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The Australian Curriculum: Mathematics
aims to ensure that students:

» gre confident, creative users and
communicators of mathematics,
able to investigate, represent and
Interpret situations in their personal
and work lives and as active citizens

®» develop an increasingly sophisticated
understanding of mathematical concepts
and fluency with processes, and are able
to pose and solve problems and reason
In number and algebra, measurement and
geometry, and statistics and probability

® recognise connections between the areas
of mathematics and other disciplines and
appreciate mathematics as an accessible
and enjoyable discipline to study.

© Australian Curriculum,
Assessment and Reporting Authority
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Pearson Mathematics shares these aims.
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*: mathematics

Pearson Mathematics Second Edition is a compelling
research-based series, written by experienced and
practising Australian teachers with the support of
Australia’s leading mathematics education experts.

It has been specifically designed to scaffold students’
fluency development, conceptual understanding,
reasoning and problem-solving skills.




supporting adll learners

Differentiation

Pearson Mathematics Second Edition has been written and designed for the needs of the full ability spectrum

of students in Australian classrooms.

Expanding brackets

Navigator
1,2,8,4,5,6,7,10,12,13,16, 2(a,b),4,5,6,7,8,9,10,12,13, 2(a, b), 4 (a), 5 (a),6(a), 7 (), 8,
19, 22 14,16, 19, 20, 21, 22 9,10, 11, 14,15, 16, 17, 18, 19,

20, 21, 22,23

Challenge A

Recall—Each chapter begins with a review of assumed
and necessary knowledge for the chapter. For students
needing extra revision, Recall Worksheets are available
for each Recall question, with explanations to refresh
understanding and exercises to practise skills.

Exercises—All Exercises include questions according
to the Australian Curriculum Proficiency Strands:
Fluency, Understanding and Reasoning. They have
been carefully paced to help students build skills,
develop deep conceptual understanding and apply
learning. Every Exercise also has ‘Open-ended’
questions to encourage students’ creative thinking
and ability to communicate mathematics effectively.

Navigator—Three optional graded pathways
through every Exercise, with every question rated
as Foundation, Standard or Advanced level.

Challenge—With every Mixed Review in this Student
Book there is a Challenge section for early finishers
and advanced students.

Regular revision and reinforcement

Pearson Mathematics Second Edition has a broad range of cumulative and chapter-based revision.

Half-time 3 /7

Chapter review

Mixed review

Half-time—A mid-chapter review of chapter
content so far.

Chapter review—An end-of-chapter thorough review
of chapter content.

Mixed review—Cumulative revision that mixes content
from previous chapters.

Using Pearson Mathematics ' xi



Encouraging mnquiry

and problem solving

Investigation Exploration Spreadsheet

These are scaffolded to be accessible to all learners C[I’ld CAS
and structured following a 5e+ format.

Pearson Mathematics Second Edition
understands the importance places of students

Investig‘q‘tion developing technological literacy. Explorations

with CAS technology and spreadsheet
software allow students to learn and practise
their technical proficiency, while also helping
to develop students’ deeper understanding
of the mathematical concepts covered.

Problem solving,

Exploration Spreadsheet

Exploration CAS

Exploration Coding

PU.ZZ].eS OIl’ld GC{meS Algorithmic thinking is an increasingly relevant
component of mathematics education for the
These are located throughout every chapter 21st century. Algorithmic thinking and coding tasks
and give students fun opportunities to develop encourage learners to understand and develop
their problem-solving skills and logical reasoning. reasoning skills with computational procedures,

algorithms and logical problem-solving, exploring a
coding environment within a mathematical context.

Exploration Coding
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Real-life contexits

and engagement

Exploration Task and STEM

Home Page

Practical contexts provide useful learning Anticipate the ‘Why learn this?' question and
opportunities and natural pathways into interesting, provide a motivating entry into every new chapter
relevant mathematics. topic, featuring an interview about mathematics

Exploration tasks are rich tasks that encourage in the workplace.

student engagement, questioning and creative

thinking. STEM activities allow students to explore

topics related to Science, Technology, Engineering

and Design with a Mathematics perspective. Statistics

Maths boosts sales

Exploration Task

Exploration STEM

Pearson Mathematics Second Edition has been designed to capture students’ interest,
with the incorporation of Maths 4 Real, Gamespace and more.

Scenarios that help students make For year 7 to year 9, skill consolidation and

connections with mathematics in the real world. reinforcement wrapped up in fun and quirky
scenarios, including multi-player maths board games
and solve-the-riddle, find-the-clue tasks and games.

Adventure on
1 Sohcahtoa Islant :

SNOWBOARDINGz:E"™
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Linear

relationships

Maths saves the planet!

Name: Zoe Ryan
Job: Forest Carbon
Specialist

Bachelor of Forest
Science

Developing countries with tropical rainforests
have had a high rate of deforestation in the
past. However, a change in attitude over
the past few years and a growing interest

in the environment is halting the devastation.
Zoe Ryan is a Forest Carbon Specialist. Her
job is to measure the amount of carbon
stored in a forest to calculate the amount

of greenhouse gases that would be emitted
if they were cut down.

About a third of Zoe’s time is spent abroad,
travelling to tropical regions in countries such
as Borneo, Papua New Guinea, Peru, Ecuador
oand Mozambique. She has to travel on
canoes through croc-infested waters to get to
some of the forests. 'It's really wild; you

Why learn this?

wouldn't find these places in a Lonely Plonet
travel guide ... there's always something
totally unexpected, you just have to let go
ond go with it.’

In the forest, Zoe takes measurements of the
trees and uses sampling in order to measure
the carbon stock in the forest. After the
quantity of avoided emissions is calculated,
it is then cudited cnd verified by cn
independent third party. Carbon credits are
then sold in the carbon market to companies
who want, or need, to reduce their carbon
emissions debit. Deforestation contributes
about 15% of the world's greenhouse gas
emissions. Getting companies to buy carbon
credits means that the forest stays protected.

Knowing how important it is to mancage the
forest sustainably, it is crucial for Zoe to be
accurate with her maths. T can see that the
more samples we put in, the lower our error,
so the more carbon we're able to sell beccause
our precision is greater. I feel like I'm
genuinely doing something that's good for
society, and it's also an adventure.’

A variety of jobs use linear relctionships and systems of linear equations to represent,
analyse and solve a variety of problems, and to manipulate numbers to find quantities.
Linear equations are used extensively in all branches of science and technology, including
computer science, biology, chemistry, physics, anthropology and all the engineering
professions. Other professionals such as economists, bankers, architects and photographers
also use linear equations to understand informcrtion and to predict future results.

After completing this chapter you will be able to:

e solve linear equations

e find the gradient of a line joining two points or from cn equation

e sketch linear graphs

¢ find the equations of parallel and perpendicular lines

¢ find the solutions for linear inequalities
e solve simultaneous linear equations.
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Prepare for this chapter by attempting the following questions. If you have difficulty with a
question, you can download a Recall Worksheet from the eBook or the Pearson Places website.

1 If P=2t-7, find P when:
@ t=0 (b) t=5 ©) t=-4 d) t=2
2 Solve the following linear equations.

2d+6=

(@ 2a-3=11 (b) Z +7=13 (¢) 3(2c—-5)=45 (d) 5 4
3 Plot these coordinate points on a Cartesian plane.
(@ A4, 3) (b) B(0,2) © C(-1,2) (d) D(-2,-3)

4 Copy and complete the table of values below for each of the following equations, then plot
each graph for -2 <x <2 on a Cartesian plane.

x -2 -1 0 1 2
Yy
@ y=x+3 (b) y=x-2 © y=2-x (d) y=>3x
5 Sketch the graphs of:
(@ y=3 (b) x=2
6 Write (i) the gradient and (ii) the y-intercept for the graphs of the following equations.
(@ y=3x+5 (b) y=3-2x (©) 2x+3y=4

7 Find the gradient of the line joining the points with coordinates:
(@ (1,3)and (4,-2) (b) (-3,-6)and (2, -1)

8 (a) Sketch the graphs of x =1 and y = 3 on the same set of axes.
(b) Find the point of intersection of the two lines.

Exploration Task

You can download this activity from the eBook or the
Pearson Places website.

Straight lines

In this activity you will explore how to match
equations with different kinds of straight lines.

1 Linear relationships
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Linear equations

A linear relationship exists between two variables if the graph of the relationship is a
linear graph (a straight line). In a linear relationship, a uniform change in one variable,
the independent variable, produces a uniform change in the other, the dependent
variable. The variables x and y are commonly used because they represent the axes
of the Cartesian plane on which linear relationships are graphed.

A linear relationship is described by a linear equation. If you know the value of one of the
variables, you can solve the equation to find the corresponding value of the other variable.You
can solve a linear equation using inverse operations. Linear equations have only one solution.

Worked example 1

Solve each of the following equations to find the value of the unknown.

(a) 5x—6=34 B 204 =-1

Thinking Working

(@ 1 Use inverse operations in the (a) Bx—6=34
opposite order to find the value of the 5x =40
unknown. (Here, add 6 to both sides x=5
and then divide both sides by 5.)

2 Check your answer by substituting LHS=5x-6
the value of the pronumeral into the =5x&-6
equation. =34

=RHS
(b) 1 Use inverse operations in the (b) %ﬁ +4 = -]
opposite order to find the value of
the unknown. (Here, subtract 4 from 52 _ -5
both sides, multiply both sides by 2 2
and then divide both sides by 3.) da=-10
_-10
3
1
=-%=
)

2 Check your answer by substituting LHS = % +4
the value of the pronumeral into the
equation. 3% -3 1

= 244
2
3 X 19
= 2 +4
2
=194
2
=-5+4
=1
RHS

PEARSON mathematics 10-10A 2ND EDITION



Equations where the unknown appears more than once

To solve equations of the type 5a — 3 = 2a + 6 you must first add or subtract a term containing
the pronumeral on both sides of the equation, so that the terms with pronumerals appear
on one side only (usually the LHS). If the equations involve brackets, you can expand the
brackets using the distributive law a(b + ¢) = ab + ac.

Worked example 2

Solve each of the following equations to find the value of the unknown.

(b) 2a—-5=6a+1

(@ 5a—-3=2a+6

(€) 4(k+1)=3(6-k)

Thinking Working

(@ 1 Add or subtract a term so that the (a) ba-3=2a+6
terms with pronumerals appear 2a—-3=06
on one side of the equation only.
(Here, subtract 2a from both sides.)

2 Use inverse operations in the 3a=9
opposite order to find the value of the a=3
unknown. (Here, add 3 to both sides
and then divide both sides by 3.)

3 Check your answer by substituting LHS=52-3 RHS=2a+06
the value of the pronumeral into each =5x35-3 =2x3+6
side of the equation. =15-3 =6+06

LHS =RHS
(b) 1 If the coefficient of the pronumeral (b) 2a-5=0Ga+1
term on the RHS is greater than the 6a+1=2a-5
coefficient of the pronumeral on
the LHS, then swap the sides of the
equation. (Here, 6 > 2 so swap sides.)

2 Add or subtract a term so that the 4a+1=-5
terms with pronumerals appear on
one side of the equation only.

3 Use inverse operations in the 45 =-6
opposite order to find the value G
of the unknown. a=

4 Simplify your solution if necessary. = —g

5 Check your answer by substituting LHS5=22-5 RHS =62 +1
the value of the pronumeral into each 3 3 3 3
side of the equation. =G _2_5 =@ “§+1

=-3-5 =-9+1
=-8 =-8
LHS =RHS

1 Linear relationships



() 1 Expand brackets.

2 Add or subtract a term so that the
terms with pronumerals appear

on one side of the equation only.
(Here, add 3k to both sides.)

3 Use inverse operations in the
opposite order to find the value
of the unknown. (Here, subtract 4
from both sides and then divide both
sides by 7.)

4  Check your answer by substituting
the value of the pronumeral into
both sides of the equation.

() 4(k+1)=3(6—K)
4k+4=18— Bk

Tk+4=16

LHS = 4(k +1)
=4(2+1)
=4x3
=12

LHS =RHS

RHS =3(6 — k)
=3(6-2)
=3x4
=12

To solve an equation containing fractions, find the lowest common multiple (LCM) of the
denominators, called the lowest common denominator (LCD).You then multiply both sides
of the equation by the LCD. This simplifies the equation by eliminating the fractions.

The equation can now be solved as shown previously.

Worked example 3

Solve each of the following equations to find the value of the unknown.

2x+1_x-3 b x-1
== b) =-2="—=
(@) 3 5 (b) 3 1
Method 1: Multiplying by the LCD
Thinking Working
(@ 1 Find the LCD of all fractions in the (a) LCD=15
equation.
2 Multiply every term in the equation sl 500
by the LCD. Insert brackets if required. . e
BE@x+1) _15(x-3)
) 5

3 Divide the denominator of each term
into the LCD.

4  Expand any brackets.

5 Add or subtract a term so that
the terms with the pronumeral is
on one side of the equation only.
(Here, subtract 3x from both sides.)

6 Use inverse operations to find the
value of the unknown.

PEARSON mathematics 10-10A 2ND EDITION
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7x+5=-9
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7 Check the value of your solution |Ho = 2% 2+1 RHS = ——
by substituting the value of the . =
pronumeral into both sides of _5 _5
the original equation. 5 5

= -1 = -1
LHS = RHS
(b) 1 Find the LCD of all fractions in the (b) LCD=12
equation. X o K —1
5 4

2 Multiply every term in the equation 12X _1px2= =)
by the LCD. Insert brackets if o &
required.

3 Divide the denominator of each term 4x—24=3(x—1)
into the LCD.

4 Expand any brackets. 4x—24=3x—-3

5 Add or subtract a term so that the X=124=-5
terms with the pronumerals are is
on one side of the equation only.

(Here, subtract 3x from both sides.)

6 Use inverse operations to find the x=21
value of the unknown.

. _ 2 _21-1

7 Check the value of your solution LHS = i 2 RHS = ——
by substituting the value of the @
pronumeral into both sides of the —7_2 _ 20
original equation. 4

LHS = RHS

Alternatively, you can write all fractions with a common denominator (the LCD) and then

multiply both sides of the equation by the LCD.

Method 2: Writing all terms as fractions using the LCD

Thinking Working
(@ 1 Find the LCD of all fractions in the (a) LCD =15
equation.

2 Write all terms in the equation as 2x+1_x-3
fractions using the LCD as the 3 5
denominator. Use brackets if 5(2x+1) _ 3(x—3)

- NI 5 B
required. (Here, 3 1 and = 15.)

3 Multiply every term on both sides of
the equation by the denominator
(LCD) to eliminate the fraction.

4 Expand any brackets.

5(2x+1) = 3(x — 3)

10x+5=3x—9

1 Linear relationships



5 Add or subtract a term so that the 7x+5=-9
terms with the pronumeral are
on one side of the equation only.
(Here, subtract 3x from both sides.)

6 Use inverse operations to find the 7x=-14
value of the unknown. K= =2
7 Check the value of your solution LHe = 2X2+1 RHS = 2—5_:§
by substituting the value of the
pronumeral into both sides of the _5 _5
original equation. 5 5
= —1 = -1
LHS =RHS
(b) 1 Find the LCD of all fractions in the (b) LCD=12
equation.
2 Write all terms in the equation 5§ B
as fractions using the LCD as 5 7 4
the denominator. Use brackets if 4x 24 B(x-1)
required. (Here, L —4—, =2 12 12 12
3 12 12
1_3
and = = =)
4 12
3 Multiply every term on both sides of 4x—=24=3(x—1)
the equation by the denominator
(LCD) to eliminate the fraction.
4  Expand any brackets. 4Ax—24=3x—23
5 Use inverse operations to find the x=21
value of the unknown.
. 21 211
6 Check the value of your solution LHS = = 2 RHS = ——
by substituting the value of the &
pronumeral into both sides of the —7_2 _20
original equation. 4
=5 =5
LHS = RHS

Writing worded information as equations

When mathematical information is given in words, you need to write it in the form of an
equation before you solve it.

8 PEARSON mathematics 10-10A 2ND EDITION



Worked example 4

Write an equation for the following and solve it

The sum of three consecutive numbers is 21.

to find the unknown numbers.

Thinking

Working

1 Use a variable to define one of the
unknowns.

2 ‘Consecutive’ means ‘following’ so add 1
to x for the second number and add 2 to
x for the third number.

3 ‘Sum’ tells us to add the three unknown
numbers to give the total. (Here, it is 21.)

4 Add like terms to simplify.

5 Use inverse operations in the opposite
order to find the value of the unknown.

6 Check your solution by substituting the
value of the pronumeral back into the
equation.

7 State the answer in words.

Let the first number be x.

Second number is x + 1.
Third humber is x + 2.

X+ (x+1)+(x+2)=21

Ix+ 3 =21

Ix =16
X=0

LHS=6+(6+1)+(6+2)
=0+7+6
=21
=RHS

The three consecutive numbers are
©,7 and &.

In the example above, you might find it simpler

to let the middle number equal x. The three

numbers would then be x — 1, x and x + 1. Try this for yourself.

fB) Linear equations

Navigator

1 (columns 1-2), 2 (columns 1-2), 1 (column 2), 2 (columns 2-3), 3, 1 (column 3), 2 (columns 2-3), 4,

3, 4,5 (columns 1-2), 6,7, 8,9, 4,5 (columns 2-3)

,6,7,8,9,10, 5 (columns 2-3),6,7,9, 10, 11,

10, 11, 12, 15,17, 18, 20 11, 12, 14, 15, 16, 17, 18, 20 13, 14,15, 16,17, 18, 19, 20, 21
Fluency
1 Solve the following equations to find the value of the given variable. m
(@ 4x+3=15 (b) 4x+1=33 () 3c+7=-2
(d) 5a-3=17 () 7x—2=-44 () 7d-5=-26
(9 6-5m=-4 (h) 9—4n=>5 (i) -2-3x=1
i) 19=6f+7 K 9=4de—1 ) -3=5p-4
m) £-5=-5 m 8+2=5 ) Z—7=-3

1 Linear relationships



2k 12 5% 5 _ 7Y 432
(p)3+13 (q)3 2=8 (n 2+33

4x 2x 5x
3 —_—— T 2 —_—— T —_—— T =
(s) 5 t o6 3 4 (u) 4 Z 1
m 2 Solve the following equations to find the value of the unknown.
(@ 3a+7=a+9 (b) 9d+4=2d-3 (c) be+2=7-¢
(d) 7c—1=4c+5 () 4b—-3=2b+5 (f 4f-5=8-2f
@ g-11=5-¢g (h) 2h+3=7-3h () 4k+13=7-2k
i) 2-3x=2x+7 (k) 3—4x=2vr-3 ) 6-x=2x+1
(m) 2(x + 3) = 6x (n) 3(2x+1)=18x (0) 5(7x+2)=6bx
(P) 3(m+2)=m-5 () 23d—-5)=2d+7 (N 4Qd-3)=6d+2
() 5(a—2)=3(a+2) ® 7(a+2)=2Q2a-1) () 4(2g—3)=5(3g—4)
(V) 7(2t+4)=4(7 - 2t) (W) 52k +3)=4(3h + 1) ) 2(4j+3)=3(1—j)
3 (a) The equation 3a + 5 = -1 has the solution:
4 1
A a=: B a=-Z =-2 D a=-1
a 3 a 5 C a a 8
(b) The equation %l + 3 = -2 has the solution:
A d=7 B d:—? C d=-7 D d=-35
(c) The equation %x — 4 =4 has the solution:
A x=-48 B x=0 C x=3 D x=12
4 Find the lowest common multiple for each of the following sets of numbers.
(@ 5and 7 (b) 8and 16 () 5,6and 15
m 5 Solve the following equations to find the value of the unknown.
(@) a+7_a-3 (b) b-2_b+1 ©) 20-6_c+7
3 5 2 3 3 4
3d+1 _d-3 2x+1 _x-3 5y-2 _y+3
d = —— = —— =
(d) 5 1 (e) 3 5 (f 3 1
3-2m_5-4m 1-4k 3k-7 . 2-3t t-5
—— | — h —— T e— — T —
(9) 3 1 (h) 1 5 0] 1 3
N oa+7 -3 m—8
At/ 42=-4 k E=2_1=2 D 2=° 2-9
0 3 (K) 1 (U] B
(m)Q&l_%E:6 n) Sn-1_n_, (©) 3t+2 2t_ 4
2 5 5 2 4 3
4dm—-3  2m+5 2k+3 5k 2x+3 3x-5
(P) = 5 (@ 5+t T3 ) 1 3 2
m 6 Write an equation for each of the following and solve it to find the unknown numbers.
(@) 61isadded to x to give a result of 13. (b) 7 is subtracted from y to give -2.
(c) Twice a certain number is 17. (d) One-third of a certain number is 12.

(e) Two more than three times a number is 23.

(f) Five less than four times a number is -3.
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7 (@) 3x+ 8 =2 —x has the solution:

A x=-3 B xz—g C x=§ D x=3
(b) 7(y —3)=5(15—y) has the solution:
A y=9 B y=38 C y=7 D y=0
(c) Sm-2_m+1l has the solution:
2 3
A m=0 B m=2 C m=4 D m=7
Understanding

8 (a) x, yand z are consecutive whole numbers. If x = 4, what are the values of y and z?
(b) x, y and z are consecutive whole numbers. If y = 12, what are the values of x and z?
(¢) x, yand z are consecutive even numbers. If x = 4, what are the values of y and z?

9 Find three consecutive even numbers whose sum is 126.

10 Sam divided his bag of jubes so that he and his friends Nikki and Minh could share them. = Add 2 to get the next
He gave himself twice as many as he gave Nikki, and Minh received three times even number.
as many as Nikki. If the bag contained 42 jubes, how many did each person receive?

11 A rectangular block of land has a length of x m and a width of (x — 50) m. The perimeter
of the block of land is 300 m. Find the value of x, and hence find the length and width of
the block.

M\ o ‘“ A\ \

12 Suppose that p represents Penny’s age.

(@ How old will she be in 7 years’ time?
(b) Write an expression to represent twice her age in 7 years’ time.
(c) What is Penny’s age now if twice her age in 7 years’ time is 48?

13 The width of a rectangular block of land is 2; of its length. If its perimeter is 252 m, find
its length.

14 To travel to a concert, Olivia and her friends decided to walk to the train station. The trip
on the train covered 6 times the distance they had walked. They then rode in a taxi for the
final 2 km to the concert venue. Altogether they travelled 12.5 km. How far did Olivia and
her friends walk, and how far did they travel by train?

1 Linear relationships

11
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Distance
= speed x time

15 Ross is 20 years older than his niece Krystal. Krystal has worked out that in 5 years’ time
her uncle will be twice as old as she will be then. Find Krystal’s age.

16 If g of a number is subtracted from % of the same number, the result is 3. Find the number.

Reasoning
17 (a) Expand 3(x-3)=6.
(b) Solve x—3=2.

(c) If youwere now asked to solve 3(x — 3) = 6, how could you find the solution using your
answer to (b)?

(d) If you were now asked to solve 3x — 9 = 6, how would you know the solution
immediately?

18 Amy is twice as old as Lucy. Three years from now the sum of their ages will be 42.
How old is Amy?

19 Two cars start at the same time from the same point and travel in opposite directions. One
car is travelling 10 km/h faster than the other. In 3 hours they are 288 km apart. Find the
speed of each car.

Open-ended

20 Write three different equations, each with a solution of -2, where at least three
mathematical operations are used.

21 Ms Grey wants Tim the tiler to lay square tiles to make a bordered rectangle with white
tiles on the interior and black tiles on the border. For his first attempt Tim comes up with
the following design, which contains 18 black and 12 white tiles.

(a) If the rectangle remains 3 white tiles wide, but the number of white tiles in the length
increases to I, how many black tiles will be required for the border?

(b) () Draw a different rectangular design that uses 12 white tiles.
(i) How many black tiles would now be needed?

(iii) If the number of white tiles in the width remains constant, but the number of
white tiles in the length increases to t, how many black tiles will be required for
the border?

(c) Choose a different number of white tiles to make a rectangular pattern and find the
number of black tiles (1) needed to make a border.
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Exploration CAS

Equipment required: TI-Nspire CAS or Casio ClassPad CAS

Solving equations

20-6 _c+7

Equations such as
these quite easily.

= —— can be slow or difficult to solve by hand. However, you can use your CAS to solve

Using TI-Nspire CAS Using Casio ClassPad CAS

1 Add a Calculator page to your document by
selecting the Calculator icon on the bottom row
as shown.

Forenen

Add Calculator to: N

2 Select menu > Algebra > Solve and enter an
equation, followed by a comma and the variable
to be solved for (c). To use a fraction template
press ctrl > .

ol 1.1 L *Doc < P‘L{:A X

2:¢c-6 c+7 c=9
m-—c

3 4

solve(

From the menu select Main and then make sure
you are in Standard mode, with the word
Standard shown at the bottom of the screen.

If this is Decimal instead, then select the word
to change it to Standard.

You should also select Edit > Clear All Variables,
to make sure that no variables are set.
_g_[:ﬂj] Action Interactive
°{:; Undo/Redo v |
= Cut —_— —
D copy
Paste
Select All
Delete

Clear All Variables
Clear All

Alg Standerd  Real Deg

Select Interactive > Equation/Inequality > solve and
then enter an equation, followed by a comma and
the variable to be solved for (c).You can use the
fraction template and the Var tab from the Keyboard
to enter the equation in the main window.

0 5t ACtion Intarsctie
e
TR

2+c~8 _o¢7
mlw[ 4 . rl .r]

(em§)

1 Linear relationships
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It is important to include the variable that you want to solve, even if there is only one variable.

Equations with different variables that represent known values, sometimes called literal equations, will often require
you to find one variable in terms of another variable.

Using TI-Nspire CAS Using Casio ClassPad CAS

Repeat the previous step to solve the equation Repeat the previous step to solve the equation
4 +27b + 2 =4, solving for a. 4 +27b + 2 =4, solving for a.
OGSt Action Intersctive
HIRECe0
m( ";'bozb-l.ol
| (a==T-0~18)
Repeat the previous step to solve the same equation Repeat the previous step to solve the same equation
again, but now solve for b. again, but now solve for b.
& Edit Action Interactive
1] & [ sme] 0 | v [ [+ ]|
solve [ 9—‘%’94-2?4. a] :-::
I (a=—7-b—18)' I
solve (a=—7-b-18, b) ‘
fomit-2)
solve( 27242=-4,b) |
[“?'17_8}\
1 Solve the following equations for the given variable using your CAS.
3t+5_4t-5 8t-7 4a
== b) ——=4t+7 3a—-—=9
(@ 1 3 (b) 3 (c) 3a z
op 2k-3 _3k-2 p.p _2p
d -4=2p-38 —_—= ==L +4
(d) 5 p (€) 1 5 U] 5T 10 5
2 Solve the following literal equations for both variables shown.
a 2a-1 m+6n_ 2m+5n t+3  t+5
® 3T ® =3 3 © 2 "5
a+1l a+1 6f+g 1 1
d) —— —_—= 9 — 0= - — 2 - = 2 - 1 = 5
@ 2Lt @ f-g=" O Sa-2-120-1)
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Gradient

The gradient of a line connecting two Distance (m)
points is the rate at which the lines rises or

falls. The gradient of a line is sometimes 707
referred to as the slope of the line. 60
Consider the distance-time graph of three 50
different modes of transport to the right. 40

From 0 to 2 seconds, the distance travelled 30+
by the bicycle is 10 m. Another way of 201
104

expressing this is that the bicycle travels

10 m in 2 seconds or is travelling at an 0 &
average speed of 5 m/s. What distance is
travelled by the bicycle from 2 to
3 seconds? From 3 to 6 seconds?
Does the average speed change?

tance travelled
time taken

Average speed = dis

From 2 to 3 seconds:

15-10 m
3-2s

_5m

T 1s

=5m/s

Average speed =

Average speed =

From 3 to 6 seconds:

30-15m
6-3s
15 m

3s

=5m/s

The car travels 10 metres every second. Its average speed is 10 m/s. The train travels 15 m every

second, so its average speed is 15 m/s.

A constant speed produces a linear graph. The steeper the line, the greater the speed.

