr.ion multiple 
~ number that" is .a rncilfipte .oftwo .()rmore 
toiher numbers: 
~,g_. ·· rvrq1tipies of2 include 2, 4, 6;. 8, lQ, 12 

Multiples of 3 include 3, '6,9, 12; 15 
Sothe common multi.pies of 2and 3 from the 

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

<that is a multiple of each. The least common 
niultiplfof':2 and 3'is 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 = 2X6 12 = 3X4 

Common factor 
A number that divides exactly into two or more 
other numbers. 
e.g. Factors of 15 are 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. 

Internet links For links to 
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Roots 

Square root 
A factor of ;:i rwrnb8r t hat 'an be 
squarnd (muttipH~ by itself) to eq u~ I 

t hat numb~ r . 

11JP. 1q1.1ar~ !DDt of (.I ~w1rf h)I t'KUl"rl,tJ/i:. J.. X ; "' 4, 
qt a1..a ri2 i~ 1) (~Al(.>re r1 ,5 30 Z ,1,1 1 fie l(]!..IDre • oot 

lJ? k!l1ytr1 (Ji tJ ~1d!.•J of 4. 

~ very posit ive number* h9s two ~quare 
root . a po'9it i11P one and a neg.at~ve one. 
(If you multi pi)• - 4 '< - '1 , I-le answer is 
s- ti ll 16.) 

A squ.:u·e root i) written with the ~yrn b<l l 

"\ ··~ "\/9 m1>ans the ro~itive )quare rotJt of 
9, and -,/g me-a ns lh(i! neg.,ti 11e ~quJre 
root of 9. The posJtiw a nd negative 
square roots of 9 am writtcm 11s ±\, 9. 

- l!se I~ 5m1ore roar ~e.y oo 
yom• rnl~lotor to ,tfnd aie 
5q~re roof al '!l numbST. 

Cube root 
A factor of a number that c.an be cubed 
(multipli~d by 1tw lf , th~n by its-Plf ilg<i in) 

to equo'l l tha t number. 

7Ji~ Cllbt' 1 rmr I)( 1i <'."ul)I> 
or \1{))1m1e ,., ' is 11 (v•h~1e 
n '~ If~ ir:nyth I)( u ~Id~,' 

k).o J'Mlrt:i,*1 
./ ;( / ~. l =>. 8. :.v1 
ll lh~ (Ot1 ~ 1\>'J( (I ( f, , 

Any positive or negative m.imberN has 
'Only one cube root. A cube root is 
wr itten wi th t e symbol ~/-. 

U!~ rite wtie ro:»1 tet w 
yo.!11' ro.'Qila!w r"() .'1t1d" r~ 1 e 
WVl!"t't'X;oi()ll3 ~ 

., 
.f----



SETS 
A set is a ·group of .objects that have something 
in common or follow a rule. Every object in a set is 
unique: the same object cannot be included in the 
set more than once. Sets can be used to show the 
relationshi.p between different groups of objects. 

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

Set notation 

The objects belon9ing to a set are placed 
between braces, and- separated from each 
other with commas. 
e.g. {a, e, i, o, u} 
This method is called· roster notation. 

The order ~n which objects are listed in a set is 
not important. 
e.g. {a, e, i, 0, u} = {u, 0, a, e, i} arid so on. 

lt'is not necessary to list every object in the set. 
Instead, th.e 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 1 OOO} 

Sets are ofte·n represented-by a single letter. 
e.g. A = {even number.S} 

Some commonly used sets are always 
represented by a particular letter. 
These are: 

"1L =the set of integers* 
N = the set of natural numbers* 
OJ = the set of rational numbers* 
IR = the set of real numbers* 

Element or member 
An object that belongs to a set. The symbol E 
rnea ns ".is an element of" or "is a member of." 
The symbol fi_ means "is· not an element of" or 
"is not a mem ber of." For example; ·1 i ~ an 
e l me n of the set N = {1. ~i. 3,4, 5 ... }. This 
can also be written as 1 EN. The number - 1 

is. not an ~lement of this set, so this 
rnlatiomhi p can be writt en as - 1 €[_ f( 

• lnteger5, N~tur"I numb<::rs Ii; Odd tliJJ'Hber, Prime n.umbcir 7; 
R3t'1gnn1' numbo;r, Rul numbers 9. 

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 = {1,3,5,7 ... } 
B is an infinite set, because n(B) - oo (where n is 
the number of elements in a set and the symbol 
oo represents infin ity). 

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 0 , so this example 
can also be written X == { } or X = 0 . 

Subset 
A set that also belongs to another set. 
For example, if set A = {consonants} and 
set B = {t, r, y}, Bis 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. lfset 
C = {a, e, i}, it is not a subset of A. The sym bo l 
</. means "is not a subset of," so this relatio nship 
can be written as C q:. A. 



Comparing sets 

The relationship between two or more sets can 
he 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*, IX. contains all numbers that 
are not prime. This is the same as saying: 

IX. = '£ - A 

since the unive rsal set ~ contains all numbers. 
The complement of set A is written as IX.. 

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} a nd 
set B = {1, 3, 5, 6}: 

A U B = {1 , 2, 3, 4, 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} a nd 
set B = {1, 2, 3, 4, 5}: 

A n B = {2, 4} 

Venn diagrams 
AVenn diagram shows the relationship 
between sets. In a Venn diagra m, 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 conside red are shaded. 

A Venn diagram 

The reaangle 
rept~4{'f}f.S U1e 
universa/. set.' 

This drcle represents 
set A which is a subset 
of the_ uriiv.ersplset. 

The potrits 
repres'ent ihe 
elements of set A. 

NUN11il~ 

Venn diagrams of some common set reli<it ionsh ips 

B 

Set A 

A U B 

B 

Universal 

'-------------~ ..... set('£) 

