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Preface

To the teacher
This workbook follows eight of the 14 NCEA Level 2 Mathematics Achievement Standards. It 
complements the 2012 edition of Theta Mathematics in providing a course that includes all the externally 
assessed Achievement Standards, as well as giving students the necessary background for Year 13 
Mathematics − both Calculus and Statistics. The Achievement Standards and accompanying curriculum 
references are quoted at the beginning of each section. The eight Achievement Standards are covered in 
separate sections so that you know exactly which topics fit where.

The tasks in the workbook have been carefully produced to prepare students for both the external 
and internal components of NCEA. However, good teaching practice will offer students a well-rounded 
programme that prepares them for mathematical study at a higher level, as well as just ‘passing’ NCEA. 
Therefore, there are some sections in this book that lay the foundations for further work, but are unlikely 
to be assessed themselves – for example, in Achievement Standard 2.7 Calculus Methods, the coverage 
follows the curriculum and includes some integration topics that are currently not assessed for NCEA. 

The Theta Mathematics Workbook is a key component of the comprehensive Theta Mathematics 
package, which includes the textbook (both in printed and e-book form), new student CD with worked 
examples, spreadsheets and links, and companion website. It is also integrated with the electronic Theta 
Mathematics Teaching Resource. 

To the student
Each chapter starts with an excerpt from the curriculum and the relevant NCEA Achievement Standards 
to show you what is covered. Brief explanations and worked examples precede each section of work. 
The topics are organised into easy-to-use two-page ‘assignments’, which can be removed for marking 
or left intact. There are 81 self-contained two-page assignments altogether, so you should be completing 
about two or three sheets each week. Full answers are provided, and these also can be detached if 
required. The workbook exercises have the same numbers as the exercises in Theta Mathematics to 
directly link between the work you do in class and what you have been set to do in your own 
time. A special CD icon appears in various places throughout this workbook. It shows where 
useful material is included on the student CD.

This workbook has been set out to leave you space to write your answers. Always show as much 
working as possible, so that someone else can follow what you have done. Using a book like this helps 
you keep your homework in one place, and makes it easy to refer to previous work.

The best way of understanding mathematics is to practise it. Homework helps with this – it gives 
you a second look at the work after you have done it in class, and a chance to think about the new ideas 
you have encountered. Doing exercises in your own time reinforces your learning, and is a useful check 
for you, your parent(s) and your mathematics teacher to find out whether you understand each topic.

You can improve your understanding by marking your work from the answers (at the back of the 
workbook). To help prepare for NCEA assessments, you could use a marker to highlight your mistakes. 
This will show you the parts of the course where you may need more help or to do more work, to avoid 
making the same mistakes in future.

Mathematics lies behind many of your chosen careers and interests, and with a good understanding 
of mathematical concepts you will be well equipped for the modern world. If you work hard, ask 
questions when you need extra help, and do plenty of problems, you should do well in this fascinating 
and enjoyable subject. Best wishes with your studies in mathematics this year.

David Barton

Associated website: www.mathematics.co.nz
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27Student name    Date    Score 

In questions 3–7 you do not have to draw the graph.

3 What is the vertical asymptote of the graph 

of y x= +
6

5 ?

4 Where does the graph of y x= +20 10 cross the 

x-axis?

5 What is the equation of the horizontal asymptote of 

the graph of y x= −16 2?

6 Where does the graph of y x= −
7

2 3 cross the y-axis?

7 Write the co-ordinates of both intercepts of the 

hyperbola that has the equation y x= + −12
2 5 8.

5.03 Finding the equation of the 
hyperbola given the graph

5.02 Translations of the  
hyperbola – 2

1 Draw the graph of the hyperbola y x= − +4
2 1.

 State the equations of both the vertical and horizontal 
asymptotes. Give the co-ordinates of the intercept(s).

2 4 6

6

4

2

–2

–4

–6

–2–4–6

y

x8 10

–8

–10

10

8

–8–10

2 Draw the graph of the hyperbola y x= + −
−6

1 3.

 State the equations of both the vertical and horizontal 
asymptotes. Give the co-ordinates of the intercept(s).

2 4 6

6

4

2

–2

–4

–6

–2–4–6

y

x8 10

–8

–10

10

8

–8–10

 5 Other mathematical functions and their graphs – 2

The connection between the information on the graph 
and the equation of the hyperbola (in the general form 

y a
x c b= − + ) is as follows.

y

x

y =          + ba
x – c

b

c
x-intercept

y-intercept

•	 c is the value given in the equation of the vertical 
asymptote – that is, x = c.

