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How to use this book 
As well as introducing you to the 3 key concepts and 12 of the related 
concepts in the Middle Years Programme (MYP) sciences course, this 

book will also help you practise all the skills you need to reach the 
highest level of the MYP assessment criteria. 

This book has been divided into chapters on key and related concepts. 
Throughout the book you will find features that will help you link your 

learning to the core elements of the MYP. 

On the first page of each of the related concept chapters you will find : 

• the topics you will be focusing on 

• the inquiry questions you will be considering 

• a checklist of skills you will practice 

• a glossary of any difficult terms 

• a list of the command terms you will come across. 

You will also see a list of other concepts that relate to the chapter. You 
should keep these in mind as you work. 

Each related concept chapter is divided into topics that help you 

explore the concept through a variety of activities. Some activities can 
be done individually while others may be done with a partner or in 

a group. At the end of each topic is a reflection where you are given 
the opportunity to think about what you have learned and how it may 

relate to what you already know. 

Here are some of the other features that you will come across in the book 

. GLOBAL CONTEXTS 
For many of the activities you will see an indication of a 

global context that is the focus of that activity. Global contexts 
help organize inquiry into six different areas. 

• Identities and relationships 

• Orientation in space and time 

• Personal and cultural expression 

• Scientific and technical innovation 

• Globalization and sustainability 

• Fairness and development 

These global contexts indicate how the activity is relevant to 
your life and the real world. 

vi Sciences 



" ~!~!~~~~! global contexts, each topic and acnv1ty mcludes an 
ATL skills focus Usually, there are only one or two skills identified 
as the focus for an act1v1ty or topic Of course, you will be using 
and developmg other skills, but there 1s an emphasis on the 
parncular skills in these boxes 

Throughout the chapters you will see add1t10nal infonnat1on to 

help your understanding of a topic or actlVJty 

QUICK THINK 
These boxes provide questions to challenge your thinking. 

Your teacher may use them for a class discussion. 

CD INTERDISCIPLINARY LINKS 
As an MYP student you are encouraged to use skills and 
knowledge from different subject areas m your learning Look 
out for these boxes which proVJde !mks to other subject groups 

CD CHAPTER LINKS 
These boxes direct you to other chapters that relate to a topic or 
activity 

CDWEBLINKS 
These boxes mclude websites and search terms for further 
readmg and exploration 

Sciences vii 
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Introduction to IB skills 
Welcome to Sciences: A Practical Guide for MYP 4/5. This book will focus 
on some of the important skills in science-particularly those in scientific 
investigations and scientific inquity. 

This chapter gives a brief introduction to some of the essential elements of the 

MYP sciences. 

Key concepts 
In the Middle Years Programme (MYP), each subject area has key concepts 
that are used as a framework for knowledge. Key concepts are relevant 

within the subject and across disciplines and can help us make connections 
that transfer across time and culture. They are powerful ideas that we explore 

through different topics to try to understand the world around us. In MYP 

Sciences there are three key concepts that we use as the basis for study. 

The three key concepts are: 

• systems 

• change 

• relationships 

Chapters 2 to 4 explore these key concepts. 

Related concepts 
Related concepts allow us to explore the key concepts in greater detail. They 
provide disciplinary depth and a focus for inquiry into subject-specific content. 

There are eight related concepts that all three sciences (biology, chemistry and 

physics) share. 

Related concepts in science 

Each of the three sciences-biology, chemistry and physics-also has four 

unique related concepts. Thus, each science has 12 related concepts: four 
specifically tailored to that science, and eight which are common to all. 

Chapterlllntroduction 1 



Fig!le1.1 Thethreedifferentphasesof 
learning 

2 Sciences 

In chapters 5 to 16, each shared related concept is dealt with in 
greater detail, as are four other related concepts (transformation. 
consequences, environment, balance) which are common to the 

modular sciences curriculum. 

Through these related concepts, the book demonstrates and explains key 

skills and techniques in scientific investigation and scientific inquiry. 

Leaming skills 
You know that you have been learning all your life. Firstly, you began 

in settings such as your home and neighbourhood. Then. your learning 
became more formal as you started school. Leaming in the MYP is 
primarily inquiry-based learning. Your learning will continually cycle 
through three different phases. 

Inquiry 
Ask questions-it is the only way you are going to find out exactly what 
you want to know. This is especially true in sciences because asking 

the right question can lead to the right kind of experiment. Think about 
what you already know and what you want to know. Your curiosity is 

one of your best assets as a student. 

Action 
An important part of conceptual learning is action. Action in the MYP 
might involve learning by doing. service learning, educating yourself 
and educating others. Sometimes, you may choose not to act, based on 
newly acquired knowledge and understandings. Remember to think of 

the learner profile characteristic of being principled in your actions and 
make responsible choices. 

Reflection 
As a learner, you will become increasingly aware of the way that you 
use evidence, practise skills and make conclusions. Reflection on your 
learning helps you to look at the facts from a different perspective, to 
ask new questions and to reconsider your own conclusions. You may 
then decide to lead your inquiry in a different direction 

Inquiry learning can be frustrating. There is not always a "right'' 

answer; sometimes conclusions may be uncomfortable or may conflict 
with what you want to believe, and you will come to realize that there 
are no "endpoints" in learning. As an MYP student, learning through 
inquiry, action and reflection is central to your education and forms the 
foundation of acquiring knowledge and conceptual understanding. 



Conceptual learning is not 

learning through inquiry learning only through memorization 

taking action to understand the world around you try ing tofindthe · right"answer 

using knowledge to understand big ideas passivelyacceptingeverythingyouread/hear/see. 

makingconnectionsthroughconceptsacrossdifferent 

subjects 

Thecharacteristicsofconceptuallearning 

The objectives covered 
Both the skills and the objectives are closely related to the assessment 
criteria that your teacher will have made available to you There are 

four assessment criteria and each one is designed to measure your 

skills in a different area of the sciences as follows: 

r Cri terion A Knowing and understanding Maximum 8 ,. 

Cri terion B Inquiring and designing Maximum 8 

Criterion C Processing and evaluating Maximum 8 

Criterion D Reflecting on the impacts of science Maximum 8 

The objectives of any MYP subject state the specific targets that are 

set for learning in the subject. They define what you will be able to 

accomplish as a result of studying the subject. 

As mentioned, this book deals mostly with scientific investigation 

and scientific inquiry, and the criteria that focus on these skills are 

Criterion 8 and Criterion C. The objectives contained in these criteria 

represent the essential elements of the scientific method. In order 

to meet these objectives, you will engage in a variety of activities, 
continually refining your skills. These skills are very much interactive 

and interrelated, though in some instances your teacher may wish to 
deal with them as discrete skills. 