B C A 

Internet links For linlc~ to c;efi.il websites on ~l:!ts, go to wvrw.usbome-quicklinh.com 
~~~~~~~~~~~ 



NUMBER 

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

Use· the 
addition 
key on your 
calculator 
to perform 
addition. 

Addition 

The mathematical operation to find 
the sum of two numbers. It can be 
thought of as increasing one given 
number by .another. Addition is 

usually written a + b. 
e.g. 6 + 3 = 9 

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

commutative laws. 

Use the 
subtraction 
key on your 
calculator to 
perform 
subtraction. 

Subtraction 

The mathematical operation in which 
the difference between two numbers 
is found. It can be thought of as 
reducing one number by another. 
Subtraction is usually written a - b. 
e.g. 10 - 6 4 

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

Use the 
multiplication 
key on your 
calculator to 
perform 
multiplication. 

Multiplication 

The mathematical operation in 
which two.numbers are combined 
together to give a product. 
e.g. 6 x 8 - 48 

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. 
e.g. 3 X 4 (4 + 4 + 4) or (3 + 3 + 3 + 3) = 12 

Multiplication is the opposit e, o r 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. 

1- 3 (:, 
x 1 ~if~ 3 

~3600 

2t/4-40 
2 2... 0 g 

1052..+8 

(134 ).. 40) 

(736 x 3) 

(add the 
totals) 

: 



. 
• 

Use the 
division key on 
your calculator 
to perform 
division. 

Division 

The mathematical operation to find 
the result (the quotient) of divid ing 
one number by another number. 

e.g. 40 + 8 = 5 

As in the example above, division is often 

written a + b.; but can also be w ritten a/b or f · 
For example; 40 divided by 8 can be w ritten in 
the following w ays: 

40 + 8 40/8 
40 
8 

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: 

~-5 - 5 5 5-5 - 5 5 - 5 = 0 

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 t he 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 
to "rem. " or "r". 

Laws of arithmetic 

A.ssodative law 
he rule w hich s1ates th;:it thP grouping o l 

numbers or t erms a nd symbols in an expr~ssi on 

does no t affect the result. Both addit ion and 
multipl icat io n follow thi> rule, whereas 
subt raction ;,ind division d o not 

The associativ@ l~w of addition ~tates that 
(a i b) + c = a (b + c). 
e.g. (12 7 ) +- 6 = 12 + (7 + 6) 

The assodatiive law of multipl icatio n ~ta P.S 

th t (Cl X b) x r a x (b x c) . 
e.g. (S x 2J x 4 = s x {2 x 4 ) 

N UMBER 

Long division 
A process by w hich 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) ;s.· 22 = O rem . 5 (thousands) 
59 (hundreds) -7- 22 - 2 rem. 15 (hundreds) 

159 (tens) -;- 22 = 7 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. 

rf'i~ . n~~vev is buih up in !i1Df)~f1 
t-0.•1eipotiding tCJ roch port of the .;o/1;µ/t;Jt/cn 

~ z. j ~ ' " 
- . 4 4 Jt 

1 5 1 
1 5 + 

Com mutatrve law 

2 

l 
Take 44 (2 x 22) from 59 
to f ind the remainder:' 

~[1.-ina OO>'Yll 0 tire 9 Dllr;f 

/oin ii to rhe rei 1£lirlder. 

Take 154 (7 x 22) frf>lrl 
15 9 to find the remainder. 

" &rii?;g, 
jdin i Lo 
Take 44 (2 x 22) from 
5 6 to find the remainder. 

Wt1en there {;lr'e no 
rnore rirrmbl.!rs to bTing 
rioW'1, wole the Hoof 
remoind.!!r C'l!et IJ1e bar 
to complete rile an.1wet. 

The rule w ich states t hat t he ord ~r m 
w hk h num ber Or te rms and symbol> in an 
expression '1re co.mbil'led does not affoct th~ 
result . !Both oiddit ion aod mul'tip liication 
follow thii; rule . 

The commutative law of addjt ion states that 
a b "' b + a. 
eg, 6 + 3 = 3 + 6 

The commutative law of mult,plicat ion s la tes 
that a x b = b X a. 
e.g. 5 "· 3 ""- 3 x 5 

~l-n~te_r_n_e_t_li_nk_s~F_or_l_i n_k_s_to~µ_se_f_u l_w_e_·b_s_it_es __ o_n-"'""a_rit_h_m_e_t_ic_,_9_o_t_o_w_ww~-·u_so_o~r-n_e:_q_u_1c_kl_m_k~s._c_om~~~~~-· ~ 



:·Mlxed'.pperati~ns· 
' Calcul~tio~s •im.iolving more than one type of 
qperatiRn;,there are certain rules to follow 
wh·en wo(klng with' mixed operations. 

,:, 

ff only additron'* and subtractiOn* are involvea 
in ·the calculat,ion;"the order iti wpich (h~y are 
none does not matter. However, it is important 
to rernen'\herJhatJhe + or - sign 9fily ar:iplies 

· to\he nu;:rlbe.r di redly follQwirig tt? ·: ·· '· 

e.g. 7 - 5 + 0 
is the same as 

or 
7 + 10 - 5 
- 5 +:7 + 10 

.If a,ny other combihatlqn of operations 
· is involl1ed, the PEMOAS gu~delineS·qppJy. 

PEMDAS 
The order in which operations should be 
performed in an expression involving mixed 
operations. PEMDAS stands for Pare ntheses, 
Exponents* (values raised to a power*), 
Multiplication*, Division*, Addition* and 
Subtraction*. (An easy way to remember the 
order is Please Excuse My Dear Aunt Sally.) 

For example, to find the answer to the sum 
6 + 40 ·..;.. 20 x (3 + 1 )2 - 3: 

Work out any, grouping symbols, such as 
Parentheses: 

6 + 40 7 20 x (3 + 1 )2 - 3 

Work out the Exponents: 

6 + 40 7 20 x (4)2 - 3 

Work out the Mu ltipli.cation: 

6 + 2 x 16 - 3 

Work out the Division: 

6 + 40 7 20 x 16 - 3 

, Work out tbe Addition: 

• 
6 + 32 - 3 

Work out the Subtraction: 

38 - 3 

I So, the answer is 35. 

Rounding T 

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. 
• 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 1 0 
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. .... 

l 
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 te n 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 
bea ns 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. 

• Addition 14; Decimal, Decimal pl~ce 19; Divisi.on 15; .Index zl; lnt~ger"!S; Multiple 11, 
Multiplication 15; Power 21; Significant 11.g~e. ?; Subtractio1:d:4._ 



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

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

Numerator 
The top part of a fra.ction . The 
numerator represents the number 
of parts being considered . 
For example, the picture 
on the right shows 
three out of four pieces, 
or l , of a whole 

4 
orange, so the 
numerator is 3. 

Equivalent fractions 
Fractio ns t hai reJer to the same propo rti on 
of a whok1, but aro writ t@n in diff@rant ways. 

The circles bt11ow hav@ all becm clivi d @cl into 11 

differen t number of equa I pa rts . The StJ<dio n 
of t he ci rd e that is highlighted is described 
as t hree equivalen t fractions: 

..... 
1 
i 

Th@re 1s an infmrt~ number of quivalent 
fractio ns . The way in w'hich t he frac t io n 1s 

expressed, or w ritten, dep·ends o n how many 
parts the w ho le has been d ivided mto . Ff it 
were t o be divided int o 20 equa l pa rts , ha lf 

ol tha l would be ex pressed as ~~-

Numerator 

~ 
® 
I 

Denominator 

Denominator 
The bottom part 
of a fraction . The 
denominator represents 
the total number of equal 
parts. For example, the 
picture on the 

1
1eft shows 

three out of four pieces, 
or l, of a whole orange, 

4 
so the denominator is 4 . 

Equ ivalent fractions can be calculated by . 
muftiplymg or divid ing t he nu merator afl.,cl: 
denominator by t he sa me nllmber. 

e.g. 1 = J x :! = 1 
; 2 2 4 

Wh@n ,tb~: numerator i:ind den.ommator :<ire 
divi ded .by th@ s.ame nurnbe(, the re ul'ling' 

fra ction has a smaller numerator and 
denominato r t han t e origina l. Thi> i~ called 
ca ncel ing· (o r s im plifying ) the fraction . When 
the numerator and de nomi nato r o a fractio n 
are canceled down to the s.ma lles.t possible 
·o tegers, the frt1ction is sa id to be in its 
lowest poss-i ble terms. 

An easy way of comparing fractions is by 
@x.p rnssin g them with their llow es-t common 
d@nominato r, i.c_ the- lowest !Yl Ul tiple* of 
both denom ina tors. For example, the lowes t 
com mon d1momin ~tor of J_ and .?. is 6, -0 t he 

2 6 
fractions can be ex pr ssec;I as l. And l . 

6 6 

Internet links For links to useful websites on fractions anq !'.l_ecimals, go -to: www.usbome-quicklinks.com 

.. 
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c;:ommon or"si;mpl~ fra.9tion 
·'A fraction tliat has 'integers* for Fts 
nl!lrner~tor*, ana ~anoqiinatm*. Tlii:S is the 
,016sNrequently s~en type offraction. 
eig." .. l 'A . ,46 

2 3' 19 

c;:_ompl~x. fractton 
A fraction thatha's a numerator* or 
d'endtnJiiator*; orhoth, which is itself a fraction . 

e .g. '.l· 1. 
2 .4' 3 

2 

Proper fraction 

7 
a 

·p, fr.action that is less than a whole. unit Any 
fradion with a numerator* that is lower than 
the·denominalor*. is a proper fraction. 

{1;f 1£tfl ~ % ;t 
Improper or top hea">' fraction 
.A fraction that is more than a whole unit. Any 
fraction with a numerator* that is higher than 
the denominator* is ah improper fraction . 
e g l. ?... ·"1:1'2· 

· · 2 3 c'~lb 

Mixed number 
A number consisting of an integer* and a 
fraction . Mixed numbers can also be expressed 
as improper fractions .. For example, 1:} is .a 
_mixed number and can also ~e exp(essed as 
)h:~i improper. fractlbn .~1: 

Arithmeti c with fractions 

lo add a fraction 
Express each fra ctio·n in t e rms o.f the 
lowest i;;ommon denominator* and add the 
numerators"' together. 

J + 1 = i + .1 ... I = l.l 
:;- 2 6 6 (i {, 

To subtract a f raction 
Express each fr~ction in terms of the 
lowes"t corrlmon denominator* ilnO subt r')ct 
the numerators~ . 

e.g. .[ - l. = -~L - 1.. = .2. 
4 3 ,, 12 n 

Reciprocal 
The reciprocal of a number is found by dividing 
l by that number. For example; the reciprocal 

of 3 is l· 
To find a reciprocal of a fraction, simply Invert 
the fraction (turn it upside down). For example, 
the reeiprocal of I is ~ because: 

4 3 

Use the reciprocal ke'f on your 
scientific calculator to find the 
re~iprocal of a number. · . 

Fractions and percentages 

Fractions can be expressed as: a percentage*, 
that is, a number of parts in 100. 
For example, 25% means 1~0. 

Any traction can be turned into a percentage 
simply by multip lying the fraction byJ 00. 
e.g. 1.' = (Ix 100)% ~ so% 

2 2 

I ; (I >c 100)% == 75% 
~ 4 · . . 

A percentage can be turned into a 
fraction by dividing it by 100 and cancelmg* 
itdown to its lowest possible terms*. 
ec~.;< 25% = (15) ~ 1 
.·.• .. 100 <I 

To multiply a fraction 
Multipl)' th@ numerators"' together a nd then 
multipl)' the denominators* together. 

e.g. 

To mult iply mixed n umb@rs, first t um th~m 
into improper fra~tio,..s. 

To diviide a fraction 
Multiply the fraction by rts reciprocal. 

e.g. l _,_ 1. L x ~ = i _:< ]. = I! - 1£ = 1.1 
2 s 2 3 2~~ I> fi ~ 

ro divrd~ mixed numbers., fm.t turn them 
inlo im proper fractio ns. 

··*Base ten 6 (Number sr stem); Canceling 17 (Equivalent fractions); l)eno!"inator 17_; Integers 6; 
Lowest common denominator 17 (Equivalent fractions); lowest possible terms 1;7. (Equivalent fractions); 
Multiple .11;· Numerator 17; Percentage 27; PI 66; Place·vaiue 6; ·Power 21 . 



NUMBER 

DECIMALS 
- e decimal system is a number system that uses base ten*. 
- number written using the decimal number system is called 
=. decimal. Most commonly, this term refers to a number in 

,ich any parts less than an integer* are written after the 
decimal point, for example, 1.2 or 59.635 or 0.0091. 

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

Tens Units Tenths Hundredths 

• 0 2 
Decimal pii)i~I 

Each successive place to the left is increased by one power* of ten . Each successive place to the 
girt is decreased by one power of ten,. 

Oecimal place 
-=position of a number to the right of the 
ecimal point. The first position to the right of 

-- : decimal point is the first decimal place, and 
- : next position is the second decimal place 
--: so on. 

:::>ecimal fraction 
number less than 1 that is expressed as a 

::.ecimal. For example, 0.375 is a decimal fraction 
-:::- expresses: 

o+i+2 + _ s __ 
10 · .100 1000 

Arimal fractions are also called just decimals. 

Wzed decimal 
mber that is made up of an integer and a 

"mal fractfon. For example, 15.76 is a mixed 
.:aimal that expresses 15 + L + --2...,, 

·10 ,100: 

Finite decimal or terminating decimal 
- decimal that has a fixed number of 

l!rimal places. 
.1 = 0.5 as a decimal 
2 \ 

6
1J

5 
= 0.0272 as a decimal 

- =that these fractions have denominators* 
- cti are a multiple* of 2 or 5. This is true of 
mminating decimals when they are wr~tten 
" fraction. 

Decimal point 
A dot used to separate units from tenths, tt . 
may be placed centra lly 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 . 

lnfi~ite or non-terminating decimal 
A decimal that does not have a fixed number of 
decimal places. There are two kinds ofinfinite 
decimals: non-repeating and re~urring 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*'t?T), 
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. 3.333 333 ... 
0.125125125 .. . 

Recurring decimals are written with lines qver 
the recurring figure or figures. So, the examples 
above woulc;l be written as 3 .3 and 0.125. 

Internet links For lin~s to useful we_bsites on fractions and clecimals, go to ~w.usb.orne-quicklinks.com B 



NUMBEfl. 

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: 

1 
1 

+ 
3 

The decimal points 
are fined up. 

1 4 5 
=I • 0 0 
2 • 5 0 
0 • 

q 5 
As with addition ofintegers, start the sum 
·at the right-hand side and work left. · 

e.g. 50.1 9 - 36.2 is written: 

The decimal points 
are lined up. 

£ 0 
I 1 ~ • -3 6 2- 0 • 

1 3 • ' q 
As with subtraction of integers, start the sum 
at the right-hand side and work left. 

To divide by a decimal 
Ignore the decimal po.int* 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. 3 .2 + 0.4 

X 10 

3.2- 3 '), - <6 = -
0 .+ 4-

X.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. 3.5 x 2.36 

(1 d.p.) (2 d.p.) 
Use: 35 '¥ 236 

3 6 
)( ~3 6 

l 1 0 (35 x 6) 

1 0 5 0 (35 x· 30) 

1- 0 00 (35 x 200) 

3 2 ~ () (add the 
totals) 

So: 3.5 x 2.36 = 8.260 
(1 d,p.) + (2 d.p.) = (3 d.p.) 

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 t he 
same way as you round integers*, but round 
the number to the nearest tenth, hu ndredth, 
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.f.) 

Rounding error 
The inaccuracy int roduced 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 0.694 73 - 0.69, which is 
0.004 73. 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. 

•Cubing 8 (Cube number); Decimal, DeC:i'11al place, Decimal point l9; Fraction 17; Integers 6; Reciprocal 18; 
Rounding 16; Significant figure 9; Squaring 8 (Square nuinber); Scientific notation 23. 
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EXPONENTS & .SCIENTIFIC NOTATJON 
It can be difficult 10 work out arithmetic a,11d do rough 
ca lculations when workil:'lg w ith very large or very small 
numbers. Exponents and scientific notat ion* allow us to 
write out these numbers j n a more compact, manageable way. 

Elll:ponent 
The sm~H number writt@n at the top right 
of anot~et" number ro indicat@ mul pjkatio n 
tiy it e lf. The exponent tdls you how mollny 
times the n1umber should app@ar in the 
T1'lilliplicatio n. 
e.g. 012 • a x a 

a3 .. a x a: x a. 
(Where a represents any ~umber) 

So, 42 • 4 x 4 
64 == 5 x 6 x 6 x 6 

A negative exp--0nent rndicat~s the reCiprocal* 
of the ournber with .a positive version et 
the expont-ot. 

e.g. .,- ,, = _1_ 
an 

(wh~e a ancl n -rep~eserit a_ny number) 

So, 6-~ = J__ 
6 l 

fractiohal exponent 
An exponent trat i ~ a fr.action*/ather !flan ilfl} 
1nt~er~ . e.g. 5), whrch means Vs (5eela\1Vs of 
exponents fJ, on p ge 22}. 

Power 
The va lue of a nu mber rarscd -to an exponent 
e.g. 42 '"" 4 x 4 16 

So, 16 is said to be the s.econd power of 4. 

The term upower~ P5 also often used ins~d of 
exponent, For example. in 4 2, th~ numb!:!r 4 1s 
s<iid to have been raised to the p:awer of 2. 

Wh~n a n1_1mber is FC1ised to the pov1,r,~r of two, it 
is_ said to ave been squared"'. Whet~ a number 
is ra ised ro- the power of 3, it is said to have 
been cubed*, 

Use tf1e eJqJMefit kefi or; ~Y sde.11tlfk 
rolculoro,r IQ ~a /lj.lmbRI' (x2) nr rn 
rais< a {1urrioer:ta aby:fXJ#J3" (~r). 

This expression takes a lot of 
space to write out in full. By 
using exponents, you can write 
tfie same expressfon as ,612, 
which is much shorter; ana· 
easier to understand at a glance. 

Internet links For linl<s to useful websites on E;!Xpotients .and: power~; _go'.t-o ·www.usborHe-quicklinks.com. ~ 
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Laws. of Exponents 

The rutes that apply when working wi h 
exponentsA· are called the laws of exponents. 

1. To mult iply powllrs• of the:}~p~ number. 
add the exponents. 

anxam.,, an+m 

whe,.e .;i, n and m rcpre~ent any number. 
.e.g. 4 2 x J!4 - 4 2+4 = 46 

beC<iuse 4 2. X 4~ = (4 X 4) x {4 X '1 x 4 4) 
- 6 

This method cannot be used to multiply 
poV>X:'rs- of different numbers_ 

2. To divide powers* of the same number, 
sµbtract the exponents. 

an+ am= an -:- m. 

where a, n and m represent any number. 
_ e.g. 36 7 32 "" 3 6- 2 = 34 

because 36 ~ 3 2 
= (3 x 3 x 3 x 3 x 3 x 3) + (3 x 3) 
= 34 

Powers of different numbers cannot be divided 
in this way. 

3. Any num ber to thl? power* of 1 is equal· to 
it self . 

a 1 ""a 
where a represents any number. 
e.9. 3;.., 3 

4. The number l raised to ;;iny power~ is 
alw<1ys 1. 

111 = 1 
where n repr~nts any number. 
e.g. 1 ~ = 1 x 1 x 1 x 1 x 1 x 1 = 1 

5. Any nu.m bf:!r to the power* of o is e-q ual to 1. 
This is sornP.times c~ l led the t ero exponent rule. 

,a D "' 1 

where <'I r~presento; any number. 
e.g. z.o = 1 
because (L1sin9 t he second law. above) 

~m = 1 and am • am~m - ao 
alfl am 

s.o it follows that ao = 1 

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

(an)m = an xm . 

where a, ·n and m represent any number. 
e.g. (5 2)3 = 52x 3 = 56 
because (5 2)3 = 52 x 52 x 52 

= 5 2+2+2 = 56 

7. To ra is-e a multiplic01·t ion express ion to a 
powerQ. raise e.:i c.h num ber in the ?xpressiori 
to the power. 

(ill x b)n ::=;an x bl'I 

where a, b and n repmsent a r y n·umber. 
~-9· (5 x 3)2 = 5 i x 32 
b12cause. (5 X 3)2 = 1 Sl = 225 
<:ind 52 :X 32 =- 25 · 9 = 225 

8. . 10 ra ise. a. di~·i~ion expre~sion to a pow~r•· . 

raise each number in the exp.ression to 
t he p-0wer. 

(~r .. :: 
l,liihere a, b C)nd in represent anynumbEir. 

( )

3 33 
~· · .. =~ 

3 . 3 - 3 27 
because 4 x 4·x. 4 "" 64 

aod :.P = 27 
43 64 

9. Fractional exponents* can be mulfiplied and 
divided In the same way as other exponents. 

e.g. 

' ' ' It also follows that, if 62 x 62 = 6, then 62 
is the square root* of 6. This rule can be 
written as: 

1 
a2 = Va 

This also applies to any number to the 
power* of l . 

3. 
J_ J_ J_ J_ 1 +J. 1 

e.g . 53 x 53 x 53 = 53 J 3 = 5 = 5 

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

ai ={la 
The general rule is that fractional exponents 
give root t erms. 

afJ = -0a and a!ff =-<Yam 

•cube root 11 ; Decimal point 19; Exponent Zl ; Fractional index, Index 21; 
Mass 72; Power 21; Significant figure 9; Square root 7. 



Scientific notation 

Scientific notation is a method of writ ing 
numbers in the form a x 1 o n, where a is 
greater than or equal to 1 and less than 10. 

e.g . 63,000 = 6.3 x 1 Q4 

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 f igures* . Thi s will give a 
number between 1 and 1 a·. Next, find 
the required power* of ten by count ing 
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 posit ive. 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 t en is negative. 

e.g. 683,000,000 written in scientific notation is : 

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

b ~&'3a"Ooooo tx 1 of> 
The decimal point is 8 digits farther to the left. 

0.000 058 42 written in scientific notation is : 

Position of decimal 
point in original 
number 

Position of decimal 
point in new 
number 

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 1010 and 785,300,000 is 7.853 x 1 os. 
By comparing the exponents*, you can see that 
1 os is smaller than 1010, and so know the 

relative size of the numbers. 

The mass• of the 
Moon is a 23-digit number 
of kilograms. It can easily be written in 
scientific notation as 7. 3 7 x 1022 kg. 

C~lculatQn and scientlfi~ notation 
Cafculator~ oft-en USP >QP-n ific not.:ition 
to di>play numMr~ th.1t an" longll'r tha n 
tan b~ d4~played in th~ wtndow. 

Srn:mtifk calculators halle d]fferont ways of 
disphw ing sc ent iiic notation. For exampl~, 

some use ' 'E.' ''EE," 'E:X" or "EXP" to 
indicate '' x 10 to the power .. ot. "Other~ 

give the answer in soer.tific notation. 
e.9. 

1.4~~1 ir,.: P12 means 1 4567 lo< l012 

5.8$6 EX·"~ rne~n~ 5.856 x lO .. 5 

32.25 ~ me.ms 32.25 x W 9 

U%· tl1~· r..xpunenl ' ~ey 0 11 yv llf 
s-::ie(ltih'c calculu111r to mr11rTOlr 
o nwr:bet by' a power· a i I() 

Internet links For links to useful websites on exponents and powers, go to www. usborne-quicklinks.com 
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RATIO AND PROPORTION 
A ratio is a c;:-0mparison o·F tvvo quantities in a particular 
order. For example, if there are three girls t:ind eight boys 
in a room, the ratio of girls to boys is said to be three to 
eight and the ratio of boys to girls is e ig ht to t hree. Ratios 
are written with a colon (:), so the rat io eight to thre,e is 
written 8 : 3. Th is could al.so be Written as the fraction~- lne 1c!l'ki 0 1 ~cars 

to ei'rck! 15 5 , 4 

Unitary r<ttio 
/I,, ra(io In which one of the terms is 1-
e.g. l : 3 a nd B : 1 

Ratiios with more than two tenns 
A ratio ~ompar s two qu antit ies, so ;i ratio 
that contain>, for exampfe, three terms, 
a : b : c is <i $~orteoed way of re:.:pressing three 
sepat'i;lte i::om pansom, a ; b. o _ c .;ind a : c 

Equivale.nt ratios or equal ra'tios 
lwo or more ratios t hat ave the s~me value~ 
For e:x.am pie, 4 : 6 a nd 8 - 1.2 ar,e· equival-ent · 
ratio> ber.o11use th@y can both be -sifhp.lifJed to 

2 ; 3. To find quivalent ratios, mllhip ly .fa~; 
divide each .part of the ratio by l h s:am@ 
m1rnber tcafle-d a constant}. 
e.~. Som@ equivalent ra tios of 2 : 4 are 

1 . 2 (divided by 2} 
4 : 8 (ltrul tiplied by 2} 

To compare ratios 
Exp·ress the ratios a:. fr<ictio ns* wi'ih the sa, e 
d enominator* cind then comp·are them. 

For exampl@, to f ind w 1ich is the la rger ra tjo, 
3 : 4 or 5 . 6, first e:-:press ttlem as f ractions, 
then rewrite ~h~ fra ct ions in Lerm of th@ir 
lowest comrno·n denominator .. 

'13 xl 
~ r-...i 

3 : 4 "" ~ - fi and 5 . £ = ~ ~ 
~ "-JI 

JC.3 ~z 

: ~ 1s larger than fi. so 5 : 6 is larger tl1!ln 3 : 4. 

If both parTs of the ratio represent the same 
mea:.uremern, for ex<i mple length, rnzike sure 

t" at th~y a re in the same uni ts. 11 1 $ u~ually best 
to cohwrt the la rg er unit into the smalle r one, 
e.g . l m . 47cm = 100cm : 47c:t l = 100 ; 47 

Simplify ing ratios 

-Ratioscan often be sio1piified; t hat i ~. expressed 
iii smaller numbers or, in the case of fra~lon:s~. 
a~ integers* , To 1rnp1hfy a r.atio, divide or t ultiply 
both parts by tl!ie;same num ber so tha t the \•a lue 

'i;f the ratio ~#thesame:. When ooth p11rts ofti 
ratio ~1fas' smaJI as th~y; can be, while stfH being 
rnt~ers, the r.Mio is said to be in itn irr,ipl-est 
torm. · · 

To simplify a whole number ratio 
If necess.ary, niakl? sure that both parts of ~He 
fatfo· are-3ri. th€i same 'units. The ratib:cah then
be:simplffJ~cl -by dividing ·both parts~ bytlieir , 
greatestcommon factor*. 

·Fbr'ex9mple;· e~press fr1 its sitr1plest form the 

T<ltibl 40mi n ·•: 2h, 

40min : 2h - 40min : 12orn1n:(.iif.i; = T 20mil'll 
- 40· ' , :20 . ,., 

- 1 : 3 (divLding Gach er li1 P'.i' 40l 

.$,_9/ 4dmin - 2h in Its simplest fo rm :k : 3. 

If the nunib,ers in the ratio have no c;;Omm on 
factors*, e.g. 7 . 9, t he ratio is already 1n its 

simplest form. 

To simplify· a ratio that-includ~s a fraction . 
If necessary, make sure that both parts of the 
ratio are in the same units. Then multiply the 
fraction* to give an integer, and multiply the 
other f).art oHhe ratio by the same number: 
l'qr·example, to express + : 2 ih its simplest 
form, multiply both sides by 2 

.l x 2 = 1 and 2 x 2 = A 
2 

So, t : 2 ln lt!i simp1€!5t ··orm is 1 : 4. 

C0rttmon fil<tor 111 P11m1m!n!lilor, Fm:ctfon 1'; <iiraph {Line graph) l O: <;iirc;!lt<.!il rommon f actor 11 (<;""II roon waoet.or J. 
Integers 6; l.Owet cummoll deDUTfllll'•f9·r l 7 (E·qu:>val~nt fnt~ti1;m5); IProJu~r I "1 (l'itultlplk;>-tlon)c 
Rccfp~rw;O:I' !ii raph ~4. Slope 8-0. 



Proportton 

It -two q 4an titi~ charige l:iy ,a related :amo u nir, 
ney a re s•ud w be i tl pm portion or 

proportiofla l t:o ~{lc;l1 other. The ~yml;iol tha 
l r~d ic;ite-s. proportion is oc 

Dired proportion 
A !e<l,\ltjon~Mp between qu.;in~i @$, ~1,Jc l") tha~ 

When one qu<:i nti 'i' lncream'i, -he othe-r increases 
n th6! s.-rne r,1tio, Simil~r ly wh~n one quantity 
decrease~, th oth @r ·d1w·ea$es In th@ s-arn@ fatlo. 

For- exJ mple, it one 
w~termel on feeds P. ght 
pli.'op le, the raM of 
melons o p ople is l : 8. 

Two melons wou ld fo@d l(i p~opl~2{:2/ x 8), 

H ali a rnelol'1 wou Id 
feed four people ( ~ < ~1-

The num bor of p@opli!! fed ... 
is sa 1d to be In cflred pro portion. or "dfrei:tly 
::iror;:iortio nal, fo the number of vtl~t~rrri~fons~ 

rt.en quantity a is di rectly·p-rO~dt±)~6aJ to 
~ntity b, this is writtena$-.?O:ci).:rhel~~jj 

-= _ ::io n:Ship be,tween the quantities is drtli1"d 
-e cO'rtstant o.f prO•portionality ;mcl he 

nship can arso he written a : 
a..:kf::i 

ere k is the rnr1stant o1 proportionali Y-

i!ir p~e above, the rt:1t10 of peopl~ 
-ntity a) to w<itermi;>~Otl> (q u.aintJt}' b) is 8 : 11 
--= .:.:i .ant oj proportJo na I iiy is 8. This 

- - that the number of peop[e w ho can be 
~ways eight times the num ber ofmelans'. 

showing the ll UmbQ-r of Watermijlo n$ 
t to feed variQllcS nufilliber~ of pceQp!e 

/ 

If VQµ p.IOC U1t! 
llfl/~·e~ ol {) 
trfld b on -0 
!JI flf)/I°, lr 9iY£$ 
(I .lf1<11ghr iYI'~ 
..W~r/l f)l)~.ff$ 

3 4 5 6 7 x 

~of watermelons (b) 

!htouo:J11 cv, U) 
.::111r:loosa 
slope" ol ~. 

hivetse i>ropbt'tio" 
The re lation~hip b~h t:it.1an1i ti~. s.urh tha't 
wh ~'~ ohe q1,1 antiW Increases, tl e Ot'he dei:;.re<,1 s~ 
i 11 the s.a me atkL Si rrir'a r ly, when one gu01 ntiW 
decr~ses, the other m're~es in t1w same r<'!tio. 

For ex.arnple, the t~ble bt>low shows how ton:g it 
wou~d take a tilr · o r;:iv-PI a d stance of 120km 
al va nous speeds. 

lZOkdf 

Sp~J (kµl1\ 20 40 60' 8"0 

Time (hours)· 6 3 2 l .5 

The \ i me of the jowrMy goes rJ own <l ~ th ll'l 
pee-0 go~~ 1..1 p. Thi ~ .ah exar i pi~ cif i n•.•e:i·se 

proportion, .;ind t 'e tin1e of tie iourMY is said 
to he i oversely proport ional to the spei:!d_ 

When qu.-int t:y a Is indirectly proportion;;il o 
qul)n iity b, this is wr11ten a,s a o: ~- Tn@ 
rl!' l a~onsrup can b@ also b@ w ri ron as : 

a '""'f- or axb ~ k 

where k 1s the cons1ant of proportionali ty 

In tne, 'e)<.~rppl~,1:1f)ove;the product" ot he time 
{q(iantity'a) an(J. the ~peed (quantity b) is ahN<iy:. 
the!iame·{e.g,2b V 6 = wand4() :;., 30=17.0). 
so the cohsta.nt ot proportiorialit)' i5 1 ?O. Thi~ 
means thai: for 1he 120ktii ~OLJMii!'y, Lh (? lirn~ 

Lakel'I wm alway~ b.e equ<il to 1 ?O divided 
by tne speed. 

All example> OT uwerse rr-oport1on CiJ,n b@ 
expressed by the (1J l e~ 

T/lfl! p ro duct of two inversely proportlonai 
quantities. is coMSta nt. 

Grciph sho~'i119 the t ime iaken to 
t r<!ye:I UO!lrn ilt various spee~s 

v 

~ 80 
......_ 
~ 60 

1l ~o 
"' .5} .!O 

3 4 5 6 7 ' 
Time (l'.'ounj M 

II you r:*Jt II~ 
wiluer of a o~d 
b orr a graph•, 
the l'e~ul! is 
cr reciprom! 
t:Jroplr, whidr 
I~ t1 ,'.'UN«. 
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NUMBER 

Solving ratio problems 

To divide a quantity in a given ratio 
J} Add all the numbers in the ratio* to find 

6tjiwhat the total number of parts is. 
·i;. Divide the quantity by the total number of 

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

1:he 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 cif'parts = 4 + 3 + 5 = 12 
Total number of degrees in the triangle = 180 

One part is 180 = ·15° 
1 2: . 

Angle a is 4 x 15 = 60° 
Angle bis 3 x 15 = 45° 
Angle c is 5 X 15 "" 75° 

'ro 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 internaliy. The first number .in the 
ratio represents AP and the second number 
represents PB. 
e.g. 

The line AB is 
divided internally 
in the ratio 3 : 2. 

(3 + 2) portions 

k - P B • • • _ ...... ,. _,,. 
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 
tci be divided externally. If the first part of the 
rafio is larger than the second, P i"s closer to B 
than A and is on the line AB produced. 

This line AB is 
divided externally 
in the ratio 3 : 2. 

2 portions 

B ,,__.- - - p 

• • ------- .----~-
The ffrst pdrt of the 
fatio 3° · 2 is larger, 
so P·is·closer to B. 

If the second part of the ratio is larger, P is closer 
to Ath:a·n Band is on the line BA produced. 
e,g. (3 2) portions 

This lin_eAB ·is divided externally in the·r~iio 2 : 3. 

B 

• 

Solving proportion problems 

Unitary method 
A method of solving problems where one 
quantity is proportional* to another, by find ing 
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 minut e, it w ill print 2~0 pages. 
The press wi ll 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 wi ll 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 unknow n. 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 wi ll 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). 

X· - 200 
Jso:- T: 
i . 
J.:Sff x '. x AA".'.. = 1 80 x ·'=-'_

2_ 00 yv] S 

x = 180 x 200 

x "" 35;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 _017; 
i.owest possible terms (Equivalent fractions) 1 7; Numerator 17; Proportional 25; RatlO 24. 
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PERCENTAGES 
A percentage is a way of expressing a fraction* 
or decimal* as parts of a hundred: per cent 
means "in each hundred." For example, 10 
percent (10%) means _1Q_ or 10 hundredths. 

100 

% The% symbol is used to o represent percentage. 

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

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

e.g. l_ = ·(1- x 100)% = 300% = 75% 4 . 4 . . 4 

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. 2f = (~1x1 00)0/o 

= 1100 
5 

= 220 
. 1. 

= 220% 

and 1.16 = (1.16 x 100)% = 116% 

To change a percentage to a fraction 
Divide the percentage by 1 QO, then cancel* the 
fraction cjown to its lqwest possible terms*. 
e.g. 60% = ....@... = l 

100 5 

To change a percentage to a decimal 
Divide the percentage by 100. 
e.g. 60% = 0.6 

5.2% = 0.052 

To find a percentage of a known quantity 
Express the percentage as a fraction (- x- ) and 
multiply it by the quantity. Alternativel~0express 
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: 

.;50 x 9,000 = 450 

or 0.05 x 9,000 = 450 

To express one quantity as a percentage 
of another 
Divide one quantity by the other and multiply 
the result by 100. 

Percentage = Quantity A x 100% 
Quantity B 

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 X lOO% 
Total number of buses 

21 x 100% = 85% 
60 

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 quantity 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: 

or: 

24 x 100 = 32 
75 

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: 

... .:· .. 
Internet links For links to useful websites·on percentages .• ~go to www.u5bpme-quicklinks.com 
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P.ercentage ct;lange 

The i3r:n.0unt that a value has changed, expressed 
.as a percentage* of the .origin.;il val.ue, is cqlled 
percentage.change. 

Percentage == rn~w value - odginalvalue x 100 
change· original value · 

Percentage increase 
A positive percentage change. A percentage 
in'creasecan:be calculated using: 

Percentage _ increase in value 
00 . - . . I I x 1 increase orrg_rna va ue 

For example, a schqol vyith' 7~0 pupils receives 