•	 b is the value given in the equation of the 
horizontal asymptote – that is, y = b.

•	 a is calculated by substituting b and c and the 
co-ordinates of any intercept, or point on the 

hyperbola, into the equation y a
x c b= − + .
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Chapter 7 Trigonometric graphs – 550

            INVESTIGATION    

The London Eye

The London Eye is a giant ferris wheel on the bank of the River Thames in central 
London. Passengers travel in 32 capsules that rise and fall as the wheel rotates at a 
steady speed. The height of a particular passenger above the ground, in metres, at 
time t minutes after boarding a capsule is given by the equation:

h t= − ( )67 5 67 5 15. . cos π

1 Use appropriate technology to draw the graph of the passenger’s height above 
the ground for the first 40 minutes. Transfer your drawing to the diagram 
below, and add an appropriate scale to the vertical axis.

10 20 30 40 50

h

t

Time (minutes)

H
ei

gh
t a

bo
ve

 g
ro

un
d

 (m
)

2 How long does the London Eye take to complete one full revolution?

3 What is the diameter of the London Eye? Explain how you worked it out from the equation and/or the 
graph.

4 A passenger can get a clear view of the Emirates Stadium (Arsenal’s football ground) when their capsule is 
at least 100 m above the ground. Solve an equation to work out how long this view lasts.
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Chapter 9 Triangle trigonometry – 360

6 A wrench is designed to twist nuts that have a 
pentagonal cross-section. The outer section of the 
wrench is a regular octagon, with one side missing. 
The wrench has eleven edges, all of which measure 
exactly 1 cm. Calculate the area of the cross-section 
of the wrench.

 

9.05 Simple trig identities

An identity is an equation that is true for all possible 
values. There are three simple trig identities at this 
level:

1 sin(x) ≡ cos(90° – x)
 cos(x) ≡ sin(90° – x)

2 sin( )
cos( )

tan( )x
x

x≡

3 sin2(x) + cos2(x) ≡ 1

1 In each case work out angle A.
a cos(A) = sin(55°)

b sin(A) = cos(8°)

c sin(23°) = cos(A)

d cos(73°) = sin(A)

2 Write an identity that connects sin(42°), cos(42°) and 
tan(42°).

3 The sin key on a calculator is not working. Explain 
how you could work out sin(35°) using the cos and 
tan keys. Write down your working, including all 
decimals to full figure accuracy.

4 The value of sin(30°) is exactly 1
2

. Use the identity 

sin2(x) + cos2(x) ≡ 1 to work out the exact value of 
cos(30°). (Note: this means using square roots and/
or fractions rather than decimals.)

 

 PUZZLE  
The triangular licorice tube

A round tube of licorice has been 
packed inside a cardboard box 
with a triangular cross-section. The 
tube touches each side of the box.
Which is larger – the tube of 
licorice or the empty space inside 
the box? Support your answer by 
giving the percentage of space inside the box that is 
taken up by the tube.

r
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Chapter 12 Circular measure – 274

2 A jet is flying in a circular holding pattern around 
an airport while waiting to land. It is first observed 
flying due north over a factory that is 6 km west 
of the airport. A minute later it is flying in a north-
easterly direction over a park.

a Mark in the position of the airport, factory and 
park on the diagram below.

b Calculate the distance travelled in that minute.

c Calculate the speed of the aircraft in km/h.

3 A rider on a Ferris wheel experiences a circular 
speed of 8 km/h. The distance from the rider to 
the hub is 14 m. Calculate the time taken for one 
revolution.

 

              INVESTIGATION    

Radiation symbol

A version of the symbol below is used almost 
universally to indicate a radiation hazard.

One of these symbols is made by using a stencil 
to spray-paint an image onto asphalt. The stencil 
features parts of four concentric circles, with 
diameters 6 cm, 12 cm, 40 cm and 57 cm, respectively. 
Three of the unpainted sections are parts of sectors 
with a centre angle of 60°. Calculate the total 
perimeter of the four unpainted (black) sections.

N
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Chapter 20 Introducing differentiation – 2116

Each diagram shows the graph of a function f(x). In each case, draw the graph of the gradient function f ′(x) on the set 
of axes immediately below the graph of f(x).