Criterion B: Inquiring and designing 
The objectives in Criterion 8 emphasize experimental work and 

scientific inquiry, particularly students' abilities to design a scientific 
investigation that allows them to collect sufficient data so that the 

problem or question can be answered. 

These last two years of the MYP should prepare you to: 

explain a problem or question to be tested by a scientific 
investigation 

ii) formulate a testable hypothesis and explain it using scientific 

reasoning 

Chapterl l lntroduction 3 



4 Sciences 

iii) explain how to manipulate the variables, and explain how data will 
be collected 

iv) design scientific investigations. 

Criterion C: Processing and evaluating 
The objectives in Criterion C focus on the collection, processing and 
interpretation of qualitative and quantitative data in order to reach 

appropriate conclusions. 

These last two years of the MYP should prepare you to: 

i) present collected and transformed data 
ii) interpret data and explain results using scientific reasoning 
iii) evaluate the validity of a hypothesis based on the outcome of the 

scientific investigation 
iv) evaluate the validity of the method 
v) explain improvements or extensions to the method. 

Knowledge 
The concept of "connections" or "perspective" is not something 

you can touch but you can certainly explain it to another person 
using specific examples from different subject areas. This is where 
your knowledge of facts is essential. Without the support of specific 
knowledge, facts and examples, it is very difficult to understand and 
explain key concepts and related concepts. In the MYP, your teachers 
have a choice as to what facts and examples they will use to help 
develop your understanding of key concepts. 

Figure1 .2 Theroleofknowledgeinsupportingconceptualunderstanding 

••• .... •. 
Koo.vledge . l,m • 

• aodexampk,s 

·•···•· ~-""-"'' 
The use of knowledge, facts and examples will be different in every 

MYP classroom but they will all lead you to an understanding of the 
key and related concepts in the sciences. 



Global contexts 
Now that you know what the key and related concepts are, let us focus 

a little more on the knowledge, facts and examples that will help you 

understand, explain and analyse them. The MYP calls this part of 
the curriculum global contexts. The global context is the setting or 
background for studying the key and related concepts. An easy way to 

think about global contexts is that they help your teacher choose the 

topics you are to study. There are six global contexts: 

• identities and relationships 

• orientation in time and space 

• personal and cultural expression 

• scientific and technical innovation 

• globalization and sustainability 

• fairness and development . 

• GLOBALCONTEXTS 

The choice of global context 1s mfluenced m several different ways 

Scale-study of a concept on an md1vidual, local or global level 

Relevance-your education needs to be relevant for you and the 
world you hve m, and this will influence the choice of context 

International mindedness-IB programmes aim to develop 
mternat1onally mmded students and this 1s supported through 
usmg a vanety of contexts to understand concepts 

Do students have an influence over what global context is chosen? 

Of course you do. It is the reason why the MYP sciences course looks 

different all around the world. The contexts that are relevant for you 

may not be relevant for a student studying in another country or even 
in another school in your own country. What all MYP sciences courses 

do have in common is the goal of deepening your understanding of the 

science key concepts. 

Approaches to learning 
(ATL) skills 
As a learner, you are developing a range of skills to help you learn 

and process significant amounts of knowledge and understanding. 
Some skills are very specific to particular subjects while other skills 

are ones that you use every day in every class, and will ultimately use 

for life! The skills that you learn through the MYP allow you to take 

Chapterlllntroduction S 



responsibility for your own learning. There are five groups of 

ATLskills: 

~ ATL SKILLS Commumcat1on skills 

Thmkmg skills Self-management skills 

Social skills Research skills 

Depending on the subject, you might focus more on one or two areas 
than on others. As you move through the MYP and mature as a student, 
the focus will also move through different skills-from being taught, to 
practising-to consolidate your skill ability. Read through the outline 
of ATL skills, taking some time to reflect on where and when you have 
learned, practised. or mastered. different skills. Also, think about which 

skills you still need to learn, practise or master. 

Critical thinking-the skill of analysing and evaluating issues and ideas. 

Creativity- the skill of exercising ini tiative to consider challenges and ideas in new and 

adapted ways. 

Transfer- the skill of learning by making new connections and applying skills, knowledge 

andunderstandingtonewsituations 

Collaboration-the skill of working effectively with others. 

Interaction- the skill of effectively exchanging thoughts, messages and information. 

Literacy- the skills of reading, writing and using language to communicate information 

appropriatelyandwriteinarangeofcontexts. 

Organization- the skill of effectively using time, resources and information. 

Affective s kills - the s kills of managing our emotions through cultivating a focuse d mind. 

Refle ction-the skill of considering and reconsidering what is learned and experienced in 

ord er to support personal development through metacognition. 

Informa tion and media literacy-the skill of interpreting and making informed judgments 

as users of inform ation and media, as well as being a s killful creator and producer of 

information and media messages. 

Critical literacy- the skill of evaluat ing, questioning and challenging the attitudes, values 

and beliefs in written, visual , spoken and multimedia texts . 

.4.pproachestolearning(.4.TL)skills 

6 Sciences 

It would be impossible to focus on all these areas in just your MYP 

sciences course in years 4 and 5, so we will be selecting specific skills 

to learn, practise and master in this book 



Figure1.3Thedifferentpartsofconceptual learning. 
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Look back at Figure 1.3 on conceptual learning. Remember that 
conceptual learning happens when you use the inquiry cycle, develop 

your ATL skills and increase subject knowledge. These three factors 
work together to develop detailed understanding of the three key 
concepts in sciences: change, relationships and systems. While the 
content of sciences courses will look different in every MYP classroom, 
there is always the same focus on conceptual learning to construct a 
deeper understanding of the big ideas in life and the world around us. 
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Introducing key concept 1: 
systems 

• What a re syst em s in the context of science? 

• What do we fo cu s on when inquiring into systems 
in science? 

ATL 
,I Make inferences and draw conclusions. 

,I Analyse complex concepts and projects into their 
constituent parts and synthesize them to create new 
understanding. 

,I Gather and organize relevant information to formulate an 
argument. 

Sciences 

,I Formulate a hypothesis and explain it using scientific 
reasoning. 

,I Solve problems set in unfamiliar situations. 

,I Make connections between relevant information to draw 
conclusions. 

Introducing systems 
Most people who have heard of 
Joel Salatin first read about him 
in Michael Pollan's best-selling 
book The Omnivore's Dilemma, or 
saw him in the documentary film 

Food Inc. 