The measure of a line’s steepness is called the gradient or slope and is often represented by .

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

The gradient is the same at any point along a straight line.

The steeper the line, the greater the magnitude of the gradient.

The gradient of a line can be found by considering any
two points (xy, y1) and (x,, y,) on the line.

vertical rise

Gradient of line AB = ———— "~
horizontal run

_ difference in y-coordinates
difference in x-coordinates

Yo—Yq

Yo+

Y1

- - -----=
horizontal run
Xo — X4 )

vertical
rise
Y2 = Y1

Xy —Xq

where (x4, y;) is one point and (x,, y,) is another point.

: T
/ X1 Xo

1 Linear relationships
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Usually (x, y1) is the point to the left of (x,, y,) so that x, —x; is positive. If (x,, 1,) is lower than
(x1, y7), then y, — y; will be negative and the gradient will therefore be negative.

Yi—Yo YYo= U1

However, as = it makes no difference which point you label (x;, y;) or (x,, y»).

X=Xy  Xp—Xq

The gradient of a line is the gradient of any interval within that line. The gradient is constant
at any point on the line. The gradient of a line joining A(xy, y;) and B(x,, y,) is given by:

" = Yo—Y1
Xy —Xq

¢ The gradient is positive if the y-values increase as the x-values increase.
* The gradient is negative if the y-values decrease as the x-values increase.
¢ A horizontal line has zero gradient.

¢ Avertical line has an undefined gradient.

¢ Lines with the same gradient are parallel, m, = mp.

* Two lines are perpendicular if the product of their gradients is -1. One gradient is the

negative reciprocal of the other m, = - L Horizontal and vertical lines are perpendicular.
m
B

Gradient e

Explore how the gradient of a line graph rises or falls as
the values change.

.....

Go to the eBook or the Pearson Places welbsite to access e
this interactive. " u

Worked example 5

Find the gradient of each of the following lines through the given points.

(@ (2,3)and (6,9) (b) (-4,4)and (2, 1)
Y Y
104 5
8 "6, 9)
of /0
4+ l
24 /2,3
éz_éAééx 2-52%1_%2'5,21\;(
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Thinking Working

(@) 1 Identify (xy, 1) and (xy, y»). (a) Let (xpyy) =(2,3) and (xp, y») = (6, 9).
2 Find the gradient of the line using: _ rise
_ _vertical rise " run
horizontal run _
_Y2™HN
— Yo— W1 Xo = X
R _9-3
6-2
_0
4
_9
2
(b) 1 Identify (xy, 1) and (x,, y5). (b) Let (x, y4) = (-4, 4) and (x, yo) = (2, 1).
2 = vertical rise = 56
horizontal run run
(Here, there is a decrease of 3 units in _ Y2 N
y for an increase of 6 units in x, so the Xo — X4
vertical ‘rise” is -3.) 1_4
T 2-(4)
_2
©
-1
2

Finding the equation of a line

If you know the gradient and a point on the line, you can find the equation of the line using
the gradient formula:

m=27 %
Y2 =X
You can find the equation of any line if given m and a point on the line (x, y).
To find the equation, substitute the values of m and (x, y) into m = %-_—l;—l
k!

Worked example 6

Find the equation of a line with:
(a) a gradient of 2 that passes through the point (3, -5)
(b) a gradient of -4 that passes through the point (-4, 2).

1 Linear relationships 17



Thinking Working

(@ 1 Write the formula for equating (a) m=2""
gradients. X=X
2 Substitute values for the gradient and 2=¥=(5)
the point into the formula. H=g
3 Rearrange the equation and simplify. 2(x—3)=y+5
Y=2x—0—5
4  Write an equation in iy = mx + b form. y=2x-1
. . Y=Y
(b) 1 Write the formula for equating (b) =
gradients. X=X
2 Substitute values for the gradient and 4= Y22
the point into the formula. sl
3 Rearrange the equation and simplify. Ax+4)=y—-2
y—2=-4x-16
4  Write an equation in y = mx + b form. y=-4x—14
Navigator
1,2, 3, 4 (columns 1-2), 5, 6,7, 1,2, 3, 4 (columns 2-3), 6,7,8, 1,2, 4 (column 3), 6,7, 8,9, 11,
2L 5,10, 12, 13, 16 (d) 9,11,12,13,15,16 (b, 8), 17 12,14, 15, 16,17
Fluency
m 1 Find the gradient of each of the following lines through the given points.
@ (-2,-Iand (2, 1) (b) (0,2)and (1, 0)
y A ¥

@1 o

2)
) . \(1, 0,
(2,1) ;\ i

4

(©) (-2,3)and (3, 3) (d (2,-1and (2,2

y 4 y
T(& 2)
(-2,9 (3,3)

X
x t(Qv _1)

18  PEARSON mathematics 10-10A 2ND EDITION



2 Find the equation of a line with: m

(a) a gradient of 6 that passes through the point (1, 3)
(b) a gradient of -2 that passes through the point (4, -1)
(c) a gradient of 3 that passes through the point (-4, -3)
(d) a gradient of -5 that passes through the point (3, -7).
3 Use the results from Question 1 to answer the following questions.
(a) If a line is sloping up to the right, does it have a positive or a negative gradient?
(b) If a line is sloping down to the right, does it have a positive or a negative gradient?
(c) What is the gradient of a horizontal line?
(d) What is the gradient of a vertical line?
4 Find the gradient of the line joining each of the following pairs of points.

(@ (2,4)and (5, 5) (b) (0,3)and (2,7) (c) (4,10)and (5, 6)
(d) (7,5)and (9, 2) (e) (-2, 1) and (2, -4) (M (-1,-3)and (0, -5)
(@) (0,0)and (2, 6) (h) (2,1) and (-2, -7) (i (-2,5)and (5, -2)
() (-4,4)and (2,0) (K) (-3,2)and (2, 2) I (5, -4)and (-7, -4)
(m) (-8,5) and (2, 1) (n) (-1,-1) and (6, 0) (0) (2,5)and (2,7)
5 (a) The gradient of the line shown in the graph is: y A
A 2 B 2 //.ﬁ
2 (-2,9)
c % D % ' -
(b) The gradient of the line shown in the graph is: 50 y "4
A 8 B 0 D B
c -7 D undefined
x
(c) The gradient of the line shown in the graph is: \ y
A % B _% (-1,0 x
c 3 D -3
(0, -3)
Understanding \
6 (a) A horizontal line is drawn through the points A (5, 7) and B (x, y). The coordinates
for B could be:
A (7,5 B (59 c 97 D (10, 14)
(b) A vertical line is drawn through the points A (5, 7) and B (x, ). The coordinates for B
could be:
A (7,5 B (59 c 97 D (10, 14)

(c) If the points A (-3, -7) and B (x, y) are on the same horizontal line, what could you say
about the possible values for x and y?

(d) If the points A (-3, -7) and B (x, y) are on the same vertical line, what could you say
about the possible values for x and y?

1 Linear relationships
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7 (a) Use the results from Question 4 to find a pair of points that are on:

(i) ahorizontal line

(i) a vertical line
(iii) the line with the steepest negative gradient
(iv) the line with the smallest positive gradient.

(b) Use the results from Question 4 to find two pairs of points that would give two parallel
non-horizontal lines.

Alex is 200 m from home and decides to walk to the local

shop. This graph shows Alex’s distance from home (d) at w
time () on his 5-minute walk to the shop. 800
(@) How far was the shop from Alex’s home? 600
400
(b) How far did Alex walk in 5 minutes? 000
(c) Find the gradient of this graph by first identifying o—T—T—T—T—
1 2 3 4 5 t(min)

two points that the line passes through.
(d) Find Alex’s speed on the walk.
(e) How far was Alex from home after 2 minutes of walking?
() How far was Alex from home after 3 minutes of walking?
(9) Write the relationship or rule to find the distance from home (d) after t minutes.

(h) The graph of Alex’s trip is a straight line. What does this tell you about Alex’s walking
speed?

An egg-timer contains grains of sand that pour through the neck of the timer, from the
top bulb to the bottom, in 3 minutes.

Grains of sand
in top bulb '
4800

4000 +
3200+
1600 +
ol .
0 } t }
1 2 3 Time
(min)

(@) How many grains of sand are in the egg-timer?
(b) How many grains of sand are left in the top bulb after 2 minutes?
(c) Find the gradient of this line by identifying two points that the line passes through.

(d) Find the rate of change of sand grains with respect to time. In other words, what is the
change in the number of sand grains left in the top bulb each minute?

(e) What does the negative represent in your answer to part (c)?

() Write the relationship or rule to find the number of sand grains left in the top bulb (S)
after t minutes.

(9) Use your rule to confirm your answer to (b).

(h) What are the restrictions on the values that ¢ can take?
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Reasoning
10 (a) Find the equation of the line that passes through (2, 4) and (4, 9):
(i) using the point (2, 4) as (xq, ¥1) (i) using the point (4, 9) as (xq, ¥1)

(b) Did you get the same equation for parts (i) and (ii)? What conclusion can you make
from your answers to parts (i) and (ji)?

11 The gradient of the line joining the points (2, 1) and (6, a) is 4. Find the value of a.

12 Apassengerjetislanding on the flight

path shown. What is the gradient of ~ Use the vertex of the
the flight path? }Qy ) right angle of the
ﬂfght triangle as (0, 0).
225 m Path
875m

13 Consider the graph shown at right.

(a) Find the gradient of the line segment joining
A and B.

(b) Find the gradient of the line segment joining
Band C.

(c) Find the gradient of the line segment joining
Aand C.

(d) Explain why the answers found in (a), (b) and (c)
are all the same.

14 Show that the points (-1, -5), (2, 4) and (5, 13) are on the same straight line.
This means that the points are collinear.

15 The points (1, 3), (3, 8) and (7, y) are on the same straight line (they are collinear).
(@) Find the gradient of the line that connects (1, 3) and (3, 8).
(b) What is the gradient of the line that connects (3, 8) and (7, y)?
(c) Use the answer from (b) to find the value of y.

(d) The point (x, -2) is on the same straight line. Find the value of x.

Open-ended

16 Identify three different sets of coordinates that when connected by a straight line produce
each of the following gradients:

@ -3 (b) -1 © -3 (@ 2 CIE
17 Write the coordinates of two points such that a line joining them has the same gradient

as the line joining (3, 5) and (7, -7).

1 Linear relationships
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Sketching linear
graphs

The graph of a linear relationship is a linear graph.You need to locate only two coordinate
points in order to sketch a linear graph.
The equation of a linear graph can be written in the form:
y=mx+b

where m is the gradient and b is the y-coordinate of the y-intercept (0, b).

Sketching linear graphs using the y-intercept and gradient

This method involves locating the point at which the graph crosses the vertical y-axis and then
using the gradient to locate a second point. When two points are known, the straight line can
be drawn through them.

Write the gradient as a fraction using the rule gradient = H5€ and then identify the rise
run

(units up or down) and the run (units left or right) to reach the next point.

Sometimes, the equation needs to be rearranged into the form y = mx + b.

Worked example 7

Find the y-intercept and the gradient and then sketch the graph of the line y = 4x + 1.

Thinking Working

1 Use the equation to identify the gradient ~ y=4x+1has a y-intercept at (O, 1).
(m) and the y-intercept (0, b). Use

4
i Gradient = = so rise =4, and run =1.
gradient = > to identify the rise and the 1
run

run. (Here, the rise is 4 and the run is 1.)

2 Rule axes for the Cartesian plane, label VA ?
the x-axis and y-axis, then mark the 5
y-intercept.
3 Starting at the y-intercept, move 1
horizontally the distance of the run and
move vertically the distance of the rise. 3 4
(Here, move 1 unit to the right and 4 units
up to find the second point (1, 5).) 2
4 Rule a line through the two points. y="4x+1
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Worked example 8

Find the y-intercept and gradient, and then sketch the graph of the line 3x + 2y = 4.

Thinking Working
1 Rearrange into the form y = mx + b. 2x+2y=4
2y=-2x+4
-3x
=—4+2
T2
2 Use the equation to identify the y-intercept is (O, 2).

y-intercept (0, b) and gradient (m). 3
Gradient = -E, s0 rise = -5 and run = 2.

3 Draw and label a set of axes. Starting at y A
the y-intercept, move horizontally the Sx +2y = 4\ o
distance of the run and move vertically 2
the distance of the rise. A negative rise
means a move down. (Here, move b
2 units to the right and 3 units down
to find the second point (2, -1).)

4 Rule a line through the two points.

Sketching linear graphs i

Explore how the y-intercept cnd gradient affect the position i
ond shape of linear graphs.

Go to the eBook or the Pecrson Places website to access PR E h.
this interactive. =t

Sketching linear graphs using x- and y-intercepts

If a linear equation is not in the form of y = mx + b, it is often useful y

to find the x- and y-intercepts, and use them as the major features 5 /

of a linear graph. Bxs2y=6

For example, consider the graph of -3x + 2y = 6.

The graph crosses the x-axis when y = 0. /2

Here, the x-intercept is (-2, 0). *

The graph crosses the y-axis when x = 0.
Here, the y-intercept is (0, 3).
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You can sketch a linear graph using the two intercepts.

* Substitute y = 0 and find the x-intercept.

* Substitute x = 0 and find the y-intercept.

* Mark these two points on a set of axes and then join using a straight line.

e Label the two intercepts and the equation of the line.

Worked excample 9

Find the x- and y-intercepts for 2x + 3y = 12 and sketch the graph.

Thinking Working
1 Find the x-intercept by substitutingy=0 y=0, 2x+35x0=12
into the equation. 2x=12
X=06

x-intercept is (6,0).

2 Find the y-intercept by substitutingx=0 x=0, 2x 0+ 2y=12

into the equation. 2y =12
y=4
y-intercept is (0, 4).
3 Mark in the x-intercept and y-intercept y
and rule a straight line through them. 4
2x +3y =12
I N

Note that for a sketch graph, only the x- and y-intercepts need to be shown on the axes; no
other values for x and y need to be shown.

* To find the x-intercept, substitute y = 0 into the equation.

¢ To find the y-intercept, substitute x = 0 into the equation.

Sketching linear graphs that pass through the origin

If a line passes through the origin, then the x- and y-intercepts do not give sufficient
information to sketch the graph.The origin gives only one coordinate point (0, 0), so a second
point is needed to sketch the graph.

You can use the gradient and y-intercept method to sketch these graphs. Start at the origin
(y-intercept) and then use the gradient to find the second point.
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Worked example 10

Sketch the graph of y = 3x, showing the y-intercept and one other point.

Thinking Working

1 Use the gradient to identify the rise Gradient = % g0 rise =3 and run =1.
and run.

2 Because the value of b in the equation y =3
is zero, plot the first point at the origin Y
(0, 0). 31 #(1.9

3 Find a second point by using the gradient. 3
(Here, the rise is 3 and the run is 1.) 1

4 Sketch the graph. 0.0/ 1 x

Lines parallel to an axis

Other linear relationships involving x and y may be parallel to an axis, as follows:

® x=a, where a is a constant, is the equation of a vertical line parallel to the y-axis.
The gradient of these lines is undefined.

* y=Db where b is a constant, is the equation of a horizontal line parallel to the x-axis.
The gradient of these lines is zero.

For example, y =5 means that y always has the value 5, no matter v A
what value x is given. Some coordinate points on this line are
(2/ 5)/ (O/ 5) and (_3/ 5)

The graph of y =5 is a straight line parallel to the x-axis.

Y X

what value of y is chosen. Some coordinate points on this

Similarly, for x=-2, x will always have the value -2, no matter I y \
line are (-2,4), (-2, -1)and (-2, 0). 2[ ‘
- X

The graph of x = -2 is a straight line parallel to the y-axis. ,
Y-

Sketching linear graphs

Navigator
1,2,3,4,5,6,8,9(columns 1-2), 1,2,3,4,5,6,7,8,9 1,2,4,5,6,7,9 (columns 3-4),
12, 15, 16, 17, 18, 20 (columns 2-3), 10, 11, 14,15, 10, 11,13, 14,15, 16, 17, 18, 19, p.
16, 17, 18, 20, 21 20, 21
Fluency

1 (a) Consider the straight line y = 2x - 3.
(i) Write the coordinates of the y-intercept.
(i) Starting at the y-intercept, use the gradient (m = @) to find the coordinates
of the point for x = 1. run

1 Linear relationships
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(b) Consider the straight line iy = -3x + 4.

(i) Write the coordinates of the y-intercept.
_ rise

(i) Starting at the y-intercept, use the gradient (m
run

) to find the coordinates
of the point for x = 1.

(c) Consider the straight line y = %—f—c +3.
(i) Write the coordinates of the y-intercept.

(i) Starting at the y-intercept, use the gradient (m = Q-SE) to find the coordinates
of the point for x = 4. run
(d) Consider the straight line y = _—éic —4.
(i) Write the coordinates of the y-intercept.
(i) Starting at the y-intercept, use the gradient (m = 1’_19_(_3) to find the coordinates
run

of the point for x =5.
For each of the following graphs, state:
(i) the coordinates of the x-intercept
(i) the coordinates of the y-intercept
(iii) the gradient of the line

(iv) the equation of the line.

@ (b)

- N s o=
+ + + +
- N W s~ O
L L L L L
+ + + + +

S h o

Sh 520

| ' | | |
\4‘; W NN =

| f | |

t t t t

State the y-intercept and the gradient, then sketch a graph of each line.

(@ y=3x+2 (b) y=4x-3 () y=-2x+1 (d) y=-3x+2
Find the y-intercept and the gradient, then sketch a graph of each line.

(@ x+2y=-4 (b) x+3y=3 (c) 3x+4y=38

(d) 2x+5y=-5 () 2x-3y=-1 (f 4x-2y=3

Find the x- and y-intercepts, then sketch a graph of each line.

(@ 2x+3y=6 (b) 4x+y=4 () x—2y=4

(d) x=3y=9 (e) 4x+y=2 H x+y=1

Sketch graphs of the following, showing the intercept on the axes and one other point
for each.

(@ y=4x (b) y=x ©) y=-2x (d) y=-3x
(@ The equation of a linear graph with a y-intercept of 2 and a gradient of -3 is:
A y=3x+2 B x+3y=2 C x-3y=2 D 3x+y=2
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(b) The equation of a linear graph with a gradient of % and a y-intercept of -3 is:
A 2x-y=6 B x-2y=6 C x-2y=-6 D 2x-y=-6
(c) The equation of a linear graph with a y-intercept of % and a gradient of —}1 is:

2x
5

1 1
= D =-y+=-=0
1 5 V7]

A 5Sx+20y=38 B 20x+5y=38 C y=

8 When using the y-intercept and gradient to sketch a graph, first mark in the y-intercept

and then use the gradient to locate a second coordinate point.

(@) Aline has a gradient of % From the y-intercept, you move:

A 2 units to the right and 3 units up B 2 units to the right and 3 units down

C 3 units to the right and 2 units up D 3 units to the right and 2 units down
(b) Aline has a gradient of - 2 From the y-intercept, you move:

A 4 units right and 3 units up B 3 units right and 4 units up

C 4 units right and 3 units down D 3 units left and 4 units down

(c) Aline has a gradient of 4. From the y-intercept, you move:

A 4 units right and 4 units up B 1 unit right and 4 units up
C 4 units right and 4 units down D 1 unit right and 4 units down
9 Sketch graphs of the following, showing the intercepts on the axes.
(@ y=1 b) y=4 © y=-5 @ y=-2
(€) y=0 M y=13 (@ x=2 (h) x=5
(i) x=-3 () x=-4 (k) ng 0 x=0
10 (a) Two coordinate points on the line 2x + y =4 are:
A (4,0)and (0, 3) B (-4,0)and (0, -2)
C (-2,0)and (0, -4) D (2,0)and (0, 4)
(b) Two coordinate points on the line y = 6x are:
A (0,6)and (6,0) B (0,0)and (6, 6)
C (2,12)and (0, 0) D (2,0)and (0, 3)
(c) Two coordinate points on the line x = -3 are:
A (0,0)and (1, 3) B (-3, 1)and(l,-3)
C (-3,0)and (0, 0) D (-3,-5)and (-3,0)
Understanding
11 (a) Consider the graph shown at right. Write the Distance from

value of the intercept with the vertical axis. Meloourne (k)

(b) Find the gradient of this graph. 580

(c) Write an equation linking the distance from
Melbourne in kilometres (D) and the time in
hours (T) in the form y = mx + b.
100

(d) What was the constant speed throughout
the journey?

é Time (h)

1 Linear relationships
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(e)

(f)

If a journey started 250 km from Melbourne and a constant speed of 100 km/h was
maintained, what equation could be written to represent the relationship between
D and T in the form y = mx + b?

A particular trip from Melbourne is represented by the equation 4D — 372T = 30.
What was the constant speed throughout the journey?

12 Darrio has borrowed $200 from his parents and has agreed to repay $40 each week.

(a)

After 3 weeks, how much does Darrio still owe his parents?

(b) Write an equation linking the amount Darrio owes his parents (A) with the number of

(c)
(d)
(e)

weeks (1).
Find the amount owed when n = 0.
Find the number of weeks when A = 0.

Use your answers from (c) and (d) to sketch the graph of this relationship. (Put A on
the vertical axis and 7 on the horizontal axis.)

Reasoning

13 A circular puddle has a radius of 15 cm. As the water evaporates at a constant rate of
k cm?/min, the puddle retains its circular shape.

(a)
(b)

()
(d
(e)
()

14 The annual yachting regatta of the Mathematical Club takes
place on Lake Tetrahedra. It starts and finishes at the marina.
Assume this is the point (0, 0) on a coordinate plane, where the
x-coordinates run from west to east and the y-coordinates run
from south to north. The yachts travel around six buoys that are
located at various positions on the lake.

(a)
(b)

State the initial area of the puddle in terms of m.

Write an equation relating the area A of the puddle after it has been evaporating
for t minutes at the constant rate k cm?/min.

Write an equation involving k for the area of the puddle after 5 minutes.
If the area of the puddle after 5 minutes is 1751 cm? find the value of k.
How long does it take the puddle to completely evaporate?

What does the value t = 22.5 min represent on the graph of the linear equation
found in (c)?

The first buoy is located at the point (2, 4).
The second buoy is located at the point (-8, 8).

The third buoy is located 10 units to the south of the
second buoy.

The fourth buoy is located at the point (-3, 11).

The fifth buoy is located 5 units to the east of the fourth buoy.
The sixth buoy is located 4 units to the east of the first buoy.
Plot the points on a Cartesian plane.

Sketch the paths the yachts will take, travelling to each buoy
and back to the marina.
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(c) Determine the equation of each path taken by the yachts between the:
(i) start of the race at the marina and the first buoy
(i) first and second buoys (i) second and third buoys
(iv) third and fourth buoys (v) fourth and fifth buoys
(vi) fifth and sixth buoys
(vii) sixth buoy and the finish of the race at the marina.

(d) The race referee’s speedboat breaks down at the point (4, 7.5). Will this interfere with
the paths taken by the yachts?

15 After her bath, Anne removes the plug to empty it. The water flows out of the bathtub
at a rate of 0.75 L/s. There was originally 225 L of water in the bath.

(@) Write an equation relating the volume of water left in the bath (V) with the time
in seconds (7).

(b) How long does it take to empty the bath?

16 From the beginning of August, a local reservoir has been losing water at a constant rate.
The Water Resources Department estimates that on 12 August the reservoir held
200 million kL of water, and on 21 August it held 164 million kL.

(@) Develop a linear equation relating V, the volume of water remaining (millions of kL),
and 1, the number of days since the beginning of August (when the reservoir was full).

(b) Draw a graph corresponding to the linear equation developed above to find the
maximum capacity of the reservoir.

(c) Why should the graph only be drawn in the first quadrant?

17 A cubic block of ice has an edge of 10 cm. It melts so that its volume decreases at a
constant rate (k) and the block remains a cube.

(@) What is the volume of the cube before it starts to melt?

(b) Write an equation relating (V) the volume of the cube after it has been melting for (f)

minutes at a constant rate (k). The change in

(c) What is the volume of the cube if it has an edge of 5 cm after 50 minutes? volume = kt.

(d) Find the value of k.

(e) What does the sign of k tell you about what is happening to the ice cube?
() Substitute the value of k found in part (d) to rewrite the equation found in part (b).

(9) Draw a graph corresponding to the linear equation developed above to find how long
it would take for the block of ice to completely melt.

18 At the start of the year, Ringo had $600 in the bank. He has been earning nothing and
spending $20 each week. At the same time, Sophia started with $100 in the bank. She has
been earning $30 each week and spending nothing.

(@) Develop two linear equations relating the number of weeks since the start of the
year (f) to the amounts of money that Ringo and Sophia each have in their bank
accounts (R and S, respectively).

(b) Draw graphs of the linear equations to find how many weeks it will take for Sophia
to have twice the amount of money in the bank as Ringo.
Open-ended

19 Write three different linear equations that each have the same gradient, but with a
different y-intercept. What property of the three lines indicates that they have the same
gradient? Explain.

1 Linear relationships
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20 Linear equations are used every day to model real-life )
situations. The graph shows five lines that model the costs
of five different mobile phone plans. Match each graph A B
with its description below.

Note:

® The specific values of the gradients and y-intercepts
are not needed for this question. £

e The connection fee (also called ‘flagfall’) is the fixed
cost when a call is made. Time

Dollars ($)

e The ‘call rate’ is the number of cents per minute
charged for the time of a phone call.

(@) This graph models the cost of a phone call. There are no connection fees. The cost
of a call is dependent on the time of the call.

(b) This graph models the cost of a phone call. There are no connection fees. Calls are
charged at half the rate of the phone plan in (a).

(c) This graph models the amount of credit remaining on a pre-paid monthly mobile
phone plan.

(d) This graph models the cost of a phone call. There is a connection fee for every call
made and the call rate is the same as the phone plan in (a).

(e) This graph models the cost of a phone call. There are no connection fees, but calls are
charged at one-and-a-half times the rate of the phone plan in (a).

21 Sketch three different lines that have gradients between -1 and -2, and y-intercepts
between 1 and 4.

Problem solving

Strategy options

e Draw a diagram.

e ook for a pattern.

e Test all possible combinations.
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Half-time 1 @%D

1 Sketch the graphs of the following, showing the intercepts on the axes. m
(@ y=3x+2 (b) y=5-x
() y=2x-3 (d) y=6-3x

2 Calculate the gradient of the line passing through each pair of points. m
(@ (1,3)and (5,5) (b) (2,4)and (6, -4)
(¢) (-5,-3)and (5, 2) (d) (-4,8)and (-2, -8)

3 Sketch the graphs of the following, showing the intercepts on the axes. m
(@ 2x-3y=6 (b) Sx+2y=10
() 3x—y=6 (d) 3x+4y=12

4 The Celsius temperature scale is used in Australia, while the Fahrenheit temperature scale m

is used in the USA. The freezing point of water is 0 °C and the boiling point is 100 °C
using the Celsius scale. The freezing point of water is 32 °F and the boiling point is 212 °F
using the Fahrenheit scale. Show that the formula to convert a Fahrenheit temperature

to a Celsius temperature can be expressed as C = g(P —-32).

5 Sketch the graph of each of the following, showing the intercept with the axes and one
other point.

(@ y=-3x (b) y=4x
() x+2y=0 (d) 3y=>5x
6 Solve each of the following equations. m
(@ 6x+2=14 (b) 3(x+5)=21
@ E=2=5 (@) 3r+4=16-x
2x+4 _3x-3 3x+2 x+10
— —_ — 5
() = 3 0 = 7
7 Sketch the graph of each of the following. m
(@ y=4 (b) x=-2
(€ y=-3 (d) x=8

8 Find the equation of the line with a:

(a) gradient of 4 passing through the point (-1, 5)
(b) gradient of -1 passing through the point (3, -7).
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Maths
Real

There are just as many mobile
phones as people in Australia
and there are many different
telecommunication companies
that are after your dollar.

There are two main types of mobile phone plans:

1 Pre-paid credit—You don't have a regular
monthly plan, but purchase credit in advance
of your use. The credit is generally for a defined
period of time, after which it expires. The credit
is used for particular services such as calls and
text messages. When you have spent your credit,
you are unable to make additional calls or text
messages.

