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The Gamma Mathematics package

Gamma Mathematics has been completely updated to reflect the current requirements of 
Mathematics and Statistics in the New Zealand Curriculum. It has been reorganised to 
provide full coverage of the 13 Level 1 Mathematics and Statistics Achievement Standards 
that in 2011 replaced the earlier nine.

Most students enrol for only six or seven of these Achievement Standards in any 
given year. This means that effectively they are only covering about half the curriculum 
in a year-long course, and therefore they can study topics in more depth. Their learning 
resources need to be comprehensive and offer a wide spectrum of skills, challenges and 
interpretation-type problems. Moreover, schools now have the flexibility to offer a partial 
Level 1 course to Year 10 students, or allow students to gain Level 1 NCEA credits over 
two years in some cases. Therefore, for modern classrooms the traditional “one size 
fits all” textbook is not appropriate. Not only would most students use just half of it, 
but a textbook that covered all 13 Achievement Standards would either be hopelessly 
overweight, or if its size were kept in bounds, then it would skim over topics without 
doing them full justice.

Our challenge was to provide a solution that meets the needs of students and 
schools, offering them flexibility and not dictating a particular course. At the same time, 
all 13 Achievement Standards have to be covered comprehensively and rigorously so 
that school communities can have confidence that students will be well prepared for 
assessment. We also had to bear in mind the growing number of schools who expect to 
deliver the curriculum and learning resources digitally and want the opportunity to select 
the particular combination of modules from the Gamma Mathematics package that meets 
their needs.

The resulting two-path solution that we offer is aimed at several groups of students:
• students planning to take Maths in Years 12 and 13, and therefore requiring a course 

that offers the appropriate prerequisites for Level 2 and Level 3
• students wanting to gain some NCEA credits in Year 10 
• students aiming for a full collection of Level 1 Mathematics credits spread out over a 

two-year period.
The table on page v shows how the 13 Achievement Standards fit into the two 

textbooks at the centre of the package. 

Gamma Fundamentals:

• includes the topics that tend to terminate at this level
• offers a mathematically worthwhile course fully at NCEA Level 1 standard.

Gamma Mathematics:

• includes the topics that lead on to more advanced Mathematics in Years 12 and 13
• includes the topics that are currently assessed externally.

Each textbook contains a broad selection of Achievement Standards, more than the 
six that most students will enrol for, and therefore a particular course is not dictated by 
either textbook. Because of the curriculum’s emphasis on Number and Statistics, the 
Achievement Standards from these topic areas are covered in both textbooks. A choice 
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vThe Gamma Mathematics package

1.1

1.4

1.5

1.8

1.9

1.10

1.11

1.12

1.13

between Achievement Standard 1.10 (Multivariate data sets and the statistical enquiry 
cycle) and Achievement Standard 1.11 (Bivariate numerical data and the statistical 
enquiry cycle) is not dictated by the Gamma Mathematics textbook(s), since many schools 
will offer one of these only in any given Level 1 year, and hence, the choice is theirs. 

Each textbook also has an accompanying workbook (Gamma Fundamentals Workbook and 
Gamma Mathematics Workbook), and all four printed textbooks have a single, overarching 
digital teaching resource (the Gamma Mathematics Teaching Resource) that supports them all.

Gamma Fundamentals Gamma Mathematics

1.1 Numeric reasoning 1.1 Numeric reasoning

1.4 Linear algebra 1.2 Algebraic methods

1.5 Measurement problems 1.3 Relationships between tables, 
equations and graphs

1.8 Geometric representations 1.4 Linear algebra

1.9 Transformation geometry 1.6 Geometric reasoning

1.10 Multivariate data sets and the statistical 
enquiry cycle

1.7 Using right-angled triangles as models 
for measurement problems

1.11 Bivariate numerical data and the 
statistical enquiry cycle

1.10 Multivariate data sets and the 
statistical enquiry cycle

1.12 Chance and data 1.11 Bivariate numerical data and the 
statistical enquiry cycle

1.13 Probability 1.12 Chance and data
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vi

Foreword to students, parents and teachers

Welcome to another year of learning Mathematics. 
This book will provide you with full coverage of the following NCEA Mathematics 

and Statistics Level 1 Achievement Standards: 1.1, 1.4, 1.5, 1.8, 1.9, 1.10, 1.11, 1.12 and 
1.13. 