Considered by some a radical­

and he describes himself as a 
"libertarian-environmentalist-

The shorter the chain 
between raw food and fork, 
the fresher it 1s and the more 
transparent the system 1s 

Joe!Salatm 

capitalist-lunatic-farmer''-Joel is unique for his innovative and systems­
based approach to food production. 

He calls his 550-acre farm in Virginia, USA, Polyface Farm. There he raises 
cattle, chickens, pigs, turkeys and rabbits with the goal of "emotionally, 
economically and environmentally enhancing agriculture". 

When questioned, he and the people who work on his farm say that they 

are actually grass farmers. 

8 Sciences 

Prediction 11 n expected result of 
11n upcoming 11ction or event. 

Proportional twov11ri11bles 11re 
directlyproportiona.liftheratio 
of one to the other is 11lw11ys the 
s11me. If xocy,y/x is 11 const11nt. 

~ obt!lin 11numeric!U 
answer showing the relevant 
st11gesintheworking. 

~ arrangeororderby 
d11ssorc11tegory. 

Suggest proposeasolution, 
hypothesis or other possible 



A system is a set of interacting 
or interdependent components 
Everything is part of a system. For example, you are part of an 
ecosystem, and you are also part of the school system. In each of these 
systems, you interact with other parts of the system (such as the food 
you eat). Individual systems are usually part of bigger collections of 

many interdependent systems. For example, the ecosystem you are a 
part of interacts with the system by which carbon and carbon dioxide 

are cycled. And there is a whole ecosystem of bacteria in your gut. 

Looking at things in terms of systems is based on the idea that 
everything is interconnected by a web of relationships. Parts of a 

system have common properties that work together. By studying parts 

of the system and how they interact, we can better understand how the 

system as a whole functions . 

Systems and their surroundings can be as big as the planets and 
comets orbiting the Sun (the Solar System) or as small as the contents 

in a test tube in a chemistry lab. 

It is chemistry that gives us one of the basic ways to describe systems­

that is, whether a system is open, dosed or isolated (Figure 2.1). 

Figure2.1 A.systemmaybeopenorclosedtoitssurroundings,orevenisolated 

Open systems are the most common in science. Necessary resources 

and materials are added to the system (called INPUTS) and can leave 

after being altered. or transformed (called OUTPUTS). 

In dosed systems, materials cannot enter or leave the system, but 
energy can be exchanged with the surroundings. 

An isolated system is one where neither matter nor energy can enter 

the system or leave it. This is a very unusual situation. Some people 
argue that only the Universe is an isolated system-but those who 

believe in multiple universes would disagree. 

C£)WEBL1NKS 
See what you can fmd out 
about grass farmmg and 
grass-fed livestock You 
could search for "grass-fed 
cattle" 

You will refer back to Joe I's 
story as we thmk about 
systems m MYP Sciences 

CD CHAPTER LINKS 
See Chapter 9 on mteracnons 
for more examples of 
mteract1ons between two or 
more systems or bodies 

Chapter2 I Keyconceptl:systems 9 



Classifying systems 

In small groups, consider the systems listed be low. Try to cla ss ify them as open, closed or isolated. You 

will need to think aboutwhetherenergy and/or matter can be exchanged with the surroundings. 

Type of system 

Potonstovewith lid 

Pot onstovewithoutlid 

Insulated bottle 

Earth 

Aquarium 

Biosphere II in Arizona 

I. 

~~GLOBAL CONTEXTS 
Sc1ent1ficandtechmcal1nnovat1on ~ ~Tol;~~Ln~: at1on skills 

Make mferences and draw conclus1ons 

10 Sciences 



When we consider what goes into and what comes out of individual 
systems, we start to appreciate how interconnected systems can be. 

Sunlight is an output of the Solar System, and also an input for a 
meadow ecosystem. The meadow ecosystem has oxygen as an output. 

The oxygen is an essential input for the respiratory system of humans 
and all other animals in the meadow ecosystem. 

Two of the principles of Joel Salatin's Polyface Farm are: (a) to have as 
few off-farm inputs as possible and (b) to have as few harmful outputs 

as possible. This makes the farm more sustainable (that is, able to meet 
the resource needs of all its components). 

This contrasts strongly with the systems used to produce most of 
our food-systems generally called factory farming or industrial 
agriculture. Industrial agriculture has many off-farm inputs and many 

harmful outputs (Table 2.1). 

An innovative way to control inputs and outputs in sustainable 

Fertilizer 

Pesticides 

Antibiotics 

Grain/feed 

Water/i rrigation 

runoffhigh 

in nit rates 

[eutrophication] 

animal waste 

[pol lution) 

pesticide 

effects on 
biodiversity 

topsoil (soil 

erosion] 

water/runoff 

agriculture is to use something called an "eggmobile". Farmers like Table z.1 A typical industrial agricukural 

Joel Sala tin recognize that cow manure is a valuable commodity that production system is an open system 

can be used to fertilize the grass pastures that cows feed on At the with many inputs and outputs 

same time, the cow manure can provide a valuable input in the food 
chain of egg-laying chickens. 

When cattle move from one pasture to another, chickens in a mobile 
henhouse are moved on to the field after four days. During that 

four days, the eggs that flies have laid in the manure hatch into larvae. 
The chickens in the field scratch in the cow manure for the tasty larvae, 
which provide valuable nutrients. Because the cow manure has been 
scratched about by the chickens, it is broken up and dispersed through 
the grass. This means it fertilizes the grass pasture better than if it 
stayed in the dumps deposited by the cattle. 

Reducing off-farm inputs and harmful outputs has the advantage 
of dosing the system so energy and nutrients, and the processes 

that transform them, remain fixed and thus more sustainable. For 
example, the animals eat grass grown on the farm and their waste 

is used as a fertilizer. This reduces the need for additional feed and 
synthetic fertilizers, while the manure left by animals is not a problem 
to be removed. 

Look at the advantages of pastured. poultry for egg production. 
HD Karsten notes that eggs produced using this method have the 
following nutritional advantages over eggs from caged hens: 

• two times as much vitamin E 

• two times the total omega-3 fats (thought to help protect 
against heart disease) 

• 40 per cent higher vitamin A concentration 

CDWEBLINKS 
There is an entire movement 
dedicated to "pastured 
poultry" (poultry raised on 
grass pasture). Do some 
research and find out more 
about it. You might want 
to look at an organization 
called the American 
Pastured Poultry Producers' 
Association. 

Chapter2 I Keyconcept l :systems 11 



Figur11Z.Zlh11Venustabl111of 

.4.mmlsaduqa 

C£) CHAPTER LINKS 
See Chapter 4 on 
relat10nsh1ps for more 
mformat1on on Newton's law 
of universal grav1tat1on 
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Many people consider Joel Sala tin's approach to farming innovative, 
but it comes from a rich tradition of systems ecology. 