2 Post-paid plan or cap—You enter a formal
contract for a defined period (usually 12, 24 or
36 months) in which you pay the same amount
of money each month for a defined quota of
specific services such as calls, texts and internet
data. If you don't use your defined quota, you still
pay the monthly contract amount. However, if you
exceed this quota you are charged on top of your
monthly contract amount.

32 PEARSON mathematics 10-10A 2ND EDITION

Mobile
phone
plans

Each type of mobile plan has its pros and cons.

A wide range of services are available within these
two types of plans such as ‘off-peak’ and ‘peak’ call
rates, which depend on the time of day. Generally,
the peak rate applies from 8 am to 8 pm and the off-
peak rate applies from 8 pm to 8 am

There is also a ‘flagfall’, or connection fee for most
calls. To make it more complex, some plans have
‘free’ calls and/or text messages to other phones
on their network. Choosing the best plan is tricky
because of the huge number of products available.




Company Access fee Call rate Off-peak calls
per month | (per 30 seconds) | (per 30 seconds)
Terla $0 45¢ 30c
Big Phone $10 30c 20c
4 Mobile $20 20c 10c
Crazy Joe's $45 10c bc
Which is the best deal? 3

Your parents have agreed to buy you a mobile phone

on the condition that you select a plan that costs no

more than $50 per month. You do some research on

the internet and obtain the above post-paid mobile

phone plans from the major telecommunication 4
companies in your area.

1 You estimate that you would make 180 minutes
of calls during peak time, make 30 minutes of 5
calls during the off-peak time and send 100 text
messages during a month. Use this estimate to
calculate the cost of each plan. 6

2 Do any of the plans cost $50 or less? Which
is the best plan for your estimated usage?
Explain your answer.

Text message | Flagfall | Bonus

30c Oc |Nil

20¢c 70c | $5 of free calls per month

10c 73c | $10 of free calls per month
5c 75¢ | $20 of free calls per month

Upon further consideration you decide that you
will make all calls during peak time. Create a
linear equation that models the cost for each plan
if all the calls are made during peak time, taking
into account the access fee.

Use each of the equations to determine the cost
of each plan if 4 hours of peak-time calls were
made in the month.

Graph the four linear equations on the same set
of axes (with time ¢ along the horizontal axis and
cost c along the vertical axis).

Compare and contrast each of the graphs to
identify which plan would be good for a low user
(e.g. 60 minutes of peak time calls per month),

a moderate user (e.g. 180 minutes of peak time
calls per month) and a heavy user (e.g. more than
240 minutes of peak-time calls per month).




Parallel and
perpendicular
lines

Parallel and perpendicular lines have specific properties associated with their gradients.

Parallel lines

Lines that are parallel to each other will never
intersect because they have the same slope
or gradient.

In the graph shown, you can see that the rise and
run of both lines is identical. The lines have the
same gradient, which in this case is 1.

For line y1: m = 8%€ = 2 = 1 and y-intercept = 3
or line y; =5 =1andy-intercep

Therefore, the equation is:

y1=x+3

For line 1: m = 1%€ = 2 = 1 and y-intercept = -1
orline y: m= —==5=1and y-intercep

Therefore, the equation is:

Y=x-1

Two lines that are parallel have the same gradient: m; = m,.

Parallel lines LTIL L
Compare the features of pcrallel lines. _o;

Go to the eBook or the Pearson Places welbsite to access
this interactive.
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Worked example 11

Show that the line with equation 2y = 4x — 9 is parallel to the line with equation 3y — 6x+5=0.

Thinking Working
1 Rearrange both equations using inverse 2y=4x-9 dy—6x+5=0
operations so that both are in the form = 25— 9 By=Ex—5
y=mx+b. 2 5
my y=ex— 3
mz = 2
2 Compare the gradient values to show my; =ty

that m, = m,.

Therefore, the lines are parallel.

Perpendicular lines

Lines that are perpendicular intersect at right angles.

The line y = -2x + 4 has an x-intercept of (2, 0)
and a y-intercept of (0, 4). If these points are
rotated 90° anticlockwise about the origin they
will be positioned at (0, 2) and (-4, 0). Joining
these points gives us a line perpendicular to
y=-2x+4.

The gradient of this line is % because it has
arise of 2 and a run of 4.

The y-intercept is (2, 0) so the equation of this
lineisy = %x+ 2.

In the equation y = -2x + 4, the gradient m; = -2.
In the equation y = %x + 2, the gradient m, = % .
When you multiply 1, by m, you obtain -1.

mymy = -2 x

2
=-1

I NI

When lines are perpendicular, the product of their gradients is -1.

m1m2 = '1

Therefore, the gradients 7y and m, of perpendicular lines are the negative reciprocal of

each other.

1
my=-—and m, = -—

m,

1
1y

1 Linear relationships
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Answers
p.767

Worked example 12

Show that the line with equation y = 3x — 10 is perpendicular to the line with equation
6y +2x+12=0.

Thinking Working
1 Rearrange the equations using inverse y=3x—-10 Oy+2x+12=0
operations so that both are in the form m =3 oy =-2x—12
y=mx+Db. R 2
Y 5><
my=-1
>3
2 Identify the gradients m, and m,, and mmy, = 3 X A
multiply to determine whether =4 9
my X my=-1.

Therefore, the lines are perpendicular.

] Parallel and
perpendicular lines

Navigator
1,2,83,4 (a-h),5(column 1),6,7, 1,2,3,4 (column 1), 2,3, 4 (e-j), 5(column 2),6,7,9,
8,10, 12, 13,15, 17 5 (column 2),6,7,8,9,10,11, 10,11, 13, 14,16, 18, 19
12,13, 14,16,17,19
Fluency
1 Write the gradient of a line that is (i) parallel to and (ii) perpendicular to the line with the
equation:
(@ y=3x-5 (b)y=—§x+6

2 (a) Show that the line with equation 5x — 2y = 7 is parallel to the line 2y = 5x + 11.
(b) Show that the line with equation 10y = 5x + 3 is parallel to the line 3x — 6y = 2.

3 (a) Show that the line with equation 4x + 3y = 7 is perpendicular to the line 8y = 6x — 2.
(b) Show that the line with equation 2x — 5y = 1 is perpendicular to the line 4y + 10x = 3.

4 Find the gradients of the following pairs of lines and determine whether they are parallel.

(@ y=3x—-10and y =3x+10 (b) y=2x+5andy=-2x+6

(c) y=%x—4andy:%x+5 (d y+4x=4andy=4x-38

() y—=5x=9andy=9x+5 f y—2x=9andy—-2x—-4=0

(9 2y+6x—4=0andy+3x—-8=0 (h) 4y+12x—-4=0and 3y +12x-9=0

() -2y+8x—4=0and4y—-16x-8=0 () 5x+3y=15and 3x—-15y=10

5 Find the gradients of the following pairs of lines and determine whether they are

perpendicular.

@ y=2x—10and 2y +x+12=0 (b) y—4x=10and 4y +2x+12=0
() y=3xand 6y +2c+12=0 (d) 6y—3x=24and 2y +4x+12=0
() -4y+3x=16and 8y +12x+12=0 () 5y—4x=25and8y+5x+12=0
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6 Which of the following lines is parallel to y = 4x + 127

A y:—}lx+12 B 4y=4x+12 C 2y-8&+6=0 D 2y+8x+12=0
7 Which of the following lines is perpendicular to iy = 3x — 9?

A y=3x+9 B 6y=9%+12 C y=-3x-9 D 9y+3x=27
Understanding

8 Show that the line joining (-2, 2) and (4, 8) is parallel to y =x + 10.
9 Show that the line joining (-2, 5) and (4, -7) is parallel to 2x+y — 10 =0.

10 Show that the line joining (-4, 1) to (0, 4) is perpendicular to y = —%x -2.
11 Show that the line joining (4, 5) to (9, 8) is perpendicular to y = -gx +10.

Reasoning
12 (a) Which two of the following lines A-D are parallel?
(b) Which two of the following lines A-D are perpendicular?
A y=3x+3 B 3x+y=3 C 3x-y=3 D 3y=x+3
13 Find the equation of the line through (2, -3) that is perpendicular to y = —%x +11.

14 Find the equations of the lines through (0, 5) that are parallel and perpendicular to
2x+y—-10=0.

15 Consider the diagram at right. Find the gradients of the

line segments: g A
(a) AB (b) BC (¢) AC :
(d) Dakota thinks that the triangle ABC is right-angled. 4 B
Is she correct? 2
16 Show that the lines joining the points A(-1, -1), B(1, -4) (1) 3

and C(2, 1) form a right-angled triangle ABC. 1T 23456

17 Show that the points A(-3, 1), B(-1, 3), C(3, 1) and D(1, -1)
form the vertices of a parallelogram.

18 Show that the points A(-4, 3), B(-2, -2), C(3, 0) and D(1, 5) form the vertices of a square.

Open-ended
19 Identify three different straight-line equations that are:
(@) parallelto3x—6y+9=0 (b) perpendicular to 4x — 12y — 18 = 0.

Problem solving

Strategy options

* Draw a diagram.
¢ Break problem into manageable parts.
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Exploration CAS

Equipment required: TI-Nspire CAS or Casio ClassPad CAS

The art of linear relationships

The following designs were all created by graphing linear relationships. Your task is to work out the equations that
can be graphed to create these designs.You may work alone or in small groups and can attempt the designs in any
order. Write all the equations needed to create each design.

After you have finished these designs, make up your own. Challenge a friend to reproduce your new designs.

Using TI-Nspire CAS Using Casio ClassPad CAS

From the Home screen, select Scratchpad > Graph. From the menu select © Edit Zoom Analysis X)
Then select menu > Graph Entry/Edit > Function Graph & Table. Enter your 38 (0 [ EE EVEE
and enter the equation to be graphed. equations and tick the box '::““2 -‘m‘a‘m‘-swfz@
For each group of 1] 2 next to each one. - J
designs below, adjust se1ty {1  Foreach group of designs =
the graph window below, adjust the graph v6:0
settings by selecting : window settings by selecting 2% . L
menu > Window/Zoom> | i 2 the view icon [€9] and then
Window Settings... and change the values as shown.
then change the values Select the graph icon - :
as shown. . to view the graphs. i
B%
Deg Resl
Use the given window settings for each group of designs.
Group A designs
Using TI-Nspire CAS Using Casio ClassPad CAS
EE Use a scale of 1 for both axes. [r—— ]
[ Era— File Memory _
XMax: [10 x-log [ 1y-log :
wmin: [ - ﬁlafé . g
10 YMax: g l 1 ymin -8
YScale: | ayto max 8 v |
oK [cancel [ ok ][ cancet |[ pefeurt |

%

\
\I"z

@ 7 g%%%ég (b)
(d) % )
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Group B designs

Using TI-Nspire CAS Using Casio ClassPad CAS

T Use a scale of 1 for both axes. =T
XMin: [—" ‘Flye Memory
XMax: [10 x-l?u | y-log
xscoe: [ ) " 110 a
YMin: [ -1 ‘ scale: 1 l
i ~—'—~—§ dot :0.1
YScale: | ayto max 10 m
|&| |—Cancel] | OK H Cancel ][ Default |
— )
(b) (c)

(f)

Group C designs

Using TI-Nspire CAS Using Casio ClassPad CAS
T g Use a scale of 1 for both axes. [ &
xmin: [0 File Memory
XMax: [10 x-log [ |y-log
xmin =10 [4]
e 110
YMin: [ -10 scs!efl
10 ¥Max: [10 1 1§ y::; 21[1)
w10 o
foxlcarcel o] [omos ] oot ||

(b) (©

@ M @ 0
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Linear
inequalities

Inequality symbols
< means less than > means greater than

< means less than or equal to > means greater than or equal to

What is an inequality?

An equation is a statement of equality, such as x = 17. A linear inequality is a statement such
as x =217, which means that x can be any value greater than or equal to 17.

On a number line, x 2 17 can be represented as:

P
L 4 >

14 15 16 17 18 19 20 21 22

An arrow is used to indicate that the inequality represents all the numbers beyond this point.
A closed circle at 17 indicates that 17 is included.

Similarly, on a number line x < 2 can be represented as:

An open circle at 2 indicates that 2 is not included.

If the inequality includes the end point, a closed circle is used; these inequalities use > or <.

If the inequality does not include the end point, an open circle is used; these inequalities
use > or <.

-3 <x <2 represents all values of x greater than

ISEN ]
w
~

or equal to -3 and less than or equal to 2. 4 3 29 4 0 1
The closed circles at the endpoints indicate that
both -3 and 2 are included.

-3 < x < 2 represents all values of x greater than o o

-3 and less than 2. The open circles at the 4 3 2 4 0 41 2 3 4
endpoints indicate that -3 and 2 are not
included.

-3 <x < 2 represents all values of x greater than

or equal to -3 and less than 2. The closed circle 4 3 2 4 0 1 o 3 4
indicates that -3 is included. The open circle
indicates that 2 is not.

-3 < x <2 represents all values of x greater than o

N @

-3 and less than or equal to 2. The closed circle 4 3 =2 1 0 1
indicates that 2 is included. The open circle
indicates that -3 is not.
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Worked example 13

Represent the values of x on a number line for each of the following.

(@ x<5 (b) x>-2 () 3<x<7
Thinking Working
(@) xis less than or equal to 5, so draw a (a) x<b

closed circle at 5 and an arrow to the left.

A

o @
\J

(b) xis greater than -2, so draw an open (b) x>-2
circle at -2 and an arrow to the right. o >

A
A

(c) xisgreaterthan3andlessthanorequalto (¢) 3<x<7
7,s0 draw an open circle at 3 and a closed o— o
circle at 7. Join these with a line. < L A '

\J

To solve an inequality

You solve linear inequalities using the same inverse operations in the opposite order as you
use to solve linear equations. Unlike linear equations, inequalities have a range of solutions,
sometimes called the ‘solution set’.

You also need to be careful when multiplying or dividing by a negative number, because this
will affect the inequality symbol.

Consider 4 < 8. If you multiply both sides by -1, what happens to the inequality symbol?
To keep the inequality correct, the symbol needs to be reversed:
-4>-8

When you multiply or divide both sides of an inequality by a negative number, the inequality
symbol is reversed.

-2x <8
x> % (inequality is reversed)

x> -4

Worked example 14

Solve for x in each of the following inequalities.

@ x+32>12 (b) 4x-3<-7
Thinking Working
(@ 1 Deconstruct the inequality with an (a) x+3212
inverse operation (-3 from both sides).
2  State the solution. x>9
(b) 1 Deconstruct the inequality with (b) 4x—-3<-7
inverse operations (+ 3, + 4). 4x < -4
2  State the solution. X < -1

1 Linear relationships
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Worked example 15

Solve for x in each of the following.

(@ -4x<20 (b) 9-2x=5
Thinking Working
(@ 1 Deconstruct the inequality (a) -“4x<20

with inverse operations (+ -4).

When dividing by a negative

number, reverse the inequality.

2 State the solution. Xx=-5

(b) 1 Deconstruct the inequalities (b) 9-2x=25

with inverse operations (-9, + -2). “2x 2 -4
When dividing by a negative
number, reverse the inequality.

2 State the solution. x<2

i3 Linear inequalities

Navigator

1 (columns 1-2), 2 (columns 1-2), 1 (columns 2-3), 2 (columns 2-3), 1 (column 3), 2 (column 3),
BUSE 3 (columns 1-2), 4,5,6,7,8,9, 8 (columns?2,3),4,5,6,7,8,9, 3(column3),5,6,7,8,9,10, 11,
11 (columns 1-2), 12, 10, 11 (columns 2-3), 12, 12, 13, 14, 16, 17, 18
18 (columns 1-2), 15, 16 18 (columns 2, 3), 15, 16, 17

Fluency
m 1 Represent the values of x on a number line for each of the following.
(@) x=5 (b) x<8 () x=-2
(d x<-4 (e) x>-5 ® x>7
(9) x<0 (h) x=2 @i x<-5
0 x>1 ® x>0 0 x<-2
(m) -2<x<4 n) 1<x<6 (o) 0<x<b
p) 3<x<-1 (q -4<x<-2 n -4<x<0
m Solve for x in each of the following.
(@ x+6>-4 (b) x—3<-8 () x+12L2
(d);-‘s7 @) gz-l ) %‘,>-4
(9) 3x<-16 (h) 5x>-27 () 9x<-81
@) 7x-3=53 (k) 4x+11<3 () 3x+24>0
m =153 () 2x3+5<9 @ XrZ<o
®) %x+1£—5 @ %11‘—2>5 ® %—10»2
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3 Solve for y in each of the following.

(@ -3y=15 (b) -8y <48
(d) -y<-12 (e) -2y>-42
(9 1-2y<17 (h) 8-5y=>-2
() 52-3y)=11 (k) 4B3-7y)<-2
(m)%y>—1 (n) %ﬂ<—3
4 @ < N
B S T T R
This number line represents:
A x<3 B x<3 C x=3
(b) o >
4 3 =2 1 0 1 2 3 4
This number line represents:
A x<-1 B x<-1 C x>-1
€@ <«—o
8 7 -6 5 4 3 2 -1 0
This number line represents:
A x<-6 B x<-6 C x=-6
(@) . o
5 4 3 =2 -1 0 1 2 3
This number line represents:
A -4<x<1 B -42x>1 C -4<x<1

(©)
(f)
0]
(0]
(0)

-5y <25
-3y > -36
5-3y<17
36-2y)=-4

12;531 -

D x>-6

D -4<x<1

5 Which alternative is not a possible solution for each of the following inequalities?

(@ x=4

A x=0 B x=4 C x=5
(b) x—3<4

A x=0 B x=3 C x=4
(c) 6-x<4

A x=-1 B x=2 C x=4

O
=
I
~

6 Which alternative is not a possible solution to the inequality given?

(@ 2x+32>7

A x=1 B x=21 C x=3
(b) 5x-2<-9

A x=-5 B x=0 C x=-2
() 11-4x<-1

A x=10 B x=7 C x=4
(d) 6xz+1>5x—2

A x=-2 B x=-1 C x=1

1 Linear relationships
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The reserve price is
the smallest amount
that the house could
be sold for.

Reverse inequalities
when multiplying or
dividing by negative
numbers.

Understanding

7

10

11

12

13

The reserve price at an auction of a house is $270 000. The house is sold at auction.
(@) Represent the selling price (P) on a number line.
(b) Write the linear inequality for the selling price (P).

(c) Write the inequality for the selling price (P) given that the house sold for less
than $320 000.

The speed limit on a particular freeway is 100 km/h. Write an inequality that represents all
possible legal speeds on that freeway.

A sales representative needs to sell at least five vacuum cleaners a week to receive a bonus
commission. Write an inequality for the number of vacuum cleaners (n) that the sales
representative needs to sell to earn a bonus.

For the wool and other materials to make seven hand-knitted jumpers, Lucy and Lindsay
spent $385. Write an inequality to show the selling price (j) for each jumper if they want
to make a profit.

Find the solutions for each of the following.

(@ 5x—32>3—4x (b) 2x+7<4-9x (c) 6x+2<3x+2
(d) 2(x+10)>10-3x (e) 15x—4<4(Bx+2) A 52x-3)=28x+9
2x+1 _ x-3 3x—4 _ 4x+7 s 2-3x _bx-16
e i e i A et
(91)7>4 (h)2<5 (|)2_3
Find the solution for each of the following.
(@) 2a+3<a—4 b 2-224 (©) 2”3‘2<‘“5f—4
Find the solution for each of the following.
(@ y+6<2y+7 (b) 20-3y>5+2y () 7y—4=23+10y
(d) 13-y<5y+11 ©) 4—%S—6 ) 7_%21
2 by -7y N 3y+2 _2y-5
(9) -3 12<2 (h) 3 +2>0 (i) 1 > 3
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Reasoning

14 A shopkeeper can fit a total of only 120 2-litre cartons of milk (both full cream and low fat)
into the refrigerator. He knows that he needs at least 50 2-litre cartons of full cream milk
and that no more than 40 2-litre cartons of low fat milk will be needed.

(@) Let frepresent the number of cartons of full cream milk and / represent the number
of cartons of low fat milk. Write the two inequalities to show the number of cartons of
each type of milk required by the shopkeeper and show them on a number line.

(b) Write an inequality to show the number of cartons of milk in the refrigerator.
15 Tony has spent $428 to buy 20 calculators wholesale.

(@) Write an inequality to represent the price (p) he could sell each
calculator for and make a profit.

(b) Solve the inequality to find the minimum price that he could sell
the calculators for and still make a profit.

16 At the local milk bar, Sue spends $3.45 on milk and bread. With the
change from her $5 note, she buys some liquorice straps at 40c each.

(@) Write an inequality to represent the number of liquorice straps (1)
she could buy.

(b) Solve the inequality to find the maximum number of liquorice
straps she could buy.

Open-ended

17 Draw a number line showing numbers that could be greater than or equal to a negative
number, but less than a positive number.

18 (a) Make up an inequality, with the variable on both sides of the inequality, that will
produce solutions that are all negative.

(b) Make up an inequality, with the variable on both sides of the inequality, that will
produce solutions that are all positive.

Problem solving

Let the number of wins at the start
of the weekend be w. Given the win
ratio was 0.5 or ! , what is the
relationship between the number
of wins, w, and the total number

of games, n?

Strategy options

e Break problem into manageable parts.
e Test all possible combinations.

1 Linear relationships
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Simultaneous
equations

You have learnt how to solve an equation to find an unknown quantity. But many
problems involve more than one unknown quantity.

For example, suppose the McKillop and Morris families go to the cinema. The McKillop family
pays $48 for their tickets (two adults and three children). The Morris family pays $44 for theirs
(one adult and four children). The eldest son in the Morris family wants to pay for his own
ticket, but no one can remember the individual ticket prices for adults and children.

This problem can be represented using two linear equations.

Let a = cost of an adult’s ticket and ¢ = cost of a child’s ticket.
For the McKillop family: 2 adult’s tickets + 3 child’s tickets = $48

SO 2a+3c =48 [1]
For the Morris family: 1 adult’s ticket + 4 child’s tickets = $44
SO a+4c =44 [2]

You now have two equations involving the unknowns a and c.
These are called simultaneous equations. To solve this problem, you need to find the values of
a and c that make both equations true.

Solving simultaneous equations graphically

If you sketch the graphs of two linear equations, the point of intersection is on both graphs
and will satisty both equations. There will only be one point of intersection and therefore the
equations will have only one solution. Therefore, graphs of linear equations can be used to
solve simultaneous equations.

However, there are two important exceptions to this: parallel and coincident lines.

Parallel lines

Parallel lines do not intersect. As there is no point of intersection, the equations of lines that
are parallel have no solution. Any equations that have the same gradient, but are not multiples
of each other, will be parallel and will therefore have no solution. For example, y = 2x + 4 and
y =2x+ 6 are parallel. No point is on both lines and therefore no point satisfies both equations.
Thus, the simultaneous equations have no solution.

Coincident lines

If one equation is a multiple of the other, the gradients will be the same, but the equations do
not represent parallel lines. The graph of one line will be identical to the graph of the other,
because the equations represent the same line. These linear graphs are called coincident lines.
Therefore, there are an infinite number of solutions to these type of equations because every
point on either line satisfies both equations.

For example, 2x —y = 5 and 4x — 2y = 10 are coincident lines and have an infinite number
of solutions.
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Solving unique simultaneous equations

Equations that give non-parallel and non-coincident graphs are called unique equations
because they have only one point of intersection and therefore only one solution.

Because the point of intersection satisfies both equations, graphs can be used to find the
solution to simultaneous equations.

Method 1: Solving simultaneous equations graphically

Simultaneous equations involve two or more variables and are solved at the same time, either
graphically or algebraically. The solution of simultaneous equations gives values for each
variable that satisfy all equations.You can solve for any number of variables as long as you have
the same number of unique equations. In this section, you will deal with two variables only.

Consider the cinema problem: 2a+3c=48 [1]
a+4c=44 [2]

Both these equations can be graphed on the same set of axes.
For 2a + 3c=48: Fora +4c=44:
c=0,2a=48 c=0,a=44

soa=24
a=0,3c=48 a=0,4c=44
sc=16 se=11
x-intercept is (24, 0) x-intercept is (44, 0)
y-intercept is (0, 16) y-intercept is (0, 11)
c$ A
16+

2a + 3c =48

>

T T T T T T T T T T T
4 8 12 16 20 24 28 32 36 40 44 a($)
From the graph, it can be seen that the two lines cross at the point (12, 8). This means that

a =12, c = 8 satisfies both equations.You can check this by substituting these values for a and
c back into the original equations.

For 2a + 3¢ =48: For a + 4c = 44:

LHS=2x12+3x%x8 LHS=12+4x8
=24+24 =12+32
=48 =44
=RHS =RHS

So, an adult’s ticket to the cinema costs $12 and a child’s ticket costs $8.
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Worked example 16

(@) Sketch the pair of linear equations y =x+ 2 and y = 6 —x and find the point of intersection.

(b) Hence, find the solutiontoy=x+2and y =6 —x.

Thinking

Working

1 Sketch the two lines clearly showing
the point of intersection. You may
have to extend your graphs to see the
point where the lines cross.

2 Find the coordinates of the point
of intersection on your graph.

3  Write the coordinates of the point of
intersection.

Foint of intersection = (2, 4)

(b) The point of intersection gives the
solution to the equations

(b) x=2,y=4Iis the solution to the
equations y=x+2and y=6—x

Notice also that the point of intersection (2, 4) satisfies both equations.

y=x+2 y=6-x
=242 (x=2) —6-2(x=2)

You can also use CAS technology to find intersection points and solve simultaneous

equations.

Using TI-Nspire CAS

From the Home screen, select Scratchpad >
Graph and enter the equations to be
graphed. Then select menu > Analyze Graph
> Intersection. Set the lower bound to the
left of the intersection point and set the
upper bound to the right of the intersection
point. The intersection coordinates will be
displayed.

ﬂ(x')-.ﬁ?.

/(2,4

oyt

10 1

£2(x)=6-x

6.67
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Using Casio ClassPad CAS

From the menu select Graph & Table. Enter
the equations to be graphed, tick the box
next to each one and select the Graph icon
[4]. Then select Analysis > G-Solve >
Intersection. The intersection coordinates
will be displayed.
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Method 2: Solving simultaneous equations algebraically

Using algebra can be a more accurate and efficient way of solving simultaneous equations
than the graphical method. The graphical method does not work for more complex
simultaneous equations with more than three unknowns and it is difficult to get exact
solutions if one or both of the values at the point of intersection is not a whole number.

Simultaneous equations can be solved algebraically using either elimination or substitution.

Solving simultaneous equations by elimination
Use the elimination method when both the variables are on the same side of the equation.

You eliminate one of the variables by adding or subtracting the two equations or multiples of
the two equations. When one of the variables has a coefficient of the same magnitude you can
add or subtract the equations.

Worked example 17

Solve the following simultaneous equations algebraically using the elimination method.

(@ 3x+5y=-3 (b) 4x+5y=-6
x—-5y=19 4x -3y =10
Thinking Working
(@ 1 Write the equations and label them.  (a2) 3x+5y=-5 (1]
x—by=19 [2]
2 Eliminate the variable with the same 4x =106 (11 +[2]

coefficient by either adding or
subtracting. (Here, you use equations
[1] and [2] to eliminate y.)

3w +-51y =1-3
+ x-5y=19
4x+0 =16
3 Solve the equation for the remaining x=4
variable.
4 Find the value of the eliminated 3x+Dby=-3 [1]
variable by substituting the value of 3X4+5y=-3
the variable into one of the original 12+by=-3
equations. (Here, you substitute x =4 by=-15
into equation [1].) y=-3
5 Check the solution by substituting x—5y=19 (2]
the va.lues into the other original LHS = x— By
equation. —4_5x-3
=4+15
=19
=RHS
6 Write the solution for both variables. x=4,y=-3o0r (xy)=(4-3)
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(b) 1 Write the equations and label them.

2 Eliminate the variable with the same
coefficient by either adding or
subtracting. (Here, you eliminate x by
subtracting equation [2] from [1].)