New features to particularly note in the treatment of these Standards are:
•  a section on derived measures, including new material on flow and pressure, in 

Achievement Standard 1.5 
•  comparing multivariate data sets (Achievement Standard 1.10) includes the 

“comparative boxplot analysis” approach developed by the award-winning 
University of Auckland Statistics Working Group 

•  the statistics sections (Achievement Standards 1.10, 1.11 and 1.12) reflect the statistical 
enquiry cycle approach

•  a section on interpreting statistical reports in Achievement Standard 1.12
•  the probability section in Achievement Standard 1.12 includes material on expected 

value and calculating expected values
•  new material covering informal inference in Achievement Standard 1.13. 

As you can see by looking at the edge of this textbook, each Achievement Standard 
has its own coloured section so that you know exactly which topics fit where!

Each section has full explanations, worked examples and plenty of exercises so 
that you can learn new skills and solve mathematical problems, with a solid and 
comprehensive core of graded skill-based problems as in previous editions. Where 
relevant, the activities are carefully integrated with application-style questions in contexts 
that relate to students’ experiences. 

Sections of the textbook have been upgraded to be “technology friendly”, because 
in internally assessed Achievement Standards students are expected to have access to a 
variety of methods to investigate problems. There is increased emphasis in the textbook 
on using technology when appropriate, and you will see instructions and screenshots for 
both spreadsheet work and CAS (Computer Algebra System) calculators. These apply to 
Microsoft Excel®, TI-nspire™ and the Casio ClassPad 300™.

Throughout the textbook you will find a variety of investigations, puzzles and 
spreadsheet activities. Try doing these – you will be surprised at how often interesting 
Mathematics is found in unexpected and unfamiliar situations.

Although this textbook has been organised around the NCEA Level 1 Achievement 
Standards listed above, it also provides carefully planned coverage of selected 
Mathematics and Statistics achievement objectives in the New Zealand Curriculum. 
Although NCEA is about assessing the curriculum, it is also important to provide a 
course that lays solid foundations for future study and builds on Mathematics covered 
earlier. Gamma Fundamentals and its sister textbook Gamma Mathematics both follow a 
“spiral” and integrated approach to learning Mathematics – revisiting topics frequently 
to reinforce earlier understanding, and gradually increasing the difficulty level. The 
treatment of topics in these books addresses the fact that the strands in NCEA, although 
assessed separately, are inter-related in many places.
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Foreword to students, parents and teachers

Mathematics is a subject you learn by doing. You will feel more confident 
about it when you have attempted a wide range of problems. The exercises in 
this textbook have been graded so that the easier ones come first. Check the 
answers frequently as you go, to get feedback on whether you understand the 
process. The tags on the edge of each page will help you navigate between the 
exercises and the answers.

Write as much working as possible – this makes it easier for someone else to 
check your understanding, and explain where you need help. Do not become 
discouraged if you make careless mistakes sometimes – some of the most 
famous mathematicians have been hopeless at telling the time or managing 
money!

You will probably use this textbook mainly in the classroom. However, 
you need to study and do extra activities in your own time to do as well 
as possible. The Gamma Fundamentals Workbook is ideal for this purpose. It 
provides full homework and revision for the course, with plenty of NCEA-style 
questions. The workbook is closely referenced to this textbook, to make it easy 
to match homework and revision with what you are doing in class. Because the 
workbook is a “write-on” publication, you can add your own notes, highlight 
important points, colour-code places where you made mistakes for future 
reference or add hints from your teacher. The Gamma Fundamentals Workbook 
also features a student CD, which includes key worked examples from the 
textbook as well as all the spreadsheets referred to in this textbook and links to 
internet websites. 

Mathematics will lie behind much of your career and journey through life. 
With a broad Mathematics education and a positive attitude you should do well.

Best wishes for an enjoyable, challenging and successful year.

David Barton
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1359 Area and perimeter

9
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In each question use your calculator value for π, and do not round until the end of the working.

