
© ESA Publications (NZ) Ltd, Customer freephone: 0800-372 266

Whole numbers and integers

CHAPTER

1
This chapter covers the following achievement objectives.

Introduction to numbers

now call them natural numbers

whole numbers

integers

+5+4+3+2+10–1–2–3–4–5
Note:

rational numbers

 3
5

 5
7

1
2

e.g. 2

irrational 
numbers

real numbers

ZZeZeZero iis neiithhher
positive nor 
nenn gaggg tive.

RRReRecurriing 
ded cimals are 
included in Q 
because they 
ccan be written 
asasaa ffraractctioionsns..
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Fractions can be represented on a number line.

Example
Q.  Find the values of the fractions A, B, C, and D, as marked on the number line.
  

0 1 2 3 4
A B C DAA BBB CCC DDD

A.  In the range 0 to 1 there are 10 divisions. A is at 7 of these divisions, so A is 7
10

 In the range 1 to 2 there are 5 divisions. B is at 3 of these divisions, so B is

 1 + 3
5
 = 13

5
 Similarly, C is 23

4  and D is 32
3

Exercise 2A: Revising fractions Ans p. 389

1.
 a.   b. c.
         

 d. e. f. g.
    120º

2.
  

0 1 2 3 4
AA BB CC DD EE

3.
 a. A

B

C

D

    b. A

B C

D

4.

 a. b. c.
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9.  The cost of a bottle of coke is $1.00 and the cost of a choc bar is $2.00. 
How much change from $d will Anne receive if she buys x bottles of coke 
and y choc bars?

10. Copy and complete the terms that are missing in the boxes.

 a. 2x
× y × 2x ÷ xy

 b.
× x

3x
× x ÷ 3x

 c.
× 4 × y2

4x2y3 ÷ 2xy

 d.
× 3 × 4x ÷ 3xy

x

11.  A contractor has 3 foremen and 22 labourers, and each person works  
a 40-hour week. The hourly rate for the foremen is $38.00 per hour, 
and for the labourers is $25 per hour.

 a. How much is the contractor’s weekly bill?
 b.  If the contractor had x foremen and y labourers, how much is his 

weekly bill?

Space for exploration Ans p. 398

1.  Bill is doing a preliminary sketch of the ground 

of some of the dimensions and uses variables x 
and y to represent them. All measurements are 
in metres and his sketch is not drawn to scale.

 a.
in terms of x and y.

3y
8

18

3x

x

y

 b. x and y.
 c. Find the values of x and y.

2. Finding a point of balance
 a.  A piece of uniform wood is of length 12 cm. 

A 5 kg weight is hanging from one end and a 
1 kg weight is hanging from the opposite end. 
Find the position of P if the piece of wood 
balances at the point P.

P

5 kg
1 kg

To balance:  xw = w yz

x yP

w z
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Space for exploration Ans p. 417

Answers are given in the back of the book, but to achieve well in this type 
of exercise you need to be able to show working that clearly explains the 
strategies you are using.
An Olympic stadium’s running track is drawn as follows.
The distance around the inside edge of the inner lane is 400 m.
There are 8 lanes, each lane is 1.25 m wide.
The track consists of two straight sections joined by two semicircular sections.
The straight sections are 85 m in length.
Note: Diagram shown below is not to scale.

10
 m

47
 m

1.  What are the radii of the inner and outer curved sections? Give your 
answers to an appropriate accuracy that would allow you to produce an 
accurate scale drawing.

2.  For a 200 m race, runners start on the curved section at the right of the 

lanes are longer than the inner lanes, a staggered start is needed so that at 

runner start so that they all run 200 m in total?

Maps and scales
Scale drawings are used for maps and plans. Lengths and distances are drawn as 
a fraction of their actual sizes.

Maps
A map has a key to show the scale. The scale shows the ratio of the distances on 
the map to the distances on the land itself.

The scale can be written – two examples follow.

  Scale 1 : 1 000  Actual distances are 1 000 times greater than the 
distances on the map.

  Scale 1 cm : 2 km  Every 2 km of actual distance is represented by 1 cm 
on the map.

The scale may be a diagram. 
0 10 km
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Solids and volume

CHAPTER

11
This chapter covers the following achievement objectives.

Measuring volume
A solid

The volume
3

Volumes of prisms, cylinders and spheres

Prisms
A polyhedron

A prism

The base

cross-section

he
igh

t o
r l

en
gth

base

 V bh

AAA A priism iis not allways
drdrd awawnn ‘ssitittitingngggg’ onon iitsts bbasase.e.
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Example
Q.