3 Solve the equation for the remaining
variable.

4 Find the value of the eliminated
variable by substituting the value
of the variable into one of the
original equations. (Here, you
substitute y = -2 into equation [1].)

5 Check the solution by substituting
the values into the LHS of the other
original equation. (Here, substitute
x=1and y =-2into 4x — 3y = 10.)
The value of the LHS should equal
the value of the RHS.

6 Write the solution for both variables.

(b) 4x+Dby=-0 [1]
4x—3y=10 (2]
By =-16 [1]-[2]
y=-2
4x+Hy=-6 [1]
Ax+5X-2=-06
4x—10=-6
4x=4
x=1
LHS =4x - 2y
=4X1-3X%X-2
=4+0
=10
=RHS

x=1,y=-2or(xy) =(,-2)

However, not all pairs of simultaneous equations can be solved by simply adding or
subtracting the two equations to eliminate one of the variables. If the coefficients of neither
variable are equal in magnitude, you need to make the coefficients of one of the variables

equal by multiplying by the LCM.

Worked example 18

Solve the following simultaneous equations algebraically using the elimination method.

(@ 3x+2y=5 (b) 2x+5y=9
4dx -3y =-16 x+3y-5=0
Thinking Working
(@ 1 Write the equations and label them.  (a2) 3x+2y=5 1]
4x — 3y =-16 2]

2 Choose the variable to eliminate. 9x+oy=15 [3] [11x3
Label your new equations. (Here, &x — by =-32 [4] [2]x2
multiply [1] by 3 and [2] by 2 so that
the coefficient of y is 6 in both
equations.)

3 Eliminate the variable with the same 17x=-17 [3] + [4]
coefficient by either adding or
subtracting. (Here, add [3] and [4]
to eliminate y.)

4  Solve the equation for the remaining x=-1

variable.
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Find the value of the eliminated
variable by substituting the value

of the variable into one of the original
equations. (Here, substitute x=-1
into [1].)

Check the solution by substituting
the values into the LHS of the other
original equation. (Here, substitute
x=-1and y =4 into 4x — 3y =-16.)

Write the solution for both variables.

Ix+2y=5
OX-14+2y=5
=B 2y =9
2y=56
y=4
LHS =4x— 2y
=4x-1-3%x4
=-4-12
=-16
=RHS

[1]

x=-1,y=4or(xy) =(14)

(b)

Write the equations and label them.

Rearrange one or both equations
so that the variables are on the
left-hand side of the equation
and the numbers are on the right.

Choose the variable to eliminate.
Label your new equations. (Here,
multiply [3] by 2 to obtain 2x in both
equations.)

Eliminate the variable with the same
coefficient by either adding or
subtracting. (Here, subtract [1] from

[41)

Find the value of the eliminated
variable by substituting the value of
the variable into one of the original
equations. (Here, substitute y =1
into [2].)

Check the solution by substituting
the values into the LHS of the other
original equation. (Here, substitute
x=2andy=1into 2x+5y=9.)

7 Write the solution for both variables.

(b) 2x+by=9
x+3y—-5=0

2R3-By=9
x+3y=5

2x+ o6y =10
2x+by=9

x+2y—-5=0
x+3X1-5=0
x—2=0

X=2

LHS =2x+ by
=2X2+5X1
=4+5
=19
=RHS

[1]

[2]
[1]
[3]
[4] [3]x2
("]

(4] -1
[2]

x=2,y="1or(xy)=(2,1)
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Useful strategies

It doesn’t matter which variable you choose to eliminate when solving simultaneous
equations.You will get the same solution for the variables.

¢ If you only need to change one equation to get the same coefficient of one of the

variables, eliminate that variable.

e [f the signs in front of one of the variables are opposite, eliminate that variable.

¢ Ifthe signs in front of each of the variables are the same, choose the variable to eliminate
where the coefficients are smallest in magnitude.

e If the signs in front of each of the variables are the same then multiplying one equation
by a negative number and adding the equations is often easier than multiplying both by
a positive number and subtracting the equations.

Solving simultaneous equations by substitution

This method is commonly used when one or both equations are written with one of the
variables as the subject of the equation (e.g. y = 3x + 5 as in gradient intercept form or

x=4-3y).

Worked example 19

Solve the following pairs of simultaneous equations algebraically using the substitution

method.
@ y=2x (b) 2x+3y=-4
x+y=18 x=y+3
Thinking Working
(@ 1 Write the equations and label them.  (a) y=2x (1]
x+y=186 (2]
2 Find the equation that has one Substituting 2x for y in [2]:
variable as the subject of the equation
+(2x) =16 )
and substitute for this variable into X+ (29 L]
the other equation. (Here, substitute
2x for y in [2].)
3 Simplify the equation and solve the 2x=15
equation for the remaining variable. X=0
4  Find the value of the eliminated y=2x [1]
variable by substituting the value of =2X06
the variable into one of the original =12
equations. (Here, substitute x =6
into [1].)
5 Check the solution by substituting LHS =x+y
the values into the LHS of the other =6+12
original equation. (Here, substitute =15
x=6andy=12intox+y=18.) =RHS

6 Write the solution for both variables.

x=06,y=120r(xy) =(6,12)

PEARSON mathematics 10-10A 2ND EDITION



(b) 1 Label the equations.

2 Find the equation that has one
variable as the subject of the equation
and substitute for this variable into
the other equation.

3 Simplify the equation. (Here,
substitute (y + 3) for x in [1].)

4 Solve the equation for the remaining
variable.

5 Find the value of the eliminated
variable by substituting the value of
the variable into one of the original
equations. (Here, substitute y = -2
into [2].)

6 Check the solution by substituting the
values into the LHS of the other original

equation. (Here, substitute x =1 and
y=-2into 2x + 3y = -4.)

7 Write the solution for both variables.

(b) 2x+3y=-4 [1]
x=y+3 (2]

Substituting y + 3 for x in [1]:
2(y+3)+3y=-4 [2]

2y+ 06 +3y=-4

Sy+6=-4
By =-10
y=-2
x=y+3 [2]
=243
=1
LHS =2x+ 2y
=2X1+3%-2
=2-0
=-4
=RHS

x=1,y=-2or(xy) =(-2)

Using simultaneous equations

Simultaneous equations often involve worded problems.You need to identify the unknowns,
define them with a variable, write the information as equations and then solve them
simultaneously. Consider this problem:

A furniture store sells tables and chairs. If a table costs $60 and a chair costs $25, and a total
of 15 tables and chairs were sold for $480, then how many tables and chairs were sold?

The number of tables and the number of chairs sold are the two variables. Let T = number of
tables sold and C = number of chairs sold.

You can then write the equations:

T+C=15 (1]
60T +25C = 480 [2]
Solve these simultaneous equations using the elimination method.
60T +25C =480 [2]
25T +25C=15x%x25 [3] [1]x25
=375
35T =480 -375 [4] [2] - [3]
=105
T=3
3+C=15
C=12

So 3 tables and 12 chairs were sold.
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In general, when solving problems using simultaneous equations, these steps need
to be followed:

1 Identify the unknowns. Define each with a variable.

2 Write the information given as equations involving the unknowns. (If there are two
unknowns, i.e. two pieces of information required, there must be two equations.)

3 Solve the equations simultaneously either using elimination, substitution or
graphically.

4 Check your solution by substitution.

5 Write the final answer to the problem in words.

) Simultoneous equations

Navigator
1,2 (columns 1-2), 3, 4 (a-h), 2 (columns 2-3), 3, 2 (columns 2-3), 3,
P. 5(@f),6,7,8,9,10, 11,12, 14, 4(columns 1-2),5(columns 1-2), 4 (column 3), 5 (column 3), 6, 9,
16, 19 6,7,8,9,10,11,12, 13,14, 15, 11,12, 13,14, 15, 16,17, 18,19,

16,17, 18, 19, 21, 22 20, 21, 22, 23

Equipment required: graph paper for Question 2

Fluency

1 State the point of intersection for each of the following pairs of linear equations.
@ (b)
\- -Al 4

iééw %x-é-é.ng{_iéx

m 2 (i) Sketch each pair of linear equations on graph paper and find the point of intersection.

(i) Hence, find the solution for each pair of simultaneous equations.

S =

\.
OGN ®

(@ y=x+3 b) y=x-7 () x—y=6
y=5-x y=3-x 2x—y=8

(d) 3x-y=6 (e) y=2x H y=6-2x
x-2y=2 y=3x-4 y=4x

(@) x=-2 (h) y=-x (i y=x+2
y=3x y=3 y=x+4

3 Solve the following pairs of simultaneous equations using the elimination method.

(@ x+y=5 b) x+y=1 (c) 2x+3y=9
x-y=3 x-y=9 S5x—3y=12

(d) 3x+2y=13 () 3x+2y=9 f 7x+y=38
9x—2y=47 B3x+y=0 X+y=-8
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(@ 2x+y=7 (h) 2x-3y=-2 (i -3x+y=-3

2x+3y=5 Sx—-3y=4 -3y =2y =-12
Solve the following pairs of simultaneous equations using the elimination method. m
(@ 3x+2y=1 (b) Sx+2y=-7 (c) 2x+6y=4
2x+y=-3 x+7y=25 dx+3y=-1
(d) 2x+5y=-1 () 3x+2y—-1=0 (f 4x+3y+9=0
dx+3y=5 2x+y+3=0 2x=5y+11=0
(@) 3x-2y=7 (h) 5x—2y=-23 () 4x+2y—-6=0
2x—-3y=3 2x+7y=22 -3x—-3y+6=0
0] ’2£+y=o K) x+%=8 () 5x—6y=21
-3y=10 2x—y=-2 Y, ¥Y_g
x—3y x—y 3t5
(m) 7x -y = -25 () %x+y+10=o ) %x+§52+2=o
2X_Y _g dx-¥+10=0 7x+3y +27=0
5 2 4
Solve the following pairs of simultaneous equations using the substitution method. m
(@ y=2x (b) x+3y=-30 (c) x=-2y
x+5y=22 y=3x y=3x-14
(d) 2x+y=7 (e) x=y+1 ) y=7-3x
xX=6-y x—y=7 4y -3y =18
(@ y=1-2x (h) x=2-7y () y=6-3x
S5x+2y=0 2y=x-11 x=2y-19
(a) For simultaneous equations y = 2x -5 and y = 3 — 2x, the solution is:
A (0,-5) B (0,3) Cc (2-1 D (21
(b) For simultaneous equations x + 2y = 8 and 3x — y = 3, the solution is:
A (6,1) B (3 6) C (472 D (23)
(@) Adding which pair of equations below will eliminate y?
A x+ty=4 B 3x+2y=6 C x-y=7 D 2x-3y=4
2x+y=3 B3x+y=0 x—-y=7 x+3y=2
(b) Adding which pair of equations in part (a) will eliminate x?
(@ Sx—6y=4 [1]
-3x+8y=2 [2]

To eliminate x in the pair of equations above, you need to:
A multiply [1] by 3 and add to 5 times [2]
B multiply [2] by 3 and add to [1]
1] by -3 and add to 5 times [2]
]

[
C multiply [
D multiply [2] by -3 and add to 5 times [1]

(b) 9x+7y=3 [1]
S5x+3y=-1 2]
To eliminate y in the pair of equations above, you need a new equation formed by
A 3x[1]+7x][2] B 5x[1]+9x]2]
C 3x[1]-7x]2] D 5x[1]-9x%[2]
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9 (a) Simultaneous equations y =x+ 3 and 2x — y = -11 have the solution:

A x=3,y=6 B x=5y=1 C x=-5y=-8 D x=-8y=-5
(b) Simultaneous equations x = 2y and 4x — 7y — 3 = 0 have the solution:
A (3,-6) B (24 CcC (36 D (6,3
Understanding

10 During school holidays a cinema sells tickets for adults and children at discount prices.
Let a represent the cost of an adult’s ticket and c represent the cost of a child’s ticket.

(@) Write an equation to show that tickets for 5 adults and 3 children cost $65.
(b) Write an equation to show that tickets for 7 adults and 6 children cost $100.
(c) Multiply both sides of the equation from (a) by 2.

(d) Now solve the equations from (b) and (c) simultaneously to find the cost of each type
of ticket.

11 The fruit below cost $14.05. The fruit below cost $8.50.

How much did each pineapple and each kiwifruit cost? Assume that all pineapples are the
same price and all kiwifruit are the same price.

12 Three salad rolls and four pies cost $20.56 altogether. A salad roll costs $1.16 more than a
pie. How much does each cost?

13 The sum of x and y is 12. When y is subtracted from 3x the result is 16. Find x and v.

14 The sum of two numbers is 38 and their difference is 24. What are the numbers?

Reasoning

15 Two books have a total of 500 pages. If the number of pages in one book is 12 pages less
than 3 times the number of pages in the other, how many pages are in each book?

16 A farmer uses 140 m of fencing wire to enclose a rectangular paddock. If the length of the
paddock is 10 m longer than the width, find the dimensions of the paddock.

17 After buying a book, Libby received 18 coins totalling $1.65 in change. If she was given
only 5-cent and 10-cent coins, how many of each did she receive?

18 Five less than twice Michelle’s present age is equal to Yesmin’s present age. Two years ago,
twice Yesmin’s age was the same as 10 years more than triple Michelle’s age. Find the
present ages of the two girls.

19 Willow and Tony live in two cities 360 km apart. They leave their houses at the same time
by car and travel towards each other at 80 km/h and 100 km/h, respectively.

(@) Write an equation for each journey representing the distance from Willow’s house (D)
at any time (t).

(b) How much time will pass before they meet on the highway?
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20 It takes a barge 3 hours to travel 27 km upstream against the current. On its return journey,
with the current, the barge can travel the same distance downstream and an additional
3 km in only 2 hours. Find the speed of the boat and the current.

21 The pirate Captain Greybeard left careful instructions for his crew to locate his buried
treasure. Using the old oak tree as the origin, north-south as the y-axis, east-west as the
x-axis and each unit on the number plane as 20 paces, the solution of four different pairs
of simultaneous equations would lead to the burial site.

The first point, 4, is at the intersection of the two lines x=-3 and y =-7.
The second point, B, is at the intersection of 2x—y =7 and 2x — 3y =-3.
The third point, C, is at the intersection of 2y +x=0and 2y =x - 8.

The final point, D, is at the intersection of y = 7x and x + y = 8.

(@) Find the coordinates of each of the points A, B, C and D.
(b) Plot the points A, B, C and D on the same number plane and join AB and CD.

(c) Find the coordinates of the intersection of the two lines, which will give the location
of the buried treasure.

(d) Determine the equations of the lines AB and CD, and solve algebraically to show that
the coordinates found in (c) are the solution of these equations.

Open-ended

22 Make up three different pairs of simultaneous equations, each having the same solution,
where x=3 and y =4.

23 Emmanuel has three numbers. When he adds them together in pairs he gets three
different totals: 11, 17 and 22. What are the three numbers Emmanuel had to start with?
Can you describe a method that would enable you to work out the three numbers given
any three totals?

1 Linear relationships
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Investigation

Breaking even

Equipment required: graph paper

The Big Question

Angelo’s Ice-Cream Parlour sells ice-cream in a plain
cone for $3.50 and in a waffle cone for $4. Angelo
orders 200 plain cones and 120 waffle cones each day.
He usually sells 220 ice-cream cones per day.

Some days he earns a lot more money than on other
days and he wonders if there is a certain number of each
type of cone that will maximise the amount of money he
earns. (The amount he earns is called revenue.) What
advice should Angelo be given to solve his problem?

Engage
1 (@) On aset of axes, sketch the graph of y =10 —x.
(b) Plot the following points and decide which are:
(i) on the line
(i) below the line
(iii) above the line.

1,9 @@,6) 3,5 37 (6,49
68 &7 42 28 (23

(c) Shade the region above the line. Check by
substitution that all points given in (b) that are in
this shaded region satisfy the inequality y > 10 —x.

(d) Shade differently the region below the line. Check
by substitution that all points given in (b) that are
in this shaded region satisfy the inequality
y<10-ux.

2 On anew set of axes, sketch the graphs of x + 2y =6
and 4x + 3y =12.

(@) Shadex+2y <6 and shade differently 4x+ 3y > 12.

(b) Show by substitution into the inequalities that
(4, 0) is in the region where the shadings overlap.

Explore

3 Tounderstand Angelo’s problem and find a solution,
complete the following.

(@) On the same set of axes, sketch the graphs of:

(i) x+y=220 (i) x=200 (i) y=120
(b) Shade the region that is common to the graphs of:
(i) x+y=<220 (i) x <200 (i) y<120

(c) This shaded region is called the feasible region.
Find the coordinates of all the vertices of this
region and label these points on your graph.

(d) Substitute the coordinates of each vertex into the
expression 3.5x + 4y and determine which vertex
gives the maximum value of this expression.

Strategy options

e Look for a pattern.
e Draw a diagram.
e Test all possible combinations.
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Explain Extend

4 (a) Explain the meaning of x + y <220 in relation to ~ Angelo finds that the days he earns the most revenue
Angelo’s ice-creams. are not the days he makes the most profit, as the
(b) Why did Angelo graph x < 200 and y < 120? waffle cones are more expensive for him to buy than

the plain cones.
(c) Explain why the shaded region is called the

feasible region. 7 If a plain cone with ice-cream costs him $0.80, a

walffle cone with ice-cream costs him $1.50 and he

(d) Explain what was calculated when the vertices has overheads (other costs such as wages, electricity
of the feasible region were substituted into the and rent) of $580 per day:

expression 3.5x + 4v.
P Y (a) write an equation to show the total cost (C) of

Elaborate producing x plain cones and y waffle cones
5 Use the graphs you sketched and your calculations to (b) write an equation to
advise Angelo about the numbers of each type of show the prof1t,.P, of Profit = Revenue — Cost
cone he should sell to maximise his revenue. producing x plain cones
and y waffle cones.
Evaluate 8 (a) If P=0, sketch the graph of the equation in 7 (b).

6 (a) How confident are you that you have given (b)

Sketch the graph of x + 1 =220 on the same axis.
Angelo the correct advice? Justify your answer.

(c) Write the coordinates of the point of intersection

(b) What did you learn by completing 1, 2 and 3? of these two graphs.

How did this help you to solve the problem?
(d) What information does this point give Angelo?

() How did drawing graphs help you to advise . )
Angelo? (e) Advise Angelo about the number of plain cones

and waffle cones he should sell to make the
largest profit.

(d) Do you think you could have solved this problem
using another method? If so, explain how.
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Chapter review

Maths literacy

coincident lines independent variable linear inequality sketch
dependent variable linear equation linear relationships unique equations
gradient linear graph simultaneous equations

Copy and complete the following using the words and phrases from the list, where appropriate.
A word or phrase may be used more than once.

1A indicates how two quantities that change at a constant rate are related
to one another.

2 A canbe solved by performing inverse operations on both sides of the
equation.

3 The measure of a line’s steepness is called the

4 show that the relationship between two variables is a straight line.

5 Fora__, only two points need to be shown.

6 Two linear equations that contain the same variables and are not parallel or coincident

can be solved using

7 3x+4y="7and 8y =14 — 6x are examples of

Fluency

1 Solve the following equations. m
(8) 2c-7=9 B E=26=-1
(©) 4v-5=0v+4 (d) %-2”5—”’:1

2 The gradient of the line joining the points (2, 9) and (5, -6) is: m
A 1 B 5 c - D -5

3 Find the gradient and y-intercept for each of the following. m
(@ y=5x+2 (b) y=-2x () 2x-5y=10 (d) 4x+y =38

4 Sketch graphs of the following.
(@ y=2x-5 (b) y=-2x () x+5y=10 (d) y=4x m

5 Sketch graphs of the following, showing the intercepts on the axes. m
(@ 4x-5y=20 (b) 3x+7y=42 () y=3-"5x (d) y=-2x+6

6 Show whether or not each pair of lines is parallel, using their gradients. m
(@ x+2y=7andx+2y=3 (b) x—y+6=0and3x-2y+4=0
() x+y=6anddx+y+6=0 (d y=4x—-3and 8x-2y=0
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7 Show whether or not each pair of lines is perpendicular, using their gradients.

(@ 2x+2y=4and2x+y =38 (b) x—y+9=0and2x+2y—-3=0
() 2x—4y=9and4x+2y+6=7 (d) 3x+2y=8and 3y =2x+4

8 Find the solutions for the following linear inequalities.
@ 9x>21 B 4255 © 7-6r<?

9 Solve the following simultaneous equations using the elimination method.
S5x—2y=28 3x—4y=-12

10 Solve the following simultaneous equations using the substitution method.
6x =5y =-21 y=2x+5

Understanding

11 In an enclosure at the zoo, there are twice as many wombats as emus. Altogether, they
have a total of 90 legs. How many wombats are there?

12 To earn extra money, Martin works part-time in a butcher’s shop. In a particular week
during the school holidays he worked twice as many hours on Tuesday as he did on
Monday but only 2 the hours on Wednesday compared to Monday. For these 3 days
he received $127.50. If he is paid $8.50 per hour, how many hours did Martin work
on Monday?

13 A swimming pool has been filled with water. Volume (L)

The graph shows the volume of water (in litres) in

= 12000
the pool after a number of hours as it filled.

(@) How long did it take for the pool to contain
12000 L of water? 6000-

(b) How many litres of water flowed into the pool
each hour?

(c) What is the gradient of the graph? 2 4 6 8 Tme

(hours)

(d) Write the relationship for the volume (V)
in terms of the time (T).

14 Manny, a motorcycle courier, notes his distance from the centre of Melbourne on a
delivery trip.

Time (min) 0 10 20 30 40 50 60
Distance from Melbourne (km) | 20 26 32 38 44 50 56

(@) Find an equation describing Manny’s distance from Melbourne (d km) in terms
of the time spent travelling (t minutes).

(b) Draw a graph of the equation found in part (a) for the hour of travel.

(c) What does the gradient of the graph represent?

(d) What does the intercept with the vertical d-axis represent?

(e) Find Manny’s distance from Melbourne after he has been travelling for 14 minutes.

() How long does it take for Manny to be 48 km from Melbourne?
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15 What is the equation of the line that passes through (6, 3) and is perpendicular to

y—x—-1=0?

16 What is the equation of the line that passes through (8, -2) and is parallel to
y—>5x=-17?

17 Find the solutions for the following linear inequalities.
(@) 33‘7‘4 < 2"7*1 (b) 32x—4)>4(3x+1)

18 Twice one number added to three times another number equals -3. If the first number
is tripled and subtracted from 8 and the result is divided by 2, then the second number
is obtained. Find the two numbers.

19 Find the values of 2 and bin the following equations, given that the lines are perpendicular
and intersect on the y-axis.

ax+3y=1
by=-x-1
Reasoning

20 Houses for sale at auction often have an EPR (Expected Price Range) in the advertisement.
This means that it is expected that the house will be sold for a price somewhere between
the values given.

(a) If the EPR for a house is advertised as $570 000-$620 000, write this as an inequality
for the selling price of the house (p).

(b) If the deposit must be 10% of the price paid, write an inequality to show how much
deposit is needed if the price falls within the EPR.

(c) If the house sold for more than $50 000 above the highest value in the EPR, write an
inequality to show how much the house sold for.

(d) If the house sold for less than $50 000 above the highest value in the EPR, write an
inequality to show how much the house sold for.

21 Three times the distance (d) between two towns subtracted from 823 km would take m
4 hours to travel at an average speed (s). However, five times the same distance subtracted
from 1071 km would only take 3 hours to travel at the same average speed. How far is the
distance (d) between the two towns and what is the average speed (s)?
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Statistics

Maths boosts sales

Name: Adam Driussi
Job: Director of The
Quantium Group,

an actuarial
consulting firm
Quualifications:
Bachelor of Economics
(Actuarial Studies), Fellow of the
Institute of Actuaries of Australia
and Graduate Diploma in Applied
Fincnce and Investment

What do you do with a sharp analytical mind
and great communiccrtion skills? You become
an actuary!

Actuaries analyse large quantities of data
and provide strategic advice to help
businesses solve a wide range of practical
problems. Adam Driussi is director of an
actuarial consulting firm. He says, T love
coming to work every day and having to
solve a different problem to the day before.

Why learn this?

The fact that you tend to get paid very well to
do it is a very nice bonus.’

As an actuary, Adam and his team might
analyse a client’s customer database. Based
on what they discover they will make a
suggestion as to how a business can market
to their customers more effectively. Adam
explains: ‘For example, eBay communicates
with most of its customers via email. So we
analysed the data to help eBay develop
email campaigns that promoted new items
that are relevant to each of eBay’s millions
of customers—as opposed to promoting the
same items to every customer. The result was
more than double the numlber of people
responding to the campaigns and buying
new items from eBay .’

Adam loved maths at school. My maths skills
form the foundation for the problem solving
and logic that I need to do my job every day.
Without that foundation you could never
solve the problems you get posed as an
actuary.’

We live in an age of ‘Big Data’, but we need to organise and analyse the data to draw

conclusions or make decisions. Statistics cre used by all sorts of orgomisations to understond
complicated situations, make decisions cnd convince others of what to do. A knowledge of
the processes used to gather ond present data will help you to distinguish credible facts from

unlikely fiction.

After completing this chapter you will be able to:

¢ find five-number summocaries and use them to understand, cnalyse and compare dcta sets

¢ understand and construct data representctions such as frequency curves, tables, box
plots, dot plots, column graphs, histograms and scatter plots

¢ understand and construct data representations involving time-dependent bivariate data

¢ investigate and cnalyse the use of statistics in the media

e draw and interpret lines of best fit

e calculate the mean and stemdard deviation and use these values to compare data sets.
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Recall

Prepare for this chapter by attempting the following questions. If you have difficulty with a
question, you can download a Recall Worksheet from the eBook or the Pearson Places website.

1 Find the mean, median (middle number), mode (most common number) and range
(difference between largest and smallest numbers) for each of these sets of data.

(@) The number of siblings for your five best friends:
2 4 5 1 4

(b) The shoe size of your nine young cousins:
35 45 5055 50 45 55 50 35

2 Classify each of the following as being nominal, ordinal, discrete or continuous data.
(@) Number of goals scored by a hockey team each week.
(b) Heights, in metres, of the members of your maths class.
(c) Sizes of shirts (S, M, L) on a rack.

3 The heights (in centimetres) of 20 students are as follows:

179.7 167.3 168.6 164.7 182.8 160.5 179.2 163.0 177.7 171.3
169.8 173.2 164.7 172.1 165.6 171.9 164.8 166.7 169.1 166.7

Round the heights to the nearest cm and then:

(@) draw a stem-and-leaf plot using intervals of 5 cm (b) find the median.
4 The dis’Fanc.e jumped (iy metres) by each e e —— FreapcnEy

competitor in the long jump was recorded

and is shown in the frequency table. 5.75-<6.00 4

(@ Find an estimate for the value 6.00-<6.25 6

of the mean.
_ ) ) _ 6.25-<6.50 9

(b) In which class interval is the median?
6.50—<6.75 13
6.75-<7.00 5
7.00-<7.25 3

Exploration Task

You can download this activity from the eBook or the
Pearson Places website.

Problems with problems

In this activity you will explore how to work with statistics problems
that have more than one possible answer. How can the answers be
checked? What might all the answers have in common?
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Cumulative
frequency curves

Measures of centre for ungrouped data

Various measures of centre (sometimes called measures of location) can be used to represent
the’centre’of a set of numerical data. Each measure gives a useful piece of information about
the data. Three measures of centre are the mean, the median and the mode.

The mode is the most common data value, so it is the data value with the highest frequency.
Showing all the data values in a table can make it easier to identify the mode. If two (or more)
data values have the same highest frequency, then the data is called bimodal (or multimodal)
and all data values with the highest frequency are modal values.

The median is the middle value when the data set is written in order. When the number of
data values 7 is odd or even:

o odd—the median is the middle data value, which is the (7%1) th value.

* even—the median is the value between the two middle values, which is the mean of the
two middle values.You find this by adding together the (g) th value and the (g + 1) th
value and dividing by 2.