The farm's name "Polyface" indicates Joel Salatin's deliberate 
introduction of a number of different animals into the agricultural 
system. This is to make the farm more like a natural ecosystem. More 
consumers in the food web makes better use of the grass as an energy 
resource, while avoiding the risks of diseases and pests that come from 
keeping large numbers of just one animal. 

In Salatin's view, sustainable agriculture does not just make ecological 
sense, it also makes economic sense. 

Systems provide structure 
and order 
Human systems provide order and structure in built environments. 
Similarly, there are systems that provide order and structure in 
natural environments; for example, the ordered patterns observed in 
the night sky. 

The day tablet shown in Figure 2.2 dates back to around 1500 BCE in 
Babylonia. It outlines a series of observations about the "Bright Queen 
of the Sky", a reference to the planet Venus. This provides some of the 
earliest known evidence of astronomical observations. 

From ancient times, the apparent motions of the stars has inspired and 
mystified observers. The ancient Greeks noticed wandering stars that did 
not behave like the others in the night sky. They named these wanderers 
p/anates. Eventually, astronomers worked out that there were a number of 

these planets making up our Solar System But what caused the planets to 
move in the ways they did was a puzzle for many more centuries. 

Two very different models resulted from the attempts to explain what 

was observed in the night sky. The earliest model was described almost 
2,000 years ago by the astronomer Ptolemy. In this model, the Earth 
was at the centre of the Solar System. A second model was suggested 

by the astronomer Copernicus in the 16th century. In this later model, 
the Sun was at the centre of the Solar System. 

Both Ptolemy and Copernicus were trying to predict the movement 

of planets in the night sky. Both made complex assumptions, many of 
which were incorrect. And neither model's predictions of the planets' 
movements were accurate. 

Kepler's three laws of planetary motion gave a mathematical foundation 
to the model proposed by Copernicus with the Sun at the centre. Kepler 
produced equations for elliptical orbits of the planets round the Sun. 
These equations matched the data on the position and speed of the 
planets much better than circular orbits. Kepler's laws also eventually 
led Newton to his description of the law of universal gravitation. 



Using Kepler's laws 

The third of Kepler's Laws says that the time required fora planet to orbit around the Sun is proportional to 

thesemi-majoraxis(thelongestdiameter]ofitsellipticalorbit. 

What this means is that if you know how long it takes a planet 

toorbittheSun,youcanfindoutthedimensionsofitsorbit. C£) LITERARY LINKS 
Jonathan Swift, writing in 
Gulliver's Travels, knew all 
about Kepler's laws. The Laputa 
characters in the book: 

Therelationshiplookslikethis: 

orT1 = 3 X 104 a 3 

whereTistheperiodoftheorbitinyears,anda is the 

semi-major axis of the orbit in units of 1010 m. 

Forexample,theEarth'sorbitis1yearandthesemi-major 

axis is 15 x 1010 m, so substituting in the equation above: 

12 
/ 153 = 0.000296 which is very close to 3 x 104 

Use this relationship to calculate the missing quantities 

forthefollowingplanetsinourSolarSystem. 

... have likewise discovered two 
lesser Stars or Satellites, which 
revolve about Mars, whereof the 
innermost is distant from the 
Centre of the Primary Planet 
exactly three of his Diameters, 
and the outermost five; the former 
revolves in the Space of ten hours, 
and the latter in twenty-one and 

;;;,,;;,,;:aw11a11w1 
a half; so that the squares of their 
periodical times are very near in 
the same proportion with the cubes 
of their distance from the centre of 
Mars, which evidently shews them 
to be governed by the same law 

Mercury 0.241 

Venus 10.8 

Earth 15.0 

Mars 22.8 

Jupiter 11.9 

Saturn 143 

Uranus 84 

of gravitation, that influences the 
other heavenly bodies. 

The periods and distances Swift 
gives are consistent with Kepler's 
laws (ie T' oc a3) for a satellite 
orbiting a planet. 

Suggest how satellite engineers could adjust the period ofa communications satellite orbiting Earth so 

thatitisexactlyequaltotheperiodofrotationoftheEarth,24hours. 

0GLOBALCONTEXTS 
Sc1ent1ficandtechnicalinnovat1on ~ ~Tr~t~~:~~~nking 

Analyse complex concepts and proJects mto 
theu constituent parts and synthesize them 
to create new understanding 

Chapter2 I Keyconceptl:systems 13 



C£) CHAPTER LINKS Systems can be static or dynamic 
See Topic 1 m Chapter 16 on 
balance for more mfonnat1on 
on homeostas1s m the body 

Some systems are static and unchanging. Other systems that are 
dynamic may appear to be stable and unchanging. 

There are a number of systems in the human body that are balanced 
around an optimum value. Examples include the systems that maintain 
body temperature, water balance and blood sugar. There are constant 
changes and inputs to these systems, but a complex interaction of 
hormones, glands and nervous tissues monitors the body's internal 

conditions and works to maintain the optimum value for the system. 
This process is called homeostasis. 

Thermoregulation 

Your body maintains a cons tant temperature of around 37'C, whatever the external temperature or your 

level of activity. When the external temperature is below this point, which it us ually is, the body must 

produceheat.Thisis accomplis hedduringres pirationbytrillions of structures calledmitochondria, which 

are found ins ide cells. 

When the external temperature is extremely low or high, the body's systems res pond in a number of ways 

to ensure that heat loss to the s urroundings is minimized or excess heat is removed. 

14 Sciences 

Classify each of the foll owing as a res pons e to low temperatures or high temperatures. Do s ome 

res earch and provide a brief explanation of how the mechanis m of each res ponse regulates body 

temperature[iehow theres pons ealters how heatislos torgainedbythebody]. 

Respons e 

Shiveri ng 

Sweating 

Goosebumpsanderect bodyhair 

Reducing blood flow to extremities 

Figure2.3 Countercurrentflow 

Wannbbxl inar1ery 

f rcrncold""tnrnitv 
'.,------ olb<Xty rnwarosllean 

I 



A furtherway the body conserves heat and avoids heat loss to the env ironment is called 

countercurrent flow. As shown in Figure 2.3, deep arteries and veins are very close to each other, 

butbloodflows inoppositedirections. 

IDfJ Examine the diagram in Figure 2.3. See if you can workout on your own how having relatively 

warm blood in the arteries from the heart moving past relatively cold blood returning from the 

hands andfeetin veinswouldhelptoconserveheat. 

EDJlll Now pair up with a partner and share your ideas. See if you can put the ideas together to form a 

hypothesis about how this mechanism works. 