1 Calculate the area of these circles.
 a   b 

 c   d 

2 Calculate the area of these circles, with 
given diameters.

 a   b 

3 Calculate the radius of a circle with area 
34 m2.

4 Calculate the radius of a circle with area 
1024 mm2.

5 Calculate the diameter of a circle with 
area 512 cm2.

6 Each of these shapes show fractions of a 
whole circle. Calculate the areas.

 a   b 

 c   d 

4 m

7 cm

8.9 mm
392 cm

12 cm
67.1 m

m

4 m

4 m

5 cm

23 mm

120°
240°

135°
14.9 cm

EXERCISE 9.04

7 Calculate these shaded areas.
 a   b 

8 In this question you will need to use the 
circumference formula as well as the area 
formula:

 C = 2πr

 a  A circle has circumference 40 cm. 
Calculate its area.

 b  The area of a circle is 560 mm2. 
Calculate its circumference.

 c  The area of a semi-circle is 49.5 cm2. 
Calculate the perimeter of the semi-circle.

9 A manhole has a circumference of 173 cm. 
Calculate the area of the cover.

5 cm

8 c
m

8.2 cm

3 cm

The shape left behind when a small 
circle is cut out of a large circle that has 
the same centre is called an annulus.

T
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136 1.5 Measurement problems

Pelta mosaics
The pelta is a semi-circular shield shape. 
It was used to decorate Greek and Roman 
mosaics, frescos and vases. The inspiration 
for the design is thought to be the 
breastplate armour worn by female warriors 
to let them easily shoot a bow and arrow.

Below are two pelta designs. Each tile 
is square, with sides that are 4 cm long. 
Calculate the total coloured area in each one.

1   2

IINVESTIGATION   

Square bolts
Steel bolts are 
manufactured in two 
different ways using 
circular rods with a radius 
of 1 cm.

At one end of the bolt, 
the sides of a square touch 
the circumference of the 
circular rod. At the other 
end of the bolt, the four corners of a square touch the circumference of 
the rod.

Which area is larger – the yellow or the green?  By how much?

PUZZLE   

Bolt  end 1 Bolt  end 2
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15110 Volume

10

The water tank
A large rectangular sheet of stainless steel is going to be folded into an open cuboid to 
form a water tank. A square (measuring x m by x m) will be cut out from each corner, 
and then the sides folded upwards to make an open box as shown. The dimensions of 
the sheet are 3 m by 2.1 m.

x
xx

x

x
x x

x

3 m

2.1 m

   

x

x

The problem: how can the stainless steel be folded to produce the maximum 
volume?

A good model for this investigation is to use a sheet of A4 paper or cardboard that 
measures approximately 30 cm by 21 cm.

1 Cut out squares of size 1 cm by 1 cm from each corner of a piece of A4 paper.  Fold 
up the four sides to make an open box.  What is the volume?

2 Repeat for squares of size 4 cm by 4 cm.

3 Repeat for squares of size 6 cm by 6 cm.

4 The longer side of the sheet is 30 cm. If a square measuring x cm by x cm has been 
cut from each corner, what is the length of the longer base of the box?

5 The shorter side of the sheet is 21 cm. If a square measuring x cm by x cm has been 
cut from each corner, what is the length of the shorter base of the box?

We can do the volume calculations using a spreadsheet program.

6 Use the column headings as given in the extract from the 
spreadsheet on page 152, and in column A place values for the 
length of the side of the square cut from each corner. These values 
range from 1 cm to 10 cm.

7 In column B place a formula (=30-2*A2) for the length of the longer side of the open 
box. 

8 In column C place a formula for the length of the shorter side of the open box.

9 In column D place a formula to calculate the volume of the box given the height in 
column A and the measurements of the base sides from columns B and C.

IINVESTIGATION   
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152 1.5 Measurement problems

10

The extract from the spreadsheet shows how the first two rows should appear.

10 Copy the formulae downwards to produce all the volumes for the different sizes 
of squares which can be cut out from the sheet.

11 Look down the different values in the volume column to determine the greatest 
possible volume of the open box.

Pyramids, cones and spheres
Apart from prisms, other shapes in common use include pyramids, cones and spheres. The formulae 
for working out their volumes are more complicated and you are not expected to remember them at 
this level. However, you should know how to use them. In Calculus in Year 13, the formulae for the 
sphere and cone can be proved!

 1 Pyramid

  

h

A

  
Volume 1

3
 area of base= × h

Example

Calculate the volume of a 
pyramid with a rectangular 
base measuring 5 m by 4 m, 
and a height of 6 m.