Showing all the data values in a table together with their cumulative frequency values is a

useful way to identify the median. The cumulative frequency is the sum of the frequencies
up to each data value.

The mean is the sum of all the data divided by the number of data values n.

- 22X
x==
n

Showing all the data values in a table can make it easier to calculate the mean.
e Each data value x can be multiplied by its frequency f to find the product xf.

e The column of frequency values fis added to find the sum Zf, which is the number of data
values 7.

® The column of xf values is added to find the sum Zxf, which is the sum of all the data

* The mean is the sum of the xfvalues (sum of all the data) divided by the sum of frequency
values (number of data values).

-z

The mean is often called the average, which is used in everyday language to describe
something that is typical or unexceptional.
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Measures of centre for ungrouped data

Mode: most frequently occurring data value

Median: middle data value

e 7 is odd: (n ; 1) th data value

e 11is even: mean of the (g) th and (g + 1) th data values.

Mean: x = %C= Zxf

zf

Worked example 1

Find the mode, median and mean for each set of data correct to 1 decimal place, if necessary.

(@ 6.2,5.7,21,8.7,13

(b)

x|16]17] 18] 1920
flsl20]15]4]1

Thinking

Working

(@) 1
2
3

Check for repeated values.
State the value of the mode.

Order the data and locate the middle.

(2)

There is no mode.

The mode does not exist.

13,2167, 6.2,8.7
n="5 (odd)
_b5+1
2
=3
The 3rd data value is B.7.

n+1
2

4 State the value of the median. The median is 5.7.
5 Write the formula for the mean. X = ZX
n
6 Substitute the values and evaluate mean = 15+21+57+62+87
the mean. 5
_ 24
5
=48
(b) 1 Find the highest frequency (b) f=20,x=17

and matching data value.

2 State the value of the mode. The mode is 17.
3 Extend the original table to include .
. X f | Cumulative frequency
a cumulative frequency column.

6| &6
17 |20 |&6+20=26
18| 15|28+15=43
19| 4|43+4=47
20| 1|47+1=48

66
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4 Decide on the middle position. n=45 (even), g =24

The middle is between the 24th
and 25th data values.

5 Find the value of the median. The 9th—28th data values are all 17.

The median is 17.

6 Extend the original table to include
X f xf
an xf column.
16 & 126
7 Find the total of the fand xf columns.
17 20 340
18 15 270
19 4 76
20 1 20
Total | 48 854

8 Calculate the mean and round to the X = Zxf
specified number of decimal places. it
_ 834
48
=17.4 (1d.p)

Measures of centre for grouped data

Large numerical data sets may be presented in a frequency table with the data grouped into
class intervals. Although this makes the data set easier to deal with, it means that the original
data values are lost.

When dealing with grouped data, the mode, median and mean can be found in terms of class
intervals rather than individuals values.

e A modal class interval can be found rather than a modal value. The modal class interval
is the most common class interval with the highest frequency.

e For the mean, the midpoint of each class interval is used as its representative data value.
The mean can then be estimated by finding the mean of these representative values.
However, this estimate will not be as accurate as a calculation from the raw data values.

e The median class interval is the ‘middle’ of the class intervals, but it is more useful to find
an estimated median by using a cumulative frequency curve (sometimes called an ogive).

A cumulative frequency curve, graphed against the data values, will show the sum of
frequencies “up to’ each data value. This means it shows the number of data values that
are ‘less than’ each particular data value.

By definition, half of the data values will be less than the median, so you can estimate
the median by finding the half-way point on a cumulative frequency curve, as in the
following example.

Note that when the number of data values is large, then the cumulative frequency values

associated with the data values g and 7—1-%-1 will each give very similar values for the median.
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Worked example 2

The table shows the weights (kg) of 50 crates

¢ ; Class Frequency

of equipment. interval (kg)

(a) Find the modal class. 45-<50 3

(b) Calculate an estimate for the mean weight. 50—<55 13

(c) Use a cumulative frequency curve to find 55—<60 3

an estimate for the median weight.

60-<65 10
65-<70 4
70-<75 12

Thinking Working

(@ 1 Find the highest frequency
and matching interval.

2 State the modal class.

(a) f=13,50-<55

The modal class is 5O—<55 kg.

(b) 1 Find the midpoint (x) of each interval.
2 Include an xf column.

3 Find the total of the fand xf columns.

4 Calculate the mean.

(b) Class X f xf
interval (kg)
45—<50 475 S| 1425
50—<55 52.5 12| 6625
55—<60 575 & 460
60—<65 62.5 10 625
©65—<70 675 4 270
70—<75 72.5 12 &70
Total | 5O | 3050
- Xxf
X = —
xf
_ 3050
50
=0l

The estimated mean is 61 kg.
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(c) 1 Extend the original table to include ©) | class | x | f | Cumulative
a cumulative frequency column interval frequenc
and an individual data (x) column (kg) R

with an extra row at the top under
the headings. <45 45 —

2 Let the x values be the same as the 45-<20 | 50 5
upper values of each interval with 50-<55 | 55 | 1% 16
the extra place at the top matching
the lower end of the first interval.

55-<60 | 60 & 24
60—<c5 | 65 | 10 34

3 Fill in the cumulative frequency

column with the number of data 65—<70 | 70 4 56
‘less than’ each x value (Here, 0 then 70-<75 | 75 12 50
3, then 3+ 13 =16 and so on.)
4 Graph the cumulative frequency Cumulative
against x values with data values frequency
on the horizontal axis. 0
5 Join the points with straight lines 40
(although sometimes a smooth curve 30
is used). 20’”’"”‘
6 Locate the half-way position on 10 ':

the cumulative frequency axis 0 :

45 50 55 60 65 70 75
(7%1 gives 25.5 but g =25 is Weight (kg)
simpler and sufficiently accurate).

7 Draw a horizontal line to the graph,
then a vertical line to the data axis.

8 State the estimated median value. The median is about &1 kg.

Measures of centre for grouped data

The modal class is the interval with the highest frequency.

The mean can be estimated by using the midpoint of each class interval as its representative

value. Mean: % = 2 = Zf
n Xf

The median can be estimated from the cumulative frequency curve:

e Use the endpoints of the intervals as the data values.

e Write the number of data‘less than’each of the endpoints, which is the cumulative
frequency.

¢ Plot the points and join with straight lines.

n

® Read across from half-way up the cumulative frequency axis to (1%1 /O is usually

close enough), then down to the data axis.
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Grouped discrete data

For discrete data that has been grouped into intervals, the cumulative frequency still
represents the number of data values ‘less than’each data value.

Consider the following grouped discrete frequency table and cumulative frequency table.
There are no data values less than 20, there are five data values less than 30, etc. All 34 values
are less than 70.

Class interval Frequency Class Cumulative
20-29 5 interval frequency
30-39 8 <20 0
40-49 17 <30 5
50-59 3 <40 13
60—69 1 <50 30

<60 33
<70 34

PR Cumulative frequency
curves

Navigator
1,2,3,4,5,6,7 (a-b), 8 1,2,3,4,5,6,7 (a-b), 8 1,2,3,4,6,7,8
Fluency

1 For each of the following data sets, calculate the (i) mode, (ii) median and (jii) mean. Round
the mean to 1 decimal place where necessary.

(@ 5,12,2,7,8,11,4 (b) 22,27,35,42,15,18, 30, 44, 28,17
()

x 2526272829 @[ xJo]1]2]3]4a]5]6
Fl1]512]18]10 flelwofal2]e6]o0]1

2 For each set of grouped data (i) find the modal class, (ji) find an estimate for the mean
and (jii) use the cumulative frequency curve to find an estimate for the median. Round
the mean value correct to 1 decimal place where necessary.
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(@ | Class interval Frequency (b) | Class interval Frequency
0—<10 4 250-<300 37
10-<20 5 300-<350 58
20-<30 8 350-<400 26
30—-<40 11 400-<450 16
40-<50 7 450-<500
500—-<550 4




3 For each set of discrete grouped data find (i) the modal class, (i) an estimate for the mean
and (jii) use the cumulative frequency curve to find an estimate for the median. Round the

mean value correct to 1 decimal place where necessary.

(@) The number of students present

(b) The number of points scored by a

each day. rugby team.

Class interval Frequency Class interval Frequency
450-459 2 0-9 2
460-469 7 10-19 3
470-479 8 20-29 3
480489 15 30-39 4
490-499 10 40-49 1
500-509 8 50-59 1

R —
Find the median length by constructing a 30-<35 7
cumulative frequency curve. 35— <40 10

40-<45 5
45-<50 12
50-<55 13
55-<60 4

5 The following questions relate to the cumulative frequency graph shown on the right.

(@) The number of values in the data setis:  Cumulative

frequency
A 23 B 24
2 -
c 26 D 50 !
(b) The median is closest to: 207
A 12 B 27 164
C 28 D 29
12 4
(c) The class interval that has a frequency
of zero is: 81
A 20-<25 B 30-<35 4
C 30-<36 D 31-<36 .
Un derstan ding 20 2I5 SIO 3I5 4IO 4I5 5IO Valu;

6 The number of people boarding each of 25 successive trains at a station was as follows:

6 16 21 29 39 46 42 29 21 29 3 21 17
10 8§ 18 17 26 7 9 12 19 26 20 21

(@) Find the median of this raw data.

(b) How many trains have fewer than 18 people?

(c) Group the data into the intervals 0-9, 10-19 etc. to draw a cumulative frequency curve.

(d) Use the graph to estimate the median number of people boarding each train and the
number of times there were fewer than 18 people.

(e) Compare your answers in (d) with your answers from the raw data in (a) and (b).
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Reasoning

7 There is another way to estimate the median for grouped data, using the class interval that
contains the median. If you know that the median is the third of eight results in a class
interval 20—<25 (or 20-24 for discrete values), then the median is approximated by the
value 20 + g x 5=21.9. Round to 1 decimal place in a calculation such as this.

(@) Use this method to find an approximation for the median for Question 2(a).
(b) Compare this with the value obtained using the cumulative frequency curve.
(c) Use this method to find an approximation for the median for Question 3(a).

(d) Compare this with the value obtained using the cumulative frequency curve.

Open-ended

8 Use the following information to construct a discrete data set with at least 19 results and
then calculate the mean.

(@) median =39, odd number of results

(b) median = 72.5, even number of results

Problem solving

Strategy options

e Work backwards.
e Test all possible combinations.
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Box plots

Median, quartiles and range

The median is the ‘middle’ of a set of ordered data, so it divides the data into two

halves.

It is sometimes useful to divide an ordered data set into quarters, which you can do by
finding the ‘middle’ of each half. These ‘middle” values of each half are called quartiles.

The lower quartile Q; (or first quartile Q,) is the ‘middle”of the lower half of the data.

The upper quartile Qy; (or third quartile Q3) is the ‘middle’ of the upper half of the data.

For example, consider the following sets of data.

n=38 n=9

68(99|1314]1417 212628 3030134 36 | 39 39
Lower quartile: Q; =8.5 Q=27

Median =11 Median = 30

Upper quartile: Q=14 Qu=375

n=10 n=11
5.65.9(6.2/6.76.7|6.97.2[7.57.5 7.9 14 18[19]25 252527 27(27/28 29
Q=62 Q=19

Median = 6.8 Median =25

Qu=75 Qu=27

Measures of spread

Aside from the statistical measures of centre (mean, median, mode), there are also ‘measures

of spread’that can be used to measure the spread of the set of data.

The range is the “distance”across the data. It is the difference between the largest value and

the smallest value.

The interquartile range (IQR) is the distance across the ‘'middle’ of the data. It is the difference

between the upper and lower quartiles.

Range = largest data value — smallest data value

Interquartile range = upper quartile — lower quartile

or

IQR=Qy-0QL
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Worked example 3

The following data set represents the heights (in cm) of the 38 members of the Collingwood
AFL 2016 players list.

186 181 182 174 184 195 196 211 190 187
178 181 195 199 193 185 181 203 190 189
187 193 186 199 192 191 183 195 191 180
183 185 189 182 180 196 181 209

Find the median, range and interquartile range of the data.

Thinking Working
1 Order the data. 174178 180 180 161181181181 162[162)]
2 Find the middle of the data. 1863 1863 1864 165 185 1866 1866 167 1867 1189
3 Find the middle of each half of the data. 129 190 190191191192193193 195
195 196 196 199 199 203 209 211
4 State the median. Median =165 cm
5 Calculate the range. Range = largest — smallest data value
=211-174
=37 cm
6 Calculate the interquartile range. IOR =Q, — Q.
=195 -182
=13 cm

Drawing box plots

When frequencies are large, or you are using grouped data, the interquartile range can be
found using a cumulative frequency curve to find Qyy and Q. Qy marks the upper quarter
of results, while Q; marks the lower quarter of results.

A box plot, also known as a box-and-whisker plot, is a graphical summary of the five key data
values known as the five-number summary of a set of data:

e minimum value (smallest)

lower quartile Q;,
median

upper quartile Qy
maximum value (largest)

The central part of the box plot, between the two quartiles, is the ‘box’. This box contains the
middle 50% of the data values. The lines extending to the minimum and maximum values are
the ‘whiskers’, which contain the remaining upper and lower 25% of the data values.

whisker box whisker
minimum maximum
median
lower quartile upper quartile
QL QU
IQR
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Worked example 4
The weights of 20 packing crates (in kg) are shown Weight (kg) R
in the frequency table.
45-<50 2
(a) Calculate the range.
. 50-<55 3
(b) Draw a cumulative frequency curve and
use it to estimate the interquartile range. 55-<60 3
(c) Draw a box plot to represent the data. 60-<65 6
65—<70 4
70-<75 2
Thinking Working
(@) Range can be calculated by taking (a) Range =largest result — smallest result
the smallest result from the largest. =75-45
(Estimate these values by using the =30

end points.)

The range of weights is 30 kg.

(b) 1 Construct a cumulative
frequency table.

2 Draw the cumulative
frequency curve.

3 Read Qy from B»Zn on the cumulative

frequency axis and read Q; from Z

(b) Weight(kg) Cumulative frequency
45 0]
50 2
2% 5
60 &
65 14
70 16
75 20
Cumulative
frequency
20
16,10
12 |
10 :
8 E |
5 L
AR ER./
N | T
QL=55, / Qy=66
0 \' ! 'A/
45 50 55 60 65 70 75
Weight (kg)

n= 20, so0 read the 5th and 15th values.
Q: ©6 (15th data value)
Q: D5 (5th data value)
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4  Calculate the interquartile range (IQR).

IQRZQU_QL
=06 —-55
=1

The interquartile range is 11 kg.

(¢) 1 Read the median from g on

the cumulative frequency axis.

2 Draw a box plot using the median
and the information found in part (a).

(¢c) n=20, so read the 10th value.
Median: 62 (10th data value)

Median = 62 kg

I

T T T T T
45 50 55 60 65 70 75 Weight (kg)

Notice that the box plot uses the data axis from the Cumulative
cumulative frequency curve. The descending lines frequency
from the median and quartiles produce the spacing
for the‘box’. 20
16
12 ;
,,,,,,,, At
8 : !
o
I Dt
4 S B
b
1 I :
0 l
45 50 55 60} 68 70 75 Weight (kg)
\

Using technology to find the five-number summary

You can use technology, such as a scientific calculator, CAS or spreadsheet, to find the
five-number summary from a raw data list or a grouped data table.

Using TI-Nspire CAS

Add Lists & Spreadsheet to your document.
Enter the data from the example above, with
column A as ‘weight’and column B as ‘freq’,
using the midpoint of each class interval for
the weight values, as shown. (The midpoint

of 45—<50 is: = E 50 _475)

&~ weight Bfreq |C D s
= |

1 47.5 2

2 525 3 \

3 57.5 3 \

4 62.5 6

5 67.5 4 J
s [4]»]
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Using Casio ClassPad CAS

From the menu select Statistics. Enter the
data from the example above, with list1 as
the weight data and list2 as the frequencies,
using the midpoint of each class interval for
the weight values.

(The midpoint of 45—<50 is: 45+50

=47.5)



Using TI-Nspire CAS

Using Casio ClassPad CAS

Select menu > Statistics > Stat Calculations Select Calc > One-Variable and set the XList
as list1 and the Freq as list2 as shown.

> One-Variable Statistics... and confirm that
Num of Lists is 1. Then set the One-Variable

Statistics settings as shown.

The statistics data should appear as shown.

Note: If you had the raw data you could just enter each value individually in the first column,

18

Facuncy st

Category List:

L

N +

1st Result Column: | ¢[)

I&I ICancelI

c1 < | REN

@A weight Bfreq € D 'y
= =OneVar(
i | | MinX | 47.5 |
i |Qix 5. |
10 [Medianx.|  62.5]
v Qx| 675
12 MaxX 725\
D1| ="One-Variable Statistics" | 4 ‘ »

instead of using the class midpoints.

Percentiles and quantiles

To create a percentage cumulative frequency curve, you convert the cumulative frequencies

for grouped data to proportions (percentages). These curves can be used to find a percentile,
which is the value below which a percentage of the results occur. For example, the value below
which 70% of the results occur is the 70th percentile or the 0.7 quantile (written as a decimal).

Set Galculation
One-Yariable
XList: listh l L‘
G (s
.
The statistics data Stat Calculation
should appear as One-Variable
3 =65.037313
shown. T 43575
Sx? =286568.75 B
Ox =6, 8770185
Sx =6.9289213
n =67
gulx\' 3463 g
Ned  =67.3 £
| x| | cencel |

e The median is the 50th percentile or the 0.5 quantile.

e The lower quartile Q; is the 25th percentile or the 0.25 quantile.

e The upper quartile Qy; is the 75th percentile or the 0.75 quantile.

Worked example 5

The following table shows the data in class intervals from a survey of the weights of packing

crates. Use the data to:

(a)

(b)

(c)

draw a cumulative frequency table
and then a percentage cumulative
frequency table

draw a percentage cumulative
frequency curve

evaluate the 80th percentile and the
0.3 quantile.

Weight (kg)

Frequency

45—<50

2

50-<55

55—-<60

60—<65

65—<70

70—<75

3
3
6
4
2
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Thinking

Working

(@ 1 Complete a cumulative frequency

table. (kg) frequency
<45 0
<50 2
<55 B
<60 1)
<65 14
<70 1&
<75 20

(a) Weight | Cumulative

2 Draw a table of percentage , ,
lative frequencies. Each Weight | Cumulative Fercentage
cumulative freq 165 ) (kg) frequency cumulative
percentage cumulative frequency is frequency
obtained by dividing the cumulative 5
frequency by the total number of G o 30 <100=0
results (20) and multiplying by 100. <50 2 2 %100=10
20
5 —
<55 5 > X100=25
<60 & 2 x100=40
20
<65 14 1 x100=70
20
<70 18 % x100=90
20
<75 20 28 x 100 =100

(b) Plot the percentage cumulative frequency

against weight. The percentage cumulative
frequency curve has a similar shape to
that of the cumulative frequency curve,
but it has a different vertical scale.

(b) Percentage
cumulative
frequency

A

100

80+ ----- -
|

60 1 !

40 1

@0) > - -» - !

20 1 !

0

(67) (©67)

45 50 551 60 651 70 75 Weight (kg)

(c)

Find the 80% point on the vertical axis.
Draw a line horizontally from this point
until it meets the graph. Then draw a
line vertically down and read off the
result. (See the dashed lines drawn on
the graph.)

Similarly, convert the 0.3 quantile to a
percentage (0.3 x 100 = 30%) and then
find the 30% point on the vertical axis.

(c) The &0th percentile is 67 kg.

The 0.3 quantile is the 30% mark and
is 57 kg.
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A cumulative frequency is the number of results below a given value.

cumulative frequency x 100%

Percentage cumulative frequency =
& quency total number of results

For any percentage cumulative frequency graph, n% of results Percentage

: - cumulative
lie below the nth percentile. frequency
Percentile and quantile values can be read from a percentage 1004

cumulative frequency graph. The nth percentile (or 0.01n
quantile) is the value on the horizontal axis corresponding L
to 1% on the vertical axis, where 0 <7 < 100.

nth percentile
or 0.01n quantile

Outliers

When a data value is significantly different to most of the data, it may be an outlier. In any
particular data set an outlier might be smaller than most of the other data values, or it might
be bigger than most of the other data values, or there might be outliers at both ends of the
data range.

A data value is considered an outlier if it is more than 1.5 X IQR above Qyj, or if it is less than
1.5 x IQR below Q.

When drawing a box plot that includes any outliers, indicate the outlier values by drawing
them as dots. Do not stretch the whisker line to the outlier values.

A data value x is an outlier if:

x<Qp—-15xI0R
x>Qu+1.5xIOR

Worked example 6

Construct a box plot for the following set of ordered data and identify any outliers.

3,5,5,6,6,7,7,12,20

Thinking Working

1 Identify the median and quartiles. 3,515,6,[6]7,7112, 20
Median = ©
Q =5
Q=95

2 Calculate the interquartile range. IQR=95-5
=45
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Answers
p.772

3 Find 1.5 x IQR above and below the 15XIQR =15 %X 4.5

interquartile region. =06.75
Q —15XIQR=5-6.75
=-1.75
Q+15XIQR=95+6.75
=16.25

4 Check the data for outliers. The only data value outside the range -1.75

to 16.25 is 20.

Minimum = 3
Maximum =12 (excluding 20)

—T :

345678 91011121314151617181920

5 Find values for the ends of the whiskers,
excluding any outliers.

6 Draw the box plot showing the outlier
as a dot.

P¥) Box plots

Navigator
1,2,3,4,5,6,7,8,10,11,12 (a)

1,2,3,4,5,6,7,8,10,11, 12 (a),
13, 14 (a)

1,2,3,4,6,7,8,9,11,12,13, 14

Fluency

1 The following data represents the weight (in kg) of the 38 members of the Collingwood
AFL 2016 player list.

92 84 75 8 77 101 108 106 89 82
79 84 8 9% 92 77 87 101 86 85
89 87 8 93 78 91 77 102 87 &
80 93 & 84 82 102 83 113

Find the median, range and interquartile range of the data.

2 For each given data set, (i) calculate the range and (i) draw a cumulative frequency curve
and use it to estimate the interquartile range, then (jii) draw a box plot.

(a) | Class interval Frequency (b) | Class interval Frequency
0—<10 4 60-69 9
10—<20 5 70-79 12
20-<30 8 80-89 19
30-<40 11 90-99 17
40-<50 7 100-109 13

PEARSON mathematics 10-10A 2ND EDITION




following data, and find the 60th percentile for each data set.

(@) | Class interval Frequency
15—<16 4
16—<17 5
17-<18 7
18—<19 3
19-<20 4

a season of games is:

32 30 16 18 24 16
286 26 19 18 8 26
34 36 41 18 16 14
17 21 26 36 54 8

(b)

4 The number of points scored by a basketballer in

Construct a box plot that identifies any outliers

in the data.

5 The following is a list of the heights, measured

to the nearest centimetre, of the players at the

local football club.

155 167 189 156 178 179 190
206 196 187 156 166 178 168
168 170 167 159 167 160 163
191 157 156 187 157 159 156
153 173 174 168 177 164 175
186 164 171 170 180 141 167

(@) Find the range of the heights.

200
178
181
161
185
159

3 Draw cumulative frequency and percentage cumulative frequency curves to represent the

Class interval Frequency
150—<155 1
155-<160 2
160—<165 3
165-<170 4
170-<175 3

(b) Calculate the interquartile range by finding the upper and lower quartiles.

(c) Calculate the values that are the cut-off values at either end of the data set after which

the results would be considered outliers.

(d) Are there any outliers in the data set?

Each question below refers to the
percentage cumulative frequency curve
shown at right, which represents the
heights of players in a football club.

(@) The 30th percentile is closest to:

A 170 B 1725
Cc 175 D 184
(b) The 0.8 quantile is closest to:
A 170 B 188
c 191 D 194
(c) The interquartile range is closest to:
A 16 B 18
c 22 D 50

Percentage
cumulative
frequency

100

80

60

40

20+

0

150

T T T T T =
160 170 180 190 200 210 Height (cm)
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7 For the percentage cumulative Percentage
frequency curve shown at right, cumulative

frequency
outliers would be:
1004
A results less than 32 cm
B results greater than 63 cm 807
C results less than 16.5 cm and 60 -
greater than 63 cm
40
D none
20
O T T T T T T
25 30 35 40 45 50 55 Length (cm)
Understanding

8 The distances run (km) by athletes
training for a marathon are summarised

in this frequency table.
Class Frequency
interval
10—<15 4
15—<20 ] W
20-<25 13 o
25-<30 16 3 I‘
el
30—<35 11
35—<40 9

(@) Draw a cumulative frequency curve for this data.
(b) How many of the distances run were less than 17 km?
(c) Draw a percentage cumulative frequency curve.
(d) Find the 20th percentile and the 0.8 quantile.
9 The data below shows the distances travelled (km) by car in a week for 30 employees.

895 245 697 1098 573 1569 1296 1880 972 843
1108 1037 986 1265 1398 1107 1275 1117 1023 1062
1197 1047 1284 1402 438 569 974 1328 1194 1073

(@) Calculate the range of the data.
(b) Calculate the interquartile range by finding the upper and lower quartiles.
(c) Draw a box plot that shows the outliers.
10 For each of the following box plots:
(i) indicate the values below which, or above which, outliers would lie
(i) decide whether there are any outliers in the data set displayed.

@ T 1 ® ]

T T
20 30 40 50 60 70 80 90 Result 20 30 40 50 60 70 80 90 Result
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Reasoning
11 Consider this table, which shows the annual _
earnings for all the employees of a company.
) ) $35 000—<$40 000 17
(@) Calculate estimates for the mean and median
annual incomes. $40000-<$45 000 24
(b) Calculate estimates for the range and $45 000-<$50 000 18
interquartile range. $50 000-<$55 000 16
(c) Are there any outliers in the data set? If so, $55 000-<$60 000 1
fist them. $60 000—<$65 000 1
(d) Remove any outlier(s) from the results and
recalculate the mean, median, range and $65 000-<$70 000 2
interquartile range. $70 000-<$75 000 1
(e) Comment on your results. $75000-<$80 000 1
Op en-ended $80 000—<$85 000 1

12 For each of the following box plots:
(i) construct a data set of at least 20 values that matches it

(i) explain the reasoning you used to do this, including any assumptions made and
alternative actions that might have been taken.

S o [0

T T T T T T T T T T T T T
123456 7 8 910 Result 1283456 7 8 910 Result

13 (a) Draw a cumulative frequency curve with an interquartile range of 35.
(b) Draw a percentage cumulative frequency curve with an interquartile range of 16.

14 (a) Construct a data set with at least 20 values that has an outlier at the upper end of the
data set. The outlier is to be less than Qy + 2 x IQR.

(b) Construct a data set with at least 20 values that has an outlier at the lower end of the
data set. The outlier is to be greater than Q; — 2 x IQR.

Problem solving

Strategy options

e Work backwards.
e Draw a diagram.
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Exploration CAS

Equipment required: TI-Nspire CAS or Casio ClassPad CAS, 1 large sheet of cardboard and thick marker pens for the

whole class

Investigating data with box plots

1 Copy the table, and in the column ‘Estimate of age’, write your best guess for the age in years of each famous
person listed. You can choose your own famous people if you prefer.

Name

Estimate of age

Actual age

Error

Taylor Swift

Harrison Ford

Malala Yousafzai

Chris Hemsworth

Cate Blanchett

Barack Obama

Jennifer Lawrence

Will Ferrell

Adam Goodes

Prince George of Cambridge

Justin Bieber

2 In the next column, write the actual ages of these people after doing some research. Subtract the actual ages in
column 3 from your estimated ages in column 2 and write the answer in column 4 (‘Error’). Below is an example.

Name Estimate of age Actual age Error
Susie Lee 58 60 -2
Joe Bloggs 38 35 3

3 Use your CAS to draw a box plot that identifies any outliers in the error data.

Using TI-Nspire CAS

Add Lists & Spreadsheet to your document. Label
column A as’error’ and enter the data.

(The work that follows uses the example data

-2,3,2,-4,2,0,11.)

®Aemor B ) 'i
= | \

| .

2 3

3] 5|

T -4.