Discuss yourfindingswithyourteacherifyouare stillunsure . 

• GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on 

~ATL SKILLS 
Thinking 
Gather and orgamze relevant mformat1on 
to formulate an argument 

Sustainable systems 
A farmer in the 1970s would typically have grown more than one crop 
at different times. In any one area, farmers rotated crops (like wheat) 

with legumes (like soybeans) in order to restore nitrogen to the soil. 
Growing more than one crop at once provided some insurance against 
losses from extreme weather, and crop rotation reduced the build-up 
of pests, diseases and weeds in the soil. Although yields would have 
been relatively low, they would have been stable. The farming system 

ensured strong links between the agricultural production system 
and the natural ecosystem. The farm would have had few signs of 
degradation in soil or water quality-in other words, the farm would 

have been sustainable. 

Modern agriculture bears little resemblance to these practices. It 
has a profit-driven approach that attempts to maximize yields at the 
expense of the ecosystem, and without minimizing off-farm inputs 

and harmful outputs. Herbicides and pesticides are used. and single 
crops (monocultures) are planted year after year. Monocultures remove 
nutrients from the soil so costly synthetic fertilizers are required to 
replace the nutrients. Monocultures are also extremely susceptible to 
change-including changes in weather, outbreaks of pests and weeds, 
and soil erosion. 
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The need for sustainable systems of food production will become a 
bigger issue in the future as the human population increases from 
around 7 billion toward what some scientists predict will be the 
eventual stable size of g to 10 billion people. 

Summary 
You have learned about the key concept of systems as it applies to 
science. You can now understand the importance of considering both 

the components of a system and how they interact. This will provide 
you with a perspective as you inquire further into the different kinds of 
systems in science, their structures, order and interrelatedness. 



Introducing key concept 2: 
change 

• What do we focus on when inquiring into change in 

,/ Listen actively to other perspectives and ideas . 

./ Inquire in different contexts to gain a different 
perspective. 

,/ Practise visible thinking strategies and techniques. 

,/ Collect and analyse data to identify solutions and make 
informed decisions. 

Sciences 

,/ Interpret the relationship between two variables. 

,/ Distinguish between correlation and cause and effect. 

,/ Analyse information to draw justifiable conclusions. 

./ Make connections between relevant information to draw 
conclusions. 

./ Make connections between scientific research and related 
moral, ethical, social, economic, political or environmental 
factors . 

Introducing change 
Ring around the rosy 
A pocketful of posies 

Ashes,ashes 
We all fall down 

The nursery rhyme above may be 
familiar to you (perhaps with slightly 
different words) as it is often sung by 

young children in playgrounds and 
classrooms. The song might bring fun 
and laughter today, but the story behind 
it is much more serious. 

There is nothmg permanent 
except change 

Herachtus 

Sclentlflcmethod thesystematic 
way that scientists collect 
data through observation and 
experiment, to find the answers 
to scientific questions. 

Variables quantitiesor 
characteristics of biological, 
chemical or physical systems 
that can have labels/names or 
numerical values . 

~ :a~:;::~.or order by 

[Descr1be j give a detailed account 
or picture of a situation, event, 
pattern or process. 

~ offer a considered and 
balanced review that includes 
a range of arguments, factors 
or hypotheses. Opinions 
or conclusions should be 
presented clearly and supported 
by appropriate evidence. 

IEvaluate j make an appraisal by 
weighing up the strengths and 
limitations. 

[Sugges_!] proposeasolution, 
hypothesis or other possible 

Chapter3 I Keyconcept2:change 17 



C£)WEBL1NKS 
Fmd out a bit more about the 
Black Death and how 1t first 
came to Europe Your search 
should mclude "Messma" 
and "1341' 

18 Sciences 

The line "ring around the rosy" is thought by some people to refer 
to the pimples that formed on those unfortunate enough to have 

contracted. bubonic plague. This disease spread rapidly through 
Europe in the 14th century. We now call it the Black Death. It killed 
one in five people worldwide and by some estimates, around half of 
Europe's population 

It took many centuries for the plague to be understood. There are still 
many regions of the world where the disease occurs, but one of the 

last major outbreaks in Europe happened in 1665. This was the Great 
Plague of London that killed about a fifth of its inhabitants. Those who 
had enough money tried to leave the city and find somewhere to stay in 

the countryside. There was less chance of coming into contact with the 
sick and dying in the rural environment. 

When the plague appeared. in Cambridge, the University of Cambridge 

closed the colleges and sent the students home. Among the university 
students returning to their villages and country towns was one of 
the greatest scientists and mathematicians of all time, a 23-year-old 
student named Isaac Newton. 

Newton spent the next two years in his isolated. country home. Those 
two years are among the most scientifically productive years of all 
time. Newton developed the foundations of modem calculus-the 
mathematics of change-and the foundations for his three laws of 
motion. These laws would explain why and how objects, even the 

planets, changed their motion. 

You will come back to this story as you consider how to think about 

change in MYP Sciences. 

Change alters an object or 
a system 
The idea of change can describe a conversion or transformation &om 
one behaviour, form or structure to another; in some cases, it could 
have a numerical value. 

• In physics objects change their motion when acted on by an 
external, unbalanced force. Heating changes the temperature of 
an object. 

• In chemistry substances change from one state of matter 
to another based on the motion of the particles within the 
substance. New substances can be made when elements or 

compounds react together. 

• In biology species evolve as a result of the accumulation of 
many small genetic changes or mutations in a population over 
a long period of time. Your body and behaviour change during 
puberty, due to hormonal changes. 



Physical and chemical changes 

Change Physical or chemical? 

Popping popcorn r 
Me lti ng butter for popcorn I 
Exploding fireworks I 
Rusting an old bicycle I 
Fry ing an egg [ 
Breaking glass I 
Burning paper r 
Freezing ice cubes ~ 

Questions 

a] In small groups, classi fy each of the above changes into one of two categories-physical change 

or chemical change. Talk through your reasoning w ith each other. 

b) In your groups, discuss whether each change is reversible or irreversible. Describe any pattern 

youcanidentifyinthelist. 

@GLOBAL CONTEXTS 
Sc1ent1f1candtechnicalinnovat1on 

~ATL SKILLS 
Socia l 
Listen actively to other perspectives and 
ideas 

For many centuries, one of the biggest questions about the plague 
was: Where is it coming from? The mystery continued until eventually 
the source was identified as a bacterium called Yersinia pestis. This 

bacterium is able to infect rats and humans. Y. pestis in the blood of 
infected rodents can be t ransferred by fleas that feed on the blood of 
both rodents and humans. 