23 cm10
 c

m

12 cm

8 cm

A.

1
2

3

Example
Q.
A.

1
2 V Ah

3

Cylinders
A cylinder

because it has curved sides

  height
 V r h

Example
Q.

17
.4

 c
m

31.8 cm

A.

3

13
 m

m
11 mm

8 
m

m

1.6 cm

BBeffore c lalculla iting thhe v lolume fof a c lyliindder, m kake sure you 
araree ususininggggggg ththee memeasasururememenentt foforr ththee raradidiusus..

r

h
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Triangles will always tessellate. A scalene 
triangle can be combined with its image  
when it is rotated through a half turn.

This combination forms a parallelogram, 
and every parallelogram will tessellate.

Tessellations can be drawn on your computer, or by using card cut-outs.

Exercise 12E: Tessellations Ans p. 425

1. Copy each shape and see if they tessellate.

 

a. b. c. d. e. f. g.

h.

2.  Two scalene triangles are drawn on 
a square grid. Draw the tessellations 
of each shape.

a. b.

 

3.  Two quadrilaterals are drawn on 
a square grid. Draw the tessellations 
of each shape.

a. b.

 

4.  Draw two regular hexagons and two 
equilateral triangles to demonstrate 
how they surround a point, and then 
draw a tessellation pattern. You will 
need some isometric graph paper.

5.  Two octagons and one square are 
shown on a square grid. Note that 
the octagons are not regular.

  Draw a tessellation pattern for these 
shapes.
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Space for exploration Ans p. 435

Answers are given in the back of the book, but to achieve well in this type 
of exercise you need to be able to show working that clearly explains the 
strategies you are using.

1.  A large coin rolls along a table in a straight line, without slipping. Mark a 
point P on the edge of the coin as shown. Draw the locus of the point P as 
the coin makes a complete revolution.

P

2.  Mark a point P on the outside of another coin.  
Roll the coin, without it slipping, around  

 Draw the locus of the point P.

3.  Each of the loci you have drawn in 1. and 2. has a special name. Find out 
each name.

4.  A square rolls along a table, in a straight line, without slipping. Using ruler 
and compass, draw the locus of the corner of the square labelled C, as the 
square makes a complete revolution.

C

Knowledge check Ans p. 436

This is a 10-minute test to check your basic knowledge of constructions and loci 
that you have learnt through this chapter. No calculators are allowed and little 
working is required: just knowledge. Use a ruler and compass for constructions.
1.  Construct the perpendicular bisector of a straight line segment that is 3 cm long.
2. a.  Draw a straight line and mark a point P on the line. Construct a line 

through P at right angles to the line.
 b. Bisect the right angle you have constructed in a.
3.  Draw a straight line and mark a point P about 3 cm from the line. 

Construct a straight line through P that makes a right angle with the line.

P

fixed
circle
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Display Type of data Advantages Disadvantages

Pictograph
Varieties of apples 

in a food store

Red delicious   

Golden delicious   

Red Rome    

McIntosh  

Jonathan    

 = 10 apples  = 5 apples

Pictures or symbols used to 
represent a quantity of data 
values. A key must be used 
to explain the symbol.

Ungrouped 
discrete or 
categorical

Easy to read
Good visual impact
Good for large data 
sets

Hard to 
quantify partial 
pictures
Pictures 
must be of 
consistent size
Very simplistic

Pie charts and strip graphs
Population

Town A

Town B

Town C

Town D

Data is displayed as a 
percentage of the whole. Each 
sector of the pie is labelled.

Votes for candidates
E F G

Data is displayed as a 
proportion of the whole. 
Strips are labelled.

Discrete or 
categorical

Good visual impact
Shows an individual 
category’s frequency 
as a percentage or 
proportion of the 
total frequency

No exact 
numerical data 
for frequencies
Can only 
compare the 
frequencies of 
the categories 
proportionally

Dot plot

5 10 15 20 25 30 35 40 45 50

Uses stacked dots to display 
frequency of a category

Ungrouped 
discrete or 
categorical

Simple and 
effective display 
of data values and 
their distribution
Frequencies are 
easily compared
Useful in identifying 
possible outliers, 
gaps etc. Medians, 
quartiles etc. can be 
found easily.