5 2‘ &
1 [«]»]

84
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Using Casio ClassPad CAS

From the menu select Statistics. Enter the data in the
first column.

(The work that follows uses the example data

-2,3,2,-4,2,0,11.)

[list1

[list2

45000~ O e B 0O N =

ey

llist3 |
[ ]



Using TI-Nspire CAS Using Casio ClassPad CAS

Now go to the Home screen and add Data & Statistics Now select SetGraph > Setting... and set the graph

to your document. At the bottom of the window, settings as shown.
select’error’ as the variable. Then select menu >
- . Set Stat6raphs
Plot Type > Box Plot. The box plot will be displayed, 2034506170819
with the outlier shown as a dot. brav:  @0n off
Type: v
XList: list1 [+
Freq: 1 [v
= Median: 2 [V show Outliers
s °
|
-4 2 0 2 4 6 8 10 12
s Select the draw graph icon [%}/] and the box plot will be
You can use the arrow keys to move the box plot and displayed, withithe outlict shown asialdot.
to show the key values. — :
= 12
- L6

Select Analysis > Trace and then use the arrow keys
to show the key values.

4 Make a neat sketch of your box plot in your exercise book
together with values for Xmin, Q;, Median, Qz and Xmax. JT 1T 1
Use a ruler to create an appropriate scale marked in one-unit
increments. Your plot should look something like the diagram -
shown at right.

O H
.
m_
!
~ -
1
> A
|
& A
'
A4
1
&
\
Ny -
!
g
O_
~
N A
w -
~

Interpreting box plots
1 Use your box plot to find the range and the IQR of your data.
2 Does your box plot indicate that your guesses were, on the whole, underestimated or overestimated? Why?

3 Your teacher will coordinate the following class activity. On a single large sheet of cardboard (i.e. one sheet for
the whole class), draw a scale marked in units of 1 with 0 at the centre. The scale should be placed at the top of
the sheet of cardboard. Using a thick marker pen, neatly draw your box plot on the cardboard. Make sure that
all of the five key values of the box plot are aligned properly with the scale. Print your name next to your box plot.

After all of the box plots have been drawn, answer these questions.

(@ Who was the best estimator of the ages of the famous people? How do you decide?

(b) Who was the worst?

() Which plots had median values closest to zero?

(d) Who was the most consistent estimator? How can you tell? Is a consistent estimator always a good estimator?
(e) Who were inconsistent estimators? Why?

() Were there any box plots with extreme results? Discuss.
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Comparing
data sets

When faced with a lot of data, you need some skills to interpret the data correctly and
make reasonable conclusions based on that data. So far you have made use of three measures
of centre or location (mean, median and mode) and two measures of spread (range and

interquartile range).

Statisticians combine these measures to analyse and compare sets of data. The mean is often
linked with the range, because they are usually both affected by any small change to the data.
The median is often linked with the interquartile range, because they are not always affected
by any small change, unless the change is in the middle section of the data set.

Worked example 7

For each of the following sets of data:

WE.7

SetA: 1 1 1 2 3 3 3 4 4 4 5 5 5 5 6
6 6 6 7 7 7 8§ 8§ 8 8 8 9 9 9
SetB: 1 1 1 2 3 3 3 4 4 4 5 5 5 5 6
6 6 6 7 7 7 8 8 8 8 8 9 9 19
(@) find the mean
(b) find the median
(c) find the range
(d) calculate the interquartile range
(e) use your findings to compare the two sets of data.
Thinking Working
(@) Add all the data values in each set and (a) Set A mean= 2o
divide by the total number of data values =
to find the mean. =546
Set B mean = o
29
= 5,7

(b) Find the middle value of each set.

(b) Set A median =6
Set B median = ©

(c) Find the difference between the
maximum and minimum values.

(c) Set Arange =9 —1
=5

Set B range =19 —1
=15
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(d) Find Q; and Qy; for each set and find the
difference to find the IQR.

(d) Set AQ =35

Set A QU =5

Set AIRR =6-35
=45

Set B Q =55

Set B QU =5

SetBIQR =6-35
=45

() Compare the calculations for each
statistic.

(e) Thetwo sets have the same median, but
the mean of Set B is slightly higher than
Set A. The two sets have the same
interquartile range, but the range of Set
B is greater than Set A. This is because
Set B has the score of 19, which affects
the mean and the range, but not the
median (middle score) nor the
interquartile range (spread of the middle
half of the data).

Box plots are useful when comparing data sets. In particular, you can use a parallel box plot,
which is two or more box plots drawn on the same set of axes. From the parallel box plot you
can easily compare the median, range and IQR of the data sets, as well as decide which data
set is more consistent. It is important that the scale used covers all values in both sets.

In the same way, a parallel dot plot can also be useful. When drawing a parallel dot plot it is
common to put the scale in twice; it effectively serves as the dividing line between the two

dot plots. (See Question 9 in Exercise 2.3.)

Worked example 8

The heights (cm) of the students in two Year 8 classes were recorded.

8A: 148 149 150 150 153 154 154 154 155 155 156 156 156
157 157 158 158 158 158 158 160 161 163 165 168

8B: 150 151 152 152 152 153 153 154 155 155 155 156 156
156 156 157 157 158 160 160 160 161 161 162 163

(@) Find the median height for each class.
(b) Find the range for each class.

(c) Find the interquartile range for each class.

(d) Draw a parallel box plot for both classes.

() Compare the statistics for the two classes.

Thinking

Working

(@) Find the middle value of each class.

(a) &A median =156
5B median =156

(b) Find the difference between the
maximum and minimum values.

(b) &A range =165 — 1456
=20

&B range =163 — 150
=13
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(c) Find Q; and Qy; for each set and find (c) A Q =154
the diff to find the IQR.
e difference to fin e lQ BA Q= 156

BA IR =158 — 154
=4

8B Q = 153

8B Q, =160

&BIAR =160 - 153
=7

(d) Use the statistics to draw a parallel (d) : m . 8A

box plot. ’—ED_‘ -

T T T T T T T T T T T T HelghtS(Cm)
150 160 170

(e) Compare the calculations for (e) The medians for the two classes are the
each statistic. same but the range for &A is much

larger than for &5B. However, the IGR for

&A is much smaller than the IQR for &B.

Comparing different data representations

When investigating a data set, presenting the data in different forms can give you a deeper
understanding of the data.

Worked example 9

The data set gives the height (cm) of each of the players
on the 2016 playing list for Melbourne Storm in the NRL.

200 193 177 183 194 190 178 192 188 185
188 179 178 179 195 182 191 189 185 180
194 183 196 185 181 189 185 178 185 182
187 192 195 192

(@) Draw a histogram of the heights. Use class intervals
of 5, with the first interval being 175-<180.

(b) Calculate the five-number summary for the data and use it to construct a box plot.
(c) Draw a dot plot of the data.
(d) Make some comments about what the three displays tell you about the data set.

Thinking Working
(@ 1 Setup the class intervals. Count the  (a) | Height (cm) | Frequency
number of data for each interval. 75—<180 5

180-<165 6
1865—-<190 10
190-<195 %)
195-<200 )
200—<205 1
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2 Construct the histogram of the data

in the frequency table.

Melbourne Storm

Frequency

.
o

o =<4 N W b~ OO N 0 ©

175 180 185 190 195 200 205
Height (cm)

(b) 1

Find the five-number summary
using a CAS or by hand assisted
by a number sorter.

Draw the box plot using the five
data values.

(b)

Min QL

Medium

Q

Max

177 1162

166

192

200

— [ —

175 180 185 190 195 200
Height (cm)

(c) 1

The dot plot does not need grouped
data as the range is not too big.

Create a frequency table for
individual data.

(©)

Height (cm)

Frequency

177

1

176

179

160

161

162

163

165

1867

166

1869

190

191

192

193

194

195

196

200

= =N == NN =N =D W
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2 Draw the dot plot using the :
frequency for each data value. .. v. o .. L.

R R R R R,
180 185 190 195 200
Height (cm)

(d) 1 Comment on the differences in the (d) Some accuracy has been lost in the

displays, being mindful of the effect histogram by grouping the data, making

of grouping. it appear that the heights range from

175 cm to 205 cm. The box plot displays
the median, range and IQR accurately.
[t can be seen that the heights of the
taller half of the players are more spread
out than the heights of the shorter half.
The dot plot has retained all raw data for
us. It can be clearly seen that only one
player was taller than 196 cm.

Cumulative frequency distributions from dot plots, box plots
and histograms

Sometimes it is necessary to create a cumulative frequency distribution from data that is
supplied in a different form.

A dot plot shows all the raw data, so it is straightforward to use a dot plot to create a frequency
distribution table and cumulative frequency curve.

A histogram of grouped data will only show data values for the endpoints of the class intervals,
but this can still be used to form a cumulative frequency distribution.

Box plots show only five data values (the five-number summary). It is unusual to give the value
of n, the number of data values, so a percentage cumulative frequency table with percentiles 0,
25,50, 75 and 100 is the best cumulative frequency distribution that can be found from a box plot.

Worked example 10

Use the graphical displays of heights for Melbourne Storm players (shown in the previous
example) to create a cumulative frequency distribution.

(@) Form a cumulative frequency table from the histogram.
(b) Form a percentage cumulative frequency curve from the box plot.

(c) Form a cumulative frequency table from the dot plot.

Thinking Working
(@ 1 Create a frequency table to match (a) | Height (cm) | Frequency
the histogram. 175—<180 6

180-<185 ©
185—<190 10
190-<195 &
195-<200 B
200—-<205 1
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2 Write values from the ends of the Height Cumulative
class intervals as the data values (cm) frequency
and accumulate the frequencies. 175 0

<160 5)

<165 12

<190 22

<195 30

<200 6%

<205 24
(b) 1 Find the five-number summary (b) | Min | Q |Medium| Q, | Max
values. 177 182 | 186 [192 |200

2 Match the data values to their

. . , Percentage
corresponding percentiles. Height cumulative
(om) fre
quency
177 o
162 25
166 50
192 75
200 100
3 Draw the percentage cumulative Melbourne Storm
frequency curve. Percentage
cumulative
frequency
1001
754
50
254
0

180

190 200
Height (cm)
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(c) 1 'Cre.at'e a frequency table for the (c) | Height Frequency Cumulative
individual data values. (cm) frequency
177 1 1
2 Accumulate the frequencies. 7B 3 7

179 2 6
1860 1 7

181 1 &)

182 2 10
183 2 12
165 5 17
1867 1 18
1868 2 20
1869 2 22
190 1 25
191 1 24
192 &) 27
193 1 28
194 2 20
195 2 22
196 1 88
200 1 24

Comparing data sets

Navigator
1,2,3,5,6,7,8,9, 11 1,2,3,4,5,6,7,8,9,10,11,12 1,2,3,4,6,7,8,9,10, 11,12
Fluency

1 Calculate the following values for each pair of data sets below. Where necessary round

WE 7 your answers to 2 decimal places.
(i) mean (i) median (i) range (iv) interquartile range

(@ SetA:22 22 24 25 26 27 28 28 29 30
31 32 3 3 3 37 38 39 40

SetB: 12 22 24 25 26 27 28 28 29 30
31 32 3 3 36 37 38 39 40

(b) SetA: 44 44 46 47 47 48 48 48 51
52 52 52 54 55 58 58 58 60

SetB: 24 44 46 47 47 48 48 48 51
52 52 52 54 55 58 58 58 80

() SetA:11 12 12 12 13 13 13 13 14 14 15
16 17 18 18 18 21 22 24 24 24 26

SetB: 11 12 12 12 13 13 13 13 13 13 13
16 17 18 18 18 21 22 24 24 24 26

(d) Make a few comments about what you have found by completing these calculations.
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2 The heights (cm) of the students in two Year 8 classes were recorded. @

8C: 145 146 147 147 149 150 150 151 152 153 154 155 155
156 157 158 158 159 160 162 163 163 164 166 169

8D: 147 148 149 150 150 150 152 153 154 154 155 155 155
156 156 156 157 157 158 160 160 160 161 161 162

(@) Find the median height for each class.

(b) Find the range for each class.

(c) Find the interquartile range for each class.
(d) Draw a parallel box plot for both classes.
() Compare the statistics for each class.

3 The following data list shows the weight (kg) of each player on the 2016 playing list for m
the Brisbane Broncos in the NRL.

95 108 94 97 9 102 101 103 88 94 98 92 107
92 115 & 89 107 112 100 102 98 106 110 91 108

(@) Draw a histogram of the heights. Use a class interval of 5, with the first interval being
85—-<90.

(b) Calculate the five-number summary for the data and use it to construct a box plot.
(c) Draw a dot plot of the data.
(d) Make some comments about what the three displays tell you about the data set.

4 Use the graphical displays of weights of Brisbane Broncos players from the previous m
question to create cumulative frequency distributions, as follows:

(@) Form a cumulative frequency table from the histogram.
(b) Form a percentage cumulative frequency curve from the box plot.
(c) Form a cumulative frequency table from the dot plot.
5 (a) For each data set in the following parallel box plot, find the:
() median (i) range (iii) IOQOR.
(b) Compare the statistics for the two data sets.

SetA F——m— i
SetB ——— —
T T T T T T T T T T T T T T
20 30 40 50 60 70 80 Height (cm)
6 (a) The students in a class had their o
heights (cm) recorded. The following N
dot plot shows the results. °
e o o
The interquartile range for this data e e
set is closest to: ceerreeeeeee _
T T T T T T T Height
A b B 55 164 166 168 170 172 174 176  (cm)

c 75 D 11
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(b) The histogram below shows the weights, in kg, of the students in another class.

Frequency
6 -

5 4

4 -

T T T T T T T T T
60 62 64 66 68 70 72 74 76 Weight (kg)

The median of this data set is likely to be closest to:
A 66 B 70 C 74 D 75

Understanding

7 Three classes attempted the same mathematics test, marked out of 100. The results for the
three classes are summarised in the following table.

Class Mean Median Range IQR
A 64.32 68 72 27.5
B 64.12 63 31 19
C 60.92 63 55 38.5

Which class do you think performed best on the test?

8 The following dot plot shows the percentage of the world’s total emissions of carbon
dioxide produced by the 30 countries that contribute the most, rounded to the nearest
whole number.

° 2 - Percentage of

T T T T 1T 1 L
7 8 9 1011121314 15 16 17 18 19 20 21 22 total emissions

A

e KX XX R R NN N NN X NN NN NN ]

N—eeecee

w—e
e I
a—e
D e

(a) Calculate the (i) mean and (ii) median for the data.
(b) Calculate the (i) range and (i) interquartile range for the data.

() Which pair of values better describe this data set: mean and range, or median and
interquartile range? Give a reason to support your answer.
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9 The following parallel dot plot shows the heights of players at two netball clubs who play
in the same competition. The heights have been rounded to the nearest centimetre.

. Club A
° ° [ ] °
° ° ° [ ] ° °

° ° ° ® _, Height

165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 (cM)

e e e . Club B
[ ] ° ° ° ° [ ] °
[ ] ° L] [ ] ° ° ° [ ] ° Helght

165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 (CM)

(@) Which club appears to have the taller players?

(b) Calculate the mean and median of the given data
for the two clubs.

(c) Calculate the range and IQR for each of the two clubs.
(d) Draw a parallel box plot for the data.

(e) Do you still agree with your answer to part (a)?
Use statistics to justify your answer.

() Compare the shape of the parallel dot plot with that
of the parallel box plot.

Reasoning

10 The following table gives the height (cm) and weight (kg) of each of the players on the
2016 playing lists of the Brisbane and Essendon AFL teams.

Brisbane

Height: 200 184 182 186 191 187 184 177 195 190 196 190 188 187 198
191 176 197 184 185 184 192 190 197 187 180 189 194 195 192
194 183 188 185 185 201 173 196 194 199 174

Weight: 92 84 83 8 8 98 8 76 93 80 91 8 84 87 95
85 80 88 73 8 90 93 8 100 84 73 72 89 103 95
87 84 90 88 8 96 77 99 74 103 78

Essendon

Height: 185 187 180 202 179 174 187 201 185 190 177 186 189 188 189
186 184 196 180 193 185 191 190 203 186 182 196 183 179 191
191 182 190 182

Weight: 77 77 83 106 83 72 88 90 80 83 66 69 93 96 81
8 87 97 78 92 78 80 82 100 75 82 99 8 75 88
92 84 94 79

(@) Find the mean heights and weights for each club. Give your answer correct to
1 decimal place.

(b) Find the median heights and weights for each club. Give your answer correct to
1 decimal place.

(c) Find the range and IQR for the heights and weights for each club.

(d) Draw a parallel box plot for the heights of players in each club.

(e) Draw a parallel dot plot for the weights of players in each club.

() Which team is taller overall? Use the statistics to justify your decision.

(9) Which team is heavier overall? Use the statistics to justify your decision.
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11 The following table shows the percentages of particular age ranges (in years) in the total
Australian population and in the Aboriginal and Torres Strait Islander (ATSI) population,
rounded to the nearest 0.1%.

Australia 6.7 6.3 6.5 6.9 7.6 7.6 6.9 7.2 6.9
ATSI 12.3 11.2 11.3 11.2 9.5 7.7 6.3 6.2 59

Australia 7.0 6.5 59 54 4.0 3.1 2.3 1.7 1.2
ATSI 5.1 4.2 3.3 2.3 1.5 1.0 0.6 0.3 0.2

(@) Draw cumulative frequency curves for the two sets of data.
(b) Find the five-number summary for each set (use 90 as the maximum value).
(c) Draw a parallel box plot showing the two populations.

(d) Write a couple of sentences comparing the two populations.

Open-ended

12 A school collected information about the distances (km) that 160 students travel to school.
The results were published only in box plot form, as shown below.

T T T T T T T T T T > Distance (km)
0 4 8 12 16 20 24 28 32 36 40

(@) Write a sentence or two describing what information the box plot gives you about the
travel distances for the students at this school.

(b) What would you estimate to be the mean distance travelled by the students?

() () Draw a histogram that might represent the data collected. Use a class size of 4
with a first class interval of 0—<4, and so on.

(ii) Show that your histogram supports the values shown in the box plot.

(iii) Use your histogram to estimate the mean distance. How does this value compare
to your estimate in (b)?

Problem solving

Strategy options

e Act it out.
e Make a table.
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Exploration CAS

Equipment required: TI-Nspire CAS or Casio ClassPad CAS

Exploring grouped data

A data set is discrete if its values are distinct and separate
(for example, values that are counted such as numbers
rolled on adie: 1,2, 3, 4,5, 6).

A data set is continuous if its values can take on any value
within a given interval (for example, values that are
measured such as race times: 1.38s,1.41s,2.53s,4.10s).

In this task, you will produce a frequency table for
continuous data. The frequencies will be generated
randomly by your CAS so that you will have a unique
data set.

This task involves continuous data, so use the class
centre to represent each interval of data values. Use
the class centres 25, 35, 45, ... 115 for the intervals

Using TI-Nspire CAS

Add a new Lists & Spreadsheet to your document.
Enter the name of column A as’centre’and the name of
column B as‘freq’. In column A enter the numbers 25,
35,45, ... 115. In cell B1 enter the formula
=randint(2,12), which will find a random whole number
value between 2 and 12. Then select cell B1, select menu
> Data > Fill and use the down arrow to fill the same
formula down the column to cell B10.

(Your screen should look similar to the image below, but
the random values in column B will probably be
different.)

.

5 25| 1)

2 35| 3

Bl s 4]

B 55| 6|

S 65| 10 | S
G4 l 4> ]

To draw a scatter plot of this data, add Data & Statistics.
Use the cursor to select the bottom of the screen, where
the text shows Click to add variable, and select the
variable centre. Then select the left of the screen
similarly, to select the variable freq. This will then
display a scatter plot of the data, similar to the one
shown below.

e ®
g © =
=
- ° . ®
: e o
2 ()
20 40 60 80 100 120 140
centre

20-30, 3040, ... 10-120.

Using Casio ClassPad CAS

From the menu select Statistics. Into list1, enter the

class centre values 25, 35, 45,
... 115. In the Cal box at the

bottom of list2, enter the 7 = % = K: e
formula randList(10,2,12) -
which will find 10 random -
whole number values between é 1§é §
2 and 12. (You can find randList 1| 115 7
in the Catalog.) 1
14
(Your screen should look similar ig
1 8
to the image shown, but the .

random values in list2 will

© Edit Calc SetGrasph ¢

| e v [ e IEEI’TGHL

Cal»

Cal=

randList (10, 2, 12)

probably be different.)

To draw a scatter plot of this et B

data, select SetGraph > g 1 8- ICEI LR ) N

! Draw: @on off

Setting... and set the Scatter Tyoe: Scatter v

plot settings as shown. Xist: [Tistd [+
YList: list2 [+
Freq: 1 [v
Mark:  [Saure v

Then select [#] and the © Zoom Anslysis Celc # x

scatter plot will appear, similar

FIEREEREEG S

list 1 list2 list3

to the one shown. 7 75 5
2 35 10

3 45 3

B 55 12

§ 65 2

[} 75 10

(;STFY :‘randLi.

Cal= randList(10, 2, 12)

v
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1 From your graph:

(a) Isit possible to give an estimate for the median? What is your estimate?

(b) What do you think is the range of the data?

Now construct a frequency histogram for your data.

Using TI-Nspire CAS

Add Data & Statistics to your document. Select ctrl >
menu > Add X Variable with Summary List and set the X
List as centre and the Summary List as freq as shown.
Add XVariable with Summary List. Enter centre in X List
and freq in Summary List as shown below.

X List| contre
“f Summary List | freq

add variable

Click to

|El I Cancel%

Click to add variable ‘

This will then display a histogram of the data, similar
to the one shown below. You may also need to select

Bin Settings > Equal Bin Width to set the Width to 10
and the Alignment to 25.

20 40 60 80 100 120 140 16(
E=] centre

2 From your graph:

Using Casio ClassPad CAS

In the data section of the screen (the top half), select
SetGraph > Setting... and then select tab 2. Set the
Histogram plot settings as shown.

(1]2[3]4[5]6[7]8]8
Draw: @on off
Type: Histogram

| XList:

list1

[v]
[v)

Freq: (Ms2 |

Then select [4#| and set the histogram start point HStart
at 20 and the step value HStep at 10 as shown.

MOtart 20
st 10
[ = | | Cacel

This will then display a histogram of the data, similar to
the one shown below.

(a) Isit possible to give an estimate for the median? What is your estimate?

(b) What do you think is the range of the data?

(c) Did any of your answers change? If so, what might be a reason for any differences?
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Summary statistics
Find the summary statistics for your data set.

Using TI-Nspire CAS

Return to your original lists of data. Select

menu > Statistics > Stat Calculations >
One-Variable Statistics... and confirm that

Num of Lists is 1. Set the One-Variable Statistics
settings as shown.

X1 List: | ‘centre "
Frequency List | fred i
Categoty List:

Include Categores: | 1]
1st Result Column: | h)

|0__K| ICancel! =

i) nad
The statistics data should appear. The key statistics
values may be labelled as follows:

ol sl w|m| =]n]

Using Casio ClassPad CAS

Select Calc > One-Variable and set the XList1 as list1
and the Freq as list2, as shown.

Set Calculation [ %}

One-Variable
XList: Tistt [+

N S K

5] [

The statistics data should appear. The key statistics
values may be labelled as follows:

X mean

n number of data values
minX minimum value

Q lower quartile value
Med median

Q3 upper quartile value
maxX maximum value

X mean

n number of data values
MinX minimum value

QX lower quartile value
MedianX | median

QX upper quartile value
MaxX maximum value

3 Record the key statistics values for your data set.

4 For 1 and 2 above you estimated the median based on graphical displays of the data. How accurate were your
estimates compared to the calculated statistics? Do you think you would be more accurate with this sort of task

in the future?

Box plot

You have collected the key values necessary to draw a box plot. You could draw it by hand or use your CAS.

Using TI-Nspire CAS

Return to your
histogram. Select menu
> Plot Type > Box Plot.
This will then display a |
box plot of the data,
similar to the one shown.

80 100 120 140
2=} centre

Using Casio ClassPad CAS

Select SetGraph > Setting...
and set the box plot settingsas [ '[21314151617]8]9]
Draw: @on off
shown. Also make sure that Tyve: e a
under the SetGraph menu, only st Tistt [v
] Freq: 1 —
StatGraph1 is selected. Sion i

Then select [*#]. This will display

-CE\CB‘
a box plot of the data.

5 Were there any outliers with your box plot? How do outliers appear on your CAS?
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Scatter plots and
data investigations

A large-scale data investigation can be quite a challenge.You first need to decide
whether to use primary data (data you collect yourself) or secondary data (data already
collected by somebody else). This decision will depend on the type of investigation.

If you research a current issue such as the public transport needs in your suburb, then you
would collect your own data.

If you research weather patterns over the last 10 years, then you would use secondary data,
presumably from the Bureau of Meteorology.

When using secondary data, establish whether the source is reliable. Is there any likelihood of
bias in the data? For example, you might expect that data published by a small business
association on the need for small business tax cuts might be biased. Other sources of data
would be needed to ensure the data was reliable.

Data can be collected using a census, from the whole population, or using a sample, from a
small proportion of the population. When selecting a sample, choose a random sample to
avoid a biased result. To select a random sample, use random numbers generated by
technology, pick numbers out of a hat or roll dice.

Worked example 11

Choose whether the following examples represent primary data or secondary data.

(@) You are doing a project on water storages, so you collect data from the newspaper on the
levels of the dams in your state over the past 12 months.

(b) You survey youth in your area to find out what facilities they would like the council

to provide.
Thinking Working
(@) Has this material been collected by (a) This is secondary data.

someone else? If yes, it is secondary data.

(b) Has this material been collected by (b) This is primary data.
someone else? If no, it is primary data.

Identifying relationships

In this section you will deal with data that involves two variables, which is called bivariate
data. When interpreting relationships that involve bivariate data, be careful not to jump to
conclusions. Just because there appears to be a strong connection between variables does not
mean that one was caused by the other.

For example, there might appear to be a strong relationship between the variables head
circumference and ability to recall times tables when you are investigating primary school
students. It would be dangerous to conclude that a student’s ability to recall times tables

is caused by their head circumference. It is more likely to be related to age—as a student
gets older their head grows bigger and they will also probably get better at their times tables.
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Scatter plots

A scatter plot can be used to display bivariate data and show any connections that might exist
between the variables. A scatter plot uses the data to create a series of points drawn on a pair
of axes, with each axis representing the values of one of the two variables.

Worked example 12

The following table represents the heights (cm) and weights (kg) of 10 students.

Height (cm) 156 | 167 | 157 | 155 | 161 | 173 | 163 | 162 | 161 | 172
Weight (kg) 45 55 61 49 67 75 71 75 72 77

Draw a scatter plot of the data with height on the horizontal axis.

Thinking Working

1 Draw aset of axes, labelled appropriately, — weignt (kg)
with scales stretching far enough to fit all
the data. (If you leave out some of the
axis values, indicate this on the axis.)

80
754
704
65
60+
554
50+

45%
T T T

T T
0" 155 160 165 170 175 Height (cm)

2 Mark each of the points on the graph. Weight (kg)

80
754 ° °
70 °

65
60 °

554 °
504 o

45% °

T T
0" 155 160 165 170 175 Height (cm)

A scatter plot can be used to show a relationship between two variables.You can see what sort
of trend there is in the positions of the points.

In the previous example, the scatter plot shows that taller students tend to weigh more.
So, there appears to be a relationship between the two variables height and weight for the
students who were measured. In this case, a tentative conclusion might be that as height
increases, so does weight. However, you would need to examine more data before making
a stronger statement.

It is important to note that bivariate data can include different points that have the same value
on one or both of the axes. In graphical terms this means you might plot points in a vertical
or a horizontal line.
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Technology makes it much easier to create a scatter plot and to see any apparent trends.

Using the same data as above, you can use your CAS to produce the scatter plot.