funding for another 75. places. Express this rise 
as a pen:entage inuease. 

Percentage increaS'e = -15 x 100 
750 

= ...L x 100 
10 

- .100. 
~ ' i q 

= 10. 
The rise in A umber of places t~at can be offered 
at the school js a percentage increas'e of 10%. 

Percentage decrease 
A negative percentage i:hange: A percer;itage 
decreilse can b:e calculated usrng: 

Percentage = decrease in _value x 
100 

decrease. original value 

For example, one year a. fac;tory produces 60 
cars per worker. The following yeanhis total 
has fallen to 57 cars per worker. What is the 
percentage decrease? 

Decrease in. cars per worker = 60 - "$7 == 3 

Pe rcentage decrease ..L x 100 
60 

= ...l. :x 100 
20 

- 100. - 2"o . 

= 5 

The fall ·in the.factory's output re~r.esents 

i3 percentage deuease·;of s0k .. 

' .J 2s i * Decimlll.1 9; •Pem!n tagc 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 eac.h year" .) For example, an 
interest rate of 4% p.a. means that every 
$100 invested ga ins $4 (which is 4% of $100) 
at the end of the year. 

There are two types of interest : simple and 
compound interest.. These are ca lculated 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 orig inal 
sum of money invested, including the 
interest already earned . The amount of 
money that earns interest increases each year. 

Multiplier 
A number that, when multiplied by a 
principal, gives the total amount saved or 
borrowed at the end of a period of time 
(usua lly 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 = P x Rx T 
100 

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 + P x n x r 
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: 

500 x 4 x 1 = 20 
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_: 

-

To calculate compound interest 
(Short method) 

NUMBER 

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 x 1.05 

(principal x mu ltiplie r) 

At the end of year 2, the amourit is: 
($500 x 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 
after 1 0 years 
after n years 

$500 x 1.056 
$500 x 1.0510 
$500 x 1.05n 

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: 

T 
Total amount = P x (1 + -1L) 

100 

T 
Compound interest = P x (1 + -1L) - P 

100 

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

t o ~ (1.o+)~ 

~ 2.J() x.. 1 . 2- l " + 

ln~emet I.inks ForJinks t6 ~seful websites on periCJentages, go to ifvJvw. vsborlifYqi:JitkJ,fnk~.torn 
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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 iine continues indefinitely in both 
directions. Lines and line segments are one 
dimensional: they have length but no width 
or thickness. . . 

J,.'iiie Line segment 

Transversal 
A line that crosses two 
or rnore other lines. 

Horizontal 

Poinl 

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 cur\i-es that 
nevermee( however far they are extended. They 
are the same distance apart all the way along. 

The red line on this letter 
1;ff'1 is horizontal. 

The _blue lines are vertiCal. 
"They are also pal'allel 
because ·they are the same 
distance apart .all the .way 
along and will never meet. 

On diagrams, 
arro\I( markings 
like these ate 
used to represent 
parallel /irfes. 

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

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

D E 

A 

F 

Points A, B and Care collinear, and 
points D, E, B and Fare collinear. 
(, B and fare 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, C and D are 
coplanar, and points)\; B and E are 
coplanar. However, A, B, C and D 
are not coplanar because they do 0 
not share a commonplahe. 

Solid 

A 

j l 
,' . ---/ ' I ----

c 

A three-dimensional object, with 
lengt h, width and thickness. 

B 
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Cartesian coordinate system 
A system of describing ~tie position of points 
on a plane br in a space in terms of their 
distance from lines_ called axes . Points on a 
plan~ are described in terms of two fines, the 
x-axis arid the: y-axis, which are at right 
angles (90°) to each other to form a 
rectangular coordinate system. 

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 orig in 
are positive and those below the origin 
are negative. 

Cartesian coordinates 
The coordinates (x/ y); which desc_ribe the 
position of a point in terms of its d istance from 
the origin . The x-co.ordinate is the distance of 
the point from the ·orig.in, parallel to the x-axis. 
The y-coordinate is the distance of the point 
from the origin, pa ra llel to the y~axi s. The 
x-coordinate is always written ·fir~t . 

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

y 

2n~ quatlran~ 

x' 

3rd quai:lran! 
! I 

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

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

a 

b~----.----~1--~- ~,·----- x 

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. 

y 

b - - -r 

The position of 
this poini is 
described as 
(a, b ), where the 
values of a and b 
depend on the 
scal_e used: 

o'---------+~-~x~ 

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

The position of th/$. 
point is (a, b, (l; 
where the values 
ofa, band.!: 
der}efldon the 
scale used. 

x 

z 
Points in a space . 
are described with 
reference to three. 
lines, the x-axis, 
y-axis an,d zcaxis. 

For links to us.e ul websites on general geometry, 90 ~o, www.usborne-quicklinks.com 
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ANGLES 
An angle is formed wherever two lines meet at a point* . 
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 iri degrees (0

) . 

There are several types of angles, classified by their size. An angle is formed between 
two lines, called the arms 
of the angle. 

Null' arigle or z:ero a ngle 

No rotil ion (0°). 

Whole ·turn, futl turn, round angle 
or perigon 

Right angle 

These lines are 
perpendicular. 

A complete '.1.~9); o r 
revolution , equai.to 360° .. 

A quarter of a full turn, equal 
to 90°. Lines that meet at a 
right angle are described as 
perpendicular. 

~Th. is. :symbp. /.is used. to 
show that an angle is 
a right angle. 

Strai1ght allg~@ or flat ang1le 

Acute angle 

~l alf a fu ll turn, equa l to 180° 

Any angle smaHer than a right 
angle (90°). 

0° < angle < 90° 

Obtuse angle 

R·eflex angle 

·0 -
Clockwise 

Any angle greater than a 
right angle (90°), but smaller 
tha n a st ra ight angle (180°). 

90° < angle '< 180° 

Any a ng le g reate r thar1 a 
str;iight ang le {180°) . 

0 
Counterc/ockwise 

T~t' minute band.of a clock.turns a complete revolution;.36,Q~ 
ev~tyhpur. The directiory_ in which the hands travel around 
the c/otR is deKribed as cloc:ki.yise; The opposite direction 

~f.i: counteri:lockwise. 

Positive angle 
Afi' angle thar is const ructed 
or measu rl:ld in a: c:ciu°nter
clockwise direction. 

Negative angle 
Art angle that is 
. constructed or i'neasured -. . . 

i_n a dO'Ckwis e d irection. 

This angle ~ 
measiwed cauntilr
c/ocl<v.i,is,e,. so ii is 
positive (+ 100"). 

This angle is 
measured clock'/llise, 
so ft is negative 
r-- 100") . 

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

f\$ well as bemg defined by their size, JnglP ca[I be named and grouped b-y thei r rdationship to 
Hnes and other ang l~s. Ma y of the ty:pQs of <ingle~ described below <:ome in pairs. 

Adja£en' atigtes 
Angl~ that share a 
vertf!x'I (poJnt) :nd 
.a lini?. 

Angles rr r;m.d /) (I/fr 

arfin.-i;m.t .. tl-rl!'i' Shafe 
•.-en:~ V 01){1 1'111<!: VI.. 

Altethate angle'i 

L 

\V 
Angll:'S om1ed on <;J l1m-natP. ades of a 
trnnS.Versar· between p<iratlel* lihes. 
Alternate' anglss· arn equ{lt 

!'''= rJ'' 

Angles at a point~ 
The &r gles formed wh~n ,-:nw nut'nber of tines 
mE>et at a point. These angles !ldd up to 360°, 

a• < • ~i::. .. ,,, 160" 

Complementary angles 
wo angles th~~ add up 10 90°. Each a ngle is. 

5aid to p.e tha complement of the othar. 

•f +I:>' =·w~ 

, 11en u riyht angle: L~ 
• ided inro rwo, !11e ongit•s 

_ f'Tl..oei OTf! CJJfflp,ftOit!ll((}l'J.' 

(1° + o~ = 90" 

Jn lJ rigllt·CN'91~~· trionqk~ 
ie angles o croo ii are 

OOl11{Jfr!11U!!llDf'/. ' 

Correspondin9 angle~ 
Angles that have (I imila position wrth 
relation to a tra n~ver~<ll'*' and one of a pair 
of parallel" lines. A tran ve ~al across par<iil@J 
lin~!> produces four p.jltrs of corresp~mding 
.ahg l e~. Corresponding angles are equal. 

tr1e f&.1r poin ol corr~part(fing 
or~ m?ai'ed by a tro;:r11~wrw1• 

011d parolif!• ~rlt:'S .. 

Supplementary i\ngles 
Tvvo angles 1hat add 
up to 180". Each ~ngle 1s 
said to be the 
s1Jpplement 
of the other. 

a' it''= ISO" 
Mf(l<:t.'l:ll otigks 
ort a .!I lghl ~ne 
are Wpplem.m(ary. 

fl 0
,.. b =U!O' 

The Pt.>glti ~•·1e<!t1 {ialUITel' 
ff'~ t'.lr!(J o tran:;11ers.ot• are 
fllppk!rt1~(/(C1ry. 

0 
,; .... 6° ~ 1ea· 

The !Jt)f)Oflt>t .t1n9le5 of 
a cyriir i11iw:/;•Tat~~1· 
afe Wj:l{Jkrnmlmy. 

Vertically oppo$lte ang es ;f 
1'he anq1es on opposite 0 

side of the point where 
0 

° 

two. lines. crnss. These 
µ.ai~ oJ angl@S arc 
always equal. a•= C° a~~· = d'' 

Internet links For links to useful websites on general geometry, go to www.usborne-quicklinks.com 
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p,QlYGONS 
. A po·lygon is a shape formed from three or more points* joined by 
three or. more ·straight Jines, The points are known as vertices (€ach 
point is a vertex), and the lines are called sides. The name of most 
polygons reJates to the number of angles* or sides it has. 

Name of 
polygon 

Number of Shape 
angles and sides 

Triangle 3 

Quadrilateral 4 

Pentagon 5 

Hexagon 6 

Heptagon or septagon 7 

Octagon 8 

Nonagon 9 

Decagon 10 

Hendecagon 11 

Dodecagon 12 

Quindecagon 15 

lcosagon 20 

• • 0 
0 

0 

0 

Diagonal • 
A line _th.at_ joins. _t __ w __ o vet;tkJ±s 
of a polygon that are not 
next _to each ott1er. 

Diagonals 

_N-gon 
A polygon. that h_as n angles and n sides, 
where n represents any number. 

Interior angle 
A~y of the angles inside a polygon; where .tw0' 
sides meet at a vertex. The surci' o1 the' interior 
an.gles of a polyg-on .is eq~al to the ?.l!ii\'l· of theJ 
interior angles of any other_pofygon'with~.fh-e 
same number of side~:.: Th~ sum of the in1erio r 
angles in an n-sided polygon is 130" ~- .2). 

J]:;b ll1an9le, n h J, w: 
1so•o - 2; 

= rso• x r 
= 180° 

,111 l'.I qoodri)Qt(•1ol n is "', ~o; 
1 8'0~(4 - 2 ) 

= 18()0 X 2 
= 360° 

HJo~: -1- o o· ,,, w· + r 1 o· .. JGo• 

Exterior angle gr external (JngJe 
Any of the angles formed between a sicle of -a,:; 
polygon and the extension of he side next t o i . 

An inrei'ior angle 
-and rhe exterior 
angle next l_qJt:qr?_ 
supplementary•..,; 
they always .qd(j 
up to 1so·: 

Cyclic 
A pol ~rgon t hat can have a 
cird P. drawn ClWU11d 1t such 
t~ at e<)ch verLex of the 
polygon lies on the circle'~ 
ci rcumfe rence~ _ 

• Acutii angle, Angl" 32; Circ\imfer_ence-6S-;·9btuse angie-3,2; Point 30; 
Rectangle-39; Reflex 32; Rhombus _39; Supptementary 3 3, · 
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equiangular polygon~ 

A polygon in which alfthe interior angles are 
equal. A:ri equi~ngola r.pol~rgon does not have 

. to be equilateral 

Equilateral p9lygon 

This rectangle' is 
equiangular, as all of its 

. angles are ·right angles 
(90°). However, if is 
not equilateral as· the 
lengths of its sides vary. 

A polygon in 'vJfJich all the :sides. are equ.11. An 
eqiJilateral polygon does not hilVP. to bi:> 

etjulangular. 

Convex poJygon 

This rhombus• is 
equilateral .(it all its· 
sides pre equal in 
length. However, "]tS. 
interior, angles .are 
different so it is of)Qt 

.equiangular. · 

A polygon in wblc:h all interior angles are less 
than 180". 

Concave potygon 

Every interior angie 
··in a wnvex polygon 

·:is aeute• or ebtlfse" 
(Jess than 180°1 

oolyg;on in which one or more interior an91'E! 
;i reater than l 8-0". 

At 1'easr ar;e iml'flo.i 
angle ii1 a (Q.ll(rlVi> 

polvgon is '~'f/Px • 
(more tNm 1/J0°). 

Regular polygon 
A. polygon in which all t he sid~s a nel intedbr 
angles ~u'ec equal: it is both 1equiangulat ano 
equilateral, Hk~~- a~e 5ome. i}xamples of · 
regular pblxgons: 

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

. LabeHn9 polygons 
The vertices of a 
poty~or'l are often 
r!'ll)re:.enled by upper
cziw letter:. (e.g. A, B, 
~ .,.) and 1~ sjde~ 
.py lmf(fer-la>e l~ter 

{e.g. !.!, b, c .... ). 

, . .. 8 " 

~· 
(} c 

TI~ r.irjl' ol o poty.;rm 
rfirfrtfy n~.cy~ft' l'.l 
v"eJ1N I~ rep(e'l'frrted 
ily t/ 1~ Slll M !P.rter D( t 
•l'J /s:Hlt<t cc<le 

""'- Internet lir11<5' Fof inks to usc.-ful ~Vi!b~1te> on shapes ;;ir1d scolid$, 90 t@•,vww. usbome·quick"llnks.com 
......... 
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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 squares 
tessellate. 

These circles 
don 't tessellate. 

Many shapes tessellate, but there are two 
kinds of tessellation that .involve only regular 
polygons*: regular and semi-regular tessellatio n. 

Regular tessellation 
A tess@lla,tion made up of only one type 
of regulair polygon, 

Tltete ar~ tJiret r~1.1,'ar 

pofrgorrs fhat w/JJ fo.•m 
a regr .lor fe.nellatJQn: 
an ~~·11'meraf rriw19/e, 
.sqJ,iaf\! (md regular 
I1exa!)'Q'I. 

• Exterior a·ngle, Interior angle 34; Line of symmetry 42; 
Regular polygon 35; Vertex 34 (Polygons). 

Semi-regular tessellation 
A t essellation made up of more t han 
011efype of regular' polygon. The pattern 
fbrmed at each vert_ex {poiht)' where t ne 
polygons meet is t he same. 

There are eight semi-regular 
tessellations. These use a 
combination of equilateral 
triangles, squares, hexagons, 
octagons and dodef'agons. 

• • 



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 bedassified according to the 
lengths of their sides. 

I\ 
l:qual sides 
An equal number of dash 
.ffiarks on) .. l.o/p or _more sidg;; 
of .a shape ·identify the sides 
that are of equal length . 

Scalene triangle 
A tc;ongle ;n whkh the,;~ 
a re all diffe rent lengt hs, 
and all thr.ee 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 t riangle that has two 
equal sides. The angles 
opposite these sides are also 
equal. Isosceles is·a Greek 
word, meaning "equal legs." 
An isosceles triangle has 
one line of symmetry*, 
which divides the tr.iangle 
nto two identical right
angled triangles. 

Equilateral triangle 
- triang le that has three 
equal sides. Each angle 
- easures 60°, 

~iloteral triangle 
lhtee lines of 

-'iy*, each .of which 
>liil!5 the triangle into 

identical right-
~ triangles. 

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

Triangles can also be classified according to 
their angles. 

Acute-angled triangle 
A triangle in which all 
three interior angles* 
are acute, that is, 
less than go0

• 

Obtuse-angled triangle 

In this acute-angled 
triangle, angles 
a, b and c are 
all fess than 90°. 

A triangle in which one interior angle* is obtuse, 
that is, greater than go0

• 

Right-angled triangle 

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

A triangle in which one interior angle* is a · 
right angle, that is, go0

• The other two angles 
are complementa ry, w hich means that they 
add up to go0

• 

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

Angles in a triangle 

T t.<t iric~rfor angles• 
add up -lo 1 80°; 
a0 

... b0 + c" - rso• 

Tile too -.·~rrf'JI' 
of a rrianCJlt' i~ I rn1'/fd tne Op4!1!. 

&x~ exterior angJ~· 
is f!ql.lat to the sum 
<JI Ille two opp:>s1'te 
interior anq!es. 
d~~ a0 + C° 

An rm91'e formed 
betwe~twu 
sides is calted tl;e 
lnd.uded fmgle. 

srCie s~ / 

I 

""' Internet links For links to useful websites on shapes and solids, go towww.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. 

S.ide-side-side (SSS) 
If all three sides of one triangle are equal to all 
three sides of another triangle, the triangles 
are congruent. 

3cm 

4cmlZ V Scrri 
Side-angle-side (SAS) 

~Scm 
3cm~ 

4cm 

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. 

12~ 
24mm 12mm 

Angle-angle-side (AAS) 

If two angles and any side of one triangle are the 
same as two angles .and any side of another 

tci•ngle, A''"'" wn:i]r::nt. 8~ 
~ 20mm 0" . 

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 

, 15mm~ v-
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. 

Pythagorean theorem 
A theorem attributed to a Greek 
philosopher ;mg mathe~tlctan Mined 
Pylhilgoras who hved in the sixth century 
BC. Th€ theorem states that m a right 
angled tnangle", the squarf'· of the 
hypoti:muse is equal to thE' sum* of the
squams of the other two sid!:!s_ 
Tie hypotenuse 1s the longest side of a 

right an91ei:'l tn.;ingle, Thi<; is always the s~de 
oppo~ne the 11ght ang~e (the 9-0° angle} 

b 

Th~ PythogorP,an theorf>m 
c:ari be writtPO as; 
.,i2. - bl. ~ c"' 

' If the square of one side ot a triangle ls 
gqual tc;i th@ surn of the S(ll)ares of lhe 
other two sides, !he the~~m show~ thi;1t 

the triangle mu~t contain d right angll'l . 

a, ~ ul - c.:. 
Ji~ .4·' 5. 
p ~ 16 =15 

Then#bre, .w> kno•v 
ffly>I '-lflg'rl' x orma~~ 
tl<R f'typoteJ'I~ se rw.s.r 
IN n ng!it c11'!1lt?. 

a 
3cm 

ThE' theorem '3n be usPd to find the 
length of thP third si~e Qf a right angled 
trMn9le, it the lengths of any lWQ side~ 
.!ire-known 

a 2.;.. bl - ', 
16 +JJ-? 100-
L1l ·" l 00 36 
t;.J "'~ 
b =S 
Stl the /l."l1gt11 af 
fide b i.> Scm, 

Pythagorean triple or triad 
A set of thr~ positive integefs* 
l~, b and c) ra preseri ting the side~ of a 
triangle an('.l satisfying the Pytha9011@an 
theprem (a2 -1 b 2 ,... c2) . 

I fr~r'e Lt an ir1Jl•i11e 11c1nr.l:ier 9( "'!rtflc;>q::1rruri 
<o('lt?.t r~ rrit1sc ~·~·'J r.nowl'l are. 

J. 4, \; 32 4;; J) 
5, 1 Z. I ~- 5 !' "' ;;J 1 31 
i! 2-!, 2:,· 7: +Z4·' ~ 15· 
, 1$. 11· 8-'T> rsJ-= 112 

•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); Symmetry 42; Tessellate 36. 



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 fq&al 
length and 1 
rig_ht angles. 

Rectangle 

The opposite sides 
of a square are 
parallel, and its 
diagonals* are of 
equal length. 

A quadrilateral in which 
opposite sides are equal 
and parallel*, and all 
interior angles* are right 
angles (90°). A rectangle 
has 2 lines of symmetry* 
and rotation symmetry* 
of order z. The diagonals* 
.d" a rectangle are equal in 
ll!ngth. A rectangle is also 

etimes known as 
oblong. 

Cite 
- uadrilateral that has 

pairs of .equal sides 
one pair of opposite 

_ual angles . .It has only 
_line of symmetry* and 

- - rotation symmetry* . 

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

A square has 4 
lines of symmetry 
and rotation 
symmetry 
of order 4. 

' ...... ...,... _______ -

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

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 exceptio"ns are rectangles, squares 
and rhombuses, which are special types 
of parallelograms. 

9 
I The opposite angles of 

this parallelogram are 
equal. It does not 
contain any right angles. {'j,__ -·,---·. -

Rhombus 
A parallelogram in which 
all four sides are equal in 
length, and opposite angles 
are equal. A rhombus has 
two lines of symmetry* and 
rotation symmetry* of order 
2. A square is a special type 
~f rhombus, as it has four 
right angles. 

Trapezoid 

' ' ' ' ' -----r---1 
"'V 1 

A rhombus is sometimes 
called a diamond when 
it is standing on a vertex. 

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 
adjacent sides. An arrowhead 
·has one interior angle* 
greater than 180°, and one 
line of symmetry*. It has no 
rotation symmetry*. 

.-.... Internet links . For links to useful websites on shapes ·and solids, go to www.usbor.ne-quic.klinks.com 
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SOLIDS 
A s:oHd is a .three-dimensional* object. A solid can be any shape or size, but 
many solids, such as polyhedra, spheres, cylinders and cones, have particular 
properties. lhe properties of polyhedra are described below, and you can 
find Out more about cylinders, cones and spheres on pages 67-69. 

Polyheqron (plural is polyhedra) 
A solid. th<;ltha>a surface area which {s a series 
Of pblygons. The polygons are knovvn as faces 
and file lines wherett.\~fnieet are called edges. 
The corners, where thr~e o; more faces . meet. 
are tallied vertices (singular i:S vertex). 

It r:t1be i!> a 
poJ\1hrorun. 

The name of a polyhedron iS.Jelated to the 
number·of.fates it has. 

Name of polyhedron Number of faces 

e}{anefirnn 
Heptahedron 

Dodecahedron 

Dihe.drat angle. 
The an~le* formed 

· in~side a polyhedron 
' wfrer~ ~wJ'taces meet. 

:.cc;mveJ< pofyhe.dron 

6 
7 

9 
10 
12 
20 

A.pofyhedron in which each dihedral angle is 
lesfthan 180°, for example, a cube. 

Co.nc~ve· polyhedron 
A"polyhedron in which at 
least one dihedral angl,e 
is.greater thaii 'i80°. This 
means that at least ~Ae 
vertex points in tow~rd 
the middle -iiifth·~ solid. 

Regular polyhedron 
A polyhedron in which the faces 
are identical regular polygons*. 
The angles at the vertices are 
eqtiak There are five regular 
polyhedra. They were l<.nown 
to the Greek pJ:rilosopher 
Plato, and are sometimes 
caHecl the Platonic solids. 

A regular 
tetrahedron has 
four faces, which 
pre equilateral 
triQngles*. 

A cube fios 
six square 
ta&s, 

A regular 
octahedron 
has eight faces, 
all of which ai:e 
equiloi eral 
triangles*. 

A f'.egular 
dodecahedron 
has twelve 
faces, <ill of 
which' ore 
rif.uiai 
pentagon,•. 

A regular 
icosahedron 
has 2() faces; 
all of which 
are equilateral 
ttiangles*. 

Semi-regular polyhedron 
A polyhedron in which the 
faces are more th<Jn one 
type '.df regular .polygon. 
An icosidodecah.edron is a 
semi-regular polyhedron 
with 32. faces: 20 triangles* 
and.12 pentagons* 

Euler's theorem 

lcosidodecahedron 

The theorem relating to polyhedra, 
such tl:iat: 

V~E+F= 2 

wher:e. V ;:·number of vertices, E = number 
ofedges and F = number. of faces. 
This theorem can be demonstrated, for 
example, with a cube, which has 8-veJtites, 
12eclgesahd6faces (8 - i 2 t 6 = 2}. 
The theor~m i~ rtamed afte~ the)>wiss 
mathema\ician Leonard Edler Li 707- 83). 

*'Angle 32;. A.~ls of_rotati~oi:ial symmetry 42; Iquilateral triangle. 37;. Parallel ~O; Pentagon 35 (Reg1,diir polygon);-
:Perpendicular height: 56 (Area of ;1· tti.angle)(P.olygon.34; ,Regular polygon 35; Right a.ngie 32; · 
Three~dimensional 31 (Dimension); Triangle, 3 7;.Two~dimerisfonal 31 (Dlm\'nsion). 



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. 

Sqvare 
pyramid 

A right pyramid is a 
pyramid in which the 
·apex is directly above 
,the middle of the base. 

Slant height 
:(The length of a line drawn from Apex 

i,the apex of a pyramid to the 
midpoint of the base edge. 
The slant height of a pyramid 
is equal to the perpendicular 
height* of the.triangular face. 

Prism 
A polyhedron made up of two parc:illel*, 
identical ·p.olygons* (the bases) joiried 'by 
parallelograms (the lateral faces). 

il lrirm[J#lar prl.un oos 
o ''*mg/e m its 'b'§lsf 

Jn a rigfutip.rfsm, the 
laterc;ii faces are at right 
atigles* to the base. if 
tl'le b9ses ofa rjght 
pf,i§r:tr are regular 
p€j_Jygphs., the solid 
is ;a regul'ar prism. 

Oblique 
.pri~rn. 

_A rectangl)lcir prism has o_ 
rectanglf as its base, 

This nyht prism is 
et re9ular prism 
be<:aLrSe iCT 
base is 
'1· ~.qqgr.e. 

Right 
angle.-----

16 an oblique .prism, 
the an:gfesbetween t he 
l<Jtera l faces and tbe bases: 
<ire' not right angles. 

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

Elevation 

Plan 

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 nearest to you. 

Side elevation Front 
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. 

:- .~J- · .. - - -- - - - - · - - -

Short diflg(!~<tl - - , _ 

Long O•ogwml 

Plane section 
A plane (flat) surface 
formed by cutting 
through a solid at 
any angle. 

Cross section 
A plane (flat}surface 
formed by cutt;ing. 
through a solid at right 
angles* to the axis of 
rotation symmetry*. 
The. part below the 
cross section is 
the· frustrum. 

---

A plane 
~e.::ricm of 

a cube is a 

'ill 
The cross section of a 
rer:tan9ular pyramid 

is a rectong/e . • 

:ti~:;:~~~fu~:.;;;.;~~,!~1' . <()> 
faces .ofoa polyhedron; ~nd .ean, be -Netbfa''s~uare-
folped qp to ·make a polyhedfdn. ~asei.j!y(a,Pid 
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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 . 

Refledi_on symmetry, reflective 
symmetry 9r line symmetry 
Sym.nietry in 'whith a sh;:ipe can he divided into 
,tW9Ji i:irfs. by a line or plane, such that each 
part ()f the shape is a f)iir ror image ofthe other. 

' This butterfly shape has 
reflection symmetry, as 
each half is. o mirror 
irni1ge of the other. 

This bowl has reflei:tion 
·symmetry, as ea~h h.aif 
is a mirtor image of · 
the other. · · · 

Line of symmetry or mirror line 
:A: iin-e t hat divides a plane into two parts, such 

'.t h<it.each part is a ·mirror image of the other. A 
"plane can have mOre'. than one line of symmetry. 

This arrow 
/'/as one fine 
ol symmerry: 

Plane of symmetry 
A plane that divides a .solid into two parts .. 
such that~~cWPa rtis a mrrror image of t he 
other. A solid c~ n have ,more than one pJa'ne 
of· symmetry. 

~c• '·" 

. 
(:>~ ~ 

. 
~ 

This rectangular prism, 
has three planes 9f 
symmetry . 

1421 *Perpendicular bisector 48; Poin.t 30; Vector 45. 

Rotation symmetry or rotational 
symmetcy 
Symmetry in wh ich a sha pe ea be turned 
about a fixe-0 point~ or line an!{fit exact ly 
onto itself 

'It 

TM tectartgJe. 
has rotatio11 
syrrimetry..: · OD 
Order ofrotation(al) symmetry 
The ri,Q,-m;b~r of times 

W. i. t· h ....• i .. n a· ..•• ·.r .•. ·.·.e .. · .. v. 0 .• · .. lu. t ... ion {>A . (360d) that a shape . 
can be turned fo fit · · .. 

exactly onto itself. ~~ 
{_}{;p This tour-pointed 

· stdr h.as'.rdti'itfon 
5Yrnriletry o'f order 
4 becauseit can fit 
onto JtseJt in 4 

. differeiltpos[tions. 

Center o.f r.otati.on(al) symmetry 
The point" around w'hic:: h a pla n\:! can be 
rotated to fit exactiy onto itself. 

-The dofrna.rksthe
0 

qmte/of rotation 
symmetry of this 
eight"ffointeii-stdr. 

Axi 5 of rotation (a.I) symmetry 
The lini? around which a solid can be ro tated 
to fit ~xact!y onto itself. 

Axis of 
ro~atiorr 

symmel:ly 

ThiS ~tor1911W 
fHilm /){)~ nllCWM 
wmmetry oi oro~r 
4 oboai l11is (ms. 
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TRANSFORMATION 
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 posit ion 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 
5 ----+--------+---

' The vector (l) describes the I , 
_ ___.....~_,______ displacement of this triangle 

to its new position. Each 
point has moved 3 places 
to the right and up 1 place. 

a~~-~~~-~~~ 

3 4 5 6 x-axis 

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. 

A x ~ : x A' 
··~····-~····~·· · ·.J;!:;L~·····-·-·~----~ 

Object 

' 
---~-···-·.i;!:l --··· ··~··-

B z ·z 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 

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 rotat ion, 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 
perpendicu lar bisectors meet. 

B -~---·/ A' lm;ge 

Objec-ttA _ -· -· ·······_·--· •••••• .-· - _- -

j ,-/' ,. r· I .. / '·;-::. , --- - --~v. ,-"" T_hepointPwherethe 
C two perpendicular 

p bisectors meet is the 
j\ center of rotation.-

The angle through which an object has been 
turned is called the angle of rotation.Jf the 
angle of rotation is in a counterclockwise 
direction, it is 
said to be 
positive. If it 
is clockwise, 
it is said to 
be negative. 

~ 

~ 
Direction ' 

of a counter- _ .
clockwise or 

positive 
rotation 

~ 

{ 

Direction of •J-- ._-. a clockwise 
or negative 

rotation 
-~ 

Internet links For links to websites on symmetry and transformation, go to www.usbome-quickfinks.com' ~ 
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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. 

c •, 

OA' = 3 x OA 
08' = 3 x OB 
OC = 3 x OC 
OD'=. 3 x OD 
OE' - 3 X OE 

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

where 0 is the center 
of enlargement. 

. (' 

A'B' = 3 x AB 
B'C - 3 X BC 
CD' - 3 x CD 
D'E' = 3 x DE 
E'A' = 3 x EA ,.. 

If a negative scale factor is used, 
the center of enlargement is 
between the object 
and the image. 

A' 

A' 0 / 
:;:.s =•:-· ,.-:~··---'A 

C' 

B 

f ' 

c 

OA' = .~2 x OA 
oa··= !-2 ·x- oa 
QC = ~2 X OC 
where 0 is the .l· 

/ 

/ 

// 
/ 

The object ABC has 
been enlarged using 
a -negative scale 
factor of - 2, to 
produce image A'B'C. 

center of enlargement. 

B' 

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

Image A'B'C is the 
result of applying a 
scale tacror of t to 
object ABC. 

B 

___ , 

Glide reflection 
A t ransformation in which an object undergoes 
translation*, and is t hen reflected* in a mirror 
line* t hat is para llel* to the translation. The size 
arid a ngles of the image are the same as the 
object, but t he image is back to front 
and displaced. 

Image 

Similar figures 

This pattern has 
undergone a 
glide reflection. 

Objects that are the same shape but diffe rent 
sizes, such as those prod uced by enlargement. 

These figures are 
similar: they are 
the same shape 
but different sizes . 

Congruent figures 
Objects that a re 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 a n object that remains 
unchanged by t ransformation. For example, 
the shape of an object in translation*, 
reflection*, rotation* or enlargement is 
invariant because it does nQt change. 

• Mirror line 43 (Reflection); Parallel 3o;·Pythagorean theorem 38; Reflection 4_3; 
Right-angled triangle 37; Rotation, Translation 43. 
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VECTORS 
A vector is a quantity that has both magnitude 
(size) and_directioh. Displacement (change in 
position) Js one example of a vector quantity. It is 
used on these pages to show the basic properties of 
vectors, which can be applied to all vector quantities. 

Displacement is the distance 
an obj'ect has moved in a 
particular direction, for 
•example the ·displacement. of 
B from A is 3km northeast. 

Vector notation 
T e ways 'in which vedors ilre. represented . 
A vector ~an be drawn as a directed line, that 
i>, a fine with an arrow on i_( The line shows the 
magnit ude of the vedo:r and the arrow indicates 
,it'> d ired:it;in. 

This vector can be -written as AB :Or .l\B'. 
It rnn als.o be written 
as ai (in print}. and 
a_,. o r ~ .(if it is 
hantdrwritten). 

This vector can be . . --+ 
written as DC or DC 
It can also be written 
as ~Cl (in pririt), and 
-'":'·.a.... or ~{if It is 
handwritten) . 

A ve<tor can also be written as a column vector, 

in the't:6ihi (n-
The top number :fn; a column.vector represents 
mpve ment parallel* to the x'-axis. The bottom 
number represents movement parallel -to the 
y-aJ1:is. Moverneot iii'J'l' and to the right is positive. 
Movement down,~h:d tq the -leftfs negative . . 

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 writte n 1 a I, 

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 + b2 = c 2) to 
find the length of the hypotenuse. 

For example, to find the magnitude .of x: 

Jx I ""- '.\/ a 2 ..;. b2 

!.-X.l <= y 32 + 42 

Ix t = "v'9+16 

1xl ~ \125 
Ix I == s 

Equal vectors 
Vectors that have the same magnitude and 
direction. 

Vectors x and. y are. -equal: 
ther- have the samelength 
and direction (thahs, they 
are parallel'). 

li"'.Cit.0.rs p and q are h.ot 
. eqtiaf They are-the same 
fength but do not have 
the same direction: 

A' parallel* vector with' the 
same magnitude as ni but 
the opposite directiOJJ is 
calfe(i -ni. The two 
veetors are riot ?qua/. 

~ 
Y/ 
y~ 

Internet links for links to us~ful websrtes oo vectors, go to wvvitv:u>-bome-qulcklinks.com -----~\ · \ ·4~J 



Arithmetic with vectors 