Very simplistic
Can be hard 
to show large 
frequencies 
of many 
individual data 
values.
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Display Type of data Advantages Disadvantages

Bar graph

25

50

75

100

Department

R
ev

en
ue

 p
er

 c
en

t

Electrics Medical Music Clothing Services

Displays data in separate 
columns of the same width
Vertical axis, starting from 
zero, shows frequency

Ungrouped 
discrete or 
categorical

Good visual impact
Easy to compare 
frequencies of 
categories
Can plot two or 
three related data 
sets side-by-side, 
so comparisons 
between data sets 
can be made easily

Histogram

0
10 20 30 40 50 60 70 80 90 100

1

2

3

4

5

6

Score

Fr
eq

ue
nc

y

Displays data in columns
Columns touch
Vertical axis shows 
frequency

Grouped 
discrete or 
continuous

Good visual impact
Good display 
of spread or 
distribution of data
Useful in 
identifying possible 
outliers

Cannot read 
exact value 
as data is 
grouped into 
class intervals

Line graph

0

20

40

60

80

1 2 3 4 5 6
Day

Temperatures in New York City

D
eg

re
es

 in
 F

ar
en

he
it

Plots values of a variable as 
points then joins points in a 
line
A line graph used to show 
values of a variable over time 
is called a time series graph

Continuous Allows easy 
comparison of 
multiple data sets 
whose line graphs 
can be displayed 
together on the 
same grid
Data between 
points can be 
inferred from the 
line

Care must be 
taken when 
interpreting 
the line drawn 
between 
plotted points.



Chapter 19: Statistical literacy 383

© ESA Publications (NZ) Ltd, Customer freephone: 0800-372 266

C
ha

pt
er

 1
9

 a. Comment on this table. What information can you understand?
 b.  Discuss in a group the different pieces of information you were each 

able to understand from the table. Did it help if you were familiar with 
this event and knew how points are accumulated?

 c.  Suggest ways in which this information can be better presented. What 
other data should have been included?

3.  The following is a report from a survey on people getting rid of old 
computers at a site that specialises in recycling computer waste.

The pie graph shows responses to the survey question: ‘Why did you bring 
your computer equipment along today?’

I need
the space

26%

I know it’s
not right to
dump in

the landfill
19%

It is free
11%

I don’t know
where else to

take it
11%

Because it
will be

recycled
33%

Reason for bringing equipment to
computer waste site

  Each person was asked 
why he/she brought the 

drop-off site. The question 
was asked to get an 
understanding of how much 
the people recycling are 
aware of the need to recycle 
electronic waste. Thirty-
three per cent of respondents 
indicated a key motivation 
was that the e-waste collected 
at this drop-off site is 
properly recycled.

 a.  Comment on the report. Is there enough evidence to back up the main 
point being made in the conclusion of this report?

 b.  Is there any further evidence that should have been added to support 
this conclusion?

 c.  Is there another conclusion you could reach from the information 
given in this report?

4. New Zealand LOTTO winning numbers
 All draws – 1 240 draws (01/08/87 – 12/03/11)
  In the main game of Lotto, six balls (and one bonus ball) are drawn from 

a machine containing 40 balls numbered 1 to 40.
  To win First Division (the top prize), one has to mark off all six numbers 

(in any order).
  Players can buy Lotto tickets by selecting their own numbers, or they can 

have a machine randomly generate their numbers.
  The table shows the statistics for each of the six balls in draws over this period.



384  Statistics

© ESA Publications (NZ) Ltd, Customer freephone: 0800-372 266

 Position of the ball
1st 2nd 3rd 4th 5th 6th

Mode 1 5 18 23 25 & 33 38
Mean 18 19 19 21 23 24
Maximum 40 40 40 40 40 40
UQ 29 28 27 30 32 35
Median 16 18 19 21 25 25
LQ 6 9 11 13 13 13
Minimum 1 1 1 1 1 1

Fr
eq

ue
nc

y

Number on ball

Frequency distribution of Lotto ball numbers

170

180

190

200

210

220

160
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

 a. Why does the mode have two numbers for the 5th ball?
 b.

would make him say this and do you agree or disagree with him?
 c.