Using TI-Nspire CAS Using Casio ClassPad CAS

Add Lists & Spreadsheet to your document. From the menu
Enter the data from the previous example,  select Statistics.

list 1 list2  [list3 (4]

with column A as "height” and column B Enter the data 1555 0
as ‘weight’, as shown. from the previous é igﬁ 51
_ example, with the 5| 1s1) ez
< : : o 7| 163 71
S et Bt [ & = height data. in list1 ol gl 7
= and the weightdata o 172 77
1 1%6 45| [ in list2. 2
2 167 55 u
3 157 61 :g_
& 155| 49 | 18 _
B w187 I g:cz;f—* = Ejﬂ
5|67 | 4 '\ » [ 16]=
Deg Auto  Decimal @
Now add Data & Statistics to your Now select
document. At the bottom of the screen, SetGraph > D‘ 23] (“) [s16]7 io‘:f‘ S
- 5 - raw: On
where the text shows Click to add variable, Setting... and set e S
select the variable height. Then select the left the graph settings XList: Tistt I+
of the screen similarly, to select the variable  as shown. F'::‘ '11“27}:
weight. This will display a scatter plot of Mk [same Y]
the data.
Set [cancel |
Select the draw @ Zoom Analysis Calc & x)
graph icon ] and B[]0 ][] i~
the scatter plot will T g
®] o Y be displayed. % ;23 §z
154 158 162 166 170 17 5| 161 67
height 6 173 75 ol
[~Cal» v |
] i — | (>
[ 16)=
""""""""" 3EY
Deg  Auto

Describing relationships

A scatter plot makes it easier to see any relationships that might exist between the variables
you are examining. In some cases, the points on the scatter plot will look as though they
are close to a straight line. If one variable increases as the other decreases, then the linear
relationship is negative. If both variables increase or decrease together, then the linear
relationship is positive.

The following diagrams give some examples of possible linear relationships with different
strengths.
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Perfect negative linear relationship

Description: As one variable increases the
other decreases. There is a high degree of
order in the placement of the points.

Example: Length and width of a rectangle
for a fixed perimeter

Weak negative linear relationship

Description: There is some trend evident
of one variable increasing as the other
decreases, although there would certainly
be a number of points that don't fit this
pattern.

Example: Average number of hours spent
keeping fit each week and the number of
annual visits to a doctor

Strong positive linear relationship

Description: As one variable increases the
other generally increases. There may be a
few points that don't fit this pattern exactly.

Example: Smoking and lung cancer

Strong negative linear relationship

Description: As one variable increases the
other generally decreases. There may be a few
points that don't fit this pattern exactly.

Example: Age of a second-hand car and its
value (excluding vintage cars)

Weak positive linear relationship

Description: There is some trend evident

of either both variables increasing or both
variables decreasing, although there would
certainly be a number of points that don't fit
this pattern.

Example: Money spent on a holiday and
money spent buying a car

Perfect positive linear relationship

Description: As one variable increases so
does the other. There is a high degree of
order in the placement of the points.

Example: Volume and height of water in a
cylindrical tank
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Answers
p.777

No relationship Non-linear trend

Description: There is no linear pattern
evident in the placement of the points.

An apparent trend will not always be linear.
In this scatter plot, a curve might be a more

Example: Hours in a week spent cycling appropriate choice.

and playing the piano

Scatter plots show whether the trend is linear or non-linear. If the trend is linear, then decide
whether the strength of the relationship between the variables is strong, moderate or weak.

PR Scatter plots and data
Investigations

Navigator

1,2,8,4,5,6,7,9, 12,13 1,3,4,5,6,7,8,9,11,12, 13 1,2,3,4,5,7,8,9,10,11,12,13

Fluency
1 Choose whether the following examples represent primary data or secondary data.
(@) You sit on a street corner and record the colour of the cars passing by.

(b) You send a text message to 20 friends asking them whether or not they are watching
a particular show on television.

(c) You write the scores for all the weekend’s football matches from Monday’s newspaper.

(d) Your teacher asks the class how many brothers and sisters they have and records
the information on the board.

(e) You go to your favourite football team’s website and write the height of each player.

2 The following table represents the heights (cm) and weights (kg) of 10 football players.
Draw a scatter plot of the data. Put height on the horizontal axis. Make a comment
about the type of relationship, if any, that is displayed by the data.

203 | 186 | 184 | 189 | 186 | 197 | 188 | 181 | 182 | 185
103 | 84 84 86 89 97 87 | 82 80 86

Height (cm)
Weight (kg)

3 Are the following examples of a census or a sample?
(@) You ask every student in Year 10 their favourite movie.
(b) You ask the first thirty people who leave the canteen what they purchased.

(¢) You send a questionnaire to every family in your school, but only 35% of the
forms are returned.

(d) You ask the members of your cricket club how long they have been playing cricket.
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4 You are conducting a survey on the topic The best team sport played in Australia’and
are considering using the following questions. Decide whether each question is

appropriate or inappropriate, and give a reason.

(a) How often do you participate in team sport?

(b) How often do you watch team sport on television?

(c) Which of the following team sports do you think is the best? Australian Rules Football,

Rugby League, Rugby Union, Cricket, Basketball

(d) Do you think too much government money is spent supporting Olympic athletes?

5 Decide whether or not the following sampling methods would be likely to return biased

results. Give a reason for each answer.

(@) You stand in a shopping centre and ask people who smile at you.

(b) You go to the local petrol station and ask people who are filling their car with diesel

their opinions about environmental matters.

(c) You put a survey form in the letterbox of one hundred houses in your neighbourhood
asking about support for the renovation of the local hall. You include a freepost
envelope for the return of the survey.

(d) You find numbers in a telephone directory and call two hundred numbers to find out

voting intentions at the next State election.

6 The data below shows the marks for 10 students taking physics and mathematics tests.

Student A|B|C|D|E|F|G|H]|I ]
Physics mark (out of 50) 42 | 38 | 44 |41 |46 (31 |25|30 33| 36
Mathematics mark (out of 70) | 66 | 60 | 65 | 59 | 65 | 50 | 38 | 58 | 60 | 60

(@) Draw a scatter plot of the data with the physics mark on the horizontal axis.

(b) Comment on any relationship evident between the marks.

7 For each of the following scatterplots state whether the trend is linear or non-linear.
If linear, also state whether the trend is positive or negative and give an indication

(b)

of strength.
(@)
(d)

(e)

(c)

®
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Understanding
8 You are a member of the Student Representative Council (SRC) at a school which has 1230

students. A suggestion has been made that a good quality coffee machine should be

installed in the school canteen.You must conduct an investigation and report back to the

SRC within 4 weeks.

(@) You decide that students and teachers are the stakeholders and parents need not be

involved in the decision. How will this decision make your job easier?
(b) Why should you conduct a sample of the students?
() Why should you conduct a sample of the teachers even though there are only 110

of them?

(d) Your friend, who is very good at mathematics, suggests you should conduct a stratified
random sample. She says that this means that the number of students sampled would
be allocated in proportion to some criteria such as year level or gender or both and the
proportion of teachers to students sampled would be in proportion to the number of

teachers and students in the school.

Explain why this is a good suggestion.

(e) Make up at least three of the questions that would form part of your survey

instrument. Test them on a few of your friends to see if there are any flaws in them.

9 The following table shows the width W and length L, both measured in centimetres, of 88

bivalves of the same species collected on a beach.

(@) Use a CAS, spreadsheet or some other technology to draw a scatter plot.

(b) Comment on any relationship between the measurements.
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Reasoning

10 Countries with literacy rates regarded as low or medium were researched for a report.
The following graph was produced as part of the report.

Literacy rates

100
— L
sl (85, 80),2 %4 *, (05, 85)
70 o ea%90,70)
& 60+ , 70.60), e ”.
9 L]
g 907 o 0. ° " “80,50)
o 40+ 00 o
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Male (%)
(a) Is the data primary or secondary?

(b

~

Describe any relationship you can see between male and female literacy rates.

As part of this answer state whether you think, in general, male or female literacy

rates are higher.

(c)

literacy rates?

Could your conclusions in (b) be applied to countries regarded as having high

11 An internet search produced data regarding «EBEEN 7> “Untaved w ] x|
the number of radios per 1000 people in the 200 o
population. From countries with a literacy rate ~
listed as low (litgrp of 1) or medium (litgrp of 2) ., 600 8
the graph at right was produced. ki
(@) What information can you gather from e é

this graph? 5
(b) Given the following statistics, construct a e e e R R
parallel box plot for the data. ligrp
Min Q. Median Qu Maximum
Low literacy 34 79 130 226 329
Medium literacy 107 178 306 434 907

(c) Use your parallel box plot to help you make a few statements about the two data sets.

(d) There is one data pair that looks like an outlier. Which pair is this?

Open-ended

12 Suggest a topic for which a census would be appropriate and which you could realistically
undertake. Construct the survey instrument that you would use.

13 Suggest a topic for which a sample would be appropriate and which you could realistically
undertake. Construct the survey instrument that you would use.
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Half-time 2

108

1 Complete the following tasks for the data shown ;
. Class interval Frequency
in the table.
(@) Find the range. 10—<15 ?
(b) Draw a cumulative frequency curve and use it to 15-<20 15
estimate the interquartile range. 20-<25 12
(c) Draw a box plot. 25—<30 17
30-<35 13
35—<40 11

The following parallel dot plot shows the heights of players at two hockey clubs who play
in the same competition. The heights have been rounded to the nearest centimetre.

Club A .
L] L]
L] [ ] L]
[ ] L] L] L] L ] L] L] L]
L] L ] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
r— 1 T T T T T T T T T T T T T T T T 1 Height (cm)
170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188
Club B
L] L] [ ] L] [ ]
[ ] L] L] L] [ ] L] L] [ ] L] L]
L] [ ] L] L] L] L] L] [ ] [ ] [ ] L] L[] L] L] [ ]
T T T T T T T T T T T T T T T T T 1 Height (cm)

170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188
(@) Which club appears to have the taller players?
(b) Calculate the mean, median, range and IQR for each club.
(c) Draw a parallel box plot for the data.
(d) Reassess your answer for (a). Justify your assessment using the calculated statistics.

(e) Which statistic is the most helpful in making your assessment?

Construct a cumulative frequency curve and use it Class interval | Freauenc

to find an estimate for the median of the following 0 v

data set. 0-<20 12
20—<40 19
40-<60 21
60-<80 32
80-<100 19

The following table gives the head circumferences and the lengths, both in cm, of

12 babies at birth. Draw a scatter plot of the data. Show head circumference on the
horizontal axis. Make a comment about the type of relationship, if any, that is displayed
by the data.

Head circumference (cm) 38 35 39 37 34 32
Length (cm) 51 50 54 53.5 | 50.5 | 47.5

Head circumference (cm) 33 35 35 37 39.5 36
Length (cm) 50 53 49 51 51 50.5
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Time-related data

Bivariate data involves two variables. If you can choose the values of one of the
variables before any trials begin, that variable will be the independent variable. The
data values that pair up with the values you choose belong to the dependent variable.

In some cases, it is difficult to choose between the two variables being studied, to know

or assume which variable might depend on the other. In cases like these you can take the
first variable to be the variable for the horizontal axis, which is where the independent variable
is shown.

If time is one of the variables, then it is almost always the independent variable. For example,
if you were measuring the height of water on a tidal beach or river, you would graph height
against time, with time on the horizontal axis.

Height (feet) Height (metres)
4 1.2
-1.0
3_
-0.8
2 -0.6
-0.4
1 -
-0.2
O T T T T T O

Fri Sat Sun Mon  Tues Wed Thurs

Scatter plots can be used to display time-related data. When you have large data sets it may
be appropriate to use technology such as CAS or spreadsheet software to draw the scatter plot.
However, for smaller data sets you should draw the scatter plot by hand.

Worked example 13

The following table shows the temperatures, in °C, for Jerusalem over a 24-hour period from
8 am one morning to 7 am the next morning.

Time 8am | 9am |10am |1lam | noon | 1pm | 2pm | 3pm | 4pm | 5pm | 6pm | 7pm

Temperature | 184 | 21 | 215 | 223 | 233 | 247 | 249 | 253 | 242 | 232 | 22 | 204
(°C)

Time 8pm | 9pm [10pm|11pm| mid- | Tam | 2am | 3am | 4am | 5am | 6am | 7am
night
Temperature | 189 | 18.2 | 182 | 179 | 171 | 16,5 | 16.36 | 159 | 15.6 | 15.6 | 154 | 16.5
(*C)

(@) Draw a scatter plot to show these temperatures.
(b) What is the maximum temperature shown on the graph?

(c) Is this necessarily the maximum daily temperature? If not, what might that maximum
temperature have been?

(d) Do the temperatures follow a similar pattern to what you would expect for where you live?
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Answers
p.-779

Thinking Working

(@) Draw the scatter plot in the (a)
usual way. To be able to
observe the changes it will
be necessary to leave out
some of the vertical axis. .

Temperature °C

(b) Read the maximum value from the table.  (b) The maximum temperature recorded

is 25.3 °C.

() Where else might the maximum have (c) If this is not the absolute maximum it

occurred? is likely to have been in the preceding
hour, as the temperature falls away
more quickly after 3 pm than it was
rising before.
(d) Interpret the graph in relation to your (d) It doesn’t really matter where you live,

own place of residence. it is hotter during the day than at night.

PRI Time-related data

Navigator
1,2,3,4,5,7,8,9

1,2,3,4,5,6,8,9 1,2,3,4,5,6,9

Equipment required: CAS or spreadsheet would be useful for Questions 3-5

Fluency

1 The table below gives the wind speeds, in km/h, for Quebec in Canada over a 24-hour
period.

Time mid- | Tam | 2am [ 3am | 4am | 5am | 6am | 7am | 8am | 9am |[10am |11 am
night

Wind speed 9 9 13 7 6 6 4 4 6 4 7 6

(km/h)

Time noon | 1pm | 2pm | 3pm | 4pm | 5pm [ 6pm | 7pm | 8pm | 9pm |10 pm |11 pm

Wind speed 6 7 9 7 11 13 11 13 11 9 9 11

(km/h)
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(@) Draw a scatter plot to show the wind speed.
(b) What seems unusual about the 2 am recording?
(c) Describe what is happening to the wind speed between 4 pm and 8 pm.

2 For the following pairs of variables, state which one you think is the independent variable.
Give a brief reason for your answer.

(@) Test score and number of hours spent studying.

(b) Height, measured in cm, and age, measured in months, for children less than 3 years
of age.

(c) Age at death and average number of cigarettes smoked per day.
(d) Amount of rubbish collected, measured in kg, and the number of people in a household.

3 The following data set indicates the number of bicycles that crossed northbound on the
Sydney Harbour Bridge for 29 consecutive Fridays.

332 372 367 370 361 398 387 363 447 331 530 454 460 428 283
515 444 498 481 500 396 440 402 383 339 325 402 517 416

Draw a scatter plot to
represent the data. Use your
CAS, if you have one, or draw
the graph by hand. Comment
on the graph produced.

X I/
RN/

s 4%
ettt 1L

Understanding

4 The following table gives the number of 15-year-old Australians in June of each year from
2000 to 2015.

Year 15-year-olds Year 15-year-olds
2000 266234 2008 281873
2001 268017 2009 283307
2002 267813 2010 286499
2003 268 642 2011 282465
2004 271781 2012 283757
2005 278740 2013 282767
2006 281043 2014 284970
2007 281700 2015 287772

(@) Use spreadsheet software, or some other suitable form of technology, to draw a scatter
plot displaying the data.

(b) Comment on the trend seen in the number of 15-year-old Australians over this
time period.
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5 The following table gives the number of road deaths for Australian drivers and passengers
in the period 2005-2014.

Year Total Drivers Passengers
2005 1627 775 347
2006 1598 757 336
2007 1603 785 336
2008 1437 670 303
2009 1491 707 333
2010 1353 636 284
2011 1277 568 286
2012 1300 610 260
2013 1189 557 204
2014 1156 535 229

(@) Use technology to draw a composite scatter plot to represent the data. Use three
different colours to represent the data sets for Total, Drivers and Passengers.

(b) Describe any trends you see in the data.

Reasoning
6 The graph below shows the recorded Australian population from 1788 until 2015.

A Australian population
25000000

20000000
15000000
10000000

5000000

0 ——tppsr l l l L
1750 1800 1850 1900 1950 2000 2050

Year

(@) Describe the trend you see in the graph.

The figures prior to 1961 do not include the Aboriginal and Torres Strait Islander
populations. Estimates of the size of these populations before European settlement range
from 300 000 to 1000 000.

(b) How do you think the inclusion of the Aboriginal and Torres Strait Islander populations
prior to 1961 would affect the graph?

(c) Why does the graph seem to go flat along the horizontal axis for the first 50 years?
(d) How do you think the early figures were collected?
(e) Which figures do you think are more reliable, the early ones or the later ones?

() How would you now estimate the Australian population?
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7 The graph below shows the number of 90-year-old Australians from 1971 through to

2016. Comment on the trend you see in the graph and try to explain why this is the case.

For what other ages would you expect to see this type of trend?

90-year-old Australians

A

45000

40000

35000
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3
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T ®© © ®© © ®© © ®© © © ®© © © © © ©
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Year
Open-ended

8 Sonika produced the graph below for the
information given in the table. Suggest
how she could improve her graph.

18000
16 000 L
14000
12000 . °
10000 * ®

8000 .

6000 H

4000 .

2000

0

1996 1998 2000 2002 2004

Mercedes-Benz E320

used car prices (November 2015)

Car year | Elegance | Avantgarde
1996 3000 7000
1997 3800 8000
1998 6500 9500
1999 7500 10500
2000 9000 12000
2001 10500 12800
2002 12500 13500
2003 15000 16500
2004 16400 17000
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9 The table below gives some information about extinct and endangered species in
Australia. These figures relate to the period after European settlement of Australia.

Extinct Critically Endangered | Vulnerable Total
endangered

Total plant species 49 81 523 665 1318
and subspecies
Mammals 27 4 33 55 119
Birds 23 6 41 61 131
Reptiles 0 2 14 37 53
Frogs 4 2 14 12 32
Fish 1 3 16 25 45
Invertebrates 0 16 12 6 34
Total animal species 55 33 130 196 414
and subspecies

Of the 27 mammal species that are extinct, 10 of these have become extinct since 1900.
Some other information about Australia’s biodiversity is as follows:

* 82% of our mammals, 45% of our land birds, 89% of our reptiles and 93% of our frogs
live nowhere else

* estimates of probable global losses of species are as high as 25% over the next 30 years

* 90% of native vegetation in the eastern temperate zone has been removed or replaced
by introduced crops

e 50% of rainforests have been cleared

e the proportion of Australia covered by woodland or forest has been reduced by more
than one-third since European settlement.

Your task is to produce some graphs to indicate how you think Australia’s biodiversity
has changed since European settlement. You could extend the investigation and research
more information.
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Lines of best fit

Scatter plots of bivariate data can be used to make predictions based on the data
collected.

Where the relationship between the two numerical variables appears to be linear, it is
useful to draw a line of best fit, find the equation of this line, and then use this equation
to predict new data points.

The most simple (but least accurate) method is to draw the line of best fit approximately
by eye.
Not all numerical bivariate data will have a linear relationship, so not all scatter plots will

have a line of best fit. If the relationship does not appear to be linear, then you should not
try to draw a straight line of best fit.

A line of best fit should follow the direction or trend of the data points and be positioned
so that the distances of each point from the line are minimised. One way to achieve this is
to try to have the same number of points above and below the line.

The line shown in the first diagram at right does not A Inappropriate line
follow the trend of the data and does not minimise the

distance of the points from the line. It is not a good line .
of best fit for the data.

The line drawn for the same data points in the second .

diagram at right is a much better fit. Can you see why?
The line follows the trend of the data, there are the same
number of points above and below the line, and the
distance between the points and the line is minimised.

Y

. . A Line of best fit
Technology can be used to draw a line of best fit,

which mathematically minimises squares of the
vertical distances between each point and the line.
The values are squared so that positive distances
for points above the line do not cancel out negative
distances for points below the line. This is why it is
called a‘least squares’regression line.

Y

Technology can also be used to find the equation of
the regression line.

Consider the following table of data that shows the marks for 10 students taking science
and mathematics tests.

Student A|B|C|D|E|F|G|H]|I ]
Science mark (out of 30) 20 (23 (10|27 |14 |13 |12 |20 | 17 | 19
Mathematics mark (out of 40) | 31 | 36 | 25 |34 |29 |27 | 25|30 | 31| 33

You can use technology to draw the scatter plot for this data and then to find the equation
of the least squares regression line (line of best fit).
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Using TI-Nspire CAS

Add Lists & Spreadsheet to your document.
Label column A as “science” and label
column B as ‘maths’. Enter the data from
above.

Now go to the Home screen and add Data
& Statistics to your document.

At the bottom of the window, select science
as the variable for the horizontal axis. At the
side of the window, select maths as the
variable for the vertical axis.

The scatter plot will be displayed.

10 12 14 1'65‘1::;32 224026 28
Now return to your Lists & Spreadsheet.
Select menu > Statistics > Stat Calculations
> Linear Regression (mx+b)... and set the
X List as the science data and the Y List as
the maths data. The values for the linear
regression are displayed.

® A science ii‘
= =LinRegV ‘
2 23 36 RegEqn |m*x+b

3 10 25m 0.626719

& 27 34/b 19.1324

S 14 29/ 0.813358

6 13 27 0.901864. !
7] ="0.6667976424362,2 453045186> | 4 | b |

This shows that the linear regression (line
of best fit) equation is y = 0.627x + 19.132.
This means that the mathematics mark

= 0.627 x science mark + 19.132
(approximately).
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Using Casio ClassPad CAS

From the menu select Statistics. Enter the
data from above, with the ‘science’ data in
list1 and the ‘maths’ data in list2.

Select the draw graph icon [/ and the
scatter plot will be displayed.

Then select Calc > Regression > Linear Reg.
Set the XList as list1 and YList as list2,
as shown.

Set Calculation [ %}
Linear Reg
xist (A )
Yist: [ list2 [v]
Freq: [1 [v
Copy Formula: [off [+
Copy Residual: [off [
| 0K Cancel |

The values for the linear regression
are displayed.

Linear Reg
v

a =0, 6267191
b =19. 132417 a

r =0, 9018636

% =0, 8133579

MSe =2.8672888
[ 7]

0K I

This shows that the linear regression (line
of best fit) equation is y = 0.627x + 19.132.
This means that the mathematics mark
=(0.627 x science mark + 19.132
(approximately).



Using TI-Nspire CAS Using Casio ClassPad CAS

The linear equation can also be displayed on  The linear equation o zon anwiysis calc » 53
the scatter plot. Return to the scatter plot ~ will now be DBEEFEEE 0
screen, then select menu > Analyze > displayed on the flal ot e Lo

Regression > Show Linear (mx+b). scatter plot.

y=0.626719 x+19 1324
) L] :
10 12 14 16 18 20 22 24 26 28 fe=18.5, . ¥$=30.726719

science LIED

You can similarly use a spreadsheet to find the equation of the line of best fit. Using
spreadsheet software such as Excel, select the data and create a scatter plot. You should
then be able to add a“Trendline’to the scatter plot to create the line of best fit.

Trendline is another name for ‘line of best fit’.

Making predictions

The equation of the line of best fit can be used to make predictions.

e Making predictions for a value from within the given range of data is called interpolation.
* Making predictions for a value from outside the given range of data is called extrapolation.

In general, values predicted by interpolation will be more reliable than those predicted by
extrapolation. This is because you cannot be sure that the same trend will continue outside
the given range.

The equation for the line of best fit found in the previous example can be used to predict the
mathematics mark for a student if you know the science mark.

mathematics mark =0.627 X science mark + 19.132

If Trev scored 22 for science, then his mathematics mark could be predicted by substituting the
known value into the equation.

mathematics mark = 0.627
=0.627 x 22 +19.132
=32.926

If Trev’s science mark is 22, then his predicted mathematics mark is 33.

If Sonya scored 29 for mathematics, then her science mark could be predicted by substituting
the known value into the equation. Alternatively, you could use technology and switch the
variables so that the mathematics mark is on the horizontal axis.

mathematics mark = 0.627 X science mark + 19.132
29 =0.627 x science mark + 19.132

29-19.132
0.627

science mark = 15.738

science mark =

If Sonya’s mathematics mark is 29, then her predicted science mark is 16.

In both examples, the predicted value is within the range of known data values for that
variable. The predicted mathematics mark of 33 is within the mark range of 25-36. The
predicted science mark of 16 is within the mark range of 10-27. The predictions are both
interpolations and would therefore be considered reliable.
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PR Lines of best fit

Navigator
1,2,8,4,5,8,9 1,2,8,4,5,6,8,9 1,2,3,4,5,6,7,8,9

Equipment required: CAS or spreadsheet software

Fluency

1 The table gives the assignment and test results for a Year 10 class.

Assignment Test Assignment Test
32 19 32 15
12 6 27 15
30 14 34 16
34 20 34 17
30 14 32 16
37 19 14 5
22 10 35 20
34 10 32 13
36 17 29 12
35 18 24 9

(@) Plot the points and draw a line of best fit by eye.

(b) Find an equation for your line of best fit in the form y = mx + b.

Fiona’s assignment mark was 25 but she was absent on the day of the test.
Enrico’s test mark was 9 but he was absent when the assignment was completed.

(c) Use your graph to estimate the missing marks for Fiona and Enrico. Check your
answers using your equations and using technology, if possible.

2 Find the equation of the line of best fit, using technology, for each of the following sets of
data. Round your answers to 3 decimal places, where necessary. In each case, the required
rule is of the form y = ...

@] x| o | 1|23 |41]5]6
y | 4 |16 | 29 | 42 | 54 | 65 | 76

b | x| o 2 | 5 7 10 | 12 | 14
y | -7 | 8 | 60 | 92 | 150 | 170 | 200

© ] x| 1 3 7 |11 | 13 | 16 | 20
y | 45 | 28 | 18 | 0 | -5 | -15 | -45

@] x| 3 6 8 |10 | 13 | 15 | 18
y | 26 | 12| 1 |-12|-24|-30 | -48
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3 (a) Using the line of best fit equation d = 23.2t — 4.6, what is the interpolated value for d
when t =40?

A 59 B 88 C 923 D 928

(b) (i) For the following table of values, use
technology to find the equation of the Pl 5 > 1215
line of best fit. Give your answer in the q 2 7 9 15 | 21
formg=...

(i) Assuming the relationship continues to be linear, what is the extrapolated value
for g where p = 25?

A 32 B 30 C 28 D 25

Understanding

4 ltisbelieved that the height of a male human at 30 months will be about half his full adult
height. The table below gives the height (cm) for 15 boys measured at 30 months of age
and again at 19 years of age (taken to be their full adult height).

30-month height (cm) | 89.0 | 89.9 | 90.3 | 90.8 | 90.9 | 91.0 | 91.1 | 91.2
19-year height (cm) | 178.0 | 177.1 | 179.6 | 181.8 | 184.0 | 180.5 | 182.0 | 183.1
30-month height (cm) | 91.2 | 919 | 929 | 933 | 94.7 | 954 | 96.1
19-year height (cm) | 180.1 | 185.1 | 182.0 | 186.3 | 187.4 | 187.9 | 189.4

(@) Draw a scatter plot of the data, putting the 30-month height on the horizontal axis.
(b) Draw, by eye, a line of best fit over your scatter plot.
(c) Do you think that the 30-month height is a good predictor of full adult height?

(d) Itis predicted that a 94 cm 30-month-old boy will grow to a full height of 188 cm.
What height does your line of best fit predict? Give your answer correct to the
nearest cm.

5 A chemist conducted an experiment in which the solubility (S units) of sodium chloride
in water was tested for different temperatures (T °C). The results of the experiment are
recorded in the following table.

Temperature T (°C) | 0
Solubility S (units) | 35.0

10
354

20
36.1

30
36.5

40
37.1

50
37.7

60
38.2

70
38.6

90
39.4

(@) Use technology to find the equation of the line of best fit when
temperature is on the horizontal axis. Round your answer to

2 decimal places.

(b)

(c)

(d)

(e)

Find the solubility of sodium chloride in water at:
(i) 25°C (i) 78°C (iii) 120°C
Use technology to find the equation of the line of best fit when

solubility is on the horizontal axis.