To add or subtract vectors 
Draw the firs vecto r, then draw the second vector 
at the end of it. Join tJ1e ends of the vectors to 
c:rNte o third vector, tailed the resultant. This 
reprnscmts the comb ined change alorig the x~~~is, 

and the combined chan.ge along the y-axis. 

Tb add vectors, join theinwith:the arrows pointing the same way 
(both clpckwise• or counterclackwise'). Vectors obey the 
commu.tative• and associative laws• of addition, as ·the resultant 
a + b '= b + a. 

> 
.. 

\ a- •-)a 
/. . b 

lo .11.1blf(ICl ~!ors, join t~f!f!! .W.ith "tfie 9rrows pointing the 
JJPp<>Sile wo~ (or.~ o'odwise•, the Other GounterCloc_kwise' ). 

To find the resultant of two c'olumn vectors", 
.. a:dd or subtract the top number in each vector 
(the change along the x-axis), then add or 
subtract the bottom number in each vector 
(the change along the y_-:axis). 

~'§!:g. 

. ( 2) (4\ ' 6) ,,a·~+ b = . - 3 _,_ \2) = ( - 1 

b 4 a ; ( ~ ) + ( -~ )# ( -n 
( 

2 1 (' 4 ) ( - 2 ' 
a b = . 3) - ~ 2 ~ -5) 
b - a = (~ ) - ( n - ( ~ ) 

Scalar or scalar quantity 
A quantity that has magnitude*, but no 
direction . Speed* is a scalar qua ntity, 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 
multi-ply each number in the vector by the scalar. 

This. diagram shows 
vectors x and 2.1', 
as expressed ir; the 
column vectors -above. 

Multiplying a vector by a .scalar is sometimes 
called .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, i'2_Jhe diagram below, point B is the 
midpoint* of AX. Find expressions for the vectors 

-4 - > - > 
YB, AB, YA and Al. 

A 

x 
4 · 4 4 
YB ~ vx -1 XB = - a +'"::b ·== - a-b 
This is because the djrection of a and b neecfto 
be reversed to get from point Y to point B. 

-4 - > 
AB = BX - b 

.;....~:: 

This is because B is the midpoint of AX; 
and~ is b . . . 

.-+ '--+ -4 
YA = YB + BA ·""'· (- a - b) + - b 
= """'a b - b ==-a - 2b 
This is because YB <=. ~a - b (see above) and - > -4 •. ... . 
BA is the reverse of·AB , so .is - p; 

· .. .. . -+ 
A_Z ·~ AY + YZ = a ± 2 b + c . . . 

. -4 . . ·-~- -
This is because AY is the. reverse Qf YA; ry . -4 . .. 

YA = " a.- 2b, so AY is a ~ 2b. 

• Acl~ilc•nt ''"!Jlc 1 J; A.re 65: Au oda t lo;e lo1w of ~ddltjnp l 'i; Cirtlle 6S; Cfoekwlse 32; Column vector ·45 (Vector notation); 
Commutatlwe l11w of addition I:>; Co.,ntcrclodtwi~e 12; Magnitude '15; Mldpo.int 43; flctln angle ill; Speed d . 



GEOMETRIC CONSTRUCTIONS 
Construction is t he process of drawing geometric figures. Some figu res can 
be constructed using only compasses and a ruler; others need a prot ractor too . 

. compasses or a pa ir o f compass@s 
A mathematical in>trumcot used fo r d rawing 
circles* and arcs*. They can af:.o be us d to 
transfer dist:i nces from a ruler lo pape,, or from 
one part of a drnwing to a nother. Compa~se> 

have fwo leg~ whi hare 1om~d tit one and. One 
_leg holds a p1?ncil or lead. the oLher i:s a sharp 
point, which s rv~ as a fixed pivot. 

Using compasses 

5Qrrle c~pasres no::we ('/~ 
tJflj1utme11t 111,11 fGI seWng 
cite widlll of 1he '~'-

Some r.omtxales hove 
a penn'l •'eod 1 ~at fil.i 
in the e1id of one i'PJ. 

Before starting, close the compasses and make 
~ure that the tip of the compass point touches 
the end of the pencil lead. To set the compasses, 
liold them 'withthe point in the zero marking on 
t~e nJler. Pull the iJth~r leg out (or turn the 
adjustment nut) until the pencil lead rests on the 
required ruler marking. 

. • .. · · -~ 
Make sure t~ 
°sh~tp point is on 
t#/f.zero mark (0), 

-.c-:· .• ~.: . : ·- -

The most accurate 
way. ta draw a fine or 
a required length is 'tc> 
mark -off the distance 
using .compasses .. 

Pull. the leg ou t· until 
the pencil reaches. 
the measurement 
you want. 

To draw an airc or c ircle with compasse s 
Hold the thurrib attachment with t he t humb an<:l 
fir:s l fingN. Swing the! cQmpass~s in a clo-ckwise* 
di rection and draw the ;m::'* or circle", keeping 
eciwal pressure on both IPgi:. of the comparn;?s. 

lo /M>/p to pt~Vr?flt 1/'le 
legs from fi/)(li"fl, !i!r 
~lie COJ')')/.'.lfl!.Y!1 irr t!1e 
dirc-y:,Jon It• 1vJ1ich t/lfy 
ard /le•ng m tute,;i'. 

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 read the 
scale starting from zero. 

Angle a is measured on 
the outside scale of the 
protractor; tagiv_e 
an angle of 45°. 

Angle b" is measured 
on the inside scale, to 
give on angle. af 7 7_0

• 

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

Ta firid an. g.le a, measure angle b~a 
and subtract it from 3 6 0°. 

b 
e.g. if angle b = 85° 
360° - as· - 21s· · 
sd, angle a·= 275° 



j 
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Useful construction terms 

Midpoint 
A point* that 
is exactly half 
way along a 
line segment*. 

Intersection 
A point* where two 
or more lines cross 
each other. 

Point P is the 
midpoint of line AB. 

A ____ ____ B 

1.Scm P 1.Scm 

Point P is the intersection 
of lines AB and CD. 

Basic constructions 

To bisect an angle 

Equidistant 
The term that describes 
two or more points*, 
lines or solids that are 
the same distance 
away from another 
point, line or solid. 

Bisector 
A line that cuts an 
angle* exactly in half. 

Perpendicular bisector 
A bisector that is at right 
angles* to the line it halves. 

'* Points A, B, .C, 0, E and 
F are equidistant from P. 

Perpendicular 
~bisector 

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*. 

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 ofthese 
arcs to the vertex. The resulting line is the bisector. 

To construct a perpendicular bisector 
_To construct a perpendicular bisector on the 
line segment AB below: 
·l. Set a pair of compasses* to slightly more than 

half the length of the line. Place the point at A 
and draw an arc* on each side. 

2. Without changing the setting of the compasses, 
place the point at Band draw another arc on 
each side. 

3. Join both points where the arcs meet to find 
the perpendicular bisector. 

3 

2 

A B 

2 r 

To construct a perpendicular line through 
a particular point 
To construct a line perpendicular* to the 
segment AB shown below, through point P:-
l. Place the point of the compasses at P and 

draw arcs thatintersett AB. 

2. Place the compasses on each intersection in 
turn and draw an arcon the opposite sideof 
the line to P. 

3. Join P with the point where these arcs 
intersect. The line that you have drawn wiH 
be perpendicular to the lirie AB, 

p 

3 1 
A B 

2 2 · 

*Angle 32; Arc 47(To draw anarc.,c)i Arm 32 (Introduction); Conipasse~ 47; Induded angle 37 (Angles in a triangle); 
Line segment 30; Perpendicular, Point 30; Protracto~ 47; Right angle 32; Vert<!x· 34 (Polygons). 



Cons tructfng triangles 

To construct a triangle when 
all three sides are known 

7. Draw a )ine of the 
longest known length. 
Label the ends. 

8 A--- --=1-=ac-m-, - -- 8 

2. Set the compasses• _to 
the second length. Place 
the point of the compasses 
at A and draw an arc•. 

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

A - - ---'-- - - 8 
!Ocm 

7. Draw a line the length 
of the known side, and 
label the ends. 

L . 
70cm 

2. Measure the first angle' 
at A with a protractor• 
and mark it in. Extend the 
arm• of the angle. 

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

,,,_ __ _,,..,.... ____ 8 
IOon 

I. Draw a line the length 
o(the longest known side, 
ahq label the ends. 

L A 8 
70cm 

2. Measure the included 
angle' atA with a 
protractor and matk 
it in. Extend the arm• 
of the angle. 

Triangles with two solutions 

( } .'iAPf. JFACE ANIJ M.EA~ 

c x 
A- ---...w""a_1_1 _ __ 8 

3. Set the compasses to the 
third length, place the point 
at B and draw another arc. 
Label the intersection. 

,L . 
!Ocm 

3. Measure the second 
angle from B and mark 
it in. Extend the arm of 
the angle. 

c 

c 

~. 
70cm 

4. join A and 8 to the 
intersection. 
{To construct an equilateral 
triangle, keep the compasses 
set to the same length as AB.) 

c 

,~. 
!Ocm 

4. Label the point where 
the two lines intersect. 

c 

Bcm/\ . 
~8 

!Ocm 

3, .Set the compasses* to the ·4, Complete the triangle 
length of the second aic, place by joining C imd 8. 
the point at A and draw an arc* 
on the extended arm. Label the 
point where the lines intersect. 

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 
triang le where side AB = 7.Scm, 

,~, ~. 
side AC = Scm and c 

/ 

Sc; / 

I 

A I~ ................. .... B 

angle* ABC = 50°: 

A- --- - - - 8 
7.Scm 

1. Draw side AB and label 
the ends. 

1.Scm 7. Scm 

2. Using a protractor*, 
measure the angle A8C at 
8 and extend the arm* of 
the angle. 

3. Set a pair of 
compasses* to the length 
of side AC and draw o 
wide arc .. from point A. 

7.Scm 

4. The two points where 
the arc intersects the line 
provide the two possible 
solutions to the triangle. 

Internet links For links to usef_u'I Websites nn georhet_ric constn.ictii:ms; go to ww./v.u,sbotne.quicklinks.com [ 491 



SHAPE. SPACf AND MEASURES 

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* 
in a pentagon (5), to give the size of each angle (108°). 

A-----,B 

·1. Draw a line ta form the 
base of the pentagon. 
Label the ends A and B. 

\ I 
~ 

2. Use a protractor* to 
measure the required angles at 
A and B. Extend the arms* of 
th'e angles. 

To draw a diagram of a straight-sided solid 

1. Draw the edges you 
can see. Make sure 
that you draw vertical* 
lines vertically. 

Isometric paper 

' : 
: 
' : 
' ----- ----------' .. , 

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

2. Show edges that cannot 
be seen as dotted lines. 

3. Set a pair of compasses• 
to the length of the base. 
Position the point at A and B 
·in turn and draw an arc* at 
the arm of each angle. Label 
the. intersections* C and D. 

' • ' j 

----- --------~-,_ 

3. Mark parallel* lines. 
If there is more than 
one set, use different 
marks for each set. 

Cube 

' · 

f 

4. Place the point of the 
compasses at C and D in 
turn qnd draw two more 
arcs. Label the point where 
the arcs cross (E). join C and 
D to f to finish the pentagon. 

' t 
' ' 

--»-----~ ---- ' 
4. Mark 90° angles on the 
diagram· as right angles*. It 
is particularly important to 
do this where angles do not 
look as if they are 90~. 

Paper printed with three sets of parallel* 
lines, each set being at 60° a ngles to the 
other sets. Using isometric paper makes 
it easier to draw a n object and give the 
effect that it is three-dimensional*. 

Squai'.e 
xfyrami~ 

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

x Using isometric paper 
makes it.easier to 
draw the angles jn:. , , 
three-dimensional* 'pbjec F<_ 

·/ · 

,,FfedtangyJ.gr -
'f9rzj!JV ' "-. 

*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 48; Point 30; Protractor 47; Radius 65; 
Regular polygon 35; Right angle 32; Semicircle 65; Three-dimensional 31 (Dimensions); Vertical 30. 
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lod is the p lurc;il of locus. A loc1.,1s is .a set of points* 
that :satisfy a partictJlar cond itfon1 and it can he a 
path or a region. For example, if you ~ta11d with 
yourr arms stretched out to the side and turn 

JOm / 

eiround in one place, the locus of your f.ingertips is a 
<;ircu lar p.atn. Your body is at the center of the circle 
and the circle 's rad ius* is the length of your .arm. 

r 111:1 g.:.oaJ is telJier.,.d by "' r ()m l...:J{:.lf! 
J~ p po~t fn 0 fli!}J, JI If CQn tll 1 onr 
gro» Within rea~lr. r~'ii' l<XV5 of I/le 
~m is a r;i1QJlllt' riiy1on r1l 1G4iu, • 
rom ~n(! Wi 11 tn"' ~~I u:I j)ie amter. 

Lotous irom a fixed point 
e locus ot a point" -that 1s 

the .silme d~~Wnce from 
a fo:~ poin b .a circle. 

The k:Jq ·~ Qf o pf;l/t/( Clri.11 is a11-'f$ Ql a 
:lirr.ctr'r<'f ( l'r<>tl1 cr fillf:d pvml 0 is a drr:/c. 
Th~ Cfrrle< Qf' 1,1•!!. tirc'e il O and ii:.$ f.llr!,' .1 1$ r 

locus frotn two fixed }loints iJ 

The locU> of a potnt* t hat 1s the 
same dis.tan e lrom twoiixed 
,30111 l' i:> ~!le pE!rpendicular 

Q !sector+. of the line drawn 
M[WWtl tJlP )!>Oll)ts, Any rrolnt· <tit I t!e lows 

·L! tit~ 5amedi~lance 
ff-:im p::nr1a ,P cmd Q. 

Locus.fro.ma fine 
- e locus of a pmor that IS t 'e same di~t~111ce d 

··m a line is tv.io paral~el* lines, one each side af 
the @riginaJ lioe at a dts\anca <d rom i 

1o<~~i ,.,, eocf1 line 
us IU1'1'g m \'fle hl1e. 

rli.; .'0.:.11~ .')f 11 line 
>c1flll'er1t • i5 two par.aii'i!I' 
l1m:r~, end rwo semia"rcJw• 

Locus from n1e 1'5.ecting I ines 
e i'oCl.1$ O~ a t:>oint~· that fS: the scame distance 
_m -wo intersecting llm?s is the bls.ecL0r" of 
_ "ngle* between t-hose Imes. 

l/ll' llf~<'d~ (ih'Jwn /?ere itt.b11,1e) or 

Compound ocir 
A set of point$* \het satisfy more than one 
condit10J'I_ When d rawing compound lod: 

1. Draw a $ketch .of what ~·ou think tlie locus 
wlll look lik-e. 

:1:. Use a rul,er ;iiid c;ompasses• to coostwcl your 
final d1agrii1 - Do noL erase the const'11~.tiM 
lines you l1<;1Vi? drawn. 

3. Add any necessary labels but keep y,our 
u1i:igram as cl~ar Jl~d imple as you cao. 

4, 5Jtade the part of rhe di grarn that s.ausfie:s 
a ll conditions a ncl :st ilt e WI Oil Lhe area 
represents. Us@ a sohd ~trie to >how a 
l)ounctary that 1s 1nc.l1Jdeq in the conditio n, 
and a dotted hna 'o show one that is not. 

ro r example, the points P and Q .1 re 3c:.rn apCln. 

f ind 'he et of points tha t 21re I~~ lhan 2cm 
frorn P ou L ar~ closer lo· Q 1h<;1n P'-

r S/wtch the 1'oci. To find tl:>li' ' 
pr;;irlts rfrar are ,1e5; cli'dn ;>.,,,, ( 
from ~' dro~\' a (i((le n( r(1(!JtJi ' -
;a,..,.,, To find wlrk11 Pf!/11!> <1re 
cfosef IQ 0 t/w,t1 f'; iJt!lW //'i( 
petp.,.<>fXlifll/ol b/$.U(l}('• o.F F'Q . 

.2, C".011 ·rtr' l(f rlt<; 1uci llere, the perpr,tldtfl..IWJ' ~~t'dOr i.1 o 
dDrlffi (1'11tr, rP.t'11.t on it C/(l; 1wt IJ1.;1Uol>d • ., 11 •e ~0/'1di!l!!l1. mey 
'11~ rlt~ JG1nt> oo·l1mce from f> ar1t;I Q, t~M so W'i? f\t!I c.rowr ta Q. 

..-it ()fl i:Jie fot:l.JS j~ 

same Jir!ano:! l1'Qm 
is lrom O.B 

n p( •1 01 'llteTJectfrrg lfrr~ /Jft: Q.l~Vl1!tl The 5h<ro'ed 1-r,g1 11 I~ lh~ ~~ m ppirrh ihal an 
<ll 1/y.tl( Q•Jg/e" [O rocl! Olf1er. /e;5 Ula/I :!(•11 f«>m I' wt t!ft'~ droer t'1 0 lhan > . 

., ternet links For Fin k.s to user l!I Wo!!bs1tes; 011 lo c;i I !JO {Q .vww. usb()rii.e-(fuicSdmks, 'om 
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DRAWING TO SCALE 
Ma ny objects a re too big or too small to draw the 
same size as they really are. In a sca le drawing, each 
l,ength of an object is increased or decreased In a given 
ratio*, The finished drawin g. is larger or smaller t han 
t he orig inal object, but the. relationships between all 
the lengths in the object stciy the same. 

Size 

Scafe 
A f1x@d ratio that represe nts he relationship 
belWQ!l!ll a dra11vmg (or model) a nd th@ rnal 
o bject . The sca le is usually writ te n as x : y, 
where x rnprnsGnts the measu reme nt used on 
t hG reproduction a nd y rs h e co rrespondmg 
rnGasurcment on t nQ rnal object. 

ror eXA11tmple, a sca le of 1 ; 1000 mea ns t hat one 
1Jn1t of le ngth o n he sca le drawing repre;ents 
1 OOO units of he rea l object. 

Sc1'1e up 
To lnm>,,asc 
pmportio natejy~ in size. 
An object that ha s hGcri 
scaled up will have a 
scale m which the first fig ure 
is 'la rg cr t han t he ~mnd , 

e.g. 
Swfe .3: I 

<i<m 
On th s sca~e drawing' of a ladybug, 

Tflil ~tar t1crs 
U!?i!rl !iCTJ~ µp. 

3i::m rep Psent l cm. W .:1t is t he re;il size of 
the ladybug, to the nparest mm? 

3cm represents 3 Jcm 
= lcm ~ 10rnm 

2c"1 repte$Ml S 2 ~ .3cm 
= 0,66c:m = 7mm (to nea re~t mm) 

TfH• ladybug i~ 1 0-t~m l'qng ~n<;I 7mm wide. 

This is ~ 'il:.Gie druw.'ng of tfle fiffe.' 
foh'el( in l'arir. Fror;ce. TJie .rrol 
FifieI fol(('r is 70,000 1irne.1 bigqer. 

Seale down 
To decrnas.c 
proporlionate ly' m size . 
An ob1ect t hat has been 
scalocl down w111 have a scal12 
in WWCh t he first figure IS 

sma Iler than the Si!c:ond _ 

.'f1is lt(IJ titH 
bi!'en !>t!llcd 
ciOM 

On thl:s ~c,,;1le· dr(l~Vtng of a :>o(~er field, 
1c.m fef) res.el'l l~ l.750cm, Wha.L 1& the rea l 
sile ol the fieJu. to the o~r~~t Wm? 

4(rn renrer,e"ll.:$ 4 2. 750<::m 
- 11 ,000c;m = 110111 

2-Scrn represents 2.S .:< 2,750cm 
- 6,875cm 68.75m ""' 70m (to nearest I Orn) 

ll1e soccer field is 11 Om long afld 70tn >i•.'ide. 

Sc,ale factor 
!he amOlrnt by which an object ha:; been 
redu ed O( enlarged, for exanip,le, i i ari objf'ct 
1'1.n~ b~n drawn 1 !:> t11nes l ilrg~r, the scale factor 
as 10. If rt ha.s oeen drawn at half its size, the 
~c;:iki factor is }- To ft nd ~he s;<;.alc foa;or, user 

I f .. length on seal~ d rawing s.-:a e -.<:,or= -~------~ 
ltmgth o n original object 

(See <ilso Enlarr1ement pq Pi'lge 44,) 



Dfrection 

Compas5 
·An tnstrument for finding c.brecto;rn. A (,1tirnpi:\ s.S 
has.; rnagnetfzfft ne@cHc,th(.lt swmg~ f,e&ly cm a 
plvot so n- pa ints to north. Th~ fol.l r main points 
Q .~ romp;m are nort~ (N} <it t h tup, s<l~th {S 
at the .bottom , east lE) at the right i'l!t d \"\'t'St 

· (\N) at the left Between these tlJ'e <l! setond set 
of ~otots: no rtheas1 (NEl so uth-ea$t {S F.) , 
sput hwes t (SW) and Amthwi:ist (NW). 

fhj~ picwre ~lll'lw,< 
t~ p@.ll/il)rt of e/Qlll 
wmpos~ poiilb. i lie 
!lla#'.!lrig~ On the il'ln~r 
Gitr~ $00..t de:grees. 

Nortb •~ often ind icated 
on a drnWfr'19 by an 
.:irrow. On.ce you know 
whkh way, is north, 
you can '>oVOrk out 
other dirnct io-n . 

If a drrectio.n faH betwe€n the rnmpass points, 
it is mli!asur~d in degrees from the north or 
south , whichever JS the neareJ, 

N 

k J' 

() 

~ dlreWon 
o of PJrom o 

I~ N6.0°£. 

TI~ r;llr.ia i vn 
ofB nom A 
I! J40°l'f. 

N 

A 

B}' usmg a com bination of scale and co· ppss 
po-ints you Gan make QrilWfng~, uch <J S maps, 
which accurately rnff P.ct dis.ta nee and direct io n. 

N 

1 
Scale =- l . I OOO DCl-0 

flare.fly 

Tlii5 map show$ t11ar 
Anyra~1'r1 1:f 20km 11M1i 
of Hereby aJid ?Skrtl 
t•ottlt.m?SI of 7'.l1e.fflly: 

Three·figur~ bearing5 
A com mon method t:it de.scrib1ng t h@ tlirec on 
of dne poin in rPl,:.ition to a nother. Three· f igur!l' 
heatln~s ar@ rnea.;ured c;fockwi5e* from the. 
north. To find t tie tiearin.9 of Q fro m P . .start at P
loQking north .:iocl tt•rn in a clockwis\W! 
d i~ection (to thP rig~ l) until 
you am facing Q. 

For example. thCl! t hte-e-figure 
bearing of point Q f rom 

Q point f0 is 285°. 

~f t he a ng le t urned through 
is- le55 than 1 QO\ plai;e a 
zero in front of the 
measu rgm~nt to gi-ve a 
thfee-f ig LI re bea rfl19: 

For example, th@ beil~lng 

of point R frntr1 point P 1s 060". 

Angle of elevatjon 

N 

N 

'~ 
TI1e ;mgl1< through w hich your line of s19ht 
1s r1:1 1 -.~d above lhe horrz.-ontalA m ordQr to 
ook at <J n QQJ~t . 

Angle of del)ression 
TM <i ngle~ thw ugh which your lme of sight 
1s low..-rud bPfow the horizontaP· in ordcl' to 
look a t an obj@d 

1'/Q{IZ'.'/Jlli:JJ 

I 
r--- Ar,qie of :f.'l(~'f'S!'1'Qn 

l:ntefl'I ~t links f or li1n k~ to. 1,1sefu' .,veb~ites o~ drowi ng to seal e, 90 to www. tJ<;fx>rne,;ruick(ir1.lcs com 
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Making a scale drawing 

To make a scale drawing 
1. Make a sketch of the object. This will give 

you a rough idea of what your final drawing 

should look-like. Mark all given angles* and 

full-size dimensions on the sketch. 

2. Choose a suitable scale* for your drawing. 

3. Make a second sketch, and mark on 

it the scaled measurements, as well 

as all angles you need to make your 

final drawing . 

Exampte 
Du ri ng <i rnfurbishment of a sports center. a 
rllct.-:ingular swimming pool has a sha llow 

rhildrPn's pool built oo to one end. The original 

pool rneasLJr $ 1 Om by 20m. The children 's pool 
ls shaped likG half a reg ular hexagon and the 

11'.!ngth of each side of the hexagon i:. Sm. 

Using a scale of 1 cm to 2.:J m, make a scale 
drawing of the new pool. Use your drawing to 
find, to the neares1 tenth of a me te r, the to il1 
length of the nei.r.• pool. 

4. Construct the final, accurate 

drawing, using the measurements 

you have calcu lated . 

5. Mark the scale on your drawing . If 

appropriate, give your drawing a title. 

6. Find any unknown measurements by 

measuring the distance (to the nearest 

millimeter) w ith compasses* and a ruler 

and multiplying by the scale factor*. 

No-v.i ( WLwtt\\,i 'J p~(.. 
-. A ~ -

Sca,'e lcm · 2.5m 

Ski!tch showing actual 
m easur~ment:s 

More accurate 5ketch 
showing suile meas;1.1f'ements: 

B 

A i~ thP midpoint of ttrn @dge of the 
childron's pool and B is the midpoint 
of the edge o' the ong1nal pool. rrom 
the drawing, A!'l meawre~ 97rnm, s.o hP 
total length of the new pool i) 24.'lm 
(to the nearest tenth ul a mel er). 

' Ang!~ 32; Compaues 47; DfameteJ' 6i; PI 66, Pol)'!J<>'I H; Sc~le, Seal~ f~df>r ~2 . 

S1.1m 14 (A.dditfon), T1110--d£m.<;':J>Jional 3-1 (DTrne~Eon-")· 



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 (mm2) and 
square centimeters (cm2) for smaller areas, and square meters (m2) and 
square kilometers (km2) for large areas. Very large areas, such as farmland, 
can be measured in acres. One acre is equal to 4,047m2 (or 4 ,840yd2). 

Perimeter 

To find the perimet er of 
a straight-sided shape, 
add togethe r the lengt hs 
of all the sides. Perimeter - total 

distance around 
the edge 

Perimeter = sum* of all sides 

For example, the 
perimeter of this 
t ria ngle is: 
6 5 + 5 = 16cm 

The perimeter of a circle is called the 
circumference. To find the circumference of a 
ci rcle, multiply pi* by the diameter* of the circle . 
Pi is equal to approximately 3.1 4, or you can 
leave your answer in terms of pi . The sym bol for 
pi is the Greek letter 'IT. 

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

The formula for ca lculating the circumference 
of a circle is: 

circumference = TT x d (or TTd) 

w here dis the diameter. 

For example, the circumference of this circle is: 
'lT x d 

= 'TT x 5.5 
= 5. 5'lTCm 

or 
5.5 x 3.14 

= 17.27cm 

Area 

Estimating area 
To estimate the area of a shape, d raw it on a 
piece of squared pape r and count the number 
of squares it covers. 

The area of this 
sha_pe is 76 
square units. 

If a polygon* does .not fit exactly on the grid lines, 
count the w hole squares inside it, then count how 
many w hole squares can be made up from the pa rts. 

This shape covers 
15 whole squares. 
A and B fit 
together to make 
a square, as do C 
and D. The area 
of this shape: is 
7 7 square units 
(15 + 2). 

If a shape ha rdly fits the grid lines at all, 
estimate its area by counting as one square any 
pa rt of the shape that covers half a squa re or 
more. Ignore any part of the shape that covers 
less than ha lf a square. 

The area of 
this shape is 
approximately 
4 square units. 

Internet links For links to useful websites· on area and volume, go to w ww.usborne-quicklinks.com 
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Area formulae 

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

Area of a rectangle 
To fijfdthearea gf a recta ngle', co unt o r 

measure t he number of i.mitsf n its length 
ar1d tpuftij)Jy this PY the fuJinber 9f units in 
its width. 

fh@ rule for fJ nding :tfyg .area bf a rectangle i >: 
a r@a = length X. v\iidt,h 

l'f;!i$ can J.i:e ~1q:i,te?M:<:I b~thgJ6rmalaf a = r x w 

:.At:t$•tif,a ·!!quare · 

f:of' exa mple, 
the area of this 
!ettaf19J~ is: 
6 -.~:4· = .24cm2 

fiketl:\e ."a.rea 9f a rectangle*, the area of 
. a ~quai-e* faJollJlQ hy multiptyi ngJts le ngth 
+~~dwi&±h. · ··· · · · 
{,,, ·,':,. ~-, 

f. A~±heJ~ryg.th Cli'ld • the ·W).dth are thesame 
· .tfioligl1,• 1n~ area can be shown by the rule : 

area :;;.(side)2 

5cm 

For example, 
th~ 13)r~a of t ilts 
s quare is: 
5 X 5 - 25cm2 

Area of a triangle 
To find the area of a t rian gle*, you need to 
know its perp end icu lar height. The 
perpendicular height is a line from the 
apex* of the triang le that meets the base 
at right angles (90°). Any side of the 
t ria ngle can be the base. 

Apex 

Perpendii::ular 
height -

In an obtuse-angled 
triangle*, the 
perpendicular 
height may be 
outside the triangle. 

Base 

Base 

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

In right-angled 
triangles*, the 
perpendicular 
height is one of 
the sides. 

' ' ' i- Perpendicular 
j height 

' ' 
___ d 

The rule for calculating the area of a 
triangle is: 

area = 1- x (base x perpendicula r height) 
2 

This can be expressed by the formu la* a = fbh. 

This rule is sometimes written: 
base x perpendicular height area =---~~~-----~-

2 

For example, 
the area of this 
t riangle is: 

l x (5 x 6) 
2 

=l x 30 
2 

= 15cm2 

• Apex 37(Angles in·a triangle); Circles 65; Formula 75; Obtuse-angled triangle 37; Parallel 30; Parallelogram 39; 
Pi 66; Polyhedron 40; Radius 65; Rectangle 39; Right-angled triangle 37; Square 39; 

·sum 14 (Addition); Trapezium 39; Triangle 37; Vertex 34. 
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Ar~ uf a paralleJogram 
To find the a rea of a paralle ogram*. you 
nwd to know its perpen dicu lar h@ight (a 

hne frn ri a verto.xH 'hat meets the base at 
flght {ln9tes (90,.)). 

ThP. r e hir calculating lti~ area of a 
parcilli;::logram f.s:: 

area .,., base x perp end icula r h@ight 
l'his can he exprcs~ed by the formula·~ a "' bh. 

Artia of a tra.pezoid 

f or ex~n1ple, 

the ,;i:reol o1 thh 
para lle logram is; 
4 .i<'. s - 20i.;rn2 

fo f ind th<! area 1lf a tra pezoid*. yo1.1 need to 
knm'i! th length or the> par.a ll@!* ~tides (a ~od 

bJ and th distan~e betwe@n hem (h}. 

The fonnula * for ":.lc1Jlating the area of a 
t apezoid is: 

l 

a rea '"" i x (a + b ) x h 

4cm 

l 'fm 

For example. 
the area of t his 
trapezoid ls; 

l x {4 7) x ;3 
2 

_l 't1X 3 
2 

= .l x 33 
2 

= l iii.S<,ml 

Area of a cirde 
to' find the area aWa ciide'",.Y(}G need to 
kriow it,s radius*. '.foe radtus !~)he 
distance from the cetitert6 any point on 
the circumference (edge): 

The formula* for cal.culaJing 
the area of a circle i$: 

area= 'TT xf2 

or area ='TT c4.· 

where 1f (Pi'') is equal_ to 
·approximately 3, 14 ,arrd 

r •~ the radius. 

For example, the area 
:of this t0:ircle }si 

'lT· /. 3,;. 

= 3.14 x 9 
~ 2B.3cm 2 (3 s:t) 

Surf ace area 

The .sum* of the areas of all ~urfaces of a 
.solid 1:; called its surface area. 

The rule for calculati ng th@ syrfate area ot 
any solid i~ : 

surface area = sum of are,;:i of urtaces 

For exl:lmple. this pnsm has 3 eq •al 
rectil ngular faces and 2 equ11I triangular 
faces. So, the >urface arna of this 
prism is cakulated as: 

3~5 ;:< 3) T 2 (l >, 3 ).' 2). 
'} 

= 45 I 0 

= 51cm2 

.5<111 1 

t ,,----- - -2~;r., 
Jun 

Jn gel"leral. the rule for rnlculating t e 
sutface area of a r.f!9ular polyhedron" is: 

surface area "' 
area of side x number of sid<!S 

Thir >ll rface area 
of this cube is: 

6 ....-; (4 4) 
"" 1'16~m2 

Internet links For links to usefUI websites on area· and volume . . go to www.usborne' quickliriks.com 
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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 (cm 3 ) and cubic meters (m3 ). 

A tota/of 3 6 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 x 4 x 3 = 36 cubic units 

If one cubic unit represented 1 cm3, 

1 cubic unit 

M Jcm 

Wern Jcm · 

the volume of the rectangular 1 cm x 7 cm x 7 cm 
prism would be 36cm1. = 1 cubic centimeter (cm1) 

·Volume formulas 

The volume of many solids can be calculated using 
ru.les or formulas* . These rules can be applied to a 
solid of any size. 

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 
layer is the same size. This is called a uniform 
cross section . In others, like a cone, the area of 
a cross section* varies throughout the shape. 

Every layer in a cylinder is 
the same size and shape. 

... 

Each layer of this cone is 
a different size and shape. 

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

For example, the volume of a rectangular prism 
of length 8cm, width 3cm and height 4cm is: 

8X3X4 
= 96cm3 

Volume of a prism 
The volume of a prism* is calculated using: 
volume = area of cross section x height 

=--l---- The formu la* for 
calculating the area of the 
cross section* will depend 

2cm on the shape of the base 
(see pages 56-57). 

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) 

2 
The volume of this prism is therefore: 

(1. x 3 x 2) x 5 
2 

- 5cm3 

A cylinder has a circular base, so the volume is 
calculated by multiplying the area of the circle 
by the height of the cylinder: 

volume = TTr2 x height 

For example, the volume 
of this cylinder is: 

7T x (2.5)2 x 6 

= 7T x 6.25 x 6 
= 117.75cm3 
= 118cm3 (3 s.f.) 

.ML~ !Height 

6cm 

,,,, ...... --~~~~ 
. " 

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

volume = f x area of base x height 

, 

i 
I 

/ ! He1g/7l 

I 
I 

' 
' -

Base 

For example, the volume of this 
square-based pyramid is: 

l x (6 X 6) X 10 
3 

=lX36 X 10 
3 

= 120cm3 

l'ne vo'1ume or 'this cone ·1s: 

ix 'TT-,.2 x 10 
3 . 

= lx ('TT x 4} x 10 
3· 

= l x 125.66371 
3 

= 41.9cm 3 (3 s.f.) 

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

volume = ± x TT x r3 
3 

where r is the radius* of the cross section* of 
the sphere. 

/~ 
-.=3--- 6. ~;n----, ..... ---~ - - , 
-. ~----- - ----"' 

This sphere has 
been cut in half 
to reveal its 
cross section. 

For example, the volume 
of this sphere can be 
calculated using : 

± x 'TT x 63 
3 

- ±X7T X 216 
3 

= 904cm3 (3 s.f.) 

»> 

Volume and caipacity 
fh€ volume oi an object is d osety related · 
to its capacity - that is, thtt amount 1t 

c.an rnntain . Cilfi)acity is measurnd 10. 
millilrr~r$. (ll\l~ and liters (I)_ 

A c.ontamer with a volume of 1 cm• holds 
1 mlllditer of liquid. and a cont~in"'r with 
a \'OIL1m e of 1,000cm3 hofds t J1tPr, 

T/:!f m/'ftlorle 
sprirmi,Y:;Jti;, 
~ .. r.1 oi locruirl 

H1i~ crunljf? 1Li;<e 
wrton Jim a 
wp;;;city qt J Iii~ 

Density 

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

density 
mass 

volume 

For example, find the density of this house 
brick and bath sponge. 

Density of brick 

Density of sponge 

.Mass of brick 2.4kg 
Volume of brick = 1,260cm3 

2400g 
1260cm3 

1 .9g/cm3 (2 s.f.) 

_Mass of sponge = 200g 
Volume of sponge = 1,260cm3 

200g 
1260cm3 

0.16g/cm3 (2 s.f.) 

A comparison of the results shows that 
brick is a dense r material -than sponge. 

i<>i'\\ l,J( "'I, Internet links For links to useful websites on area and volume·, go .to www.usborne-q uicklinks.com 

'-
] ~ 
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T RIGO NOME TRY 
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 a (alpha) and 8 (theta). 

Before you can use sine, cosine 
and tangent, you need to 
be able to identify the parts 

8 

of a right-angled triangle'. 
This diagram shows 

Right 
ong\ 

Opposite 
ski~ to (} 

the ports in relation 
to·angle e. 

Opposite side (opp) 
The side opposite the angle in question . In the 
diagram above, the side opposite 0 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. 

a 
The Pythagorean theorem 
states that c2 "" a2 + b2 

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* : 

sine a = length of opposite side 
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 

9cm 

values into the sine ratio: ~8· 

sin e = length of opposite side 
length of hypotenuse 

sin 48° = ~ 
9 

Rearrange* the formula to solve for a: 

a = 9 x sin 48° 

a 

Use the "s in" button on your calculator to find 

the value of sin 48°, and so solve the equation*: 

a = 9 x 0.74314482 
a = 6.69cm (2 d.p.) 

Side a is 6.69cm long (to 2 d.p. ). 

Using your calculator 
sin 1 

sin 
l 

cos 1 tan 1 

r 

cos tan 
l. ~hi. _ _ _ 

The keys for sine, cosine and tangent can be found on 
a scientific calculator, usually /abeled 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; lnve.se function 92; Rearranging an equation 79; Right-angled triangle 37; 