1 
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Chapter 25 Further probability – 1138

b was a male, given that they ordered a drink?

2 Refer to the table in question 2 of section 25.01. What 
is the probability that a student in the sample:

a was late to school, given that they took private 
transport?

b was on-time, given that they did not walk?

c took public transport, given that they were 
on-time?

3 The table shows data for commuters from Takapuna 
and Devonport on the North Shore who use public 
transport to travel to work in Auckland. The 
commuters can travel by bus or ferry, and can pay 
using concession tickets or cash.

Concession ticket Cash fares Total

Bus 227 37

Ferry 198 58

Total 520

What is the probability that:

a a commuter travels by ferry?

b a commuter pays cash?

c a commuter who pays cash travels by ferry?

d a commuter travels by bus, given that they use a 
concession ticket?

25.03 Risk and relative risk – 1

1 Two airlines flew the Auckland to Los Angeles route, 
and vice-versa, in January and February one year. 
This table shows the number of on-time flights and 
the number of delayed flights over that period.

Air New Zealand Qantas Total

Delayed  62  30  92

On-time 170  88 258

Total 232 118 350

(Source of data: http://www.flightstats.com)

Calculate the relative risk of being delayed on this 
route when flying Air New Zealand compared to 
being delayed when flying Qantas. Interpret the result.

Risk is probability in the context of factors that could 
lead to an undesirable outcome. We can talk about the 
risk of death, injury or illness in the context of flying 
or smoking, for example, or the risk of losing money 
when investing it. Some risk can be minimised, but 
other types of risk can depend to some extent on 
random events, and so probability is involved.

Relative risk tells us how much more likely an 
event is for one group compared to another. Relative 
risk varies between groups. For example, the risk 
of drowning is less for an experienced swimmer, 
and higher for someone who has consumed alcohol 
beforehand, or who swims in jeans.

Example

The following data shows percentages for gender 
and involvement in home cooking. In homes, there 
is a 1 in 4 chance (25%) that the person doing the 
cooking is male. The chances that the victim of a 
fatal cooking fire is male are 5 in 9, or about 56%. 
This table gives a summary.

Male Female

All cooking 1 3

Fatal victim  56%  44%

(Source of data: NFPA Fire Analysis and Research, Quincy)

What is the relative risk (i.e. how much more likely 
is it) for a male to die as a result of a home-cooking 
fire compared to a female?

Answer

Risk for males: 56% ÷ 1 = 56%
Risk for females: 44% ÷ 3 = 14.7%
Relative risk: 56% ÷ 14.7% = 3.8 (1 dp)
This means that a male is almost four times as likely 
to die as a result of a home-cooking fire 
than a female. This takes into account that 
more women cook than men.
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139Student name    Date    Score 

25.03 Risk and relative risk – 2

1 The table gives figures for people who developed 
melanoma and whether or not they had used indoor 
tanning.

Developed 
melanoma

Control group 
(no melanoma) Total

Used indoor 
tanning

734 563 1297

Not used 
indoor 
tanning

433 538  971

(Source of data: http://cebp.aacrjournals.org)

 Calculate the relative risk of someone who uses 
indoor tanning developing melanoma compared to 
someone who does not use indoor tanning. Interpret 
the result.

2 The table gives proportionate body mass index 
distribution by ethnic groups in New Zealand.

Non-
overweight Overweight Obese

Māori 39.0% 34.3% 26.7%

Pacific 
Islander

17.7% 39.4% 42.9%

General 
population

44.1% 34.9% 21.0%

(Source of data: Ministry of Health. Tracking the Obesity Epidemic: New Zealand 1977–2003. 

Wellington: Ministry of Health, 2004)

a Show that the relative risk for a Māori being 
overweight compared to being overweight in the 
general population is less than 1. Interpret this 
result.

b Calculate the relative risk for a Pacific Islander 
being obese compared to being obese in the 
general population. Interpret this result.

3 The table gives information about drowning deaths 
by ethnicity (based on a five-year average). It also 
lists the percentage of the overall New Zealand 
population for each ethnic group. The percentages 
add to more than 100% because respondents could 
specify more than one ethnic identity.