Answer

Volume 1
3

 m3

= ( )5 4 6

20
3 6

40

× ×

= ×

=

6 m
4 m

5 m
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15510 Volume

10

 7 

40 cm 18 cm

18 cm

8–9 Calculate the volume of these shapes. 
Each one is a cuboid with a cone or cylinders 
removed.

 8 

1 cm

10 cm

8 cm 1 cm

12 cm

12 cm

 9 

26 cm
5 cm

10 cm
6 cm

 10 Round stair-posts are made from 60 cm 
lengths of wood with a square cross-section 
measuring 5 cm by 5 cm. Each piece of 
wood is put in a lathe and rotated at high 
speed while the cutters remove wood. To 
keep wastage to a minimum, the lathe stops 
as soon as the length of wood is perfectly 
round.

 60 cm

5 cm

5 cm

 a  Calculate the volume of wood removed 
by the lathe.

 b  What percentage of the original piece is 
wasted?

 11 Made by Adidas, the Jabulani football was 
the official match ball for the World Cup in 
South Africa in 2010. It has a circumference 
of exactly 69 cm.

 
 a  Calculate the diameter of the Jabulani 

ball.
 b  If it is packed inside a cube-shaped 

box so that all six faces of the box are 
touching the ball, calculate the volume 
of empty space between the ball and 
the box. 

 12 Zorbing, or sphereing, is an extreme 
adventure sport, first developed in Rotorua 
in 1990 by the Akers brothers. A volunteer 
crawls into a transparent flexible ball or orb, 
and is harnessed into position. The orb is 
then rolled down a slope for up to  
800 m until it comes to rest. A zorb orb takes 
up about 14.1 m3 of space. Calculate its 
diameter to the nearest 10 cm.
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156 1.5 Measurement problems
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 13 The diagram shows a bowl in the shape of a 
hemisphere. The radius of the hemisphere is 
12 cm. How many litres of water could the 
bowl hold when full? Note: 1 cm3 = 1 mL.

 

12 cm

 14 An artificial bone joint is made up of two 
shapes fused together – a sphere and a 
cylinder.

 a  Calculate the combined volume of a 
sphere with radius 2 cm and a cylinder 
of diameter 2 cm and length 8 cm.

 b  Explain whether the volume of the bone 
joint will be smaller or larger than the 
combined volume in part a. 

 

8 cm

2 cm

2 cm

The ping-pong balls
Four ping-pong balls fit snugly inside a 
cylindrical cardboard tube. The balls touch the 
bottom, sides and top of the tube. Each ball has 
radius r.

r r r r 2r

1 What is the total volume of all four balls?

2 What is the length of the cardboard tube, in terms of r?

3 Write an expression, in its simplest form, for the volume of space inside one of 
these empty cardboard tubes.

4 What is the volume of empty space inside a tube when the balls are placed inside?

5 Write, and simplify, this ratio:

 volume of all four balls : volume of air in the tube that is outside the balls.

6 How does this ratio change when there are three balls that fit snugly inside a 
shorter “three-ball” tube?

IINVESTIGATION   
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15910 Volume
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Modelling

Each photo shows an object which looks close to a perfect mathematical shape.

  

1  Link an object in each photo with a three-dimensional object you are familiar with.

2  Give reasons why the shapes in the photos are not “perfect” mathematical solids 
and explain why their volume and/or surface area might be slightly different from 
the result given by a mathematical formula. 

STARTER
S

In real life, most objects do not conform to a perfect mathematical shape, but we can still make 
a comparison between them and a solid that has precise measurements. This process is called 
“modelling”. The mathematical shape is a simplified representation of a real-life situation. If the model 
is a good one, then it will give us estimates of area, volume, etc. that are close to the actual values.
• A model should be a “good fit” to the actual object.
• A model can only give us an estimate of the actual volume or area.

Example

The photo shows a hot-air balloon floating above a landscape 
in East Africa. The balloon is about 20 m across at its widest 
point. Estimate the volume of air inside the balloon. Explain 
your choice of model and give reasons why the estimate may 
not be very accurate.

Answer

The balloon would be best modelled by a sphere because all 
faces are curved and it looks approximately round.
The radius of the sphere is about 10 m.
The formula for the volume of a sphere is V r= 4

3
3π .