Side 34; Squaring 8 (Square number); Sum 14 (Addition); Triangle 37. 



Cosine ratio (cos) 
The formula* : 

cosine 0 = 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 e = length of adjacent side 
length of hypotenuse 

cos 36° = .!Q 
b 

Rearrange the formula to ma~e b the subject*: 

b = - 1_0 _ 
cos 36° 

Use the "cos" button on your calculator to find 
the value of cos 36°, and so solve the equation*: 

b = 10 . 
0.80901699 

b = 12.36cm (2 d.p.) 

Side b is 12.36cm long (to 2 d.pJ. 

Tangent ratio (tan) 
The formula* : 

tangent 0 = length of opposite side 
length of adjacent side 

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: Scm 

tan e = length of opposite side 
length of adjacent side 

tan' 50° = c 
5 

Rearrange the formula to make c the subject*: 
c = 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.). 

SOH CAHTOA 
A made-up word useful for remembering 
the sine, cosine t1nd tangent ratios. It 1s 
pronounced "sock-a-toe-a'' and it stands for: 

Sin __ Opposite 
Hypotenl!~e 

A~ont 
co~ -

Hypotenuse 

T 
Opposite 

an= -
Adjacent 

(SOH} 

(CAH) 

(TOA) 

Another way to remember trigonometry 
ratios is by the saying "Some or4:Hor~es I 
Coin Always Heat / Their OwAers Approach". 

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*. 

The sin- 1 button on your calculator gives the 
angle that has a sine of x0

• This is the inverse* of 
the sine, and is sometimes called arcsin. 

The cos-1 button on your calcu lator gives the 
angle that has a cosine of x0

• This is the inverse of 
the cosine, and is sometimes called arccos. 

The tan-1 button on your calculator 9ives 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 t ria ngle are known. 
So, to find angle 8, use the cosine ratio: 

cos e = length of adjacent side 
length of hypotenuse 

cos e = §_ 
12 
1 

cos e = 2 = o.5 

Rearrange the formula* 
to make e the subject*: 

12cm 

6CJ11 

Use the inverse cos button (cos-1 or arccos) 
on your calculator to find the value of 8: 

cos- 1 0 .5 = 60° 

Angle 8 is 60°. 

Internet links For links to useful websites on t rigonometry, 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 calcu late the sizes of 

sides* and angles*. Instead, other relationships, 

such as the sine and cosine rule, must be used. 

The sine rule 
The'. fo.rmu la* : 

~=~=i c 
sin A sin B '" sin C 

Thl!;"':C:~r'L~.e rearranged as: . 
sin A s in B sin C 
~=-b- = --c-·· 

(j. 

(B c 

"/ L ~ 

/ ... 
'fB~Ssine rule·J::,a_ri he used to find a side when 

.oh·~ side. and ahY two angtes are knc:iwn. For 

example, one·side and #vo angles 0'.f:this triangle 
are known, so use tbe ~ine rule to find side a. 

a ~-b-
in A sin B 

__ 0_=_1_2_ 
sin 40~ sin 95~ 

J 12 ----- =---
0.642 /87 60 0.996 194 69 

Cl = 0.99d ~94 69 x 0.642 787 60 

a i.2.045838 l .5 '.><. 0,6427.8760 
. . ··: 

a - 7.74cm (3 s.f_) 

Side a is 7,7.4~1;\i (to a '. .f.). 

The equation• 
has been 
rearranged to 
mokea Lhe 
subject•. 

The sine rule i:an also _be; used to fi nd ·an angle 
when two sides and an bpposite angle are 

known. In t his case; use the rearranged sine 

rule, as the unkriown a-n.gl'e i~·tbe. numerator* 
a~d s.o is more rnn'olenient for m·aking i"rjto · 

·the, subje~t* of t.he formula. 
sin A sin B 
- a- =b 
sin A _ sin 35" 

10 ·8, 

.srn'.·fi.i:· .. ~in 35• x Jtl 
·. ·;.,;e, 8 . ... 

I 
.s• \ 

10c:m 

·~ i~,' ~ - 0.071 697 05 y lO.; 

.siri.A <ro o.7169i05 

A si • 1 0.716.9705 

A = 45.8"' (3 s.f.i 

Angle .. A is 45.BP (to 3 s.f)-

The equation* has 
been i:earranged fo 
make A the subject*. 

The cosine rule 

The formula"': 

a2 = b2 + cl - '2bc <;.OS A 

and its relations: 

b2 -::: al+ c 2 - 0C::cos.A 

and cl = a~+ b] - lab cos A. 

These can also be rearranged Lo give: 
b2 + ,2 _ a2 

cos A"" '2bc 

and 

a2 + cl - b 2 
os B ... -----

2ac 
0 2 + b2 _ , 2 co c ,.. ____ _ 

2ab 

The cosine rule can be m;ed to f ind he length 

of the third side when he l@ngth of two sides 
and the included angle* aro known. 
For example, in th i ~ tn.:mgl,e, t wo 
sides and the inc I Jded angle 
are known, so use t t>e a IOan 

cosine rule to f ind t he 
length of side a. i ~o 

---~--

a i = b l c l - 2b( co~ A 

•l' = 1 Q7 + 152 - (2 x; 0 x 15 x c;OS SOQ) 

ai 100 + 225 {300 x 0.642 787 61 ) 

.17 - 3.25 - 192.836 283 

a2 - 132. 163 717 

.- = 11 _5 (3 s.f.) 

idea i 11 .5cm (to 3 .d .). 

TI e cosine ru le can also be used to 1'ind 
n ;rnglP w hen t he lengths oi all t~ ree 'S id~s 

are known. For example, three sides of t 1s 
tri(lng le are know n. In this Cd5e, lJSe the 

rearra11gcd version of t he r le, in which t e 
unknown angle is the su bje<: t* of the fo rmula. 

b 2 + c2 - a2. co A = -- ----
21>e 

52 0, 2 - ., 2 

ms A = I X 6 X 5 

cos A =~ 
60 

cos A - 0.2 

A = O!t- 1 0 .2 

A 7BS ' {3 s.t.) 

Angle A is 78S {to 3 s.f.). 

Son 

1·62 -1 · • 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. 



__,,,,_____~------------~------~-------<( 5HAPE. SPACE A ND MEASc.ilffS ) L 

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 a 12cm, 

side b 1 Ocm and angle B 50°, could look 
like either of these: 

A 

10cm 

50° 
C~~~~--~~~--~ B 

12cm 

Angle A is quite different in each of these 
triangles. Using the sine rule to find angle A: 

sin A sin 50° 
-- ~---

12 10 

sin A = sin 
500 x 12 

10 
sin A = 0.919 253 33 

A = sin- 1 0.91925333 

= 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.) 

Area of a triangle 

When working with trigonometry, the area* of 

a triangle can be calculated using the formula*: 

area = .l.ab sin C 
2 

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: 

.1. x 9 x 12 x sin 60° 
2 

= .l. x 9 x 12 x 0.86602540 
2 

= 46.8cm 2 (3 s.f.) 

60° 

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. 

~ 
15cm 

To find the area, first find the value of A. As all 
sides are known, use the rearranged cosine rule: 

152+ 52 - 12 2 
cos A = (2 x 1 5 x 6) 

117 
cos A = 

180 

cos A = 0.65 

A = cos- 1 0.65 

= 49.458 398 13 = 49.5° (3 s.f .} 

Then calculate the area of the triangle: 

t x 12 x 15 x sin 49.458 398 13 

(Use the unrounded value of A here 
as the final answer will be rounded.) 

= .l. x 12 x 15 x 0.75993421 
2 

= 68.4cm 2 (3 s.f.} 

So, the area of the triangle is 68.4cm2 (3 s.f.}. 

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* 6 plotted for every 
value of 6. It 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 
xis' 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* 6 plotted for every 
value of f( .The pattern of the curve 
repeats every 360°, so it is described as 
having a period of 360°. The cosine 
graph is similar to the sine wave, but is 
ih a different position along the xcaxis. 
This graph can be used to find the 
vajue of cos x, where x is any angle*. 

For example, where x == 180°, y = -1 , 
· sq the value of cos 180° is -1 . 

Tangent graph or tangent curve 
A graph* of tangent* 6 plotted for every 
value of e .~ It is a non-continuous (brokeri) 
graph which repeats every 180°, so it is 
described as having a period of 180°. The 
graph breaks at the point where tan e is 
an infinite number. (Tan 90° will give an 
error on your calculator.) These breaks are 

Graph of the function* y = sin x 
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graph can .b~ used to find the value of tan x, 1-+-++-+-+-+-+_.,_,-+-t-t-t-+-+-'+ 1
, ++..-+7!-t-+-<-+-t-t-t-11-+-r++-1-'-+1 -+-+-.:-.~-rct-t-,_, /I . 

where x is any angle*. For example, where 
x = 4 5°, y = 1, so the value of tan 45° is 1. 

Variations on graphs 
Variations of the sine and cosine 
grap.hs are produced when tl:leir · 
fllnctions* are changed slightly, 
The graph y = sin x can he changed 
toy - a sin x. and y = cos x can 
be ch.anged toy = a cos x (where 
a does not equal zero). These 
variations affect the height, called 
the amplitude, of the graph~. 

+ 

y 

1 •! .. 
I , 

J 

y 

sin x 

The graph y = sin x 
has a maximum 
·~>lwot J 

*Angle 32; Area 55; Compasses 47; Cones 68; Cosine 60; Cylinders 67; Function 92; 
Graph (Algebrak) 80; Sine 60; Spheres 69; Tangent 15.0. 
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The graph y = 2 sin x has a maximum 
value of 2. The graph y '+ ~ sin x has 
a maximum value of l ano\o on. 

J 

\', 

. 
~ 

.. 



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 ofa circle. 

Arc 
Part of the circumference 
of a circle. If a circle's 
ci rcumference is divided into 
two arcs of unequal length, 
the longer arcis called the 
major arc and the shorter 
one is the minor arc. 

Semicircular arc 
An arc that is half the 
circumference of a circle. 

Quadrant arc 
An arc that is one quarter 
of the circumference of 
a circle. 

Radius (plural is radii) 
Any straight line drawn 
from the center of a 
circle to a point on its 
circumference . The radius 
s half the diameter. 

Diameter 
- straight line through 
. .,e center of a circle, 
µining two points on 
~~ circumference. The 
ameter is twice the radius . 

'1-tajorot<-

Q~ dr~adronl' 

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. 

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. 

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 
means that if two chords are 
equidistant from the center 
of a circle, they will always 
be the same len.gth. 

Segment 
Part of a circle formed either 
side of a chord. The larger 
part is called the major 
segment. The smaller one is 
called the minor segment. 

Internet links For links to useful websites on circles, go to www.usborne-quickliflks.cbin 

All points on the 
edge of this circle are 
the same distance 
from the center. 

Radius 

Chord 

Chord 



SHAPE, SPACE AND MEASURES 

CALCULATIONS INVOLVING CIRCLES 
Pi (1T) 

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 i.rrationa l 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 Gre~k letter 7T. Pi is used when measuring 
the area and volume of circles, cylinders, 
cones* and spheres*. 

Use the Pi key on your scientific 
calculator to display the value of Pi. 

Calculators give the value of Pi to several decimal places, 
e.g. 3.141592654, 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 (7T). The formula* 
for finding the .circumference* is: 

circumference = 7Td or 2'1Tr 

where r is the radius* and dis the diameter 
of the circle. 

5cm 

The circumference 
of this circle is: 

2X7T X 5 
= 2 x 3.142 x 5 
= 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 r=------
27T 

For example, if the circumference of this circle 

;, ::;~·.,,cod;"';, G~\ 
=---1.L r • ) 

6.283 

= 4.14cm (3 s.f.) :c .,,, 26cm 

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}: 

I x 
= c 360 

where I is the length 
of the arc, C is the 
circumference and x is 
the angle at the center of 
the circle. This means that: 

f=~xc 
360 

' ' ' 
' ' 

~ 
>-:.J 

A For example, to find the 
length of the arc AB: 
~x c 

6cm 
B 

Area of a circle 

360 

=JIQ. x 27Tr 
360 

=1-X 2 X 7TX 6 
3. 

= 12.6cm (3 s.f.) 

A circle has a radius* (r) 
and .a circumference* (27Tr) . 
If you sliced up the circle 
and arranged the sectors* 
as shown below, the 
resulting shape would be 
roughly rectangular, with 
an area of 7Tr x r, or 7Tr2 . 

It therefore follows that the area* of the original 
circle can be found using the same formufa: 

area= '1Tr2 

For example, the area 
of this circle is: 

7T x 42 

'=' 7T 'X 16 
·""= 50.3 cm 2 (3 s. f.) 

*'Angle 1'2:;· Arc 65; Area 55; Circumference 65; Cone 68; Diameter &5; Formula 75; Irrational number 9; 
Net, Prism At; Radius 65.; Ratio 24; Rectangle ?,9; Sector 6'5; Sphere 69; Surface area 57; Volume 58. 



la find ~fie,'al"ea / ~ 
of a sector / 

;Sa,~e.fract1on of th.e total \ , I 
''il'r'ea of the ,C:it-Cle as the \ ,. 
angle at th: center of the \. 
circle is of 360° (the total "---..___ 
number of degrees in a full revolution). 

area of a sector = __!!_:__x Tf.i? 
3~Q ... 

where xJs'..the 'angle at the ce.nter. 

For _example, the. a rea 
of thi:s· sector is: 

Cylinders 

ros x if.{2 
'360 

= 105 :x 7T )( 82 
360 

= l OS ;;>( 7T X 64 
~60 . 

= 58.6cm2 (3 s.f5) 

AJtylinder is•i.;i. prism* 
with circula ~-h~ses~ A':n e~'* 
of fi .cylinder shows that 
its surface a rea" is made 
up _c;if a redangle* Heighr 

{h) , a nd two c;irdes: 

' . 
./~ 

< 
' ' 

I 

I 

Heigh tot 
cylinder 

Th~ width of the rectangle 
i:S the. l'Jeight ofthe c:ylinqer, 
and the length o f.the 
red a ngie is equal to the 
~irde's t ircumference*. 

lo f i.,d the curve,tl surface 'ad~a . 'i 
.of ,a ;cylrnder .. , 
The length of the rectangle i{\;b~' same le@,§lt.h-'· . 
as the circumference* of the cjn:1es, so t q f inq _ 
the curved-surface area*, use: 

area = 2'1lr x . h or 2nrh 

where 'TT is approximately 3:142. A 
For example, the 
curved surface area 
of this cylinder is: 

2 X TI X: 6 X 15 

== 565cm2 (3 s . .f:J 

To find the total surface area 
of a cylinder 

" ... ---.. - .. -~ ... -.......... 

Add together the area* of the recta ngle (the 
area of the curved surface of the cylinder) and 
both drc!es. (Use the formula* area = '1Tr2 to· 
find the area bf the circles.) 

For example, the total surface area* of this 
cylinder can be calculated as follows: 

curved surface area 
2 •X TI ~ 6 :X .15 

= 565.486cm 2 

area of both circles 
2 x '1T x 62 

=· 226.194cm 2 

surface areci of cylirider 
565.486 + 226.194 

= 791.68 
== 792C:m2 (3 .,s:f.)' 

To find the volume of a cylinder 
Multipiy the area* of :the cylinder's 
base by tlie he(ght 
of the cylinder: 

volume = ir.tZ.x h ,!:fr', 1f'df.io: 

For eX.ample, the volume* 
of this cylinder is: 

'IT x 62 x 1 S 
#': :ft X J :§ .. X 15 " 
"" 1.696cm3.(4 $:f;) 

J 5t'r11 

Internet links For Jinks to :lis!?fUI websites on circles, go to .www.usborne.quicklinks.com 



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 sh<1pe, you 
would find that its curved 
surface area* is a sector* 
of a circle. 

The base of a cone is a 
circle with a radius' of r. 

~ . 
The curved surfoce of 
a cone is a sector of a 
circle with a radius of I. 

To find the curved surface area of a cone 
The length of the curved edge of the sector* is 
27tr, 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 27T/. 

The length of the curved edge of the sector 
compared with the circumference of the larger 
circle is 2 7Tr which cancels down to £. The area* 

2~ . I 
of the sector compared with the area of the 
circle of which it is a part is a lso therefore f· 
The area of the sector is calcu lated by: 

£ x 7T/2 = r x TTl
2 r7TI or 7Trl 

I I 

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 = Trrl 

For example, th~, .curved 

surface a rea of this cone is: 
7r X 4 X 10 

= 7T x 40 
= 126cm2 (3 s.f.-) 

To f ind 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 = 7Tf2 
and for the curved surface area use 
surface area = 'Tl"r I, where r is the radius* of 
the base and I is the slant height*. 

For example, the total curved surface area of 
this cone can be calculated as follows: 

curved surface area 
7r X 4 X 10 

= 125.66cm2 

area of circle 
7T x 16 

= 50.26cm2 

total surface area of cone 
125.66 + 50.26 

= 176cm2 (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 = l Trr2h 
3 

where h is the perpendicular height. 

For example, the volume 
of this cone is: 

l_ x 7T x 42 x 8 
3 

= J_X7T X 16 X 8 
3 

= 134cm3 (3 s.f.) 

If the radius* and the slant height* are given, 
the perpend icular 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: 
a2 + b2 = c2 
a2 ~ 32 = 72 
a2 -1- 9 = 49 
a2 - 40 
a = 6.32455532 

So the volume of the cone is: 
.l x 7T x 32 x 6.324 555 32 
3 

"' 59.6cm3 (3 s.f.) 

'Area 55; Chord 65; Circumference 65; Cross section 41; Diameter 65; Line of symmetry 42; Line segment 30; 
Perpendkular height 56 (Area of a triangle); Pi 66; Prism 41; Pyramid 41; Pythagoras' theorem 38; 
Radius, Sector 65; Slant height 41; Surface area 57; Symmetry 42; Volume 58. 

, . 



Sphere.s 

A sphere is a perfectly 
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 (0). This 
distance is the radius* (r) of the sphere. 

To find the surface area of a sphere 
Multiply the a rea* of a circle of radius* r by 4 . 

surface area = 4-rrr2 

where r is the radius . 

. For example, the 
surface area* of 
this sphere is: 

4 x 7T x 42 

- 4 X 7T X 16 

= 201cm2 (3 s.f.) 

,----------- __ .=;;:~ -,_ j -- _., ___ ... ,__._ . .,.~ """ 

To find the volume of a sphere 
Use the formula: 

volume = 1-rrr3 
3 

where r is the radius of the cross section* 
of the sphere. 

For example, the 
volume* of 
this sphere is: 

1 x· 7T x 43 
3 

= 1 X 7r X 64 
3 

= 268cm2 (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/,l 
area* of a hemisphe re is half ) 
the surface area of a sphere 

of the same radius, plus 0 
the a rea* of the circle 

that forms the A hemisphere __....--/ 

flat surface. is half a sphere . 

------~( 5HA PE. 5PACE A ND MEASURES )---

Ellipses 

An ellipse is a closed ~»'frnnetri<.al* r:v rve, 
h!<c a squashed or stretcllec cirtle. Any 
clwrd' hat passes through the cenLer of 
the ellipse JS a diameter*. I here are lwo 
diameters: in an ellipse th.Clt are eho lines 
of symmetry* . I he longer diameter is 
called t ile m~jor axis, ~rid Lhe hortef 
one i1s he mi n Or axrs, 

~;, --\ 

~=~ 
An elfip~e /-,.[JS !l\"O (ft'le!; O( 

zymrneny. tli~ major axis 
aod tile rrlinor oxis. 

The li ne <ie<gme'f1t from the center of the 
ellipse to the edge ;:ilong the major axis is 
call~d he !!llemi-major axis_ lhe line 
wgrne nt from the c.c nter of the ellipse lo 
the edge along the minor axis. is. calle-0 the 
semi-minor axis. These are used Lo 
C'11culata he area°"' of an ellip~e. 

T~ sM1i-Tf1UJOI w•d l~"~- mir;oo,r QX<'~ o( 
cm e1'/ipY- are need'..'d It> llr•il 1'11 01m 

To calculate t he area of an ell1f'l5~, us.e: 

a~i;ia ;- TT<J b 

Wtl(:'ril' i'J IS the l~ngth of th@ s.emi-majOr 
<ixl~ ;,md bis. the longth ot the 
semi·minor a1os. 

For l:!X<Jmp1e, thG arna 
of this ell ipse is: 

7T )\ 4.5 x 3 
- 42.4.;::mz (3 s.f ) 

/ \ rm \ 
\b 

. l_ntemet links For links to useful websites on circles, go to www. usborne-quicklinks.com 
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ANGLES IN A CIRCLE 
A cirde has no corners, so i_t has no 
angles*. However, the various parts 
of .a circle form angles that all have 
cerfa~n properties. 

Naming angles 
An M9~e ~an be named with reference 
to the poinb at the ends of its a rrns t< . 
For example, io this t riangle, the A 

angle at vertexT A is refe rred 
to a:s / BAC o r L CAB. t he angle 
at Bas i..Al:lC o r LCBA a nd 
the a,ngle at C as LACB or 
L. SCA. The5e ca n a I so 
be writte n as BAC, 
Ak and Ata, 
respectively. 

c: 

Subtended angle 
.A~ angle formed by lines 
cfrawn from both ends ofa 
ch~rd* C>r°arc* to the cent~r 
i)f t,h~ cird~/()fa point 
Qr) ~n~ circumference*. 
th~ angle is said to be 
subtend~d at the center 
or circumference and it 

·".J~ ,S:~icf to \&.~ subtended 
by the chord 6Yarc. 

p 

:.LAP:B is subtended at· 
'the cit~umference tiy the 
chord AB and the ate AB. 

The perpendicular bisector of a chord 
A line at right angles* to, 9r:rd crossing through 
the midpoint"' of, a chord*. Th~ perpendicular 
bisettor of~ C:hordalways pass~s through the 
cente'r of cl circle (O). .. c 

Any radius* that passes 
through }he midpoint 
of ;;i chord (AB)j:s. 
perpendicular (at _90°) 

Jl;J; that chord . If points 
<O."~~cl- A are joined and 
'pofnts 6 µnd .fi are joined, 
the perp·endicular. bisector 
creates tlty;ocongrUJ=nt* 
righ\cangied triangles*. 

The perpendicular bisector 
OC crosses chord AB at its 
midpoint M. Angles 
L OMA ahd L OMB are 
both righf angles. 

Properties of angles 

The properties described below are shared 
by all subtended angles. 

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 s.ame arc. L AOB = 7 X L APB 

Angles at the circumference 
Angles subtended at the 
circumference* by equal 
arcs* or chords* are equal. 

Where arc XY = arc AB, 
L XZY= L ACB. 

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 
LAPB,. LAQB arid LARB are all 
subtended by the same orc andwe 
in the major segment of the qrc/i!: · 

x 

L APB = LAQ/l "" L ARB Major segment Q 
(yellow) 

Angles in a semicircle 

A 

Ahyabgle· subtended at the center of a circle 
by a semicircular arc* is fao0

• 

It follows, then; that 9ny angle subtend.ed by 
the ~ame arc at the circumference* is 90°, as this 
is always half of t~e angle (lt 
the center(s_e~ Angles at the 
center, above). Jhls applies 
to any .angle subtended p 
by -a dia i:neter*: it is 
always a right angle*. 

LA6B··,,i .f:8iJ0 

L APB ""\:;;.)98,;; LiiRB = 9f)• R 

• Angle 32;. Arc 65; Arms 32; Chord 65; Circumference 65; Cong·ruent triangles ,_~8; Diameter 65; Exterior angle, 
Interior angle 34; Midpoint 48i Perpendicular 30; Quadrilat.eral 39; Radius 65; Right angle 32; 
Right-angled triangle 3'1;- Segment, 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 
tangent touches a 
c:ircle, it is called. a 
tangent to the 
circle and has 
certain properties. 

First property 

AB is a tangent 
to this circle. P is 
the point of contact. 

A tangent to a circle is always 
perpendicular* to a radius* drawn 
at the point of contact. .4'-'-._ 

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. 

B 

B 

LOAB = LOAC 

The diagram above also shows that the line OA 
bisects LBAC, so LOAB and LOAC are equal. 

Alternate segment property 
The angle formed between a tangent and a 
chord* drawn from its point of contact is equal 
to 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. 

Alternate segment (yellow) 

Angle LBPC is formed between 
the tangent AB and the chord 
PC at the point of contact (P). A 
Angle LPDC is in the alternate 
segment, so LBPC = LPDC. 

c 

B 

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. 

' 

Cyclic quadrilateral 

First property of cyclic quadrilaterals 
Opposite angles in a cyclic quadrilateral are 
supplementary, which means that they add 
up to 180°. 

An angle subtend,ed 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°, 
because together 
they make a whole 
turn*, so angles a and 
b, which are half of that, 
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.)( is equal to 180° - a, 
because angles on a line 
add up to 180°. 

Angley is equal to 
180° - a, because 
opposite angles in 
a cyclic quadrilateral 
are supplementary. 

Therefore angles x 
and y are equal. 

x 180° a 
y 180° - a 
... x ,-i y 

Internet links For links to useful websites on circles, go to. www.usborriecq1.dck}inks.c9ir) _ 
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''.·.,,<;;:.ll~~SUREMENT 

·• .L~1~~~~day l.ife, we need to . 

<;'fffe~sur~ sizes, quantities arn;i 
',, '~~ ·}fmi»unts .of things, and be 

US cu.stomary units 

·, · ~fale tdshare that info.rmatron 
-~c~u ;ately wit'h other people. 

·<; ,,. ;Using standard units of 
measµrnment is a way of 
inaking sure that everyone 
interprets measurements in 
i:he same way. Two w idely 
accepted measurement 
systems are the US customary 
u nit s and metric system. 

US customa1ry units 
A system of mgasurem@nt that orig inally 

dev@loped in the UK and is used in 
Vi') rious forms in many Eng lish-s.peating 
count r ies, indudirig the USA. In some 

countrie-s .. these units have been partly 
replaced by t he metric system. 

Metr ic. ·system 
A decimal systgm• of mgasurement, 

used m ma ny co u ntn@s worldwide. 
The metric system 1s based on tens, 
hundreds and thousands, making 
caku lations more stra i~ htforward . 

Length 
The di St<! nee bet V\'een two fixed l)<lifl t~ . 

Mass 
The amo,unt of tnaner that zm object 
contains. Mass is drffornnt from 

w eig M, whi·ch is the mwsurn of the 
pull of g:ravity on a n object's mass. 
Wmght can Cha nge so , for @xample, 
a pNson w~i g hs far less o n the Moon 
{w here g ravrty ~s very weak} th;;in on 
Earth, but their mas~ '>tilys the same. 

Capacit y 

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 

Centi meter 

Meter 

Kilometer 

Units of mass 
Milligram 

Gram 

Kilogram 
Tonne 

Units of capacity 
M ill iliter 

Centiliter 

Liter 

US customary unit 

1 foot 

5 miles 

2.2 pounds 

2.12 pints 

1 gallon 

Abbreviation Equal to 

12 inches 
yd 3 feet 

1760 yards 

Abbreviation Equal to 
fl. oz 

8 ounces 

pt 16 fluid ounces 

qt .2 pints 
gal 8 pints 

Abbreviation Equal to 
oz 
lb 16 ounces 

Abbreviation Equalto 
mm 

cm 10 millime1;ers 

m 100 centimeters 

km 1 OOO meters 

Abbreviation Equal to 
mg 

g 1 OOO milligrams 

kg 1000 grams 

t 1000 kilograms 

Abbreviation Equal to 
ml 

cl 100 milliliters 
I 1 OOO milliliters 

Metric equivalent 

= 30 centimeters 

""' 8 kilometers 

= 1 kilogram 

= 1 liter 

= 3.79 liters The int erna l volume of 31.'1 object 
or container. (~ means " approximately equal to") 

• Bearl.n.g .B {Th.ree-flgu~ bearings): De<e:lm;il S)'$ti!m I 9; ltonmd.~ 15; 
Cnph (LIH) 110; Ho;rlwn~I 3-0; Vc~or ~5; VoT\!m~ 58. 



Measures of motjon 

Speed 
A me.asl,lre of d is-ance mo·ved over ume. The a e 
of spead 1s mQst commonly measured in m1les 
per hour (mph), kilorneters pe' hour (kph, km/h 
O·r k rnh -· I) or meters per second ( 1n/s or ms 1 ) • 

Th~ form ula"' ·or me<Jsuring the ra~e of sp@ed ~s: 

t 
distance ra e:::::: 

ti m e 
For e:x.amr;i l~, if a Cflr ~r;iv~ls a a 'i'te.;1dy ra e, 
cover~ ig 180 miles in l hours, itf> rate 1s 

60mph ( 1~). 

1 · a car travel 70 mi~ in the> first hour thert 
55 mile$ in each of the nex two hours, it w ill 
still cover • 80 mil·es in the s.:ime t in e aS" rf it had 
traveled stea.dily a 60mp , The te.1dy r°'te th.;it 
~nables tl)e sane dista nce to be ~vered in 
the xime amount of tirne is c:<.i llw the 
average rate. 

The fo rmula fo r measuririg ;wera~e ' " e •s: 
total d istance 

ave rage rate = total t ime · 

The formula for rate can be rearr;rnged to glv@ 
formula> fo r !1'easqri11g distance and time: 

d ist~nce =rate x t ime 

time = d istance 
rate 

You can use the .9 rid below to remind you of 

t hese ·ormula s_ In this 9rid , D >t<rnd lor 
distance. R fu r rate and T [o r time. 

ro f.•nd •he form1.1lo fw d1';.(anr.e. 
CO•'f'1 llf,l li"lf 0 !lm! you (11!'- lefl 
With 11-e forrt1u·ki l'l T. 

Ca·~ up !IN: R to diKO•-t (/te 
formu.'o /(}• rtltt! 1;. 

To find I~ /r:mrmk.i fer time, COl-e! 

11p fhe T and you ate lett with ~· 

Compound measure 
A measurement involving more than one 
:,1J,:i,it. For example, speed is a compound 
rrieasure involving distance and time. 
Another common compound measure is 
density, which involves mass ahd volume*. 
(For' more on density, see page.'59.) 

Distance-time graph 
A graph* show ing speed, drawn by plotting 
units of distance against units of time. 

A straight diagonal 
line on a distance-time 
graph represents on 
object moving a t a 
constant speed. 

This graph shows an 
object moving at a 
constant rote of 
5 mph (total distance 
divided by to tal time). 

A horizontal' line 
on a distance-time 
graph represents 
an object at rest. 

40 

~ 

2 

.... .... 

2 4 6 
Time (hours) 

This graph shows 
an object that has 
no speed, so is 
not moving. 

~ oo~~~~~~~-'-11-s 10 15 
Time (hours) 

Vel·o dty 
A meaSllre of dista n c:~ moued in a particula 
dir~cti o·n over a period of 1me. Vetocity 1s a 
vector" quantity. like ~peed, it 1s mos1 
comtnor l~r measured in 1il~s per hour (mph). 
+dlometers per hour (kph, ktn/h or kn1h- 1l or 
mett\r~ par second {m/s or ms }. Unlike spQOO, 
a dir~rt ion must .;ilso be g1von. ro r @xample the 
velocity of ;;i lig ht aircraft m1g t be 110kph on a 
bwnng~ of 050". 

Acc@l@rat ion 
The rate of change of velocity. Acceleratioh is a 
vector;. quantity. It 1s usually measured ;ri me er.; 
per second per :Se<:Oflc:I, Whtch 1s shortened to 
mJsl or m5 2. To c.aku tale acceleratiol'l, u e-: 

1
. 

1 
_ change of vel~<i ty 

acce erat on - t im.@ ta:ken 

Fo r. exa ri pie, if a tra in changes speed from 6nv.s 
to 12ml$ In ~s, its accelera ion fs: 

12 - 6 6 _
3

_ ;:. -
3 

= 2m1si 

The acceleration or the train j 2rn/'>2 in he
di<e<:t ion of the track. 

Oeceteration 
Negativo accelerat ion, t h<it ·~~ the object 1s 

sh:h•..ri ng' dowl'l, 

•nternet lin ks For lmks o u~eful Yetls i~ on measurem e(lt, 90 o www.usborne-qukklinks .;nm j ~ 



5HAPE. 5PACE AND MEA5VRE5 

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 mfnute. A second is 
the smallest unit on a standard clock. It is 
approximately the time taken by one heartbeat 
or to say tbe word "hippopotamus." 

Millisecond (ms or msec) 
There are 1,000 milliseconds in a second. 
Milliseconds are used to measure very fast 
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, 
meaning "before noon." Hours in the second 
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 
writte n as 6:15am. 

At 10:20am, itis daytime. ·.At 1 0:20pm, it is ·night. 

,.-.,., 
tO·C.Lf 

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 figu res, and 
the minutes are not separated from the hours 
by a colon. For example, 20 minutes past 2 in 
the afternoon is w ritten as 1420. The table 
below shows how each hour of the day is 
written in the 12-hour clock and 24-hour clock. 

1 2 h our clock 24 hour dock 

12:00 mid night 0000 f ours 
1 :OOam OlOO ours 
2:00am 0200 ours 
3:00am 
4:00am 0400 nours 
5:-00a m 0500 hours 
6:00am 0600 hours 
7:00am 0700 hours 
8:00am 0800 hours 
9:00am 0900 hours 
1 O:OOam 1 OOO hours 
11 :OOam 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 1:5ioo hours 
8:00pm 2000 ho urs 
9:00pm 2100 hours 
10:oopm 2200 hours 
11 :OOpm 2300 hours 

l.741 ·~Area of a triangle 56; Exponent 21 ; Perpendicular height 56 (Area of a· triangle); Speed 73. 



~lg~br:a i's a· branch of rf19thematics. in which 
'tett~'rs and symbols ate used to express ~numbers 
~a,rrd- the relation.ships p~tween them. Le~ters 
"rtornJhe b'eginning of .. the;alp!nabet are used 
'fo ·re·pr:es:eH:t known values, and letters from In algebra, low.er-case letters 

-ar:idsymbols, are used.to 
represent' the·_relatjons/ilps 

the end -.of the alphabet.are. µsed to represent 
_,un;~npwn values. ' 

·«-~- , --,,~ __ ._;,-· - '.:'·_ - . between unknown quantifies; 

»i(r;~.i>r~ic ~~pres~ion _. 
-~~il'ratherpatical statement wri'ti:_en in a lgebraic 
r9r,tr{An '.expression qin Wr<ttain any 
COITTQipatlon of letters or AU rp b.ers_; am:f Often 
inyolves the arithmetic operati.ons .99g~ion, ' 
sHbtraetion, -multiplication :arla dbtisfot'J , 
e:g. t;x- ~ 4. 14 + (y. - 2), 14z. --
~~ - . . 

Anf~19~br;;iic -eitpr.e:S.sioii ';cqn~91irting"two"Qr•more 
terrns is caiied (I polynomial, or m_u1iin'omial; 
~x'pression. An algeb'ra'ic expressiti.[l :eqritaini'ng 
1iJY'd :ter~s is called. a· bihomial expteS:~l~n/e.l;f 
2x + y. An algebraic expressiqn corttilining three 
terms is atrinomial exptessfon, e:9· 3x+y - ;<y: 

Algebraic identity 
A mathematical statement that two algebraic 
expressions are .equal, whatever the value Qf 
t he variables. An identity is often indicated by 
the symbol = , :.~@.:- i;:+ x ~ 2x. 

f;0rf11.lda (plural is formulae) 
A general rule tb·ati$ usually expressed 
algebraically. for example, the area ofa 
triangle* can be expressed by theJ qrmula: 

,._, . 1bh area;:: 2 _ 

where b representS':the bilse and h represents 
the perpendicular height* .. 

Variable 
An unknown number'er:quantity represented 
by a letter. A variable 'is ~ost comfuohly " 

i:>~penderit variable 
A variable with a value that is calculated from 

);lfhe£· vaJues .. For example, the. area --of a t riangfo* 
depends on the vail.les of -the base and 
p.erpendicular height*, so the area is a dependent 
variabJe. The values of the base and height ofa 
triangle do not depend on anything else: so they 
'9't~ examples ofindependent variables. 

Consta(lt 
A numliler with. avah.ieifaat!fafways the -same. 
For exampl~i in thiexpress·ion y =.-;· 2x + 4, 
4 rs q constant. 

Coefficient 