But there are not enough rats and fle as to explain how the plague 

bacterium Y. pestis suddenly became one of the most deadly organisms 
known to humans. 

Rats cany fleas, which feed on 

their blood. If the rat is infected 

with the plague, some bacteria 

pass into the feeding flea. When 

that flea bites another rat or a 
human, it often regurgitates 

plague-infected blood into the 

wound This infects the second 

rat or human with the plague. 
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QUICK THINK 
Some pathogens (organisms 

that cause disease) such as 

Y. pestis are able to swvive 

and reproduce in both humans 

and other animals, but other 

pathogens cannot. What would 

have been different if Y. pestis 
were only able to smvive in 

humans? 

Change can be irreversible, 
reversible or self-perpetuating 
Change is such a broad concept that we sometimes need to think about 

categorizing it into smaller and more useful units. In this way, we can 

consider different kinds of change. 

Nowhere is this distinction more important than in our thinking about 

changes in the properties of elements and compounds. 

A physical change is a change in which the substance changes form 

but keeps the same chemical composition 

A chemical change is a change in which the starting materials change 

into an entirely different substance or substances. 

Physical and chemical changes can also be thought of as reversible or 
irreversible. 

Human changes to global cycles 

Try to think ofan example that shows a change from one form to another in at least one of the cycles listed: 

therockcycle 

the water cycle 

the nitrogen cyc le 

the carbon cycle. 

Questions 

a] Describe the change and what causes it. 

b) Suggest one way that human activ ities are influencing this cycle. 

@~ GLOBAL CONTEXTS 
Globahzat1onandsusta1nab1hty 
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~ATLSKILLS 
Transfer 
lnquue m different contexts to gam a 
different perspective 

The plague and self-perpetuating change 
Plague bacteria replicate rapidly in the bloodstream of an infected 
human or rodent, and the infection cycle is perpetuated or continued 
by fleas biting a new host. But flea bites cannot explain the rapid 

spread of the bubonic plague. The bacteria must be able to spread from 
person to person in more than one way. If spread of the disease was 
solely by fle a bites, the entire history of the disease would probably 
have been very different. 



So how were the bacteria transferred rapidly from person to person? 
Once the bacteria established themselves in the lungs of the victim, 
fever and severe coughing fit.s soon followed. When you cough, 

moisture droplets are spread into the air. When infected people 
began to cough up blood, the bacteria in the blood could pass via the 
moisture droplets to other people close by. This ability of the disease to 
self-perpetuate made the plague one of the deadliest killers in history. 

Scientists consider causes and 
consequences of change 
When scientists analyse observations or data, they look for a possible 
cause for the results. But the changes observed in an experiment may 
not be caused by the variables that were manipulated-a correlation 
between two variables does not necessarily mean that one causes 
the other (a causa~. There could be other factors involved in the 
process, or the correlation may be a coincidence. 

It may seem pretty straightforward to control variables in the 
experiment so that other causes can be eliminated, but this is not 
always so. Natural phenomena are very complex, so establishing cause 
and effect is difficult and can sometimes lead to incorrect conclusions. 

Analysing possible causes for differences in electricity usage 

How are human la ndsca pes and res ource use related? 

In an analys is of the energy bills of 2 million homes in parts of the Western United States with a moderate 

climate, the ene rgy s upply compa ny Opowerfound that homes with swimming pools use 49% more 

electricity and 19% more natural gas tha n those without. 

Based on this evidence, write a conclusion aboutwhy energy consumption and having a pool are 

related. In otherwords, why do you think houses with swimming pools use 49% more electricity ? 

The logical conclusion is that because swimmingpoolsare very energy intensive (they need to be 

heated, pumped,filtered ,and soon]they account fo rthissignifica ntdifference in energyuse. 

Usageiev91,t-ion40.<nl s"1 i~r-sirnoooseholds 
12500-2600 ,quarefee!l i,theWesternUS 
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• Effect:highelectricitybills . 

• Cause: heating a nd maintenance of swimming pools. 

Butcouldtherebe someotherfactororfactors involvedinthis process? 

The graph a bove, also us ing Opower's data but looking only at s imilar-s ized houses, s hows 

differences in electricityus ein allfour seasons. 

mill Does this information reinforce the conclus ion that pools account for the differences in electricity 

use in these hous es? Why/Why not? Can you justify your answer? 

If you thought the information made the cas e fora causa l link weaker, you are correct. While there 

is nodenying thatpools usea s ignifica ntamountofenergy, thereare a numberofotherfactors 

that contributetothe49%increas einelectricityuseforhomesw ithpoo ls. 

Thes e include: 

• s ize of home- the average s ize of a hom e with a pool is 2,052squarefeet (191 m') vs 

1,692squarefeet(15 7 m' )forhomeswithoutpools 

number of occupants-homes with pools have a higher mean number of children 

[1.18compa redtothenationalmeanof1 .08) 

in come- the median in come for houses with pools is $104,000 per year compared with the 

nationalmedianof $53, 046. 

BJlill Here is a useful visible thinking technique called "I used to think .. ; now I think ... ". Label the 

original conclus ion you made about why pools with homes use more electricity "I us ed to think". 

Now rewrite your co nclus ion bas ed on the new information provided a bove. Label it "Now I think' . 

@t GLOBAL CONTEXTS 
Or1entat1oninspaceandt1me 

Measure what1s measurable, 
and make measurable what 
is not so 

Galile0Galile1 
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(i, A;r;:t~~~~~inkfog 

Practise v1s1ble thmkmg strategies and 
techmques 

The mathematics of change 
Remember that during the time of the plague, the young Isaac Newton 
left Cambridge for his country home. In the next two years, he was able 
to devote an enormous amount of time to some of the big questions 
that he was working on alone. This is particularly true of calculus. 
Newton struggled to understand how you could calculate how much 
a quantity changes in response to changes in another quantity­
especially when those changes are not linear. After all, most processes 

in the real world do not have a linear relationship between cause and 
effect. The answer was elegant and simple. You need to break down the 

continuous changes into a very large number of infinitesimally small 
changes. The rate of change at any point can be found by finding the 



gradient of the straight line between the two points (Figure 3.1). For 
example, when a vehicle's velocity is changing, and the instantaneous 

acceleration (rate of change in velocity) is also changing over time, to 

calculate the acceleration, we need to calculate the change in velocity 

in an infinitesimally small time. In Figure 3.1, if a is very dose to b, so 

that Sx is very small, the average gradient between a and b (JJy/Sx) will 
be very nearly equal to the gradient at b. 

This is complex, but the central idea is simple. And it has allowed us to 

analyse change in ways we could not have dreamed of without calculus. 