V( ) . . .balloon m3= π4
3

10 4
3

3 142 1000 4188 83× × = × × =

An appropriate level of precision would be to give the 
volume as 4000 m3.
The estimate is not very accurate for several reasons:
•  The balloon is not a perfect sphere. The top is quite flat 

and the bottom is more tapered. The balloon is made of panels so does not have a perfectly 
smooth surface.

•  The given measurement, 20 m for the distance across, which we are using for the diameter, is 
probably not exact, and the volume of air may actually change as it is heated or cools, and as the 
altitude increases or decreases.
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160 1.5 Measurement problems
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EXERCISE 10.04

Question 3 of this exercise could be done as a 
project by students outside class time.

 1 The photo shows a Roman temple.  The two 
people facing the temple are about 1.8 m 
tall.

 
 a  Estimate the amount of stone in one 

column. State what shape you have 
used as a model, and show your 
calculations.

 b  Give reasons why your estimate may 
not be very accurate.

 2 You are a statistical researcher working for 
a forestry company. The company wants an 
estimate of how much useable timber there 
is in a forest block of 2 ha before the land is 
logged. The company will cut down 10 trees 
for you to study. The part of each tree which 
is useable extends 9 m from the base to the 
first branch.

 a  Explain whether you would ask the 
company to cut down the 10 trees in 
one place in the forest or 10 different 
places chosen at random.

  You decide that a cylinder would make a 
suitable model for the volume of a tree.

 b  Explain how you could use a tape-
measure and a spade to work out the 
circumference of a tree when it is lying 
on the ground.

 c  Here are the measurements of the 
circumference at five equally spaced 
points along the tree from the base to 
the first branch:

   1.94 m   1.86 m   1.79 m   1.71 m   1.68 m
   Calculate the mean (average) 

circumference along this part of the tree.
 d  Now use the formula C = 2πr to 

calculate the mean radius along this 
part of the tree.

 e  Estimate the volume of the tree.

  After repeating this procedure several times, 
you would have 10 measurements for the 
volume of useable wood in a tree.

 f  Explain what calculation you would 
make using these 10 measurements to 
work out the volume of a typical tree.

 g  Without counting every tree in the 2 ha 
block, suggest a method that could be 
used to estimate the number of trees.

 3 This investigation involves finding out how 
many water-tanker loads it would take to 
fill your local swimming pool.
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 a  Carry out research to find the volume of 
a water-tanker. Suggestions: rural areas 
nearby may require water delivery – 
what is the volume of a full load? Or 
estimate the volume of liquid in an oil- 
or beer-tanker by measuring the length 
of the tank, and the radius. A suitable 
model for the shape of the tank is a 
cylinder.

 b  Visit your local swimming pool. 
Measure the length and width. Draw a 
plan of the pool as seen from above.

 c  The depth of water in the pool almost 
certainly changes from the shallow end 
to the deep end. Draw a plan of the 
cross-section showing the depth as seen 
from a side view. Calculate the area of 
this cross-section.

 d  Calculate the volume of the pool.
 e  How many water loads from a tanker 

would fill the pool?

 4 The photo shows a supernatural treehouse 
at an amusement park. The balls at the top 
are made of styrofoam. The treehouse is six 
storeys high. People can walk around the 
platform and underneath a roof at the top. 

  

  Jess looks at the photo and says “There 
are about 40 balls, and I think each one 
would have a diameter of about 2.5 m.”

 a  Calculate the total volume and total 
surface area using the approximate 
count and measurement from above.

   Use the formulae  

V = 4
3 43 2π πr SA r and = .

 b  Give a reason why your answers to part 
a may be under-estimates of the total 
volume and total surface area.

 c  Give a reason why your answers to part 
a may be over-estimates of the total 
volume and total surface area.