Ji.. constant that is placedbefote a val-ia6Je in 
an expression. For example, in the expressleri" 
3x + 4y, the coefficient of the variable x is .3" _. ,. 
and the coefficient of the variable y is 4: 

Unknown constant coefficients are usually 
rep resented by letter.sfrom the beginnin.g of 
the alphab~t: a, /J, c.for example, ax + b = y . 

Term 
The parts of an expression that are separated 

·, l:Ji a + or ::"}i!;lfi\ An algebraic term can l:>e a 
variable, a coeffident, . a constant .cfr a 
corilbination of thes~ : Forexa~ple, the te rms in 
the ·expr-essio.n 2 + 3y +.SJ< ..-:1 are2 (con5tant). 
'.3y (coefficient and vaJiable:J; ·sx- (coefficient and 
variab le) and 1 (c'6n$:tabtf< --

-epresentedhY theJet~!" r x. aJthoughiJtti:e·r ' term~ that 'contain the sarne Jetter: 9r 
letters can be ~sed a.s -~ - reminder of tn~Word co~hi~atio") ()f letters gnd sarn~ in:di~es* at'ec m~e· 
1hey arereplac.ing. for example, d ~ distance, terms. i:_e:~rn~that cont9in ditfereii.f letters or 
* = ttm~~:-_a -~d _so-):in. s·utnetimes ~ - Vari~-PJ~_ ha~--~ <;on'.'lbi.h~ti-60~~ ~f Jette-rs~-or B:i-ft<ite·ti~t.i.odft~s a·r~· ~ .: :· 
range ofvali.ies, for example, ify is equal to 2x, un'!ike term's. · i=~ r.. example; X:f,1x 9rid 2~y'. are· lli(e~ , .. 
when y is 1, ~.is t· wh@n y is 2, xi s l ;. and soon, terms,/ bl;lt .3Y and· y3 ate u;L1ltR6, 'fE!,~n\~\ ·" , . 

,._.,, Uok< '°' 1;J, t6 O~fol -itefrn '"'"'"' •'!!'""' gn tn W..W «ie:,~~~!~··~~;; ; " .J'~f 



ALGEBRA 

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. Algebraic expressions can often be rewritten 

in different ways but still mean the same. 

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. Por example, 6x - 6y can also be 
written as 6(x - y). 

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 
multipl ication, e.g. x 2 means x X x. A negative 
exponent indicates the reciprocal* of the number 
with a ·positive version of the exponent*, 
e g X- ~ = -1:._· · ~ ·xr· 

Powers* of the same letter can be mult iplied by 
adding the exponents or divided by subtracting 
the second exponent from the first. 

an X a m= an +m and an + am= an - m 

Different powers of the same letter cannot be 
added or subtracted as they are unlike te rms*. 
The other laws.of expo nents also apply. These are 
summarized below, but they are explained in 
greater detail on page 22. 

a 1 = a 

(tf = %: 

Multiplication 
It is usua l to write an algebraic multiplication 
expression* without a multiplication sign. 
e.g. a x b x c becomes ab c. 

The commutative law of multiplication* applies, 
so abc = acb = bca = bac = cab = cba. 

e .g. 5 x 3 x x = 3 x 5 x x = ... = 1 Sx 

Directed numbers 
Adding a negative term* is the same as 
subtracting a posit ive term. 
e.g. 2x + ( - x) = 2x - x = x 

Subtracting a negative t erm is the same as 
adding a positive term. 
e.g. 2x - C x) = 2x + x = 3x 

Multiplying or dividing two terms w ith the same 
sign ( + or -) in front will give a positive result. 
e.g. 4 x 3y = 12y 

-4x~3y = 12y 

and 16y + 4y= 4 
- 16y + -4y = 4 

Multiplying or dividing two terms with opposite 
signs w ill give a negative result. 
e.g . 4 x - 3y = - 12y 
and - 16y + 4y =;o -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 ra ised to a power*) 
Multip lication 
Division 
Addition 
Subtraction 

• Area 55; Area of a triangle 56; Cancelling 17 (Equivalent fractions); Commutative law of multiplication 15 (Commuta~ 
Exponent 21; Expression (algebraic) 75; Formula 75; Like terms 75 (Term); Lowest possible terms 17 (Equivalent fractiooa 
Perpendicular height 56 (Area of a triangle); Power 21; Reciprocal 18; Term 73; Unlike terms 75 (Term); Variable 75. 



Algebraic fractions 
Equivalent fractionst can b'efoundby 
multiplying. or dividing the numerator (top 
value) and the deriominator .(bottol11 v(llue} 

' by the same number or Jetter, 

3x 6.x x xy:< x2 
e.g. g- =, 18 = 3 "" ·3y'=,o 3x 

Algebraic fractions can be added or subtracted 
by expressing theni as fractio.ns withacbmmori 
denominator; (Algebraic common· d.enornin,:;t0 rs 

.e.g. 

like terms*.) 

_i_ + ~ = 3 + 2X2 = J_ 
2x x 2x 2xx· ix 

Multiplication expressions involving algebraic 
fractions can be sini.plified by multiplying o.ut 
the nuh1Nators and multiplying out the 
'denominators, then {anC:eling* the fractipo 
to its lowest possible terms* . 

3a . a .2-a x <J 
~ .. g.~ x ~ =~= 
······· 4 ·3 4X2j 

.Qivision expressions invqlvingalgebrait fractions 
can be simplified by finding the rec::iprocaJ* of 
thesecond fraction then rr\~ltiplying ouLthe 
numerators, multiplying Out the denominators 
and canceling the fraction, as above. 

3x x J)(. 2 
e.g. - + ·~. ""' ~ x .~ 

4 2 14 x 
1 1 

= 3x X 2 = 3x'X-l' =.. 1 = 11 
4 X X ,...;' X__x' 2 ~ 

~ ' 
Substitution 

The replacement of the. letters in an algebr<liJ: 
expression* vyithknown values is c.alled . . 
substitution. Y6u might use substit\ition, cfor 
example, when cakulating properties of shapes 
and solids, · such as area* or volume*, ac:Cord'ing 
to a particul ar formula*. 

For example, the formula forfinding the area 
of a frjangle is: 

area of triangle =~bh 

where b represents the base and hrepresents 
thep~rpendicular height* . To find the aiea 'of:a· 
triangle with .abase of Bernand height op.cm, 
substitute.the measurements for the algebraic 
terms in the formula: 

area =• 1 x 8 x 7 .:=. ! x 56 = 2Scrn2 
;i . 2 

Simplification 

Combining the terms* in an algebraic 
expression* is called simplifying. 

Expr~ssions involving addition and subtraction 
can be simplified by adding or subtracting 
like terms*. For example, to simplify 
3x +-6y + 2y - x 
combine all the x terms: 

(3x x) 6y + 2y 
==" 2x + 6y + 2y 

then combine all they terms: 
2x+ (6y+2y) 

= 2x + 8y 

Expressions.involving multiplication can 
be simplified by multiplying out the terms. 
For example, to simplify the expression Sa x 3b 
write the expression out in full: 

=S XaX3Xb 
then combine the numbers (S X 3): 

=1S X axb 
then combine the letters (a x b): 

= 1Sab 

Expressions involving division can be simplified 
by canceling* out the terms: For example, to 
simplify 8pq3 + 4q, write the expression as 
a fraction, then cancel it down: 
~ p XJrX Q X (/ 

kX tr;· 
1 1 

= 2pq2 

When simplifying expressions involving. 
fractions, if the numerator and/or 
denominators contain more than .one term, :lt 
is often useful to place this partin parentheses 
For example, to simplify the expression 

~ I· a - 1 
3 2 

Place numerator inparentheses. 

Find a common qenominator. 

Multiply rnt the p!lrent/:Jeses, 

Place all terms over the 
common denominator. 

Collect togethet/ike terms. 

~· ._9_ -t (a --. l) 
. 3 2 

= 2a+ 3(a ,_.. 1) 
fr. 6 

= 2a· + (3'1 3) 
6 6 
2a + 3a ·-~· 3 

6 
Sa - 3 = ---

6 
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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. 

· e.g. 2(x - Sy) + S(x + 3y) 

- 2x 1 Oy + Sx + 1 Sy 
The expression can then be simplified* by 
combining the like terms*: 

2x - 1 or + Sx + 1 Sy = 7x + Sy 

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 (5x)] + [(2x) x C2y)] + [(y) x (5x)] 
+ [(y) x (- 2y)1 

= 1Qx2 - 4xy + 5xy - 2y2 

The expression can then be simplified: 
1Qx2 - 4xy + Sxy- 2y2 

= 1 Ox2 + xy - 2y2 

The same method is used to square* parentheses: 
e .g. (x a)2 = (x + a) (x a) 

= x 2 + xa + ax + a 2 
= x2 + 2ax + a2 

(Remember, xa and ax are like terms.) 
also (x - a)2 = (x - a) (x-a) 

= x 2 - xa - ax + a 2 

- x2 2ax+a 2 

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 
Sx - 1 S, find a common factor* (S) and write it 
outside a pair of parentheses: 

5 ( ) 
Then divide the common factor into each term* 
(5x -;- 5 = x and - 15 -;- 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 
-2 x 6 = 12 and -2 + 6 4 

and (p x p) + (p x 6) + C2 x p) + (- 2 x 6) 
~ p2 + 6p - 2p -12 = p 2 + 4p - + 2 

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 - y2 is the difference between two 
squares and can be factored to (x + y) (x - y) . 

For example, to factor x 2 - 36, write down two 
pairs of parentheses. The first term* in each 
parentheses is x (the square root* of x2): 

(x ) (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: 

(x..d,)(:x::.- ~) ' 

= [(x)x(r}J+[(x:)·tc:(6 )]1-[b x (:c)]1-[ {,xf6 )J 

;:;. ;(.,.:;, - b;c + (,::c-?'-

-::: y:_2-~fo 

Perfect _ sq uare 
A number:t,li:at. is the re ult of another 
number (iis~·Jare-r'oot*) ·o:iultiplie:d 
by itself. N~ural* periecf sq~ares 
(e.g. 4 x 4 = 16) are always. integers. 
Rational* p@rfoct squar@s {e.g. 2.5 x 
2.5 = 6.25) ¥@not nec@ssarily integers. 

*Binomial expression 75 (Algebraic expression); Common factor 11 ; Expression l 5; Factor 11 ; Integers 6; Like terms 75 (Term 
Natural number 6; Pr~uct 14 (Multiplication); Quadratic expression 85 (Introduct ion); Rational number 9; Simplification 77; 
Square root 11; Squaring 8 (Square numbers); Substitution 77; Sum 14 (Addition); Ter;rl, Variable 75 . 



EQUATIONS 
A.11 algebra ic equation is a mathematical statement 
that two algebraic expressions* are equal. An 
equation is solved by f inding the value of the 
unknown varlahle(s)*. Any va fue .of a variable that 
.satisfies the equation (makes it true) i.s a S·oluti1on. 

- --
The e11pr~nl(),•)\ 111 l;lll 
ei1iJor/Qf1 ort' ~epwarro 
1'v (f(I ~t11<J1J !Jgn ~. 

+7 

Rearra·ng1ing an eq'llation 
If nernssary, tti@ t!xpr~s•on ·irl an equation can be 
rearra nge<l so i hat one pi ll ~terms~ is on its own 
10 th@ l@ft of the e-qua l~ ign The equation ca n 
t hen b@solve(l for hat term. 

For e>:ampjl'+, to rearrange his equation a11d solve 
for x: 

4y=lx - 6 
Leav@ the x term o n its own by addrng 6 to both 
s1cles of the· equation 

4y + fi = ix - 6 - 6 
'1y + I'! = i2.x 

N!i!xt, d4v1de bulf1 sides by 2 to give the valu@ 
at x, 

4!t__l_J: = 2x 
.z 2 

2y 3 - x 
lllrn the eQ1.1a.ii1on arnulld so tnQi x Is on the leH, 

)( - 2y 3 

If you wan to solve fora "'anabl@ that ap!Je:<irs 
mor~ t~Sil(! once in an equation, you may be <1ble 
to collect ai! th~ terms cont<linifl'g th.@ lett11:r on 
on~ side of the ~qUqlion .;md then take th11: letter 
o.Ut ais a c;.omrnon ra.ctor*, k n' e11,;imple, to 
r~arrange tihis eqtJflllOr .;i, < >o~ ... e fbr p : 

£....::.E. = l!. + r 
q 

Multi p ly both s1d~ by r: 
Mll11ipiy bol 1 sides f.iy qi 
Til !::) q2 hlilm b-olh s.icles• 
T~ke pr fro both !.ides· 
actor pq - pr 

p + q = e!....:::...!.2 
q 

pq I q2 = pt rl 

pq - pr + r J - q 2 

pq pr = r 2 - q i 
p(q r} - r'h-ql 

r~ -n:C 
' " p = _ 1_ q- r Divid@ both .s:id~s by q 

Factor r1 - q7 (the 
difference of two square ): 

Cane@I lite terms 
,,,ow, <f - r = -V - q)) 

p = (r - 9Y.(1 + q) 

- q 
P = (td(r :!- q} 

_q.--1'", 
The s1mplii ied eqit1atio 1 i:s.. p = 1 {r f q) 

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. 

SQll!fing an equation, 
11 a eQuati (}n contai n:s just: one variable, it. 
can be r~anang,ed and :solved for that vari,able, 

and e val·ue of the van;;ible C-.111 tie found 
This is cal led sofving tlw e()Uation. 

~or exa rnple, t o :sol Ye. the eq U,ation: 
SX 3 ~ 3x +4 

Add 3 to boch >ides; 

Subt:r act 3x rom 
both :w~e~: 

Divide bo h s.ides by 7 

Sx - 3x + 7 

5.x - 3x = 3.11 + 7 - 3x 

2x I 

.x - 35 

fhe solution w h~ @qual;ion i~ x = .3, S 
Y-ou c,an check thrs by $Ubstit u 0 11*, 

Trial and improvem.efl<t 
A m~tnod of solving problems, sucri as equations. 
by trying out dfffernrit answ~rs to find one Lha\ 
works. You need fa be sy:stem<1tic a bou i \he 
rwmbii'r " you chuose_ Even so, th@ solution may 
be negiltive, or a h <lction or d@crmal, so this 
method may l<1ke a loing t im.e compared w th 
o h r metho(",Js. 

For @xam ple, to sol;re the equation 6x ol- 2 = 20 
Tr'i any riumb~r. ~·"9- 4: 
(6 4) - 2 = 26 so 4 i$ too bT9. 

Try a smaller number, e..~ .. 2. 
{6 2) I 2 <4 50 2 IS lQO small 

1ry <l btgger Urflber, e.g. 3 . 
((~ > 3) + 2 = 20 j.U thie soluuon fs 3., 

for liAks LO ll~efu l web.site:; Off E!Ql!i;ltiQns, go ~ WWWUS'PO/"ll!!' 4wd:.11r1ksocom ] ~ 
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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 graph 

Algd r<i ic graphs are drawn using t he Carte5ian 
coordinate $ys'\'em·~ - When drawing a g raph· 

CD Begin by dra>Vlng up a ~bi I? o • ~a lues- of .x 
and y fo give you the coordinates_ For example, 
·this i~ a table of values. for the eq1,1at1Dn y !! 

2 

@Choo~e an appropriate ~<"ttfP for each axi::.* 
and m~rk it ln at suitable inf Pru<)ls. For ex.ar'r!ple, 
you n"!i.ght choose to mak€ one square reprellent 

on~ unit , or one square repres~nt ten unit'S. If 
n~ce~saty, use a differM t seal~ for each axis 

® Draw arruws on the end ot yo 1J r a'l<es (to 
indicate th<il the lines go an ro~1o1er) _ 

@ Labe-1 t he i'JXes (x o r y) J id, wh@n appropri<1t e, 
w rHe w hilt they repre::.en t and t he units in w hith 

lhi~ is given, e_g, l ime (niinutes)_ 

@6ive your 9raph a ~i tl e_ 

@ PJot the coordi r~<1le~ usm9 a cross or dot . Use 
a sharp penci l -al'ld a rular to ioin tt e pornts on a 
st rCl ight line g raph. Alway~ dr.tw cur~s fre-ehar d 
witb lh~ p..:ige 1urned into a positio n where yo1;1r 

wri ~t i~ on the inside or the wrue. Extend each 
enl.'.J of a hoe or curve to 11 I t he whole of the gr<iph 
ond J;.bel the line or curve •Ni t he functien"" usPd. 

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 line. 

A positive 
slope (+) 
slopes up 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 slope of a line, choose two points on 
the line, then use the rule: 

I y at B - y at A 
s ope = x at B -- x at A 

For the line AB, I / I 

the slope can be .I/ 
;--f+ 

calculated by: 
I 

~ v 
7 -- 4 "' 
8 -- 5 !F 

3 
I '/ I 
'I / I I ~ 1 x 

3 / i 
/ ! I 

= 1 
v I I ,_, 
'' 

··; I 

•Axis 31 (Cartesian coordinate system); Cartesian coordinate system 31; 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 c is the 
y-intercept (where the line crosses the y-axis) . 
For example, the slope of the liney = 2x + 3 
is 2 and they-intercept is (O, 3). 

Parallel* lines I H-f'l i11 1='~ ,_,, !/! ~.._ ··r- I !/ I I V I ' have the same 
' I I !/ I !/ I 

slope, so if I I I i.I !/I I 
I/ I I/ I V ;:::=x r 

the value of m ,- ' "" I I 
~ I I/ : ' I/ 

in two equations t-~ ~ ! 
' l / i i I 

I !/ ,_, I 

is identical, !/ j I i/ ' . I I 
j i./ I/ ! ' lnl ,_ x 

then the lines l/i I I/ I I ' I ' " I 

rq+ bf I I ., I I 

a1e pararlel. 
,- I I 

~r v I I I ' I I 

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 ). 

General form 
The form of the equation for a line 

ax +by+ c = 0 
~me of.·the terms* in the general form has 

particular geometric significance, for example, 
~ does not represent they-intercept. 

-:: convert an equation in general form to 
..:ape/i ntercept form, isol.ate the y term on one 
side of the equals sign and divide each term by 

e coefficient* of·y . 
e.g. 4x - 2y - 2 = 0 

2y = 2 - 4x 

2 - 4x 
y =--2-

y = 2x - 1 

:.~ons in other forms can be converted to 
int ercept form in a similar way. 

4x - 2 = 2y 

4x - 2 = 2y 
2 2 

2x- 1 = y 

y= 2x 

'' 
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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 equat ion y = mx 
+ c gives the slope (m) and they-intercept (c). 

and m is positive, 
slopes up and the line slopes 

lfcandma~e y 
posit .. ive, the line 

y-axis above x 
crosses the I' If c is negat~"ve y 

up and ~ 
crosses the x 
y-axis below I 
the origin. 

the origin. 

ff c is positive y 
and m is 
negative, the 
line slopes 
down and 
crosses the y-axis 
above the origin. 

lfcandm a* e y 
ne. gative, the 
line slopes 
down and 

x crosses the x 
y-axis below 
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. 

If m is great~e y 
than 1 and 
positive, e.g. 4, 
the line slopes ~ 
steeply up. __ .x 

If m is greater \-. than 1 and 
negative, e.g. - 4, 
the line slopes . 
steeply down- .-- x 

If m is less than If m is less than 7 

1 and positi+v, y e.g. l, the line 
slopls gently up. 

x 

If the slope is zero, .the line is 
horizontal*, and is parallel* 
to the x-axis. 

-re 

The equation y = c 
gives a /me that is 
parallel to the x-axis 

I 

Internet links for links to useful websites on algebraic graphs, go to www.usborne-quicklinks.com. 
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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. 

·-----·"ET -·--
0 7 2. 

0 2 4- ~ 

2. Plot these coordinates* on a graph, and 
draw a straight line through them. 

Graph of the function y = 2x + 2 

3 . The solution* to the equation is the point that 
satisfies the functions* y = 2x + 2 and y = 0. 
This is the point at which the line crosses the 
x-axis. Here, the solution is x = - 1. 

Quadratic graphs 

A quadratic graph is a drawing of a quadratic 
expression*. All quadratic graphs can be written 
in the form: 

y = ax2 +bx+ c 
where a, b and care constants and a is not 0. 

Parabola 
A "U"-shaped symmetrical* 
graph. All quadratic 
functions* produce either 
positive or negative 
parabolas, depending 
on the value of a. 

If a is positive, 
the parabola 
looks like this. 

If a is negative, 
the parabola 
looks like this. 

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 
same way as other types of graph. 
For example, to plot the graph of the 
equation*/function* y = x2 + 2x - 4: 

1. Draw a table of values to show the 
coordinates* of the graph: 

x.. -4 -3 -2 -7 0 7 
j = 4 -1 -4 -5 -+ -, ..x..z+z::x:-it 

z. 
4 

2. Plot these coordinates on a graph and draw 
a smooth curve through them. 

Graph of the function y = xz + 2x - 4 

3. The solutions* to t he 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. 



Cubic graphs 

A cubic graph is a drawing of a cubic 
expression, thqt is, one that contains the 
term )(3: Ait cubic graphs can be written in 
the form: 

y = ax3 + bx2 + ex+ d 
Where a, b, c and dare constants* and a is not 
i qual to 0. d .is they-intercept. 

The simplest form of cubic graph is·y = x3. 

Graph of the function y = x 3 

.t 

+r 
, -+--:-

- 11----<-++-:- -
+;- -4 

Cubic curve 

3 

-i-r i-+L, 

+H ·t , 

. ,, 
. '+i ttt:t- " : r+++ 

T ' 

·+ .. 
'+~-- + 

---+-+-1- ---t--o 

H-+. 

The shape of the curve depends on the value of 
a in the equation y ~ cix3 + bx2 ,f; ex + d. 

If the value 'of a is 
if~'.itive, _ the cubic 
curve looks similar 
to 1, 2 'and 3. 

If the value of a is 
negative, the cubic 
curve looks similar 
to 4, 5 and 6. 

2 

3 

Graphs •1, 2, 
•i'iind 5 h.ave 
two clear 
turning points. 

Graphs 3 and 6 have two 
turning points but they 
are hardly noticeable. 

4 

5 

6 

To plot a cubic graph 
Cubic graphs can be plotted iri the 
same way as other types of graphs. 

For example, to plot the graph qf the 
equation*y = 2x3 - x2. - Bx + 4: 

1. Draw a table of values to show the 
coordinates* of the graph: 

0 

o o.~ 

ALCEB~f----

-o. 

2. Plot these coordinates on a graph and draw 
a smooth curve through t[lem. 

Graph of the function y = 2x' - x 2 - 8x + 4 

r- ·· 

.+ 

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 
are the points at which the curve crosses.the 
x-axis. A cubic equation can have up to thwe 
solutions. The solutions to the example .above 
are x ;,; ""12: X * 0.5 and x ,;.,\2: 

lnteri'iet links 'For links to .useful websites on algebraic graphs, go·t.0 Wv.vw.11sborne-qui~klinks.c/;im. - . ' , . - ' - · . .- .,. 



Exponential graphs 

At]'. expor,iential graph is"! drawing of an 
algebraic expression* in which y is a positive or 
negative power* of x. All exponential graphs 

«Zan 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. 

y 

, If a is greater fhan 1, the 
exponential curve looks 
similar·to this. 

x 

.If a is equal to 1, the exponential 
'd1.rve. is the horizontal* line y = 1. 

':Ito i~ less than I, the 
exponential curve looks 
similar to this. 

y 

y = 1 

Reciprocal graphs 

x 

x 

All reciprocal graphs can be written in the form: 
a 

y = -
x 

To plot a reciprocal graph 
Reciprocal graphs can be.plotted in the same 
way as any other graphs. For example, to plot 
the graph of the equation* y = i, draw a table 
of values to show the coordinat~s* of the graph: 

y:_ -3 -2 -1 -o.s- -o. z..> 
) ;; b ;c: -2 -3 -e:, -1'2.. -z.4 
-

x o. zs o.5 1 2.. 3 

) ~%, 24 11 b .) 2. 
-

Plot these coordinates on a graph and draw two 
smooth. curves through them. 

Graph of the function y = ~ 

!-, ' I ! 

.I 

vvhere a is a constant*. 

Hyperbola or reciprocal curve 

The graph does not cross the x-axis, so cannot be 
used to solve reciprocal equations. 

Circle graphs 
A graph* consisting of two separate curves that 
are exact opposites of each other. All reciprocal 
functions* produce positive or negative 
hyperbolas, depending on the value of a . 

. If; = O,y d9es:~ot have ayillue .. 
An equation* in the form x 2 + y2 = r2 gives 
a circle of radius* r and center (O,O). 

L 
l(a ·is positive, the hyperbola 
looks simifar. 'tcFthis. 

_) 
r 

:lf·<t:fs-negotive, 'the hypetbola 
looks similar to. this. 

A graph of the equation 
x2 + yz = 4 looks like this. 
The radius of the circle 
is 2 units. 

It intersects the x-axis 
at (2, 0) and (- 2, 0). 
It intersects the y-axis 
at (0, 2) and (0, - 2). 

y 

(0,2) 

• Algebraicexpression .'/5; Coefficient, Constant 75; Coordinates 31 (Cartesian coordinates); Equation 79; 
Expression (algebralc),75; Factor 11 ; Factoring 78; Function 92; G~aplt .(algebraic) 80; Horizontal 30; Power 2i.;:
Product 14 (Multiplication); l\adlus 65; Solution 79 (Introduction); Squaring 8 (Square number); Substitution jf' 

(2,0) 

x 
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QUADRATIC EQUATIONS 
A quadratic equation is an equation* that 

., . . includes aquadratic expression*, that is, a 
e:''variaqlethat issquared*. Quadratic equations 

:canbe vvritten i-b:the form 9x2 + bx '.f .c=O, 
. where a does nbt equal 0. Every quadratic 

equation that can be solved has two solutions*, 
called roots. Quadraticequations can also be 
solved using a graph {see page 82), or using the 
methods described b.elow and on page 86. 

Solving by factoring 

'.Th/~ .. meth_9d .. inyo1ves,factor1ng* the e8uation .tq 
::g)vetwo ·expressions*'iri· parentfuese:S: Since 
·~'xi +bx +. c ~' o,C>ne of the expressions in 
parentheses must be equal to 0 (a·sthe .result 
Gf multiplying anyval!Je by 0 is()). By taking 
each parenthesis atatirne,thetwo possible 
solutions to the ·equ<ifion can be.four1d. Not.all 

-::O·ff :-_, .. -, .-- , ·· ' " _::>• :; :-·-· _, ·::· c : ;· _- -_ C: · -_- : - --:_ , · --<~_-" __ :-, _- :>--=- -- _- -- =_·, 

~ilj!'.'iJ.g~~tic eqti.ati9n11. c~ffb,~ssplved.:by,fa(·t9rin.9 , 
)-'\" ''[;!,·;·---. _-.: -. 

1,; Factor the left side ofH:re eq1.1ation to .g.ive 
tvvo expressions in •pare.n:t:heses: First find two 

Tbese equations are ~Lh i:fuOrlruUc 
equatiOnsbecausethey .can Qi, , 
written in the forf[ly~ ax' -~ )tf + c: 

Identifying factors 
If the coefficient* of x2 is greater than l (that 
is, 2x2/3x2, 4_X2 ... ). it can be dffficuttto know 
the corred way to factor the equation without 
trying several alternatives.· 

For example, to factor the equation 
4)c2 + 20x + 21 = Dxthe coefficients of x ·niust 
multiply to give 4, a ijd the numbers must add 
~ i p to 20and m[Iltiplytogive21. 

(4x +.3}(x + 7) = 4xi + 28x + 3x + 21 

- 4x2 + 31x + 21 
· - ·.-__ ·_. , _--_. __ -_ --___ ' 

·factors* oftheXte.rl11 .. .fhen find two numbers 
\11/hich, vvheh multiplied, are equaLto t (the 

(4x I 7) (x t 3) 4x 2 ·+ J 2x +- 7x + 21 
.,. 4x 2 I- 19x 2 1 

. coefficient* ofJ() .and )Nhen added are equal 
to b (the constant*). 
e.g. x l 6.11 + 8 = 0 

(x + 2} (:v. + 4) = 0 
(The Jc values are correcfbecause 
xXx = xi, and the nuthbers are correct 
'b:&t1 lllse'2+ 4 = 6and 2 X 4 "68) 
·:;,,.=):,," ·'·; . . ---' --- ' --·· . . 

2. Since the product* ofJhefac-tgr:s,;;{~". o , one of 
thefactors must equal 0. Cak u late 1he value 
ofxfor each pairof parent heses. 
e.g.jf ()(. + 2) (.>; + 4) • 0 
then either CK + .2) = 0 or (x + 4} = 0 
so either 

The roots of dlP. quadratic. e qu at ion 
x2 + fo: + 8 = 0 ar~ x = - 2 eind x = - 4_ 

3. Check your answer by substituting ~ eadi mot 
in turn into t he od,ginal equation. 
e.g. {when x ""' - 2) 4 + - 12 + 8 = O 

{wh im x - - 4) 16 + - 24 + 8 = U 

(2.J( + .3) {2x 7} =; 4x2 14x 1 6x + 21 
= 4x2 + 20x + 21 

Once you have the w rrect factor, you can find 
tfl~ roots ot the equ.:it ion. 
e.g. ix + ~3 = o 

2x=0-3 
2x = - 3 
x = - 1.s 

2x + 7 0 
2x :;; 0 7 
2x = 7 
x = ~3 . 5 

The roots of the equation 4Ji:2 + 20x ·t 21 = O 
are x = - r.s and x = - 3.5. 

Chock your answl!r by ~ubs.t it utin g * earc h root 
in turn into t he origlna l eqw1t1on. 
e.g. (whenx = - 1.s) 9 + - 30 + 21 = O 

,,,. (when x = -3.5) 4 9 + - 70 + :n = o 

Internet link~ fu r llnk.s to useful websites. on equations:. gio to wnw.eisbo.m.P-ql;'i<:kNnQ.rom _____ __, 
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Completing the square 

(~+3)2. ~ i 
(.x: -s) 2 = 11 

Any equation• 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 + y)2 = z. This method can be used tb 

solve any quadratic equation. 

1. Make sure that the equation is in the form 
ax2 + bx+ c = 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: 
e.g. x2 - 6x = ·- 2 

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 . (t)2 = (~/ = 9 

so: x2 - .6x + 9 = -2 + 9 
x2 - 6x + 9 = 7 

3. Factor* the left-hand side of the equation 
in the form (x + y)2 = z. 
e.g. x2 - 6x + 9 = 7 

(x ~ 3)2 = 7 

4. Find the square root* of both sides to find 
the roots* of the equation. 
e.g. (x - 3)2 = 7 

x - 3 = =.•:ffi• 
x = ':!: 2.645 751 31 + 3 

so: x=5.6457SJ31 or x=0.35424869 

s, Round* your final answer to an appropriate 
degree of accuracy. 
e.g. x = 5.65 (3 s.fJ 
or x = 0.354 (3 s.f.) 

The quadratic formula 

The quadratic formula can be used to solve any 
equation in the form ax2 + bx + c = 0. The 
quadratic formula is: 

x = -b ±V b2 - 4ac 
2a 

1. Make sure that the equation is in the form 
ax2 -+: bx + c = 0 and identify a, b and c. 
e.g. 2x2 + 4x - 6 = 0 
in which case, a = 2, b = 4 and c = __,.6 

2. Solve the equation by substituting* .the values 
for a, b and c into the quadratic formula. 

e.g. x = - 4 ± v 42 - 4 x 2 x 6 
2 X 2 

- 4 ± \/1 6 + 48 
x=-----~ 

4 

- 4 ± v'64 
x= 

4 

- 4 + \164 - 4- -\164 
x= 

4 
or x= 

4 

~4+ 8 -4 -8 
x= 

4 
or x=---·-· 

4 

4 x= - or 
-12 

x =~ 

4 4 

x= 1 or x = -3 

The roots* of the equation 2x2 + 4x - 6 = 0 
arex =l and x = ~3: 

4. Check your answer. If it is correct, the sum* 
-b 

of the roots should be - · . 
a · 

e.g. + =• • · an ·~=.-· -= 1 - 3 ·~2 d :':"b .c:c 4· -2v" 
· a 2 

This checking method works because the 
quadratic formula gives the two values of x as 

-J:j b 2 - 4ac - b b 2 - 4ac - + . and - · -. ... . 
la la· 2a 2a 

The sum of these two roots is: 

(-b} + (b2 - 4ac):_ + (~b)-(E..2. 4a<:)' 
la } 2a .• 2a ._ 2a 

( ~b~: + ·(· ~/;J.') . -:: ib . . 
= , la : . . ~ 2a = --:za =~ 

' ,.. :. 

• Coefflclen.t 7$;_Eq·uation 19; Expression (algebraic) 75; Factoring 78; Like terms 75 (Term); Perfect square 78; 
Quadratic equation 85; Rearranging an equation 79; Root 85; Rounding 1 q;.Slmpllfying 77 (Simplification); 
Squar~ root •D;· Squaring 8 (Square number); Substltution17; Sum 14 (Additlo~); Term 75; Variable 75. · 
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ALGEBRA 

INEQUALITIES 
An inequality is a mathematical statement that 
two algebr~ic expressions* are not equal. An 
inequality is the opposite of an equation*, but 
can b~ solved in a similar way, to give a range of 
-values that satisfy the inequality (make it true). 

The expressions in an inequality are 
separated· by an inequality sign. There are 
several signs with different meanings. Tf)e , 
sign in this inequafity means "is less than:* 

Inequality notation 
}he 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 
7to 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 (a :;;,, b), b must be less than or equal 
to a (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. 

0 
9 
6 

This number line shows the inequality - 2 < .x < 6. The values 
- 2 and 6 are not included in. the inequality, so they are 
represented by open circles. · 

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 
equati.ons, 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 th_e inequality sign. 

For example, to solve the inequality: 
4 - 3y ""' 12 - y 

Subtract 4 from both sides: - 3y ? 12 - y - 4 

Addy to both sides: - 3y + y :;;,, 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 

•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 rep resents two inequal ities, 
so for example, 5 ;:;,, 2x + 3 ;:;,, x + 1 represents 
the inequa lities: 5 ;:;,, 2x + 3 and 2x + 3 ? x + 1. 

Tei find e solution that satisfies both inequalities, 
solve each inequa li ty in turn : 
s ;:;. 2X + 3 2x .':f 3 ? x + 1 
5~3 ;:;,, 2x 
2 ;:;,, 2x 

1 .. ~x 

2x - x + 3 ;:;,, 1 
•)(;:;,, l ~ 3 
.)('?- - 2 

Values ofx that are greater than or equal 
t 9; - 2 and less thari or, equal to 1 satisfy both 
inequalities. These solutions can be expressed by 
t he ciouble inequality - 2 ::;;:;x~ land can be 
il lustrated 0 11 a number ffrfe:: 

5:jj, ?Ji t ·3> j/ 1 1 
b + 3 ;;,,x + 1 

5;;;,, 2x + 3 

1 0 

Graphs of inequalities 

An inequality ca n be r!:>presenled h)' a reg ion 
on a graph" . To plot i! graph oi an in~q u.=ility; 

l . Re place the iniKlyality s.ign with al'I equa ls 
s·ig n (=)and ploit the re!;ul ing equa~ ion 

on a grnph. (Yo1.1 can tmd ou t more about 
pAottjng graphs on page 80.) For ex.:imple, 
to show the inequality x .,; 4, firs pi o 
,eoordmates-1 that satisfy the linear 
equatron·-1' x 4. 

l. Join t:'he point~ wi th a soM or dotted l'ine. 
A olici li ne now~ t a'l point~ on it are 
mc1wded in rhe inequali ty (lhi:. b ind icated 
by the symbols .c;; or;;, in the inequ~fity}. 
A dottQd lme shows that the po·ints on i 
are not includ12d (this ls inrJic,;itad by the 
symbols <. or > in the m~qua lity) . 

3 Unl ess asked to do otherwis@, shade t he 
region that is incll.lded . Ahlll•ays dea rry 
label the re<J iOh that is in dude<l ln 
the inequt'llity. 

4. If you need to find .;i rangP of va lw es that 
SQ isfy more t han on!! inequ ality, dri!W a 
line for ea.eh nequoi li y and t:hen shade out 
and labf)cl th@ requi red region. 

ALGEBl?A 

Example: Inequality problem , 
Find the region defined by the lnequalit ie's 
y < 2- x, x ?o -4 and y ;:;,,';x' - 1. l,J se your 
gra ph to find the points With coordina tes* 
w here the values of 3x + y a re a) g reatest 
and b) least. 

Make a table of x and y values for the equations 
y = 2 - x and y= x - 1 then plot each set of 
coord inates on a graph and draw stra ight lines 
through them. Shade the included reg ions • 

L,~_.J; 
-i 0 2. 

-:1 4 2. 0 

n 6;~-1 F! 
-1 1 3 

-2- 0 ;l.. 

Graph of the functions y < 2 - x, x ;;,, - 4 and y ;;,, x - 1 

y ~ T 1 T ~ 

1 

4 ~ x ' 

' ' ' -""""' .... 

The unshaded region is defined by the inequalities y < 2 - x, 
x ;;;,, - 4 and y ;;;,, x - 1.-

The x and y values at the vertices* of the region 
are at their highest or lowest while still sat isfying 
the inequa lities. 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 (- 4, -5) 3x + y = -12 + -5 = -17 
At C-'4, 6) 3x ·+ y = - 12 + 6 = -6 

At (1 .5, 0.5) 3x + y = 4.5 + 0.5 = 5 
a) The value of 3x + y is greatest at (1.5, 0.5) . 

b) The value of 3x + y is least at (~4, - s )'; 

1---ln_t_er_n_e_t_lin_k_s_.: _Fo_r_li_n_ks_t_o_u..,.s_ef_u_I w_eb_s_it_es_o..,..n __ in_e..,..qu_a_l,...it~ie~s,_g_o..,..t...,.o_"llV_. ww_. ,....·-u~sb.,...o_m_e~--qu.,..i_ck~/i~nk __ s~. c-o..,...m_: ..,....,.--~ . ~ 



ALGEBRA 

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," "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 off 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 f 0 g(x), where function g is done 
first, or g0 f(x), where function f is done first. 