We have the scientific met.hod to explore the consequences of change in 

controlled, experimental conditions. A causal link between variables 

can only be verified after careful testing and critical review of the 

evidence by an international network of scientists. 

The precautionary principle 
In reality, there are many situations where the scientific evidence for a 
causal link is not yet complete. In these cases, it is uncertain whether the 
application of scientific innovations may have environmental impacts or 

consequences for human life or health. For example, research in the 195os 
and 1g6os led to a proven link between exposure to asbestos dust and a 

form of lung cancer called mesothelioma However, throughout the period 
of research and even long after proof of the link was accepted, asbestos 

continued to be used in buildings. There was no action to reduce the 

exposure of workers to asbestos until the 1990s. 

This has led to the creation of the precautionary principle, discussed. 
by world leaders at the Earth Summit meeting in Rio de J aneiro in 

1992. Most statements of the principle say that where an activity raises 
threats of harm to the environment or to human health, precautionary 

measures to prevent harm should be taken even if there is scientific 

uncertainty about cause and effect. This has implications for actions 
or policies by governments and businesses. Some people argue that 

the precautionary principle is not being met in the case of issues such 
as genetically modified foods, gene therapy, pollution, climate change, 

food safety, and others. 

The precautionary principle 

Figure3.1 

CS:, INTERDI SCIPLINARY 
LINKS 
Mathematics gives us the 
tools to measure rate of 
change using both calculus 
and algebra. Using graphs 
and graphing calculators, 
we can visualize change and 
make quick calculations 
about the instantaneous rate 
of change. 

Choose one of the following topics and research the problem the government was trying to solve, and the 

actions they took or policies they implemented to address the problem. Critically evaluate information and 

evidence f rom va rious sources and come to an informed opinion about these actions. Has this policy or action 

met the terms of the precautionary principle?What evidence did you find to help you reach your decision? 

Topics 

a] Mad cow disease[BSE] andbanson animalfeed 

b) Genetica llymodified crops that areresistantto pesticides 
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c] UseofDDTto co ntrol malaria 

d) Nuclearpowerge neration 

e] Biological control agents 

f) Blood transfusion and HIV transmission. 

i) GLOBAL CONTEXTS 
Globahzat1onandsusta1nab1hty 

Frgure3.2Aplaguedoctor.Thelong 

bllakofthemaskwasstuffedwithherbs 

andflowersmeanttopurifytheairand 

protectthedoctorfromharm. Hotice 

alsothelongrobllsandglovestoavoid 

contact with patients 
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i;,ATLSKILLS 
lnformat1onlltera cy 

Cito, longe, tarde 

Collect and analyse data to identify 
solutions and make mformed dec1s1ons 

When the plague arrived in Europe in the 14th century, doctors knew 
very little about the cause and prevention of the disease. They believed 
the illness was passed on through "corrupted air''. As a result, much 
of the treatment involved perfumes and oils that, it was hoped, would 

clean the air and offer protection. You can see this in the original 
nursery rhyme, where the "pockets full of posies" (sweet-smelling herbs 

and flowers) were meant to protect children. 

Plague doctors were special doctors who treated plague victims. They 

would often wear a beak-like mask (Figure 3.2) to protect them from the 
bad air thought to carry the disease. 

The idea of corrupted or bad air resulted in the only sensible medical 
advice of the time: cito, /onge, tarde. This Latin phrase translates as 
"flee quickly, stay long, return slowly". Changes in public health came 

about after the great plague. The idea of quarantine or isolating sick 
patients became standard and helped save countless lives during 
future outbreaks. There are also hints of future changes in the 
protective clothing of the plague doctor (Figure 3.2)-the use of gloves 

and special robes to protect clothes from contact with sick patients 
are part of modem hygienic practices. As for Newton, he heeded the 
advice-cito, /onge, tarde-and avoided infection. and his three laws of 
motion allow us to both qualify and quantify changes in motion. His 

isolated study also led him to propose a solution to one of the greatest 
mysteries of his time-how and why the planets orbit the Sun. He called 
this invisible force of attraction between two bodies "gravity". Gravity 
revolutionized the study of astronomy, and also helped explain why a 
falling apple or other object accelerates to the ground 

Summary 
You have explored the key concept of change as it applies to science 
in order to get a deeper understanding of how causal effects must be 
investigated carefully. This will provide you with a perspective as you 
inquire further into the different kinds of change in science, and their 
causes and consequences. 



Introducing key concept 3: 
relationships 

ATL 

./ Collect and analyse data to identify solutions and make 
informed decisions. 

./ Interpret data. 

Sciences 

,/ Process data and plot scatter graphs with a line of best fit 
to identify relationships between two variables. 

,/ Analyse information to make a reasoned argument. 

,/ Use appropriate scientific terminology to make the 
meaning of your findings clear. 

Introducing relationships 
On the night of 22 October 1701, 
almost 2000 sailors-among them 

two captains and the Commander­
in-Chief of the British Navy, Sir 

Cloudesley Shovell (Figure 4-1)­
were drowned after their ships were 

smashed against the rocks 
of the Isles of Scilly. 

It remains one of the worst nautical 
disasters in Britain's history. When 

the government's inquiry into the 

tragedy was complete, the cause 

was no surprise. 

The ability to relate and to 
connect, sometimes in odd 
and yet striking fashion, 
lies at the very heart of any 
creative use of the mind, 
no matter in what field or 
discipline. 

Professor George J Seidel 

Through centuries of ocean travel and 

commerce, many sailors and ships had been 

lost for the same reason-a ship's position in 

terms of longitude (how far east or west it was) 

was impossible to measure accurately. 

Figure4.1 .4.dmlralSir 
CloudesleyShovell 

lnverselyproportlonal two 
variables are inversely 
proportionaliftheproductof 
the two is always the same. If 
x oc l / y, then xy is a constant. 

Prediction an expected result of 
an upcoming action or event. 

Proportional two variables are 
directly proportional if the ratio 
of one to the other is always the 
same. Ifxocy,theny/xis a 

~ breakdowninorderto 
bring out the essential elements 
or structure. (ro identify parts 
andrelationships,andto 
interpret information to reach 
=ndu,;on,) 

!Comment ] give ajudgment based 
on a given statement or result of 
a calculation. 