 5 This memorial in Geraldton, Western 
Australia, commemorates the loss of the 
ship HMAS Sydney off the coast of Australia 
in November 1941. It was sunk by the 
German raider Kormoran. Each seagull in the 
metal filigree canopy represents one of the 
645 sailors who lost their lives. The diameter 
of the memorial is 12 m and it is 9 m high. 
The hemispherical canopy is supported by 
seven identical columns.

 
 a Calculate the height of each column.
 b  The metal used to make the seagull 

shapes makes up about half the area 
of the canopy. Calculate the area of 
metal used for each seagull. Show your 
working and explain what you are 
calculating at each step.
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Mathematics and Statistics in the New Zealand Curriculum

Geometry and Measurement: Measurement

Level 5
•    AO1 Select and use appropriate metric units, with awareness that measurements are approximate

Level 6
•    AO1 Measure at a level of precision appropriate to the task
•     AO2 Apply the relationships between units in the metric system, including the units for measuring different 

attributes and derived measures

Derived measures11 

Achievement Standard

Mathematics and Statistics 1.5 Solve measurement problems

Derived units are used to describe rates and make comparisons. They show comparisons between 
two related measures. We obtain suitable derived units by comparing the basic units for measures 
such as length, weight, time, area, volume, etc. For example, speed (or velocity) is a measure of how 
much distance changes over time. Because the units for distance are metres, or kilometres, and the 
units for time are seconds, or hours, we use m/s or km/h as the units for speed. Therefore, km/h 
and m/s are examples of derived units.

The table shows relationships for some derived units.

What is being 
measured Base unit Base unit Derived unit

Speed Distance, m Time, s m/s

Speed Distance, km Time, h km/h

Density (solids) Mass, g Volume, cm3 g/cm3

Density (air) Mass, kg Volume, m3 kg/m3

Flow Volume, m3 Time, s m3/s

Force  Mass × distance, kg × m Time, s  newton = 1 kg × m/s2

Air pressure 
(force per unit area) Force, newtons Area, m2 pascal, kPa, hPa

Area density Mass, kg Area, m2 kg/m2

Fuel consumption Volume, L Distance, km L/100km

11 Derived measures
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Huka Falls is the largest waterfall on the Waikato River, which is the longest river in New 
Zealand. The falls are about 5 km north of Taupo. In flood conditions, about 220 000 litres of water 
per second gush through a 20 m wide gorge. The flow of the Waikato River is 220 m3/s.

The recommended tyre pressure on a car could be 250 kPa. This depends on the number of 
occupants, the make of tyre, and the temperature, plus driver preference for the kind of handling of 
the car and tyre wear. 

We use metric derived units – however, in the past other non-metric units have been 
used, and you may be familiar with these.

For example, when pumping up tyres in a bicycle, the label may say “inflate to  
90 psi max”. This is equivalent to 6200 hPa or 620 kPa.

T
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The density of an object describes the ratio of its mass to a standard volume. For example, the 
density of concrete is about 2.3 g/cm3.

This triangle diagram is a useful guide to remembering the relationship between mass, volume 
and density.

                                                      
M V D V M

D D M
V= × = =

It is useful to compare densities of different objects with water. The density of water is exactly 1, 
because 1 cm3 of water weighs exactly 1 g.

M

V D
=

Example

Calculate the weight of a block of concrete that measures 15 cm by 12 cm by 10 cm.

Answer   

The volume is 15 × 12 × 10 = 1800 cm3.
Weight = 2.3 × 1800 = 4140 g or 4.14 kg.

Example 

A 10 kg block of gold has a volume of 518 cm3.  
Calculate the density of gold in g/cm3.

Answer 

D M
V

= =
×

= =
10

cm31000
518

10000
518

19 3
g

g. / .

1 Copy this table, and then use arrows to 
match each of the materials in the first 
column with a likely density in the second 
column.

Material Density

Aluminium 0.2

Water 2.7

Lead 1.0

Cork 11.3

2 Calculate the weights of these objects.
 a  2000 cm3 of glass with a density of  

2.4 g/cm3.
 b  400 000 cm3 of balsa wood with a 

density of 0.16 g/cm3.

3 Calculate the densities of these materials to  
1 dp given these weights and volumes.

 a  6300 g of silver has a volume of 600 cm3.
 b  A block of ice with a volume of 800 cm3 

weighs 735 g. 

4 Calculate the volume occupied by 300 kg of 
concrete. The density of concrete is about  
2.3 g/cm3.

5 A kauri chopping board measures 30 cm by 
22 cm by 25 mm. It weighs 924 g. Calculate 
its density in g/cm3.

EXERCISE 11.03

In this section we are using the terms “mass” and “weight” 
interchangeably.