the most common Strike 4 winning combination so far? 
 d.  Draw six side-by-side box-and-whisker graphs to show the results for 

the 6 balls drawn. Comment on the features of the graphs.
 e. Using the graph, list the 6 numbers that were drawn least. 
 f. i. List the 6 most frequently drawn numbers.
  ii.

for your answer.
 g.

your answer fully, with reference to the graph.
 h.  In each LOTTO draw, do you think that each ball has the same theoretical 

probability of getting drawn? Or do you think the balls are weighted in 
some way so that the theoretical probabilities are different (could this 
explain why the bars in the graph are not the same height?). Discuss.
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ANSWERS

Exercise 1A: Introduction to numbers (page 4)

1. a. T b. T c. T d. F e. F f. T g. F h. T
 i. T j. T k. F
2. a. 2 b. 3  c. 0 d. 3

Exercise 1B: Multiples and LCM (page 5)

1. a. 108, 126, 144, 162, 180, 198  b. 170
2. 105, 112, 119, 126, 133
3. a. 14, 28, 42, 56, 70  b. 21, 42, 63, 84, 105  c. 42
4. 36   5. x   6. Wednesday   7. In 24 minutes
8. 7   9. 15   10. 12 minutes   11. Friday
12. 1990  13. 24 hours 14. 49 years
15. a. 133 – 13 = 2 184 = 6 × 364  b. N = 1 disproves the rule.

Exercise 1C: Factors and HCF (page 7)

1. a. 1, 2, 3, 6, 13, 26, 39, 78 b. 1, 2, 3, 4, 6, 9, 12, 18, 27, 36, 54, 108
 c. 1, 7, 13, 91     d. 1, 2, 4, 5, 8, 10, 20, 25, 40, 50, 100, 200
2. a. 18   b. 100   c. 61   d. 17
3. 28 and 496. The factors of 28 add to 28, and the factors of 496 add to 496.
4. 42 5. 4 group sizes: 10, 12, 15, 20 children per group. 6. 12 and 18
7. 24 and 36  8. Always true when a and b are both prime.

Space for exploration (page 7)

1. Yes    2. Yes    3. No exceptions.

Exercise 1D: Divisibility (page 8)

1. 423, 504
2. 1 566 is an even number. Sum of digits = 18, which is divisible by 3 and by 9.
3. a. 8 215  b. 9 333  c. 10 767 and 9 333  d. 3 172
4. Sum of digits =18, which is divisible by 9.  5. All the three numbers.
6. 504   7. a. It is an odd number.  b. 6 252

Exercise 1E: Primes and prime factors (page 9)

1. a. 11, 13, 17, 19  b. 2, 3  c. 7  d. 101, 103, 107, 109, 113
2. a. 2, 3, 11   b. 3, 5, 7  c. 7, 11, 13
3. a. 30 = 2 × 3 × 5, 105 = 3 × 5 × 7, HCF = 5
 b. 90 = 2 × 32 × 5, 110 = 2 × 5 × 11, HCF = 5
 c. 306 = 2 × 32 × 17, 357 = 3 × 7 × 17, HCF = 17
4. 97
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5. a = 1
2
, b = 11

2
, Tn = 1

2
n2 + 11

2
n

6. a. 

 b. Pattern 
number

Number 
of squares

1st order 
difference

2nd order 
difference  c. a = 1, b = 4

1 1
7

2 8 2
9

3 17 2
11

4 28 2
13

5 41

7. a = 1
2
 , c = 2, y = 1

2
x2 + 2 8. a = 2, b = 1, y = 2x2 + x – 2

Space for exploration (page 144)

1. Tn = 2n2 + 3n – 2   2. a. Tn = n2 + 2n – 1 b. Tn = 2n2 + 3n – 2

Exercise 7F: Drawing quadratic graphs (page 146)

1. 

x

y

–3 –2 –1  1 2 3

12

11

10

9

8

7

6

5

4

3

2

1

–1

–2

–3

–4

a

b

c

x –3 –2 –1 0 1 2 3
a. x2 + 3 12 7 4 3 4 7 12
b. x2 + 1 10 5 2 1 2 5 10
c. x2 – 4 5 0 –3 –4 –3 0 5

d. y = x2 + 3 is a translation of y = x2 by 0
3

 i.e. 3 units up

 y = x2 + 1 is a translation of y = x2 by 0
1

 i.e. 1 unit up

 y = x2 – 4 is a translation of y = x2 by 0
–4

 i.e. 4 units down