Find the temperature at which sodium chloride has the following
solubilities in water:

() 36.0units (i) 38.5 units (iii)  45.0 units i
What is the potential problem with the answers to (b) (iii) and (d) (iii)? ,
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Reasoning

6 The following table gives the national running records for various distances for men for
10 different countries.

100 m (s) 10.39 | 10.31 | 10.17 | 12.18 | 10.35 | 10.11 | 10.98 | 10.60 | 10.61 | 10.46
200 m (s) 20.81 | 20.06 | 20.22 | 23.20 | 20.65 | 20.38 | 21.82 | 21.42 | 20.96 | 20.66
5000 m (min) | 14.04 | 13.28 | 13.55 | 16.70 | 13.42 | 13.34 | 14.16 | 13.77 | 13.32 | 13.10

(@) Draw a scatter plot with
the 100 m on the
horizontal axis and the
200 m on the vertical axis.

(b) Does there appear to be
a connection between the
times for the 100 m and
the 200 m?

(c) Draw a scatter plot with the 100 m on the horizontal axis and the 5000 m on the
vertical axis.

(d) Does there appear to be a connection between the times for the 100 m and the 5000 m?
(e) Can you explain what you have found?

7 A complex spring system is tested under compression and the results are shown in the
table below.

Compression Ax (mm) 0 20 | 40 60 80 | 100 | 120 | 140
Applied force F (N) 0 1.8 139 | 61| 82|99 119 |14.1

Compression Ax (mm) | 160 | 180 | 200 | 220 | 240 | 260 | 280 | 300
Applied force F (N) 16.1 1179 120.0 | 26.7|32.9|38.4|44.6 | 50.2

(@) Use technology to draw a scatter plot of the data, with compression on the horizontal
axis.You should be able to see that the data splits into two groups. At which
compression value does this occur?

(b) Find an equation for each of the two sets of data. Round your answers to 3 decimal
places.

(c) Find the applied force required, to 1 decimal place, to produce a compression of:
(i) 75 mm (i) 150 mm (iii) 225 mm

(d) Breaking the data into the same two groups, find the equations of the lines of best fit
if applied force was on the horizontal axis.

(e) Find the compression, to the nearest whole number, if the spring system has an
applied force of:

@ 5N (i) 30N (i) 45N

() The spring system has a maximum compression of 500 mm with an applied force
of 90.0 N. Have you found an appropriate equation for this part of the graph?
Explain why, listing any assumptions you have made. (Determine a new equation
if necessary.)
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Open-ended

8 (a) What mistake has Emily Test 2
made when drawing her line
of best fit (shown at right)? 12
(b) Redraw the graph (note that
coordinate pairs are all whole 10+
number pairs) and draw the
line of best fit correctly. 8-
6_
4_
2 -
T T T T T T Test 1
0 2 4 6 8 10 12
9 A scatter plot has been drawn Class test results
with its line of best fit drawn over it. The ~ 18512
equation of the line of best fit has been
given. Make up three questions you could 97 y=0686x+1.769
ask using this information. The data refers 87
to results on two mathematics tests. 77
6_
5 -
4_
3 -
2 -
14 e o
o 2 1 & & w0

Problem solving

Strategy options

e ook for a pattern
e Work backwards.

2 Statistics
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John Graunt is regarded
as one of the first people
to make use of statistical
information and to

draw conclusions from
his analysis of the data
collected. He collected
information about a range of
situations from the weekly Bills
of Mortality produced in the city
of London.

During the time that John Graunt
collected and analysed his statistics, London was
suffering an outbreak of the bubonic plague every few
years. It is thought that this disease was carried to
Europe by rats on merchants’ ships as trade with Asia
expanded towards the end of the Middle Ages.

The bubonic plague was sometimes called the Black
Death, referring to the way the skin of a sufferer turned
black. People were employed to go through the streets
collecting dead bodies on carts and taking them away
for disposal. It was soon observed that contact with the
sufferer greatly increased the chances of falling victim to
the disease yourself.

The table that follows is
a reproduction of part of
Graunt's data regarding
the plague.

O, A CorrecTiox of All the

Bills of Mortality [
= For this Prefent Year: = :
B Beginning the 27 of December 166.4.and [

" ending the 1gth. of December following :
fsalfio, The GEN ERAL or Blole yours BILL:

: According to the Report made to the
T Krxc's Moft Exccllent Majefty,

) LONDO Nt
& Printed and are- to be fold by &, Cotes living in lderfpate=frect.
\X Printer 0 the [aid Compemy 1 6.6 5.
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Graunt

'‘Anno 1592' means

in the year 1592.
"Whereof of the Plague'

means died as a result

of the plague.

'Christned in the said year'
~ gives the number of

: i I/ babies christened in the
TN particular year.
oW I\
For that time this gives a

relatively accurate estimate of the number
of births, as most babies were christened.

There have been in London, within this Age,
four Times of great Mortality, that is to say, the
years 1592, and 1593, 1603, 1625, and 1636.

There died Anno 25886 | Anno 1603 within the | 37294

1592 from March same space of time

to December were Buried
Whereof of the Plague | 11503 | Whereof of the Plague | 30561
Anno 1593 17844 | Anno 1625 within the | 51758
same space
Whereof of the Plague | 10662 | Whereof of the Plague | 35417
Christnedin the 4021 | Anno 1636 from Aprml | 23359
said year to December

Whereof of the Plague | 10400

1 Draw a graph to represent the total deaths and
deaths from plague for each year given. Make sure
that the graph type you choose enables you to
compare the years.

2 Which year was the worst for deaths from the plague
as compared with deaths from all other causes?
(This is not necessarily the year with the greatest
number of plague deaths.)

The following extract shows some further data
collected by Graunt. This time we are told about the
number of burials not associated with the plague
(‘Buried in all’), the number of deaths associated
with the plague (‘Besides of the Plague’) and the
approximate number of children born (Christned)
for each of the years 1604-1661.



Anno Buried Besides of Christned Anno Buried Besides of Christned
Dom. in all the Plague Dom. in all the Plague

1604 4323 896 5458 1628 7740 3 8564
1605 5948 444 6504 1629 8771 0 9901
1606 5796 2124 6614 1630 9237 1317 9315
1607 5670 2352 6582 1631 8288 274 8524
1608 6748 2262 6845 1632 9527 8 9584
1609 7545 4240 6388 1633 8392 0 9997
1610 7436 1803 6785 1634 10899 1 9855
1611 6716 627 7014 1635 10651 0 1034
1612 7778 64 6986 1636 12959 10400 9522
1613 7503 16 6846 1637 8681 3082 9160
1614 7367 22 7208 1638 13261 363 10311
1615 7850 37 7682 1639 9548 314 10150
1616 8063 9 7985 1640 11321 1450 10850
1617 8280 6 7747 1641 11767 1375 10670
1618 9596 18 7735 1642 11999 1274 10370
1619 7999 9 8127 1643 12216 996 9410
1620 9691 21 7845 1644 9441 1492 8104
1621 8112 11 8039 1645 9608 1871 7966
1622 8943 16 7894 1646 10415 2365 7163
1623 11095 17 7945 1647 10462 3597 7332
1624 12199 11 8299 1648 9283 611 6544
1625 18848 35417 6983 1649 10499 67 5825
1626 7401 134 6701 1650 8749 15 5612
1627 7711 4 8408 1651 10804 23 6071

3 Draw a graph that shows three pieces of information
for each year: the number of deaths in total, the
number of deaths associated with the plague,
and the number of deaths not associated with

the plague.

4 (Calculate the difference between the number of
births, as approximated by the Christned figures,
and the total number of deaths for each of the years.
Display this in a table.

5 Draw a graph to represent these figures; call it
Change in population.

6 The number of births per year, as approximated
by the figures in the Christned column, seems
to fluctuate greatly. Can you offer some
reasons for this? You may need to do some
further research to answer this question.

Taking it further

Complete some research on the life and work of John

Graunt. What conclusions did he draw from his data?
How was his data used? Use your research to make a

poster, slideshow or movie.
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Statistics in
the media

Discussions in the media often involve statistics, especially when someone wants to justify
an opinion. You need to think carefully about what you hear and read, because statistics are
not always as they seem. Some of the issues that might arise include:

e insufficient evidence being provided to support the conclusions made
* percentages used without an indication of the actual size of the survey
e raw figures used that are based on very different populations

e oversimplification of the results.

This is not to say everything you read or hear is incorrect, but it is a good idea to think critically
about the key statistical issues involved. As an example, consider the two tables that follow,
which accompanied a newspaper article.

Dressing with danger
% of clothes that cause injuries % of injuries caused by clothes
treated at Victorian hospitals
Shoes 48.1 | Fracture, excluding tooth 18.8
Jumper, jersey, cardigan, shirt 13.0 | Sprain/strain 17.2
Buttons 9.2 | Open wounds 13.3
Jeans/pants 8.3 | Foreign body 9.6
Socks 74 | Burn 9.0
Clothes, not specified 5.8 | Superficial 8.4
Zippers 4.7 | Muscle/tendon injury 5.2
Nightwear 3.5 | Dislocation 49
Eye 29
Bites 1.2
Other 9.5

Source: Victorian Injury Surveillance and Applied Research System

At first glance, it appears that clothing injuries could be quite a serious problem. However,
when you consider how many injuries in total get treated at Victorian hospitals, very few of
them would be caused by clothing.

Statistics in the media

Navigator
1,2,3,4,5,6,8 1,2,3,4,5,6,7, 8 1,3,4,5,6,7, 8
p.781
Fluency

1 A section of an article from the London Daily Mail is shown on the following page.

(@) True or false: The article rates sports stars and managers in terms of their earnings
in sport. Explain your answer.

(b) Who of the top 10 rich list, if any, experienced a drop in wealth in the year shown?
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(c) Apart from the new people on the list, which sportsperson experienced the biggest
percentage increase in their wealth over the year? State the percentage increase to the

nearest whole percentage.

Lewis Hamilton remains Britain’s richest sports star with £88m fortune
as Wayne Rooney overtakes Jenson Button into second

By Martyn Ziegler, Press Association
Published: 09:01 EST, 25 April 2015
Updated: 10:51 EST, 25 April 2015

¢ Lewis Hamilton’s fortune

has spiralled by £20m to

£88m in the past year
Lewis Hamilton remains the richest
sportsman in Britain with a fortune of
£88 million but Wayne Rooney has
overtaken Jenson Button to be in
second place in the 2015 Sunday
Times Sport Rich List.

Formula One world champion
Hamilton, who lives as a tax exile in
Monaco, remains on pole position in
the list but his fortune has spiralled by
£20 million on last year.

Hamilton has his sights on
retaining his world championship title

e Wayne Rooney is now
second in the Sunday
Times Sport Rich List

¢ The Manchester United
captain’s fortune is up
£12m to £72m

e F1 driver Jenson Button
is £1m behind Rooney
in third place

Position Sportsperson Sport

after winning three of the first four
races of the season, and is set to sign
a new contract with Mercedes worth
£27 million a year.

The list was released just hours after
Hamilton was pictured on the Rome
set for the filming of comedy sequel
Zoolander 2 on Friday.

Hamilton was seated front row with
Olivia Munn and busily chatting in
between takes for the film, which will
be released in February 2016.

Hamilton is making his first live-
action cameo on the big screen having
previously lent his voice to Disney
animation Cars 2.

The Sunday Times Rich List 2015—Britain’s wealthiest sports stars and managers

2015 2014

1 Lewis Hamilton Motor racing £88m £68m
2 Wayne Rooney Football £72m £60m
8 Jenson Button Motor racing £71m £63m
4 Andy Murray Tennis £48m £40m
5 Rio Ferdinand Football £44m £44m
6 Steven Gerrard Football £42m £37m
7= Luoi Deng Basketball £40m £36m
7= Jose Mourinho Football £40m New

9 Frank Lampard Football £39m £37m
10= Sir Nick Faldo Golf £38m New

10= Ryan Giggs Football £38m £36m
10= Rory Mcllroy Golf £38m £28m
10= Arsene Wenger Football £38m New

2 (a) Inthe early stages of the nomination
process for the Republican Party leading
up to the 2012 election for the US
President, an American news network
produced a graph similar to the one

shown here. back

candidate 3 63%

What problems can you see with
this graph? Why do you think the
graph has been drawn this way?
Could you draw an accurate graph
from the information provided?

2012 Presidential Run
Republican Candidate

back
candidate 1

back

candidate 2
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(b) Some graphs provide a simple and

accurate visual representation of

information. This box plot shows the

winnings ($) in the New Jersey Pick-It
Lottery. In this lottery you pick any
three-digit number you like and the
total prize pool is divided by the
number of winning entries.

What do you think this graph is telling

Winning payoff

you and why do you think that is

the case?

Understanding
3 Consider the following article and graph from Roy Morgan Research.
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The brew crew: Australia’s heaviest coffee drinkers

Is Australia kicking the caffeine habit?
In the last decade, the average coffee
consumption by Australian adults has
declined slowly but steadily, from 10.5
cups to 9.2 cups per week. Or could
we just be drinking a stronger brew,
thus reducing the need for so many
cups? After all, café visitation is on the
rise, as is ownership of coffee-making
machines.

The proportion of Australians aged
18+ who go to a café for a coffee or tea
in an average 3-month period has
grown gradually from 54% in the year
to December 2009 to 56% in the year
to December 2013. Meanwhile, the
increase in people who own coffee
makers has shot up, from 28% in 2009
to 36% in 2013.

Among Australia’s biggest coffee
drinkers are people who work long
hours. In the year to December 2013,
those who worked 60+ hours in any
given week consumed an average
10.1 cups weekly, compared to 8.6 for
non-workers or 8.8 for those who
worked 35-39 hours.

In news that probably won't
surprise the parents out there, it seems
that having children also increases our
need for caffeine. Whereas the average
weekly coffee consumption for people
who don't have kids is 7.2 cups, it rises
to 9.6 cups for parents.

Perhaps a little more surprising is
that consumption increases with the
age of the kids. So while parents of
infants under 2 years old actually
drink less coffee (8.8 cups per week)
than the national average, those with
kids aged between 12 and 15 drink an
average of 10.3 cups.

The rise of the home

coffee maker

Even though it’s hard to imagine
when they’d get time to use it, because
they work such long hours, people
who work 60+ hours per week are
significantly more likely than the
average Aussie to have a coffee maker
at home, with 44% of them owning
one (up from 38% in the year to
December 2009). People with kids
also over-index on coffee-maker
ownership at 39%, up from 32%
in 2009.

Angela Smith, Group Account
Manager—Consumer  Products,
Roy Morgan Research, says:

‘The increased presence of coffee
makers—which can be anything from
stovetop cafetieres to ‘pod’ machines
such as Nespresso and Expressi—in
Australian households is good news for
the manufacturers of these items.

Interestingly, it  hasn’t  impacted
adversely on café visitation: possibly
because people are developing a taste for
‘real’ coffee over instant.

‘While it makes sense that people who
work long hours would consume more
coffee, their need for caffeine goes beyond
this, to the point where they also drink
more Cola and energy drinks than people
who work fewer hours.

‘The news that parents of older
children drink more coffee in an average
week than those of infants may seem
surprising, considering the stereotype of
the sleep-deprived new parent, but this is
simply a function of age. Our data shows
that older people drink more coffee, and
parents of older children are typically
older than those of infants. Mind you,
their extra caffeine intake could also be
linked to the sleep they lose through lying
awake at night, worrying about where
their kids are or what they’re up to on
Snapchat...!"

Kids and caffeine: average weekly
coffee consumption of Australian parents

—
o

©

Average number of glasses of hot

10.3
9.8
9.4
9.1
! I

coffee drunk by parents in last 7 days

[0¢]

Parents of
children 3-5

Parents of
children 0-2

Source: Roy Morgan Single Source (Australia), Jan-Dec 2013
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Margin of Error -

' , Sample Percentage Estimate
The margin of error to be allowed for in any Size
estimate depends mainly on the number of 1z 40%-60% | 25% or75% | 10% or 90% | 5% or 95%
injervigws orj which it is'based. Marg?n pf errgr 5000 1.4 1.0 +0.8 +0.6
gives indications of the likely range within which
estimates would be 95% likely to fall, expressed 7500 22101 +1.0 +0.7 +0.5
as the number of pevrcentage points above or 10000 10 409 206 .04
below the actual estimate. Allowance for design
effects (such as stratification and weighting) 20000 +0.7 +0.6 +0.4 +0.3
should be made as appropriate. 50000 Y 04 203 202

(@) Considering the graph, what is the trend of coffee consumption when comparing

parents with children in different age groups?

(b) According to the article, why is this trend surprising?

(c) What alternative reason was given to explain the trend?

(d) When parents are compared to non-parents, which group tends to drink more coffee?
What is the difference in the number of cups consumed per week?

(e) Which group of people drink the greatest amounts of coffee? What else, according
to the article, does this group of people have more than the average Australian?

Why do you think this is so?

() According to the article, coffee consumption has decreased but visiting cafés
and owning coffee makers has increased. What reasons can you think of to

explain this?

4 The following article appeared on the Australian Bureau of Statistics website in 2015.

(Note: "LGA’ stands for ‘local government area’.)

The graph on the right shows the number of older
Australians who moved to selected ‘sea change” areas of
the Queensland coast and their place of origin.

Around 70% of the sea-changers moved into separate
houses. Almost half of these people moved into a house
with 3 bedrooms. The sea-change moves were generally
made by those in the younger end of the age range,
with those between 55 to 64 in 2006 making up over 14,000
(or 67%) of the 22,000 movers.

Sea change moves are often associated with changes in
people’s employment circumstances, for example
following retirement. Amongst the 14 000 55-64 year old
movers to selected coastal LGAs in Queensland, 37% were
employed in 2006 but were not in the labour force in 2011.
This was higher than when compared to all 55-64 year olds
in Australia, where 19% were employed in 2006 but were
not in the labour force in 2011.

New South Wales
(! 71 1 1 | |
Victoria
(! 71 1 1 | |
Brishane, Gold Coast and surrounding LGAs'®
I I N S R
Regional Queensland®
I I N S R
Other states and territories

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000
Number of persons

Footnote(s): (a) Includes LGAs of Brisbane, Gold Coast, Ipswich,
Morton Bay, Redland and Logan. (b) Includes all other LGAs in
Queensland outside of Brisbane, Gold Coast, Ipswich, Morton Bay,
Redland and Logan and the selected coastal local government areas.

Source(s): Microdata: Australian Census Longitudinal Dataset,
2006-2011

(@) Explain why this article only appeared in 2015, when the initial data dates from 2006.

(b) How many people aged 55 and over shifted to the coast from somewhere else in
Queensland in 2006? Estimate how many of these people retired during the period
2006-2011. Comment on the reliability of any assumptions you made.

(c) Did the article suggest that a person was more likely or less likely to retire after a sea
change, compared to over 55s generally? Explain your reasoning.
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5 The following article appeared on-line in Medical Xpress in November 2015.

Parents’ top fears about teens’ cellphone use—are they justified?

Parents’ fears about their teenagers’
heavy use of cell phones and social
media may be exaggerated, according
to a new report from Duke University
researchers. However, there are
important exceptions in the areas of
cyberbullying and sleep disruption.
‘Each generation worries about
how young people are using their
time,” said Candice Odgers, associate
professor in Duke’s Sanford School of
Public Policy and associate director of
the Duke Center for Child and Family
Policy. “We see young people con-
stantly on their phones and assume ill
effects, but much of the research to
date tells a more positive story.”
Teenagers’ online lives closely
resemble their experiences, connec-
tions and risks in the offline world,
and cellphone use alone poses few
entirely new dangers, Odgers said.
The article by Odgers and Duke
Ph.D. candidate Madeleine ]. George,

titled ‘Seven Fears and the Science of

How Mobile Technologies May Be In-
fluencing Adolescents in the Digital
Age,’appears online 18 Nov in the jour-
nal Perspectives on Psychological Science:

The review weighs commonly
expressed fears regarding teenagers’
use of mobile devices against existing
research evidence. It calls for more
rigorous research to evaluate how
these quickly evolving technologies
are impacting young people’s lives.

‘We tend to count hours spent
using technology, rather than seek to
understand the reasons teens are
immersed in the digital world. When
we look closely, we see considerable
overlap between the underlying
motivations and content of online
versus offline communications and
activities,” Odgers said.

There is little question that
American adolescents are constantly
connected. Almost 90% of adolescents

own, or have access to, a mobile
phone. They spend an average of
1.5 hours a day text messaging and
the vast majority access the internet
from their phones. They devote an
average of 7.5 hours a day to digital
media of all kinds.

But, contrary to the early internet
age—when a small minority of teens
were online and heavy internet use
was a sign of offline problems—now,
teens” online worlds mirror their
offline lives.

Teens with strong offline social
networks tend to reinforce and
strengthen  their  relationships
through online interactions, the re-
view found. Rather than connecting
with strangers, most adolescents use
digital media to interact with friends
and acquaintances already in their
face-to-face social networks.

‘The overlap between offline and
online connections is so striking that
viewing what happens online as some-
how separate from teens ‘real livesis a
false distinction,”said George.

For adolescents struggling with
existing relationships, though, more
time spent online can predict declines
in well-being.

‘If parents have concerns about
their teen’s face-to-face social inter-
actions or activities, they probably
have more reason to be concerned
about online activities,”said George.

Parent-adolescent  relationships
online also appear to mirror offline
relationships, the authors found.
Although cellphone use may take
away time spent with parents, if the
existing relationship is strong, the new
technology can allow more frequent,
positive parent—child contact.

(@) The article explores the idea that adolescents are’constantly connected’. Find three
Xp y
pieces of information used in the article to back this up.

(b) Is there evidence of how the data was collected? How would you imagine the data
to be collected? Do you have any reason to suspect bias in the findings?
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6 The following article appeared in the business section of the Australian in November 2015.

Can cabbages to Korea cover for coal’s comedown?

THE AUSTRALIAN
12:00AM NOVEMBER 17, 2015

Rowan Callick
Asia-Pacific Editor

The South Korea story offers a
salutary warning against expectations
that Australia’s bright new free-trade
agreements will turn around our
slumping export figures any time
soon.

But it also showcases the fearless-
ness of Australian exporters—whose
sales of cabbages and cauliflowers to
the famous home of kimchi soared
by 7944 per cent in the first half of
this year.

Early data from the South Korea
FTA, the first of the succession of
deals concluded by Trade Minister
Andrew Robb and his team of trade

negotiators, shows that while
producers have rapidly seized their
new opportunities, especially in
agribusiness, the bottom line for
Australian exports remains in decline.
For the value of iron ore and coal,
especially, within the trade profile
with South Korea—half the value of
all exports—is such that it will take
years for other sales to bulk up
sufficiently to compensate.

The same story applies to our other
big export markets except the US.
Those commodities accounted last
year for 42 per cent of our exports to
Japan, 58 per cent to India, and an
astounding 65 per cent of our sales to
China. In the first half of this year, iron
ore receipts from sales to South Korea
were 34 per cent down, to $2.25
billion—a fall of $1.2bn.

The good news is that the big rises
in exports following the South Korea
FTA, representing the most impres-
sive increases across the board,
comprise $1bn.

Some of the agricultural successes
are attributable not just to the FTA but
at least as much to a shift in South
Korea’s import risk assessments,
essentially the quarantine process,
which formerly delayed accepting
products for years.

This provides a huge boost, which
surely is also driving a rise in jobs,
especially in regional Australia.

Yet those combined revenues—not
just the levels of increase but the
entire sales—still fall $200m short of
the drop in value of Australia’s iron
ore exports alone to South Korea in
the same six months.

Fish exports:
2838% to $852,000
Wine:

39% to $7.5m

Olive oil:
1067% to $70,000

Citrus:
887% to $1.16m

Sheep and goat meat:
30% to $35m

Blankets:
4571% to $1.3m

Bread, cakes and biscuits:
930% to $2.8m

Other fruit:
4616% to $3.5m

Australian exports to Korea in the six months to July 1 post free trade agreement

Cabbages and cauliflowers:
7944% to $724,000

Fresh or chilled beef:
26% to $195m

Other liquor:
5000% to $2.65m

Other oils:
167% to $917,000

Grapes:
1357% to $1.95m

Butter sales:
93% to $8m

Gold:
153% to $240m

Confectionery:
2500% to $104,000

Straw:
482% to $2.3m

Nuts:
234% to $10.8m

Frozen beef:
37% to $476m

Dentists’ preparations:
1520% to $243,000

Sausages:
1389% to $804,000

Dates, figs and tropical fruit:
175% to $250,000

Potatoes:
64% to $6.4m

Furniture:
84% to $991,000

(@) Anincrease that’soared by 7944 per cent’means it increased by how many times?
Round your answer to the nearest whole number. How is it possible that such a huge
percentage increase will not be enough to make up for the fall in value of other types

of export?

(b) Potatoes were up‘64% to $6.4m”and cabbages and cauliflowers were up‘7944% to
$724 000". What were the values of these exports 6 months previously?

(c) What was the value of iron ore exports to South Korea 6 months previously?
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7 The following fictional article is of a type often seen around election time. Read it and
answer the questions that follow.

Poll - Voters back Smith

Mr John Smith’s return as Prime
Minister appears to have buoyed the
government’s electoral chances, with
one in four voters saying they are at
least‘a bit more likely” to vote for the
government at the next federal
election. Mr Smith was clearly
preferred by female voters (47%

support) over the leader of the
opposition, Ms Rosa Casey (41%).

Men preferred Ms Casey (54%) to Mr
Smith (45%). Support for the
opposition among men was 47%,
compared to the government'’s (45%),
while from women the government

attracted 47% support compared to
the opposition’s 44%. The survey also
asked voters to identify those
characteristics they believed Ms Casey
or Mr Smith possessed. The results of
the survey are summarised below.

SUNDAY BUGLE POLL

Voting intentions % Preferred PM %
ALP 46 Casey 48
Coalition 46 Smith 46
Other/Don’t know 8 Neither/Don’t know 6

SUNDAY BUGLE POLL: RATING THE LEADERS

Casey (%) Smith (%) Casey (%) Smith (%)

Decisive 68 53 Sincere 22 55
Forward thinking 68 48 Too arrogant 75 15
Good for Australia 43 55 Honest 20 62
Weak 10 30 Capable 72 72
A good leader 66 43 None of the above 1 2

Source: Corio Market Research 1030 voters from Vic.,, NSW. Poll done by telephone.

(@ Do the survey results agree with the heading "Voters back Smith’? Discuss.
(b) The survey was done by telephone—is this the best way to do such a survey? Discuss.

(c) Why have the results for choice of preferred PM been separated into male and
female opinions in the article?

(d) Why don't the totals of male and female voters” opinions add up to 100%?

(e) Discuss the categories that describe Rosa Casey and John Smith, such as “decisive’
and ‘forward thinking’. Comment on the appropriateness of these categories.
What other categories might be appropriate?

(f) Is this survey just about the preferred Prime Minister or is it about something else?

PEARSON mathematics 10-10A 2ND EDITION



Open-ended

8 The following advertisement was produced by the South Australian Government in 2014.

www.problemgambling:sa.gov.au

THE POKIES: THE 0DDS

What are the odds? Odds are they are against you

If you gamble for the chance to win money, do you know what
the odds are of actually winning?

Every form of gambling has an element of chance that helps
determine the outcome. How much a person will win or lose
is determined by the odds of the game and how much money
is staked. It is important to remember that the ‘house’ (eg the
casino, hotel or club) always has the advantage and that the
odds are against the gambler.

THE 0DDS ARE CLEARLY STACKED AGAINST THE GAMBLER -
MEANING YOU SHOULD ALWAYS EXPECT TO LOSE.

THIS TABLE SHOWS THE ODDS OF WINNING ON SOME FORMS OF GAMBLING IN SOUTH AUSTRALIA

Bet Odds of Winning
Poker Machines - Getting 5 Black Rhinos on Black Rhinos Machine (Top Prize) ($1 Bet per line) 11in 9,765,625
Lotto - Winning First Division (playing 1 game) 11in 8,145,060
Oz Lotto - Winning First Division (playing 1 game) 11in 45,379,620
Powerball - Winning First Division (playing 1 game) 1in 54,