T
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9 The density of air at sea-level is 1.225 kg/m³. 
A bouncy castle has an air mattress that 
children jump up and down on. It is 0.7 m 
deep and the castle takes up a space 
measuring 6 m by 5 m. Calculate the mass 
of air in the air mattress. 

 10 The density of pure ice is about 0.9 g/cm3. 
If 700 mL of water is poured into a 750 mL 
plastic bottle explain whether or not you 
would expect the bottle to crack when it was 
frozen.

 11 The density of sand when it is dry is  
1.62 g/cm3 and when it is wet, the density 
is 1.92 g/cm3. A child pours water into a 
4 litre bucket of sand. Calculate the increase 
in weight.

6 The density of steel is 7.85 g/cm3. A delivery 
of 650 steel reinforcing rods is to be made to 
a building site. Each rod has a length of 4.86 m 
and a round cross-section, with diameter 
14 mm. Calculate the weight of the load in 
tonnes.

7 The density of gold is 19.32 g/cm3. 
Calculate the weight of the gold objects 
following:

 a  a gold sovereign 1.52 mm thick, with a 
diameter of 22.05 mm

 b  a gold ingot in the shape of a cuboid 
measuring 75 mm by 55 mm by 35 mm.

8 The density of glass is about 2.4 g/cm3.  
A sheet of glass measures 150 cm by  
80 cm, and is 3 mm thick. Calculate the 
approximate weight of the glass.
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 12 A milk transporter has a cylindrical tank 
with a radius of 1.6 m and is 8.5 m long. 
Calculate the weight of milk that the 
transporter can carry when full. The density 
of milk is 1.03 g/cm3.

 13 The offi cial dimensions of a cricket ball are 
diameter 72 mm and weight 160 g. Calculate 
the density of a cricket ball in g/cm3. The 
formula for the volume of a sphere is 

V r= 4
3

3π ,  where r is the radius.

 14 An air mattress weighs 8 kg when empty. 
When it is placed fl at on the fl oor and 
pumped full of air, the mattress covers a 
rectangular area measuring 2 m by 1.2 m, 
and it is 15 cm deep. Calculate the weight of 
the air mattress when full. Note: the density 
of air at sea-level is 1.225 kg/m³. 

 15 The density of petrol is 0.71 g/cm3 and the 
density of diesel is 0.92 g/cm3. Some petrol 
has been added by mistake to this container 
of diesel. Assume the two liquids do not 
mix at fi rst. Copy the diagram, label each 
part as “petrol” or “diesel” and calculate the 
weight of fuel inside.

PUZZLE   
Eureka!
Archimedes was a famous Greek mathematician and inventor who was born in 
Syracuse, Sicily, in 287 BC. One of the most remarkable stories about him is his 
discovery that he could measure the volume of irregular objects by seeing how much 
water they displaced. Legend has it that the idea came to him while relaxing in a bath, 
and he was so excited that he ran naked into the street shouting “Eureka!” Eureka is 
Greek for “I have found it.”

This discovery came in response to the 
challenge of a problem given to him by 
King Hiero II, who had asked a goldsmith 
to alter a gold crown. The King suspected 
that the goldsmith was dishonest, and may 
have substituted silver for gold. Archimedes 
already knew the weight of the crown, and 
now he could measure its volume. Therefore, 
he could calculate the density and compare it 
with the density of an item that was known to 
be pure gold (19.32 g/cm3).

You are given a crown. It looks like gold, but is lighter than you imagined. It 
weighs 6.765 kg. When you place it in a fi sh-tank with a rectangular base measuring 
30 cm by 25 cm, the water level rises by 0.7 cm. Use this information to determine the 
density of the crown and hence decide whether it is made of solid gold. 

5 cm

25 cm

30 cm
10 cm
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Flow and pressure
Flow is a measure of the change of area or volume over time. It is commonly measured in m3/s, or 
cumecs, for large volumes of water, but can also be measured in litres per second (L/s).

•	 1 m3/s = 1000 L/s or 1 kL/s.

•	 1 L/s 1
1000 m s or 0.001 m s3 3= / / .

Example

Convert 5.2 L/s to m3/s.