For example, if f(x) = x2 and g(x) = 3x - 1, 

f 0 g(x) = f(3x - 1) = (3x - 1).2. . 
and g0 f(x) = g(x2) =' 3x2 -1 . . 

Inverse function 
An operation or series of operations that 
reverses a function. This is usually written f~l(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 for y: 

Map or mapping 

3y = x -: 5 
x - 5 

y= - 3-

r1 (x) = x ·:- 5 
3 

Another name for a function. Mapping notation 
is different from function notat ion, and uses the 
symbol>---'>, which means "maps to." For example, 
in mapping notation "f(x) = 2x" is "f:x >---'> 2x." 

Illustrating functions 

There are several ways to illustrate a function : set 
notation, number lines, a flow chart or a g~aph* .. 

Set notation 
Each element* of the domain corresponds with 
an element in the range. 
e.g. 
for f(x) = 2x ------------ ....... 

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 for f(x) = x + 1 1 7 

0 0 

-7 -, 

~2 - 2 

- 3 

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) = 'Jx· + ·t; 

- multiply 
by 3 

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 + l , has the inverse f- 1(x) = x; .1. 

divide 
by 3 

subtract 
1 

•Constant 75; Cosine 60 (Introduction); Element 12; Graph (algebraic) 8{); 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 
gives a characteristic 
graph. You can see 
examples of these 
graphs on pages 
81-84 and page 64. 

Linear function 
Any function in the form f(x) = mx + c (where m 
is not equal to O). (See graphs on pages 81 - 82.) 

Quadratic function 
Any function in the form f(x) = ax2 +bx + c 
(where a, b and care constants* and a is not 
equal to O). (See graph on page 82.) 

Cubic function 
Any function in the form f(x) = ax3 + bx2 ~ ex + d 
(where a, b, c and dare constants* and a is not 
equal to O). (See graphs on page 83.) 

Exponential function 
Any functi_on in the form f(x) = ax (where a is a 
constant*). (See graphs on page 84.) 

Reciprocal function 
Any function in the form f(x) = !! (where a is a 

x 
ronstant*). (See graphs on page 84.) 

Circle function 
Any function that can be written in the form 
f(x) = v'(x - a)2 + (y - b) 2 where (a, b) are the 
mordinates of the center of the circle. The graph 
on page 84 shows a simple example, in the form 
"2 + y2 = r2, which gives a circle of radius* rand 
center (O,O). 

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 

Transformation of graphs 

If the grap * ot a tu ction is plotted, that 
graph can then be transformed by aftering 
the function. for ex.ample, if you replace 
f(x) with - f(x), the gFaph is reflectCJd in t he 
x-axis, and it you replace f(x) with f (-x), the 
graph 1s reflected in the y-axis. Below are 
four other common graph Lransformations. 

7•1e !!U!llformaoon 
y "'i(X "° G) 
trons1'ales (m •£'!>) 
the graph olotig llio! 
Ji oxf1, .'(a .>- 0, tite 
gfapf! rmt..o !Ct lfll! 
left (rt~;Jall•-e 
c/11~"!.liQ • 1), /(a < 0. 
11 111c·1!'l to tht? ri9fit 
(f951'fi••e dir.?d.'on). 

TJw tn:Jmforma11on 
y f(x) a 
Jrotr;\tO!P.C; (tn0.·•~0 
the gmph ofMg rhe 
y..oxis. If a .:- q, t/lf 
g{(;ipt; 111\wi:>s down 
they fW5 ('lt!'<]llti~e 
vrrecli<.r ). II o > 01 

1f roio.·ej !JfJ me y-axi5 
(po~il ive dlm:tion). 

nit I•rmi fOl'rH(I Orr 

I - i( ( x) ~ t•e!Clie> 
t>< bn11rrk1 tncrt 
91opl1 ('!lt\11g tl'f! 
y-.:i~il, witn a s~ale 
(od<x' or a. If 
a > I, !he gl'{I(>h 
stretdre~ arong ti1p 

>'-Bxis. If if a < l, 
it ~nrmhakmg 
ffte v-ox/1. 

Tfw M:irtb(vrrnur 1 

'I~ f(ox) lt•rir?~5 or 
~(ret~ rt.e graph 
u/or•g the x-a;o,"i.r, 
wit.•• o ,:crJle focrol" 
of'. tl a-.; 1, me 
grt:fpfi shrinks alOJllj 
the x-axis. Ii a :- f, 
clle 9raph strerd;.>< 
tJIOf19 the ,q1xff.. 

Tran~formation y = f(x + .J) 

Transformation y "' af(x) 
=~x) 

Internet links For links to useful websites on functions, gb to www. usborne-qufcklinks.com 
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INFORMATION FROM GRAPHS 
Since a graph is an il lustrat ion of the relationship between two 
quantities, it can be used t o find the value on the y-axis* that 
corresponds wit h any given value on the x-axis*, and vice versa. In 
add it i,on, both the area'* under cl graph, and the slope* ofa graph can 
provide fu rther i.nformation about the quantities it represents. 

The area under a graph 

II the trt11t;s. ofmgasuJementus·ed on the Jc· and 
y-aX'e~ ;i re known, di.e ~rea und@r a graph ~ ives a 
third unit of measurement. What@\ler the h<Jpi? 
of the region under t e gfaph, the fo rmula* for 
find ing its ar@a involver> multiplymg di stan'e~ 
al·ong the axes. ~or Lhi:; rP.ason, t he area 1.mder a 
graph can b-e exp re>:.ed by t he genera~ rule: 

area under ,,., units a lo.ng x units al~ng 
a g fap h th~ x-axrs t"e y-ax15 

Fo r exa mp~e. on a s peed~t;me graph (a graph 
showing the rate o ·speed again~t ime) like the 
0(1~ be1ow, the y-axis snows S'peed (distance 
d ivided by t im12) and the x -a)(1s shows time. 

Y Graph '$howing thl! differerit speeds at 
wh1~1i <! car travc-ls on ~ 40 J'l]inute Jomney 

n rtle' (t11t'riut11>) 

I ( these- q uarrt1ties a re substitut@d~' lrlto the 
general fonnula fon he area under the graph, 
th~ rnw ritten ormu la is-: 

. dis:tan e 
rlr~a under graph = tt1ni> " - .--

time 

area uncl1;1r graph = di10tanc@ 

So, th~ a rea under a pe d·time graph givP.s 
a value for the d ist ance traveled. 

You can Y e thi~ m~hod to find th P. mtian1ng cJ'f 
the ,area under graphs showing o h r quant ities, 
For exarnple, If the x-~xis represef ts d~nsi yw (mass* 
di•~ded by volutrui~} and the y -axis repmse nt s 
volume, lhe area under he graph gives t he ma .. . 

To fiind the are~ under a s.tra gltt graph 
Use the appropriate formu la for e s~ape of 
~tfie 'i:it~~; to be found. For ~mple, the graph 
b@low represent~ he speed of a car on a 
journey. What wa. f ,e tota.I dist ance covered? 

Di,ride the area up into :separ.a e shapes an5' 1nd 
tlie ~ re;i of aach shape. 
Area of t riangle A: +,. pas@ X height = ~ x 0 .5 x 40 = 10km 

Area of u apezoid* B 
.-: tsum* o f)arallef ~ide-sl " di:stan'e bet\f11~n them :z 

= i / (40 + 50J x 0 .75 = i '/ 90 '>< 0 .75 = 33 ./~k 

Ar11a of re~ ngle C: 

length . width ~ 0.75 " so = 37.5 km 

Are<1 o nangle C: 

.l b.;is~ lie1g ht = 2. "" 0.5 so := 1.2.5j(m 
2 

Total = 10 + 33,75 + 37.5 - 12.5 - 93 7Skm 

Tfle ~ota l distance covered was 93. / Skm 

• A(c.,leratkJ.n. 13; An:.a S.S; ChQtd 6!>, .Doenslty 59; Dl!lpl<t!'.eme t 43 I,Trau~lat!M.); f:i!M"mul;i. 75; Hor'll!.oni:al .l-0; 
Mass n.; 51op~ !.10,; substitution 77: Sum 14 (Addltlo:tl;; T;,.n9~11fi: 71 : Trapullkll 39; Vcl11<~it.y 73,; Vertical 30, 
1/olu 5-8; 11"-~dt, y.dl<ls 3 I (C.nt~lan (~ordinate syUvmJ 



To find the area under a curved graph 
Divide the area under the curve into a conven ient 
number of vertical* stri ps, preferably an equal 
distance apart, and d raw a cho rd* across the 
top of each strip to form a row of trapezoids*. 
The sum* of the areas of these tra pezoids will 
give an approximate value for the area under 
the curve. This method is called the trapezoid 
rule. The narrower the t rapezo ids, the better 
the ap proxi mation will be. 

If the t rapezoids are all the same width, you can 
find their combined area using: 

a rea = ~ 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-t ime graph below shows 
tqe motion of a clockwork mouse. Approximately 
how far does the mouse travel in 40 seconds? 

Graph showing the speed of a clockwork mouse 

..... , .. + 

+ 
.,...+.... T · .. 

f-'- 1-t". "1 I' 

1-i - '.. l 
+ . 

·+ ,. ·+ lf 
+ 

-t- -:-· . -f '. 

+++++ -
·f 

-i+ 

+ 

'l +. 

ro 1 

<,·I ,4--1- +t·t+ +rr--t-1->- i·f-f-t,_ 

: j:1:t r::4:i: ' . ' : 

·-
;, I ' ' '• 

: : +TY"T r--- -f--t 

t 

-fr htt t;+i ® 
i:j: ::j+tj ~ ++tt 0~-+'1 

.1). x 10 x (1 0,4 + (2 x (0 .92 + 0.8 + 0.64})} r ... . . - .. 
= 5 xJ1A . .._ 4.7.2) 

= 5 )'i 6.12 = 30.6rri 
The clockwork mouse travels 30.6m in 40 seconds. 

If the area under a graph is div.ided into trapezoids 
of uneq ual widths, calculate the area of each one 
separately, then add them together. 

ALGEBRA 

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 resuft of this, a graph's 
slope can give further informat ion about the 
relationship b etween the quantities illustrat ed 
by the graph. The table below shows examples 
of information a slope can provide. 

y quantity x quantity slope shows 
displacement* t ime velocity* 
velocity t ime acceleratio n* 
mass* volume* density* 

The slope of a straight line. can be found by 
dividing the vertical* distance between two points 
o n t he llne by the horizontal* distance between 
the points (see page 80). The s lope of a curve 
varies and can only be found for a given po.int. 
This is done !Jy d rawing a tangent,.. at that point 
and fi nd ing the slope of the ta ngent . 

For example, to find the slope at point x = 2 of 
the cu rve y = )(:2 + 3, draw a t angent to t he 
curve at t he point x = 2. To draw t he t angent, 
place your ruler at x"" 2 and tilt it until the 
ang les between the curve and the ruler .on either 
side of the point look egu'3f, theh Cl raw a line; 

Graph of the function y = x 2 + 3 

2 

To find t he slope cif the tangent use: 

_u:l'.lits a l0ng . t hey -axis = ~ .~ 4 
units along t he x-axis 2 

3 

5c)i the; s lop~of the graph y x:2. I 3!il;J;.: 
x = Q.j.54, 

ln t~rnet links For [in ks to useful websites on al9elbrai~ graph~ . go to ~11MN;tisbome,qLlicklinks.rnm 



HANDLING QATA 

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 
as statistics. 

Types of data 

Quantitative data 
Information about quantit ies that can be 
measured using numbers. Measurements such 
as length*, mass* and speed* are examples of 
quantitat ive data. 

-Qualitative data or categorical data 
Information about qualities that cannot be 
measured using numbers. Colors, scents, tastes 
and _shapes are examples of q ualitative data. 

Discrete data 
Information that can be expressed only by a 
specific value, such as in whole or half numbe rs. 
The number of people in a group is an example 
of discrete data because people can only be, 
counted in whole numbers. 

Continuous data 
Information that can be expressed by any value 
within a given range. For example, the heights 
of pupils in a school are continuous data because 
the scale of measurement has a value at any 
point betwee n the integers*. Temperature and 
time are a lso examples of continuous data. 

Ordinal data 
Information that can be placed in numerical 
order, for example, the height, age or income of 
100 people. 

Nominal data 
Information that cannot be placed in numerical 
order, for example, the name, gender or place 
of birth of 1 00 people. 

This data list* shows the number of people in each car that 
passed a school's gates between 1 Oam and 10: I Sam on one day. 
The data is raw: it has not yet been sorted. 

Primary data 
Information that has been collected directly in a 
survey, investigation or experiment. For example; 
questioning a group of people, and recording daily 
temperatures over a period of time are ways of 
collecting primary data . Primary data that has not 
yet been organized o r a nalyzed is called raw data. 

Secondary data 
Information that has already been collected and 
sorted, for example, information published by a 
market research compa ny. Once primary data 
has been processed, it becomes seconda ry data . 

Number of passengers 

Number of cars 

1 z 3 4-
Z..1 10 3 1 

The table above shows the number of people in each car that passed 
a school's gates between 10am and 10:15am on one day. The 
data is secondary data: it has been sorted and you can easily draw 
conclusions, for example that most cars had ~nly one p~rson in. 

Distribution (of a set of data) 
Usua lly a table that shows how many there are 
of each type of data. 

Number on die 

Numbe r of throws 

A distribution of results when a die is thrown 60 times 

Frequency 
The numbe r of times a n event happens or a 
v.-ilue occurs in a distribution. I-or example, 
m th@ distri bu1ion 1 2 9 11 12 5 12, 
the frnqui:mcy of the nu mber 1.2 is. 3. ---

~ • 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 

' systematic observation, the observer is n.ot 
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, 
including information such as gender, age and job. 

Interview 
A ·method of collecting data by questiori'ing 
people directly, either individually or in groups. 
In a formal interview, the questions fo-llow a 
precise format. In an informal interview, -th

0

e 
questions are more general, le<:iding to a more 
loosely structured discussion about a subject. 

HANDUNC DATA 

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 0 Disagree 0 Undecided 0 

The questionnaire below forms part of a survey into the sales of 
a brand of ice cream. It 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 p'urchases 
of Dairy Frosty ice-cream Minicups in th~ past year. 
Please mark the appropriate box under each question. 

1. Do you eat Dairy Frosty ice-cream Minicups? 

Yes 0 No 0 
2. Which variety of Dairy Frosty ice-cream Minicups 

do you prefer? 
Strawberry 0 Chocolate 0 Vanilla 0 

3. Approximately how many Dairy Frosty ice-cream 
Minicups do you buy each month? 

1-5 0 6-10 0 11-15 0 Morethan15Q 

4. How old are you? 

under 18 0 18-30 0 
41-50 0 51-60 0 

31-40 0 
over 60 0 

5. A spoon should be supplied with each Minicup. 

Agree 0 Disagree 0 Undecided 0 

Thank you for taking the time to fill in this questionnaire. 

Please send it to Dairy Frosty in the pre-paid ~nvelope 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 tbeAata. 

Internet li11ks -~or links to useful websites on gathering :data, gq to www.usborne.-quicklinks.cpm El 



---{ HANDLING D~~--------

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 situa):ion, 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 th.at is easy to collect, such as 
consulting friends or family. 

Random sampling or simple random 
sampling 
'Selecti'ng 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 
each stratum 

stratum 
1 

• x total sample 
popu at1on 

In this example, the population is the number of 
pupils in all three year groups. 
Population = (126 + 105+119) = 350 

126 
Year group 1 = 

350 
x 50 = 18 

105 
Year group 2 = 

350 
x 50 = 15 

119 
Year group 3 = 

350 
x 50 = 17 

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, buit 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 a rranged .).}It (or 12) ), 
which makes it easie r to count the groups. 

Frequency table 
A chart showing the number of times an event 
or value occurs (the frequency). A com plete list 
of frequencies is called a frequency distribution. 

This frequency 
Ice cream Tallies Frequency table shows sales 

of ice cream in 
one hour. The Vanilla JHt II =t 
freguency Chocolate $111 i distribution has 
been added to Strawberry Jffl'.$ 10 
the tally chart. 

Cumulative frequency table 
A chart showing t he runni ng total of the number 
of t imes an event or value occurs. This is ca lled 
the cumulative frequency. 

Length of Frequency Cumulative 
journey (min) frequency 

1-10 =t 1-
11-20 i 1--rg,..1s 
21-30 10 l~ + 10 "' 2.5 

The total cumulative frequency should equal the size of the sample. 

Two-way table or contingency table 
A table in which each row a nd column is 
associated with a particula r category. 

A two-way table Football Swimming 
showing the 

g s preferred sport Boys 
of girls and 

Girls 4 (:, 
boys in a class. 

Computer database 

Tennis 

3 

s 

A computer program that can store a nd sort la rge 
quantities of data . Ma ny databases can a lso create 
diagra ms, such as bar oharts*, to illustrate the 
data, and calculate statistics such as averages*. 

-( HANDLING DATA } 

Grouping data 

Grouped frequency distribution table 
A cha rt showing the num ber of times a group of 
events or values occurs (t he grouped frequency). 
A complete list of grouped frequencies is ca lled 
a grouped frequency d istribution. 

Distance Tallies Frequency This table shows how 
far away from the 

(miles) office a group of 
workers live. From the 

under 5 $1 b grouped frequency 

6 - 10 II 2. distribution you can 
see that most people 

11- 20 $1111 q in the sample (9 out 

21-30 I 1 of 20) five between 
11 and 20 miles 

over 30 II 2. away from the office. 

Class interval 
A group or category in a grouped frequency 
distribut ion table. For example, the first class 
interval in the table above is "under 5." The 
lower a nd 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 1 0. 

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 a nd 21 - 30 is 20.5 (t hat is, (20 + 21) + 2). 
The lower class boundary divides a class inte rva l 
from the one below it . The upper class boundary 
divides a class inte rval from the one above it. 

Class width, class length or class size 
The difference between the upper a nd lower 
class boundaries of a class interval. For 
example, t he class w idth 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-interva l va lue, add t he 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 li nks to useful websites on gathering d11.ta, go to www.usborne-qu ick}inks.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 peopi~ to finish a test is: 

30 31 32 32 35~37 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 31~35663"""6) 39 
This means that 32 and 36 ar~odes. 

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*. 

Sock si:ze Frequency This table shows the 
--~---+----- frequency of the sizes of pairs 
Smail 98 of socks bought in a store in 

a month. You can see from 
Medium 429 the frequency table that the 
L 342 category with the highest 
arge frequency (429) is medium, 

Extra largi:> 13 1 so lhe mode of this 
distribulion is medium. 

Modal group or modal class 
The class interval* of a grouped frequency 
distribution* that occurs most often. 

Time (minutes) Freqrnmcy 

1-5 
6-1 0 
11 -1 5 
16-.20 

10 
25 
10 
s 

This table shows the 
length of time that 50 
passengers had to wait 
for a bus one day. The 
modal group is 6- 10 
minutes as it has the 
highest frequency. 

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 = 1-(n + 1) 
2 

where n is the number of values. 

For example, to find the median of the distribution: 
4 3 1 8 5 2 1 6 12 

1. Arrange the distribution in size order: 
1 1 2 3 4 5 6 8 12 

2. Calculate the median position using: 

median = 1-(n + 1) 
2 

= .l(g + 1) = 1_ x 10 = 5 
2 2 

3. Find the value that is in the median position, 
in this case, the 5th value in the list: 

1 1 2 3 0 5 6 8 12 
The median of this distribution is 4 . 

If there is an even number of values, the median 
position is halfway between two middle values. 

1 1 2 3 cD> 5 6 8 12 
To find the median, add the middle values and 
divide by two: 

d" 4 + 5 4 5 me 1an =-
2
- = . 

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 + 7) ·+ 2). This is 0.5 above the cumulative 
frequency 25, so the median value is 7.5 (that is, (1 + 8) + Z). 

Value Frequency Cumulat ive frequen 'Y 

6 12 12 
7 13 12 + 13 = 25 
8 14 25 - 14 = 39 
9 11 39 ~ 11 - 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). 

W-•-ciass· !~terval 99; Continuous data 96; Cumulative frequency (table) 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). 
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Mean or arithmetic mean of a distribution 
A measure of the general size of the data. To 
find the mean, use the rule: 

2: values 
mean = number of values 

where the Greek letter sigma, 2:, means "the 
total of" or "the sum* of." 

For example, to find the mean of the distribution*: 
0 5 7 6 2 10 

use _(0_ +_5_ +_7_ +_6_ +_2_ +_ 1_0_) = 30 = 5 
6 6 

The mean of this distribution is 5. 

The rule for finding the mean can also be written as: 
- LX x= 

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: 

2: values 
mean = number 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. 

Number of Frequenr;y Frequency x va I ue 
b ooks {x) (f) (fx) 

0 1 x 0 = 0 
2 2 X 1 =2 

2 0 O X 2 = 0 
3 1 X 3 = 3 
4 1 1 x 4 ='1 
5 2 2 x 5 = 10 
6 0 0 X 6 = 0 
7 l x 7 = 7 

2:.f = 8 r !fx = 26 

Then calculate the mean using: 

2: values 26 
mean = number of va lues = 8 = 3 ·25 

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*. 

Mean of a grouped frequency distribution 
To find the mean of a grouped frequency 
distribution*, find the mid-interva l value* (x) 
for each class interva l* and multiply it by the 
frequency* (f) . Then add the products* to find 
the total sum* of the va lues a nd find the 
mean using: 

2: values 
mean = number of values 

This method can be used for finding the mean 
of d iscrete* and continuous data*. As the exact 
values in a grouped frequ ency distribution are 
not known, the mean is calculat ed using the 
mid-interva l 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 dist ributio n 
table* below shows how many points were 
scored by 60 contestants in a ge neral 
knowledge quiz. 

Points I Mid- I Freq1Jei1cy M id-interval 
scored interval (f) vafoe x 

value nt•ncy (x) 

0 10 5.0 () 1 = 5.0 
1 1 20 15.5 5.5 X 2 = 31 
21 - 30 25.5 5.5 x 4 - 102 
31- 40 35.5 3 3 5.5 x 3 - 106.5 
4 1- 50 45 .5 9 45.5 x 9 - 409.5 
J l -60 55.S 14 55.5 x 14 "' 777 
61- 70 65.5 12 65.5 x 12 = 786 
71 - 80 ,,_, M 75.5 · ~ 679 5 
81-90 85. ~ 5 85.5 >< 5 = 4.£7.S, 
91 - 100 95.5 1 95.5 x 1 = 95.5 

"'i f - 60 :::.fx = 34 19 .5 

To calculate an estimate of the mean number of 
points scored in the quiz, use: 

2: values 
mean = number of values 

3,419.5 
60 

= 56.99 (2 d.p.) 
The mean number of points scored in the quiz 
was approximately 57. 

Internet links For links to_ useful vyebsites on averages, go t.o vyww,usborne-quicklinks.com 
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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 10 3 7 11 5 3 9 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 (SO - 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: 

... DI 

I • 

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 (Q1) 

The value that lies one quarter of the way 
through a distribution* arranged in ascending 
order. To find the lower quartile position, use: 

I rt"I ·r (n + 1) ower qua 1 e pos1 ion = - -
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 or third quartile (Q3) 

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) 
upper quartile pos1t1on = 

4 
where n is the number of values in the distribution, 
or the cumulative frequency* of a frequency 
distribution* or grouped frequency distribution*. 

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 7 7 9 12 15 16 16 18 

1. Find the value in the lower quartile position: 

~= ..12±.l =Jl.= 3 
4 4 4 

The 3rd value in the distribution is 5, so the 
lower quartile is 5. 

2. Find the value in the upper quartile position: 

3(n + 1) = 3 x (11 + 1) = i§. = 9 
4 4 4 

The 9th value in the distribution is 16, so the 
upper quartile is 16. 

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 1 09; 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 
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, u . 

Standard deviation calculation method 1 

standard deviation (u) = ~ 
where x is each value in the distribution, x is the 
mean of the distribution, n is the total number of 
values and~ 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 5 6 3 2 10 7 6 
To find the standard deviation: 
1. Calculate the mean (x) of the distribution : 

2: values 
mean = number of values 

= (1 + 5+6+3 + 2+10+7 + 6) 

= 40 = 5 
8 

8 

2. Find the difference between each value in the 
distribution and the mean (x - x): 

- 4 0 1 -2 -3 5 2 

3 . Find the square of each of these values (x - x)2: 
16 0 1 4 9 25 4 1 

4. Find the mean of the squares of the differences, 

known as the variance ( :S(x; x)2} 

16 + 0 + 1 + 4 + 9 + 25 + 4 + 1 
8 

= 60 = 7 5 8 . 

5. Find t~e square root of the variance (J'Z{x; X)
2 

) 

V7.5 - 2.74 (3 s.f.) 
The standard deviation is 2.74 years (to 3 s.f.). 

HANDLING DATA 

Standard deviation calculation method 2 

standard deviation (er) = J'i,:2 
- (:x )2 

where x is each value in the distribution*, n is 
the total number of values and 2, 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 5 6 3 2 10 7 6 

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: 

'Zx2 = 260 = 325 
n 8 

3 . Calculate the mean of the distribution and 
sq uare it: 

( ~x )2 = ( ~o )2 
= 52 = 25 

4 . Find the standard deviation by su bstituting* 
the values into the formula*: 

= \/32.5 - 25 = V7.5 = 2.74 (3 s.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*:· 

:L.(x - x)2 or ~x2 - (2,x)2 
n n n 

where x is each value in the distribution*, 
x is the mean of the distribution, n is the 
total number of va lues and 2, means 
"the total of" or "the sum* of." 

lnte~net links .For .links to useful websites on measures ofs.?!ead, .90 to www.usbome-quic;idinks.com 
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- x rn er,., --___,,...., - -
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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 
findi ng standard deviation * described on page 
1.03 . The standard deviation formulas* need to be 
altered to take into accountthe fact that each 
value has to be mu ltiplied by the frequency* (f). 

Fo'r example, the grouped frequency distribution 
table* below shows the numb er of telephone calls 
received on one day by workers in an office. To 
find an estimate for the sta ndard deviation : 
1. Calculate values for x and, as it is a grouped 

frequency distribution, find fx and fx2 . 

Calls f x fx fx2 

1-5 9 3 27 27 x 3 = 81 
6-10 15 8 120 120 x 8 = 960 
11 - 15 13 13 169 169 x 13 = 2, 197 
16-20 3 18 54 54 x 18 = 972 

""'f = 40 2,fx = 370 2, fx 2 = 4,21 O 

2 . Fiiid the mean* of the squares* of the 
grouped frequency distribution: 

IJX.2 = 4210 = 105.25 
n 40 · 

3. Find the mean of the grouped frequency 

d istribution and square it: 

( 2,;x )2 = (3:
0
0 y = 9.252 = 85.5625 

4 . Find the standard de.viation by substituting* 

the values into the fo rmul a: 

'""'x' ( )2 a- = ~ - 2- fx\n = \/105.25 - 85.5625 

= \/19.6875 = 4.44 (3 s:f.) 
The standard deviation is approximately 4.44 
calls (to 3 s:f.) . 

Changes in standard deviation 
If every va lu e in a distribution* is increased (or 
decreased) by the same amount, the mean* is 

increased (or decreased) by that amount, but 

the sta ndard deviation stays the sa me . 

For example, the distribution below has a mean 

of 6 and a standard deviation of 2.83 (3 s .f .): 

2 4 6 8 10 
If every value is decreased by 3 to give: 

- 1 1 3 5 7 

The new mean is calculated as: 

t -:-::1 + 1 + 3 .,.. 5 + 7) = ~ = 3 
5 5 

The new standa rd deviation is calculated as: 

/ (1 + 1 + 9 + 25 + 49) - (·~)· 2 
" 5 5 . 

= /
8
: - c:r 

= :\117=9 = v8 "" 2.83 (3 s.f:l 

The mean of the new distribution is increased 

by 3 (3 + 3 "' 6), but the standa rd deviation is 
the same for both distribut ions (2.83). 

If every value in a distribution is multiplied (o r 

divided) by the sa me number, the standard 

deviation a nd 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: 

4 8 12 16 20 
The new mean is ca lculated as: 

(4 + 8 + 12 + 16 + 20) 

= 60 = 12 
5 

5 

The new standard deviation is calculated as : 

((16+ 64 + 144 + 256 + 400) - (~)2 
~ 5 5 . 

rsso--
= \; - 5- - 122 

= \/176 - 144 = \/32 = 5.66 (3 sT) 

The ·mea n of the new distribution is twice that 

of the o rigi nal distributio n (that is, 6 ·x 2 = 1:2) 

and the standard deviation is .also doub led 
(that is; 2.83 x 2 = 5.66) . 

*Angle 32;: Area 55; Class interval 99; Data, Distribution 96; Formula 75; Frequency 96i Frequency table 99; 
Gro~ped frequ~n~y distribution (table) 99; Mean 101; Mid-inte.rval value 99;· Protractor 47; Rounding 16; 
Sector 65; Squaring 8 (Square numbers); Standard deviation 103; Substitution J]; 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 9epend on 
:\/Vhat you would like to show, 
as some methods emphasize 
slightly different aspects of 
the information. 

Pictogram, pictograph or ideograph 
,P,c:hart orrwhich pletures are used to show 
Jhe: rrequ~ncy" of a distribvtion*.,Apictogram, 
·lndvdes ~ titl~ and a gey;\e)(plainingwh~t the.: 
picfor,es ~e~n . Pc;i,rt of~ :picture 2an \je, ljs~d tp 
represeri-t:smalle.r quantities. · 

Number of ice-cream cones.sold in .a week 

I 
~ 2· i_t_e-qeam cones 

If differe nt symbols are 
used, they' sh0\ 11'd't:ie the· 

.:same width as e ach' 
other and _al ignedof)tbeC 
tlia rt,. 'ltis also helpfuJ if 
each symbol represents 
tfie same r:iuniber of 
items. This avo ids giving· 
aJ<ilisleadln_g i'mp rnssion 
Gf.the results. 

= ?tc~~o,es 

- - ~:'.~qtdogs 

Tfle;e'pictures are tfte. 
.some sii;'e mid represen.t 
the same number of items .. 

Pie chart 
A diag.ram 1n which the frequency* of a 
distribution* Is represented ' hy the angles* {or. 
areas*) 0f the sectors* .cif a d rcle. The title· bf:t he 
pie chart tells you viihat·it is shuwing, a rid labels 
or,,a: k(>yexplain what ec;ith sector represeAts. 

How a .company's employees .usually_travel to work 

To fin~ the size of the ailgle. that wiH represent 
~ad:i f requency, use th.e for~ula*; 

. . 360~ 
angle .=.. f >< U 

\II/here F is theJrequency. 

For example, the fr~quency table* belbw s'~bw~ 

the data that was ;used to create the pfo t-h'ar( 
above. Jn ihJ$.1example, 2-f = 60, so .. · · · ··· · ·· 

' ' 360° . .· , .. 
angle = f x . 

60 
""f ,'X 'q°: 

Transport Frequency Angle 

Car 20 20 x 6° = 120° 
Bus 15 15 x 6° = 90° 
Train 10 10 x 6° = 60° 
Ca rpool 2 2 x 6° 12° 
Walk 8 8 x 6° = 48° 
Cycle 5 5 x 6° = 30° 

2,f 60 2: angles = 360° 

The~~um* of the a ng les must a lwp,ys··be ~60° . It 
is SOrTtefiine5c neees·sa/ y tG .rOUl'i'd* the ,angJes to 
the nearest degree. 'If sb:, for _eve ryq p,gl'eyg\i 
roun9 '.l1Jfi :You. wflf ,need. t9 round another :hrie 
ciowr). u~~ a _ptotrac.wr* t~ m(3asure t he cing.ies, 
f!tJbe C:e~te; ofyour pie. chau: 

>-"-l_n_te_x_ne_t~l~in_k_s _F_o_r _lin_: k~s._to_-__-u_s·e_.fu_1_.w_e_,b_si_.te.._s_•o_n_r_ep~r_.e_se~n-t_iR_g_d_a_ta_.,_!J_o_t_o_w_w.~_:Vli:~-·~_u_sb_o_rrr~e~·q~"u_ic~k.~li_nk"'"~-·c~9~r;i _ _ ...,......· . .il:t ~.?I . 
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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 

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 

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 

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 

• 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.J 4 (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 = 1 "dth c ass w1 

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. 

Tim@ Frequency Class Frequency 
(mlnu t-es) width density 

1- 4 4 1 + 4 = 0.2:J 
4-6 5 2. 5+ 2 = 2.5 
/ - 8 9 2. 9 -;- 2 = 4.5 
9-1 6 6 8 6 .;. 8 = 0.75 
17- 2-0 4 4 4-;- 4 = 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 

----- ----------,c HANDLING DATA 

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 

Internet links For link:s to. use.ful websites on representing data , g.o to www.ustJorne-quicklinks.com 
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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. 

13. TO 14 'T2 14 9 23 T3 H 21 

Stem 

0 
1 
'-

Leaves 

q 
0133344 
1 3 

Key: 2j3 stands for 23 

The leaves are usually arranged in ascending order 
too, especially if 1he 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: 

2 0 ~ }j(J ,2.~3 239 240 _240 248 

Stem Leaves 

2.0 5 
21 ~ 
12 
23 3 g 
2.4 0 0 12 

Key: 2418 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 freq uently. In this case, the mode is 240. 

The range is 248 - 205, which is 43. 

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 1113345~~-=ti 
1 11134~i~ 
1 0 2 1~ 
Key: 216 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- 111334 
o+ 5~~:tg 
1- 11134 
1-t- ~i ~ 
1- 021 
1+ ~ 

Key: 2+16 stands for 26 