Deaths by 
drowning

Percentage 
of overall 

population

Asian  7  9.2%

Māori 25 14.6%

NZ European 62 78.7%

Other/unknown  6  0.9%

Pacific peoples  7  6.9%

(Source of data: 2006 New Zealand Census, Water Safety NZ, 2010 Report)

a Which group had the highest absolute risk of 
drowning? That is, if a drowning victim was 
selected at random, which ethnic group were 
they most likely to be from?

b Calculate the relative risk of drowning for an 
Asian compared to a New Zealand European.

c The total number who described themselves as 
Māori in the 2006 Census was about 565 000. 
Use this figure to complete the following risk 
statement:

 ‘The risk of a Māori person drowning each year 
is _______ per 1 000 000.’

d Which ethnic group has the highest relative risk 
of drowning? Support your answer with some 
calculations.

 25 Further probability − 2
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 26  The normal distribution − 4

              INVESTIGATION    

Comparing an experimental distribution with a theoretical continuous distribution

Here is a summary of data taken from a sample of 
size 60 from Year 12 students who contributed to a 
questionnaire in the CensusAtSchool database. The 
analysis is for the variable ‘armspan’.

(Source of data: CensusAtSchool.org.nz)

1 Describe how you think the variable ‘armspan’ 
would be measured. What units are being used?

2 How does this summary show that not all 
students in the sample provided a response?

3 Identify any outliers by drawing a circle around 
these points in the boxplot. Suggest a possible 
cause for these outliers.

4 Explain why the outliers should be removed 
from the analysis.

5 Describe what would happen to the mean and 
the standard deviation if the outliers in question 3 
were excluded from the analysis.

6 The spreadsheet Year 12 arm lengths.
xls is provided on the Theta Mathematics 
Student CD, in the e-book version 
of this text, and on the website  
www.mathematics.co.nz. Open the spreadsheet 
and use it to calculate the mean and standard 
deviation of the data. Note: the outliers have 
been removed.

7 Use appropriate technology to draw a normal 
curve with the mean and standard deviation you 
calculated in question 6. Transfer it to this space.

8 Calculate the following:

a The percentage of data that lies between 140 
and 180 cm (that is, 140 < armspan ≤ 180).

b The probability that the random variable in 
question 7 takes values between 140 and 180 cm.

9 Give two reasons why you would not expect the 
answers to parts a and b in question 8 to be the 
same.
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Chapter 27 Simulation methods – 1150

1	 Explain how you could use a set of 3-digit random 
decimals to simulate tossing a fair six-sided die.

2	 Suppose a male-dominated society follows this rule:
	 ‘Couples who have two sons are not allowed any more 

children. There is no limit on the number of daughters, 
until the two-son limit is reached.’

	 The problem is to work out the mean number of 
children in a family that has reached the two-son 
limit.

a	 Explain how you could model trials of this 
process using a fair coin. What assumption is 
necessary for this model to be accurate?

b	 A student conducts 14 trials with a coin and gets 
these results:

	 HTTH THTH
	 THTTH HH
	 HH HTH
	 THH HTTH
	 HTH HH
	 TTHH TTHTH
	 THTTTH THH

	 Use the results of this simulation to estimate the 
mean number of children in a family when this 
rule is in force.

              INVESTIGATION    

Five sets of tennis

In a match of championship tennis, the aim is to win 
three sets, which means that either three, four or 
five sets will be played. The likelihood that a player 
‘comes from behind’ to win can be simulated.

• WWW: Winner wins first three sets.
• LWWW: Winner comes from behind – they 

lost the first set.
• WLWLW: Winner is always ahead or level.
• WLLWW: Winner comes from behind – they 

were behind after three sets.

1	 Write three other ‘WL’ set sequences where the 
winner comes from behind.

2	 This screenshot shows a simulation of 10 tennis 
matches between two players who are equally 
likely to win any particular set. What probability 
does this 10-match simulation give for the 
winner coming from behind?

	

3	 Open the spreadsheet Championship	tennis	
simulation.xls. This is provided on the Theta 
Mathematics Student CD, in the e-book version 
of this workbook and on the website www.
mathematics. co.nz. Add formulae to the 
spreadsheet to calculate an estimate of 
the probability that the eventual winner 
comes from behind. Run the simulation 
several times or add a large number of 
rows to obtain an accurate estimate.

4	 Calculate the theoretical probability that the 
eventual winner of a ‘best of five sets’ match of 
tennis comes from behind. (Use a separate sheet 
of paper for working.)
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