Answer   

5 2. L/s 5.2
1000 kL/s 0.0052 m /s3= =

Example 

A round paddling pool has a recommended water depth of 0.4 m, and has a diameter of 2.2 m. It is 
filling up at 0.6 L/s. How long will it take to reach the recommended depth of water?

Answer 

First calculate the volume of water.
The model for the pool is a cylinder with a radius of 1.1 m and a height of 0.4 m.

V(cylinder) = πr2h 
 = π × 1.12 × 0.4 
 = 1.521 m3 
Flow 0.6 L/s 0.6

1000 m /s 0.0006 m /s.3 3= = =

Time taken is volume ÷ flow = 1.521/0.0006 = 2530 seconds (rounding).

Divide by 60 to express seconds in minutes.

It will take 42 minutes to fill the pool.
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Pressure is a measure of force per area or volume. Pressure is either measured in kPa (kilopascals) or 
hPa (hectopascals). In everyday situations, hPa are commonly used as units for atmospheric pressure, 
while kPa are used for tyre pressures, for example.

1 kPa = 10 hPa (because 1 kilopascal = 1000 pascals and 1 hectopascal = 100 pascals)

1 kPa is about 102 kg/m2.

These units can be converted to an equivalent weight per area measurement (or surface density)  
of kg/m2. 

Most tyre gauges are not particularly accurate and have some measurement error, so it is usually 
acceptable to treat 1 kPa as equivalent to 100 kg/m2, or 100 hPa as equivalent to 1 t/m2. 

Calculations using pressure can vary because air pressure changes at different altitudes and at 
different temperatures.

1 Convert to m3/s.
 a 60 L/s
 b 1340 L/s
 c 56 kL/s
 d 0.4 kL/s

2 Convert to L/s.
 a 8 m3/s
 b 0.65 m3/s
 c 0.0041 m3/s
 d 0.003 79 m3/s

3 Convert to kL/s.
 a 75 m3/s
 b 0.45 m3/s
 c 130 m3/s
 d 0.0665 m3/s

4 A garden hose supplies water at a rate of 
1.5 L/s when the tap is turned on full. How 
much water can it supply in 5 minutes?

5 A toilet cistern has a capacity of 10 litres.  
It takes 8 seconds to flush the toilet and  
1 minute to refill the cistern. Calculate the 
flow rate in L/s:

 a to flush
 b to refill.

6 People who are not on town-supply have to 
collect their own rainwater. During a rain 
storm that lasted for an hour and a half, the 
water level in a round tank with diameter 
2.6 m rose from 94 cm to 147 cm. Calculate 
the average flow into the tank in L/s. 

7 A hot-water cylinder is 1.55 m high and has 
a diameter of 0.6 m. How long will it take 
to drain completely if it supplies water at a 
rate of 0.35 L/s?

8 The lowest air pressure ever recorded is  
870 hPa, which was at the centre of a 
typhoon in the Pacific Ocean in 1979. The 
highest air pressure ever measured is  
1094 hPa, during extremely cold, fine 
weather in Siberia in 1968. Calculate the 
difference between these two pressures.

9 The mean atmospheric pressure for most of 
New Zealand is 1015 hPa. An intense low-
pressure system will have a pressure of  
980 hPa (or lower). By what percentage does 
the mean air pressure fall in this kind of 
weather event? 

 10 Lake Benmore is the largest man-made 
reservoir in New Zealand. It was created by 
building a dam across the Waitaki River in 
North Otago. The area of the lake’s surface 
is 75 km2. The operating water level varies 
between a low of 360.50 m above sea-level 

EXERCISE 11.04
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 11 A woman who weighs 56 kg is wearing 
a pair of shoes with stiletto heels. She is 
standing on a tiled floor. Each heel is round, 
with a radius of 4 mm.

  Calculate the pressure that the woman’s 
weight is exerting on the floor at each point. 
Assume the woman’s weight is balanced 
equally between both legs and that all the 
weight is distributed through the heels 
rather than through the toes. Give your 
answer in kg/m2.

and a high of 361.45 m above sea-level. The 
flow of the Waitaki River into the lake varies 
between 110 cumecs (m3/s) in winter to  
150 cumecs in summer.

 a  Estimate how many days it takes to 
fill the lake from low to high operating 
water level.

 b  Describe why the model you are using 
may not give you an accurate result.
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