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 leaves 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 exa mple, to represent the two distributions 
from the table below in a stem-and-leaf display: 

A 19 20 23 23 27 30 30 

B 8 17 21 27 31 31 40 

1. Bu ild 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: 

Data A Data B 

0 ~ 
~ 1 :t 

:t 3 3 0 1 1 t 
0 0 3 1 1 

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 1 02; 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 I Fr@que ncy Cu rru.1,lative 
(m1lnutes) frequency - - -
0-2 5 5 
3- 5 8 5 8 = 13 
6- 8 20 u I· 20 = 33 

9-11 11 33 + 11 44 
12-14 6 44 + 6 - 50 
f S-1 / 

I ~ 
50 + 4 54 

18-20 I s,1 + 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 

---~--t~DLING 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 people who 
waited 10 minutes or less, find the point at 10 
minutes 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, 

y = 39 (approximately), so 39 people waited 10 
minutes or less. 16 people waited more than 10 

minutes (total number of people (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 a.~: If, as in 
this case, it is less then 100, use ¥n 1}: 

.l.(55 + 1 ). = 1 x 56 = 28 
2. 2 

Where y = 28, x - 7. 75 (approximately), so the 

median waiting time is about 7.75 minutes. 

To find the interquarti le range*, subtract the 
lower quartile* from the upper quartile*. 

Up~e_r quartile = 3(n + 1) _ 3(55 + 1) = 42 
position 4 4 

Where y = 42, x = 11 (approximately), so the 
upper quartile is 11. 

Lower quartile = .Q....::L.l = 55 + 1 
position 4 4 

14 

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 

, ..-!- -

+ ,+ 

+ 

-+, 
tl 

Internet links For links to useful websites on representing data, go to w ww.usl)orne-quick/inks.com 



_ _ __,Ci!._ANDLING DATA)---------------------------- =--- -------'! 

five number summary 
The lowe~l valt1P, lower quartile~, median*, 
upper (1uc:1rttle* ;;.od highest value of a 
distribution*. These w1IL~Ps E)nable you to 

assess the range* and interquartile range"' 
of the data* a l'\d :.ee how symmetrically"' 
spread 1t is around the me;:;Jian_ 

Box plot or box-and~whisker diag·ram 
A diagram that shows the five number 
summary of a distribut ion·•· Box plo s ran be a 
u eful way of comparing the ~pread " of two or 

ore distributions on the same number line ... 

Each diagram contains a rectangular bo>1, Its 
length r€lprescnts the in terc uartile rnnge', but 
il can b~ <i ny height as this i nu l ~ignificant. 
A vertica l"' Ii e divides the box at the median~_ 

A each end of the bO !<.. l jn~ called whiskers 
extend hor.izontally* to the lowl;l~ and 1ghest 
values to show the range* o l t 1e d4stribut 1on. 

For example, the box plot below illustrates the 
following distributions: 

Sample A 
Sample 8 , 

3 10 10 12 12 13 t 5 /'O 
6 8 9 11 1.2 l4 16 

'I --- I I I 
~~ 

, -j-~-
~ 

I 
I 

"1~ I 
I 

I 

_! ' , 
)tl n'• I 

Ii 
1 I 

A ror!Qrio!'~ on n tiox plo! 
inC.11.ld ' pOtrllS (J I ;pll'5P.f1t 
rodi p~l! v 1 ckiro. so ~nl 
losing torty or !f1t' 0~>1011'. 

I I 

-~ 

I I 

-~- I --
' • 

' -- --,-, I 

u.J-rh'f .LI! 
I 

I I 

r::~ -i -- I 
I I I 
I I --- I I I -

I I . --
ometi me~ the d~ta* incJudes a value Lhi:ll i 

m uch hig er or Jower than all the re l, perhaps 
because of an mror m measur"og, The-;e values, 
C"all@d outli@rs, are repre~en t~-ci by a individual 
point or asterisk (~') beyond the w hisk r_ 

Z'ig-zag 
A ripple in an axis.* indici.l ing 
that the scale does r ot apply 
to that sect~o o l l e axi~ 8 

l,ir1e graph 
A graph on which frequencies" of a 
distribution* are plotted, and the poinb are 
joined by ea series of straight Jines. The Li l l e tel fs 
yoli what the line graph sl'Jows; The tal:Jels on 
the axes* explain what they repreS'er:it and, 
where appropriate, give the.. units that are u~ed . 

Average maximum temperature in Hambun:i. Germany 
,, I I I 
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• -.. • ... 
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' Uimrn dl>'lrev1a 
I I I -r- I 

Scatter gr•ph or scatter diagram 
A graph oo whic ~ pornts are plotted -to ~how 
the r~l a lion-;h1p betw<?-~n ~~to sets of qudl'llil tive 
data* The points aro not Joined, and you caJ'l have 
-several points with ttm same x. or y va lue. The title 
and .1xi>~ labels ell yo what he graph shovlf~. 

Marks udtl~Yed by pupil~ in French and Germ1m test 

" I l-1 I I I 
I I I 

I I I 

I ""' _ ____,_ ...- --I 
I I 

1-
I 

~n 
I- I " 

I I 
I I 

I -, ' I I 1 I -:.,_ 1, I I 
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I ' I I ' I.> -~-,_:..__ ~ "" 'I 
ru ., \. , , 

61J ; ~ 

4 
I l ,., J -le$ mr '"S 1-R-

''--
I! t I 
l • I; I 

' A11;es > (C111rteol111n 'tool'dlnate sy·n m}: O;at11, Distribution 116; frequency 9~; "oriZ0<1tal !O; lr.terqu111rtile range 1 02, 
Lowl!r qu•rtlle ' 02, Me;m 01 · Median 100; Number llne 7 (Directed numbers); Quantil.ttlve data 9 , 
Range, Spr.ud H.12; SymmetTic:;aH2 {lh11oduct1onl; Opper quilrtile 1 fl7.: Verlltal ill 
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Corre'latlon 
A r~l .,11 ion hip between two sets of v;:i l ~Je.s. A 
scatter graph cc1ir'I show whether th@re IS aoy 

correlation beh•lfeen the sets of d;:it;a it represen ~. 

An upward t relld in the position of pc;>1ots on & 

srnt t i;r gra ph i~ c~lled p ositlve oorrelat ion . A, 

oownwarJ trend is called nl29ative correlation. 

I I 
I 
·1 

I" 11) scotier- groph Jho1W'. 
o po:sito've C01reiatidtl. 

I I 
I I 
I I 

' I 
l 
T 

1-h I l 
I r I 
I I 

Tlli~ 14'Dttef 91cplt J/l(}m 
i:i l'>i,>got/'.·"" ((j/r1tkiuo11 

A sct;tt~r grapn 1mth points bat tie on, or dose 
lo, a st rnight Im@ has t1 strong <!orrelatlon. 

,o\.$1 r0ng cor~lotior• 
lr.'d\c(I!~ that the 
t•.<(G seil. oi wiltoeJ! 
crre .:lr;sody ref(ited 
tcr e.00; ii>?r. 

I 

I 

I 
I 

. 
I 
t 
I 

A scatter graph'l.vith points lying reu9hly rn i3 

straight line has a rnoder~te correfotloo, 

Am~te 
'orrelo •1 • 

111r1k11tes: .uiw t/1(! 

fl<'ll ~,>/ 5 ffl Lj(AfU!'l 

f"f: · eu 1<~(1.ttd 
IV ~'Q<.1> ottlir 

I 

I 
I 
I 

., 
I 

I 
I 
I 

--

I 

I 

A sc~~er graph on w,hic,ti t hf' p<i in1s seem unrelated 
to a ~tia,ight trn~ is s.a1€.l 10 have no correratlon. 

Na cvrR!lalio~ 
itrdk-0tc:s tiicrt ill~ 
ni'(() ~s-o.'vo ~ 
ort riO't refu ea rt'1 
Ufl)I' linear WU}: 
q(tlrow;h f)l.1"ler 

mrr~ianstiips 
mt'91lt w~i.11 
between lfl .1 

I 
I 

• 

i 

t 

I· 
I 

I 
I I 
I I ' I I 
I I I 

L·ne of best fit or regression line 
A lined wn on ~ scatter 9.raph to snow the 
corrnl,ation be "Neen the two sets of \1ill'u :;. 
Often, tne line CM be d rawn D\' eye. Howev c, 
to dr;;iw a 1 ore ar.:curate line. tmd the @an* <'If 
each distribu io'"'"" and draw a Ii c at right ang,es 
(SOe} to the- oixis* at th is point. Then draw th~ 
linl! o·f b st fit through the pm t where- th two 
lines from the means meet. 

For e~rnplE!, the t.=i·ble below shvws the nurnb.P.r 
of swimming pool lerVJlhs swum in various tirnQ~-

Time (mins) 5 8 10 13 15 18, 20 23 

Lengt hs i 11 1~ 23 27 31 40 39 50 

To show tha COr!"elation between t hes va l u~, 

plot them O!'I a scatter $1raph . t co draw a line 
of best fit through the poin that represen-~ tf e 
mf>iln of bot" ~ets of data (show n on th~ gmph by 
the $ymbol @). 

Thl'l ma;in length' oi time is : 
5 -d3110+13 15-i1 8 t 

s 
20+ 23 _~ 112 =14 

8 

The mean number of length~ is: 
"" 11 1 5 -'- 2~ + 2 7 + 3 l -'- 40 

B 

2-36 - 29 5" 
8 . 

39 .,_ so 
-·· --~-

So, the li n~ of best fit sh ould' 1;>€ olra1 ... •n through · 
the point (1 4, 29. 5~ .. In tti1s c~sC?-, thP- l ine st.lrl:. at 
((),0) (as in no time, oo len.gths would be wvm). 

Number of le.ngfll:i swu1:11 
' " " I ., 
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HANDLING DATA 

PROBABILITY 
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* (t), 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 
Tn~- result .of an event, for example, a. tossec:I coin 
landing heads up or a thrown die showing a six. 

Success 
"The [equired ·result for example, if youv\fant a. 
(oin to lciryd heads up and it does, this would be 
ac successful outcome. 

Equiprobable _events 
Events with equally likely outcomes. For 
example:,1tyqu.J.oss a i(>ip;;there is an equal 
.c:hance' of the outcome being: a head or a tail. 

Probability scale 
AsC:'*~ measuring the likelihood Qf an 
outco111e. The probability of an outcome that 
will certainly happen Is 1. For ex~rhple, the. 
probability that you will J:ie a little aide~ by the 
time you have read this sentence is 1. An 
outco'me with a probability of i is described as 
a certainty. "'ffi~ probabi1ity of ;~rt outcome that 

•.will 'Certainly not happetl' ls o, rdr example, the 
.probability .th:at ybli will t4rrt;i'&t\5)·M elephant ·is 
o.'An' outcome with a p"robability of (J is 
d~icribed as an impossibility. · ,. 

0 

rmpos5ibilily L_ertdint;y 

The values 0 <:1 nd 1J :r.re J fre extremes of 
probability, ;~H<f the prol:iaJJility of an outcome: 

·occurring cari be anywhere between or including 
:fofand 1. The close! aprobability is fo o ~n the · 
scale, the less likely .the outcome is~ Jhe-doser:-a 
probability is to 1,°the fl;l?f.~· likely>the outcome. 

1112:1 "D~lmal 19; fr~o;ticm 17;.Percentage 27: Statistics 9(\ (D~.ta). 

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: 

P(success) = total successful outcomes 
total possible outcomes 

where P stands for "the probability Of." 

For example, if a bag contains 6 red balls and Lj. 

blue balls, the theoretical probability of choosing 
a blue ball at random is: 

P (choosing a blue ball) = ·i% s t 
The theoretical probability of-choosing a blue 
ball at random is i . This could also he written as 

. . 5 . . ... ·. 
a decimal, DA . or as a percentage, 40%. 

Experimental probability or relative 
frequency 
The nuiJiber of t imes an outcome occurs fn ah 
experiment. 

The rule for calculating experimental 
probability 15: 

P( ) total s.1.1ccessful outcomes success = -
total events 

where ? stands for "t he prowbility ot'fr 

f6.r example, if a die f~ thrown .100 times <lt"\d it 
land_s on:'6 a .total of 1'2,times,•the experimental 
probability, or r~lative frequehci oh hrowing rn~· 
die :aAd' getting a 6 is: 

P(throwing a 'slXI = -11.. "' 1.. 
' 100 25 

" . 

T.he.ex.perimen:tal pro:babifity ofthrowit19 the die 
and, getting a 6 is 

2
3
5 

This c(),!lt~ ai~R: b:;'.llvritten as 
a decimal, .0, 1 ~[,='. or as a p"ercenfage, 1~%. 



Types of events 

Single event 
An event that involves only one ·item, for 
e)(ampl~tossing one :C:(lifk 

Compound event or multiple event 
An event that involves more than on·e item, 
for exa mpfe, tossing two c;oins. ot t ossing a 
coin and a di ec. · · · 

Independent event 
An event that has an outcome which is not 
affected by ~nyothe(e\.tent. An independent 
~vent is also called a random event. 

Fm example, when a die 1s thrown !vvice, the 
chance of throwing a particular numberoti t he 
s~co,nd occas ion is not aff@cted by$tl€, f irst c.-·• 

@Ven~. The prob~bility of gett~ng a ·6-is the same 
no matte r how many t im@$ the die is t hrown. 

Dependent e·vent 
An event that has ar1 o·utcome which is 
affoctecl by a nother event. 

For ex.ample, if a marble is taken at random 
from a bag of blue and g reen marbles. and is 
not put back into the bag, the <:olo r of th12 
second marble to be p icked will be dependent 
on the fi rst event. 

If the m are 3 blue marbte$ and 3 g reen marble$: 

p (choos.ing a blue marble) = i -1 
If a blue marble is ta k.e n out and not replaced, 
t he probability of p icking another blue m<irble 
is now l. {as there are only 2 blue marble5 aind 
5 rnarbres altog@ther). 

/he PfObabiii~~ 
of p1clrJng one 
-0f lh~le Mre 
m<>1/rles Qt 
random irG'm 
'~ /xig IJ 2. 

! 

When t he probo:ibility of a n outcome depends 
on the probabilitY of a previou> outcome, it is 
called conditiona l probabiJlity. The condi'tiooal 
pm~ability t hat t he second marble is blue is l 

Mutually exclusive events 
Two':or more events that cannot both have a 
successful outcome :at'thf!;'sametim~~ For 
example, if A is the event ''choosing a red 
card from a deck of playing cards" ancf 8 
is the event "choosing a' spade from a 
deck of playing cards," 
events A and B are 10 ••• •• 
mutuaUy exclusive. 

If you pick one playing 
card from a deck it. 
cannot be a red card 
and also d"sgade, so 
these are mutually 
.exc/usiw events~ 

• •• •• •• 0/ 

I 

• .!t . 

• • 
The total probability of .:1 complete set of 
mutually exclusi~e events JI ways adds up to 1. 
f.or example, one set of mutually exdusrve 
eve11ts in choosing a card f rom a deck '<'lr~: 

• choosing .;:i red carcH;~:r 

• choo,sing .a spade(~~y 

• choosing a club(~~) 

:NoneoHttese can6i¥i.Yr at the same Urne. If 
:th~~ pro babtrities ~r~ ~·ddeci' together: 

~+.li+n=g=1 
52 $] S2 51 

The result is the same tf a'nother complete ,set~f 
mutually exclus:ive events ~re addedtog.ether, 
such as choosing a b lack caret, choosing a he9.rt 
and choosing a d iamond. 

The )robability of some-thing riot happe ning is 
1 take away the probability that it will happen. 

The. prqbdbiflty uf 
rollingca etearid, 

, getting µ iix,' is,¥ 

The prob .. 'lb/lily Of 
rolling cr d,~ (/()(j 
gettmg a ,1u111ber that 
il fo'Qr o six (tlror fs, I, 
2, 3, -1, Or 5) ~ i· 
This i~ equal f f) t - ~ 
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Combini'ng 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(Z) 

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: · 

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: 

P(R) = 26 
52 

P(S) = .li 
52 

P(KC) = ....L 
52' 

P(R or S) = 26 + .IT+ ....L = 40 = 1Q 
52 52 52 52 13 

The probability of choosing a red card, a 
spade, or the King of Clubs is J.Q, 

13 

The addition rule can be used to calculate 
the probability of choosing either a red 
card, or a spade, or the King of Clubs. 

,r .... ---- - ·-··-,.,-- -r 3 
\ 2 
\ • 
\ 

\ 
\ 
I 
I 
\ 

\ 

• 

\ __ ----=-
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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: 

P(4) =i 
P(K) = ~ 

52 

P(4 and K) =.J-x_.1_ = ~ = ....L 
6 52 312 78 

The probability of throwing a 4 and choosing a 
king is ....L. 

78 

To use the multiplication rule to find the 
probability of a combination of dependent 
events, first calculate any changes in 
probabi_lity following each outcome, then 
multiply the results. 

For example, to find the probability of choosing 
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: 

P(first K) = _.1_ 
52 

P(second K) = -1.. 
51 

P(K and K) = _.1_ X .l.: = -1.L = _L 
52 51 2,652 221 

The probability of choosing a king from a deck 
of cards and then choosing another king, having 
not replaced tlie first, is d,., 

221 

•Compound event, Dependent events 11 3; Event 112; Independent events, Mutually exclusive events 113; 
Outcome, Probability 112; Ratio 24; Single event 113. 

/ 



Possible outcomes 

The possil:ile outcomes* of a n experiment 
depend on the number qf events* that take 

, pl~ce ·an<:twhether the e~~nts ate dependent* 
,,9r independent*.. 

The' possible outcomes of independent events 
can be recorded in a· list. 

"'For example, if a coiri is tossed, the possible 
outcomes can be list~d as: 

H; t . 

where H is heads and' 'r.Js tails. 

If two coins ar.e tossed·, the number of possible 
outcomes incre.ases: 

HH; HT; TH; TT 

And if three coins are toss.ed; the nuJnber of 
possible outi:omes increases again: 

HHH; HHT; · HTH; ·tffT; ,'THH; THJ;: TTH; TIT 

Possibility space or probability space 
A-table th<!t shows the possible outcomes* of a 
pair of independent events*. 

F.or ~xample, the possibility space·below shows 
the possible outcomes :Of combined sG'.or.es 'from 
throwing two dice. . ·· _. . · .·. . . 

First die 

1 2., 3 4 5 " 1 l 3 + s " =r 
2., 3 4 5 '7 1- g 

Qj 

1- g (J) ~ 3 '1- s G:i 
"C c 4 5 " =r g @ 10 0 .., 
Qj 

5 b t g 0) 10 11 II\ 

b =r g @) 10 11 12. 

o'find the probability of a certa in number 
being the total score from ~the two' dic;e, :c;o.tint 
the number of times that core appears i~ the 
table. for example, the number 9 appears four 
times out of 36 possibilitie>, so the .pf<iqability 
of the tota l core being 9 is~. Which i l, 

36 '3 

, HAHDLJt ~ :---

Probability tree diagram 
A diagram on which the possible outcomes* 
of events* are written on the "branches." 
Probabi lity trees are particularly useful for 
dependent event~~ . 

For example, if a ba ll is cho en at random from 
•fl· bag of 4 red ilnd 5 green balls, th@ pos>ible 
outcom es can be hown as: 

;:this tree diagram y~9 R~ 
:.~hows _the probability 
for a single event", 

$ 
9 

If the first ball is riot rep~aced, and hen a 
secondb~il'. is chosen, the probabitities are 
dependent-Ontne res1ults of the first outcome: 

This ire(diagrain 
shows the 
probabilityfot a 
compound event~ 

.i 
p 

nm&a11 

.s 
i (,reen 

y·~ 
Crl't'rl -,. 

11 

Green 

Seeond bail 

If a 'red .ball ' ls chosen fir$l, and nol rep~aced, t he 
probability'.of choosing a second red ball is now 
only 1. (as only 3'red b<11lls. .=.re left out o1 a total . 8 . 
of 8 bal,ls). If a green ball i chosen first. the 
probability of choosing '1 sec;ond g reen ball is 
now only i (as onfy 4 gr~n bal ls am left out of 
a total of 8' balls). 

Odds 
The probability* of an event* occurring 
expressed as a ratio*· 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 failure) . 
The probability of throwing a six is f: 

lraternet links For links to u~~ful websites on p robability, go to w1.ri1w.usborn.e-qvicklinh.com 



A-Z OF MONEY TERMS 
Here is an alphaheticar Jist of some 
money-related terms you m_ay meet. 

Annual' perc;entage rate (APR) 
The total c~st of any form o1 borrowing, 
including mortgages, expressed as a percentage* 
of th_e amount borrowed. APR includes any 
actministration fees as. well as the interest rate*. 

Balance 
The amount of money in an account when all 
mcomings and outgoings have been considered. 

Base rate o r base charges 
A fi>H1d fae 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 thatj~ earned for giving a service, such as 
selling-~ c~r on behalf 9f so-meone else. Commission 
is often a percentage* qfthe value of the item sold. 

Credit 
Credit has many-meanings. In a credit transaction, 
money is received ·into an account. If your acc·ount 
has a credit, it rne~l:!s that you have money. ff you 
have credit, you have the ability to borrow money. 

Credit ha.lance 
The amount of money in your bank account. 

Credit card 
, A ea rd that is used to make purchases bu( pay f9r 

them later. Payments are. usually made monthly 
and inte.rest* may be-charged on the amount of 
money borrowed, A ch~rge card or ·stor~ card is 
·a form of credit card issued by a store. 

·c;redit .Jim it 
The ma~imum amo4nt that qm be borrowed 
on a credit card. 

Credit rating 
· A_points sy.stem, based mai.nly on income and 
credit history, Whlc::l1 is· used by banks and other 
f\n~neiaJ lnstitutionstb dedd'e 1-\ciw muth 
mciney·a customer caii borrow. 

11161 • Aver:.ge:· 1'Q.O; J~t~rest 28; lnte~est rat" 28; Percen!age-2?. 

Currency 
The money in current use by a country. For 
example, the yen is the currency of Japan. 

Debit 
Debit has many meanings. In a debit transaction, 
money is taken from an account- If you are in 
debit, yo.u owe money. A debit can also mean a 
sum of money taken froli:i 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 i~ reduced by 1 0%. 

Earnings 
Sala,.Y or wages. Gross earnings. is the amount 
earned· before any deductions(:such as i_ncome 
tax, and pension contributions) are made: Net 
earnings, or take home pay, is the amount left 
after deductions h.ave been made. 

Exchange rate 
The rate at Which a unit of one currency'.l:a'.i:J b@ 
exchanged for another currency. 

Income tax 
Tax related to a person's earnings. Everyone can 
earn a certain amount without paying tax on it 
(personal tax allowance) and may be able to 
_claim uther allowances. lricome tax is payable on 
all earnings 9bove th~se combined allowa'rices. 
Tax is c;ha rged ::as"a"percentage* of taxable 
income. the more you ear{!; the more tax you pay. 



1.ncome' tax withholding program 
A program by which income tax is deducted 
from a person's-gross earnings, before any 
money is p.aid tothe pemin. 

lriflcttion 
An al;tera.ge"' increase in the cost of goods 

~}"a~a ·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 yea rly. 
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. Overtime is often paid at a 
different rate from normal pay. 

·Pension program 
A,.ri .arrangement to pay a person a regular 
sun{ of money after retirement. A pension 

· program: is usually funded by payments made 
before ret irement by that person and/or 
i helr .employer. 

i>ersonal loan 
As'1:1m ofmoney loaned to a person by a bank for 
.ahy pu:rpose. The Joanis subject to inter~st*. 

p.j~ee rate 
A fixed .rate. of pay that il> calculated p~r item 
-p r;cid.uced cir.processed, such .as ffie 11uf1Jber;of 
bricks laid by a brk kiayer. Work. tbat:is~pi:iftj in 
this.;way is c;alled piece-work. · · 

NCJNJBER 

Satary 
The money to b(i!ecirhed o'w'.er;ay~~ Th i~ is 
usual ly divided into 1~ equal part~: paid monthly. 

Sales and services taxes 
Taxes that are added to. the cost :Qt. goods a nd 
services; for example, restaurant bills: Th~ amount 
of tax is a fixed percentage* of he serling 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 interest* on the money in it . 

Statement 
A report from a bank or f inance compa ny t hat 
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 performi ri~? 

well, its share price is high. If a compa ny is 
performing poorly, its share price is low. 

Tax 
Money collected on behalf of t h_e government 
so they can provide. services, such as schools, 
for the country. There are ma ny differe n1:Jaxes. 
The act of taxing people is called taxation. 
Direct taxation takes place before any moi;iey is 
spent. Income tax is a common form of-<lire_ct 
taxation. Indirect taxation takes plate when_ 
money is spent. Sales tax is a n example of 
indirect taxation . 

Unit trust or mutual fund 
A program run by an investment company that 

. inve~ts people's money in .;:i, range of shares. 

Utility bill 
A:_b itl fOr an essential servke to a property, suich 
iii §as; electricity and water services. Utility bill s: 
-can-be· paid weekly, monthly or qua rterly. 

Wage$ 
The money earned over a period of time;, usually 
paid weekly or monthly after t he end olthe p~riod. 

. . . . 
Internet links For links to useful websites on managing money, go to· www. usbome-quJc_klfnks,eom· 
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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.) 

+ Addition sign ±n Positive or negative ::;; Less than or equal to 

(see page 14) number (see page 11) (see page 90) 

e.g. 2 + 5 = 7 e .g. v16 = ::'::4 
~ Greater than or equal to 

Subtraction sign n Recurring number (see page 90) 

(see page 14) (see page 19) . =f. Not equal to 
e.g. 23 - 4=19 e.g. 10 + 3 =3.3 (see page 90) 

x Multiplication sign n:m Ratio e.g. 3 x 2 =F 4 

(see page 14) (see pages 24-26) = Is approximately equal to 
e.g. 6 x 5 = 30 e.g. 3 : 2 (see page 72) 

Division sign ex Proportional to 
e.g. 100 + 9 = 11 

(see page 1 5) (see pages 25-26) 2: The sum of 
e.g. 45 + 9 = 5 no (see pages 14 and 101) 

Degrees e.g. L(1, 2, 3) = 6 
Equals sign (see pages 32-33) 
(see page 79) e .g. angles in a circle = n The mean of 

e.g. 2 + 3 = 6 - 1 360° (see page 101) 

n2 Squared number 'IT Pi (see page 66) {n} Set (see pages 12-13) 

(see pages 8 and 21) i.e. 3.141 592 654 ... e.g. set A = {3, 5, 8} and 

e.g. 42 = 4 x 4 setB={1,2,3} 

L Angle 
E Is a member of the set n3 Cubed number (see page 32-33) 

(see pages 8 and 21) e.g. a right angle is 90° 
(see page 12) 

e.g. 33 = 3 x 3 x 3 e .g. 3 E {3, 5, 8} 

Vn I Right angle g Is not a member of the set 
Square root (see page 32) (see page 12) 
(see page 11) 

e.g. \/49 = 7 a Unknown angle alpha e.g. 4 t£ {3, 5, 8} 

Vn (see page 60) cg Universal set 
Cube root (see page 12) 
(see page 11) e Unknown angle theta 

e.g.~= 5 (see page 60) 
e.g. "& = { {A}{B}{ ... }} 

0 or Empty set 
% Percent - Identity sign {} (see page 12) 

(see pages 27-28) (see page 75) 

e.g . .l = 50% e.g. 3x = 5x - 2x u Union or cup 
2 (see page 13) 

+n Positive number < Less than e.g. {3,5,8} u {1,2,3} 
(see page 7) (see page 90) = {1 ,2,3, 5,8} 
e.g. + 2 x +3 = -+:6 e.g. 1 < 3 

n Intersection or cap 

n Negative number > Greater than (see page 13) 

(see page 7) (see page 90) e .g. {3,5,8} n {1,2,3} 
e.g. + 3 x - 4 = - 12 e.g. 3 > 1 = {3} 

~h1!] 
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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 S5 (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() 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 (a) 60 
alternate 

angles 33 
segment property 

71 
segments 71 (alternate 

segment prop·erty) 
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 
approx.imately equal to (= ) 

72 (equivalent 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) 

B 

of ellipses 69 
of rotation(al) symmetry 

41, 42,43 
x- and y- 31 (Cartesian 

coordinate system), 
80, 111 

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 



I 
I 

boxes 11 0 (box plot) 
braces ( {}) 12 

c 
calculating 

frequency from a 
histogram 107 

interest 29 
probability 112-115 
standard deviation 103, 104 

canceling fractions 
17 (equivalent fractioni;), 

18, 27 
cap (n) 13 (intersection 

of sets) 
capacity 59, 72 
Cartesian 

coordinates 31 
coordinate system 31, 80 

categorical data see 
qualitative data 

census 97 
centiliters (cl) 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 
colum!:Y-'ectors (~) 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 
quantities 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 (CPI) 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 surfa'ce area 67, 68 

cy~lic 
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 7 3 
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 (0
) 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 so lids 50 
to scale 52- 54 

E 
earnings 116 

·edges 40 (polyhedron), 41 
elements ( E) 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 0) 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 porygons 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 

l 



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 sequenc;e 1 O 
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 qu·artile (Q 1) see lower 
quartiles 

five-number summary 11 O 
flat angles 32 , 
flow c_harts or diagrams 92 
fluid ounces (fl. oz) 

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 6 7 
of t~iangles 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, 

G 

92- 93 
graphs 93 
trigonometric or circular 

60-64, 93 

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 freque~cy 
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 
hemisp_heres 69 
hendecagons 34 (polygons) 
he.ptagons 34 (polygons) 
heptahedra 40 (polyhedron) 
hexagons 34, 36 (polygons) 

I 
l 



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 (oo) . 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- 1) 

73 (speed) 
kites 39 

L 
labeling polygons 35 
lateral faces 41 (prism) 
laws 

of arithmetic 15 
of exponents 22, ·75 

least common multiples (LCM) 
11 (common multiples) 

length 7 2, 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 , 8~ 89, 91 
functions 93 
graphs see straight line 

graphs _ 
scale factor 44 (enlargement) 
sequences 10 

liters (I) 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 1) 102, 109, 110 

lowest 
common denominators 

17 (equivalent fractions), 
24 

common multiples (LCM) 
11 (common multiples), 

88 
possible terms 

M 

17 (equivalent 
fractions), 27 

magnitude 45, 46 
major 

arcs 65 (arc) 
axes 69 (ellipses) 
sectors 65 (sector) 
segments 65 (segment) 

mapping 
functions 92 

transformation 
43 (introduction) 

maps 53 



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,J10 
members of sets see elements 
meters (m) 72 (metric units) 

per second (m/s, ms - 1) 

73 (speed) 
per second per second 

(m/s 2 , ms- 2) 

73 (acceleration) 
metric measurement system 

72-73 
111id-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 

units} 
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 11 6, 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 (-) 6, 7 
parabolas 82 
rotation 43 (rotation) 
scale factors 44 (enlargement) 
square roots (-Vn) 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 decimals 19 
noon 74 (12-hour clock) 
not equal to (¥' ) 90 
notation 

mapping 92 
of inequalities 90 
ofsets 12,13,92 
of vectors 45 

null 
angles 32 
sets({} or 0) 12 

numb_er 6-31 
bases 6 (number system) 
lines 7 (directed numbers), 

90, 92 
numerators 9, 17, 18, 62 

0 
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 fJ 60, 61 
or rule 114 
order of rotation(al) 

symmetry 42 
orders see exponents 
ordinal data 96 
origin 31 
ounces (oz) 72 (US customary 

units) 
fluid (fl. oz) 72 (US 

customary units) 



outcomes ·112, 113, 114 
outliers 11 0 
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 ('IT) 9, 19, 5'5, 66 

pictograms or pictographs 
105 

piecharts 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 7-0-71 
of angles in cyclic 

quadrilaterals 71 
of circles 66 
of numbers 6-9 
ofpolygons 34-39 
of polyhedra 30, 40-41 
of tangents 71 

proportion (OC) ·24, 25, 26, 52, 
98, 107 

protractors 47, 49, 50, 105 
pyramids 41, 59, 68 
Pythagorean theorem 37, 38, 

45, 60, 68 
Pythagorean triples or triads 

38 

Q 
quadrant arcs 65 
quadrants . 

of circles 65 
on a plane 31 

quadratic · 
equations 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 
quindecagons 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 perfectsquares 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 wh.ole turns 
rounding 

decimals 20, 86 
error 20 
integers 9, 16 

rules 

5 

functions 92-93 
in sequences 10 
in sets 12 
of algebra 76-79 

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 
sec:tional 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) 

congruence 38 
side elevations 41 (elevation) -
sides 34, 35, 37, 49, 60,.62 
side-side-side (SSS) 

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 i::quations 

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 
ruJe 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 

n~mbers 8, 10, 21, 38, 
78, 85 
roots ("\I) 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, 1 04 
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 CD 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 

T 

observation 97 (observation) 
sampling 98 

take home pay 116 (earnings) 
tallies 99 (tally chart) 
tally charts 99 
tangent 

graph or tangent curve 64 
ratio (tan) 6-0, 61, 62, 93 

tangents (to a curve) 71, 95 
taxable income 

116 (income tax) 
taxation 117 (tax) 
taxes 11 6, 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, 45, 60, 

68 
theoretical probability 112 
theta (e) 60, 61 
third quartile (Q3) 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

3
) 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 1 03 
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 ang les 
33 

vertices (sing. vertex) 91 
of polygons 33, 34, 35, 36, 

37,48, 57, 70, 71 
of polyhedra 40, 41 

volume 58-~9 , 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 
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Photos 

x 
x-axis 31 (Cartesian coordi·nate 

system), 45, 80, 81, 93, 94, 95 
x-coo rd inate 31 (Cartesian 

coord inate system) 
x-intercept 80 

y 
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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