[Discuss offer a considered and 
balanced review that includes 
a range of arguments, factors 
or hypotheses. Opinions or 
conclusions should be presented 
dearly and supported by 
appropriate evidence. 
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Figure4.Z Theprimemeridianisalineof 

longitude,atwhichlongitudeladefined 

tobe0° . Thismeridianrunsthrough 

Greenwich.England 

C£)WEBL1NKS 
Search for an onlme 
calculator that will fmd the 
distance of one degree of 
longitude at your latitude 
Your search should mclude 
"length of a degree of 
latitude" 

C£) CHAPTERLINKS 
Chapter 3 on change 
and Chapter 6 on 
evidence descnbe how 
sc1ent1sts look for a possible 
causal lmk between 
vanables 
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At the same time, most maps and charts were inaccurate and 
incomplete. Without landmarks such as mountains to help navigation, 
a ship's captain could only estimate longitude by regularly noting the 
ship's speed and direction. 

Measuring longitude requires knowledge of the shape of the Earth, 
the local time and the time, at the same moment, at some reference 
point. There is a mathematical relationship between time, latitude and 
distance. Because the Earth rotates on its axis once a day, we know that 

it goes through 360° of longitude in 24 hours. So, each hour of time 
difference between a ship and the port that it started from corresponds 
to 15° of longitude to the east or west. Because of the shape of the 
Earth, a degree of longitude at the equator where the circumference 
is biggest is a much longer distance than it is at the poles, where the 

distance is dose to zero (Figure 4-2). 

Nowadays, measuring time differences accurately is as easy as buying 
a cheap wristwatch Set the watch to the correct local time when you 
leave port. While the watch continues to show the time at the port, you 
can measure the local time wherever you are by observing the angle 
of the Sun overhead. The time difference gives an extremely accurate 
measure of how many degrees of longitude have been travelled, using 

the relationship described above. 

In an era of pendulum clocks, there was however no practical method 
for knowing the time at port while you were at sea. The early spring­
based watches were not affected by the rolling of the ship but they were 

inaccurate because they were affected by changes in temperature. It 
meant that an error of even a few minutes over a month-long journey 

could quickly add up to being hundreds of miles off course. This could 
give tragic results, as for the British navy at the Isles of Scilly, or being 
lost at sea without sufficient supplies and a starving crew with scurvy. 

The problem of longitude became a high priority for all seafaring 
nations. In 1714, the British government offered the Longitude Prize 
(£20 OOO-a sum equivalent to more than US$ 4 million today) to 
anyone who could solve the problem. 

You'll come back to the problem of longitude as you think about 

relationships in MYP Sciences. 

Relationships are connections 
Determining relationships between variables gave scientists the ability 

to identify and understand connections. Some relationships are about 
shared properties (such as groups in the periodic table) or shared 
origins (for planets in the Solar System, or taxonomy), while others are 
connections between form or structure and function. Not all of these 
scientific relationships can be expressed quantitatively. 



The relationship between the Earth and the celestial objects that move 

across the night sky was a question that occupied. astronomers from 
ancient Maya and Greece, to the Ming dynasty and medieval Arabic 

and Persian obseivers. Once Kepler had established. in the 16th century 

that the planets orbited the Sun in elliptical orbits, there was still the 

question of what caused these massive planets to repeat their journeys 
around the Sun over and over again. 

The answer came ultimately from Isaac Newton, who realized. that the 

force that causes objects to fall towards the Earth is the very same force 

that makes planets move around the Sun-the force he called gravity. 

He proposed that there is a force of mutual attraction between any two 

masses-whether it is the Earth and an apple, or the Sun and Jupiter. 

Newton showed that the strength of this attraction is directly 

proportional to the masses of the objects and is inveruly proportional to 

the square of the distance between objects. 

In mathematics, we can represent the idea of a proportional 

relationship using the symbol DC . 

So, for Newton's theory of gravitation the force of attraction Fis 

proportional to the masses of the two objects, m, and m1 

This relationship can be represented. as: F DC m, x m, 

Similarly, the force of attraction is inversely proportional to the square 
of the distanced between the objects. 

This relationship can be represented. as: F DC 1 / d' 

Putting all of this together and adding a constant of proportionality, the 
formula for the force of gravitational attraction is: 

F =Gm,m,/d' 

where G is the universal gravitation constant, the value of which was 

measured in 1798 by Henry Cavendish. In SI units G is equal to 

6.67 x10-" Nm'/ kg'. 

Simplifying relationships 
Scientists often make approximations or assumptions to reduce 
complex algebraic formulae to simpler forms . 

Calculating the gravitational force acting on objects is a very common 

calculation for astronomers studying stars and galaxies. As an example 

in a physics classroom, if we wanted to find out the gravitational force 

acting on a physics student with a mass 70 kg, we could use Newton's 
law of universal gravitation: 

F=Gm,m,/d' 

C£)CHAPTER LINKS 
Chapter 2 on systems 
descnbes the change m ideas 
from an Earth-centred to a 
Sun-centred (hehocentnc) 
system 
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C£) CHAPTER LINKS 
In Chapter 10 on 
consequences you will read 
more about some of the 
consequences of climate 
change 
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All of the quantities are known, or can be found-the mass of the 

Earth m, is 5-98 x 1024 kg. If the physics student is standing at sea 

level. he or she is a distance of 6.38 x 106 m from Earth's centre. For a 

large spherical object like the Earth, all its mass can be assumed to be 
concentrated at its centre. So the gravitational force is 

F = 6.67x 10- " x(s.98 x 1024) x70 / (6.38x106)> 

= 686N 

However, using these variables in a complex formula every time you 

wanted to calculate an object's weight would quickly become tiresome. 

Some of the variables are always the same, such as for all objects on the 
surface of the Earth So, is there a way to simplify this equation? 

The mass of the Earth does not change, and neither does the 

gravitational constant, G. Your distance from the centre of the Earth 

may vary depending on your altitude, but altitude-even at the top of 
Mount Everest-does not make a significant difference compared to the 

distance from the centre of the Earth. So we can assume the distanced 

is the same for all objects on Earth. 

Since GmE&rth/ d 1 is constant (does not change), we can write: 

F = Gm,m,/d' =mg 

for a mass mat the surface of the Earth, where g is defined as 
gravitational field strength. (This will have a different value on a 

different body, such as the Moon). 

The new equation, which you may be familiar with, gives the force of 
attraction of the Earth on a mass m. We call this weight. 

Change in a relationship brings 
consequences 
When relationships change, some of the consequences may occur on 

a small scale, while others may be far reaching. Some may affect large 

networks and systems such as human societies and the planetary 
ecosystem. 

You will read about global consequences in many of the chapters 
that follow, and this is particularly true of climate change. One of the 

problems of a warming planet is the increase in suitable conditions for 
mosquitoes. These insects thrive in regions with warm temperatures 

and high rainfall. Some mosquitoes spread malaria As climate change 
continues, malaria may spread into new areas, although some areas 

may become malaria free. 

No disease has affected more people than malaria. It is thought 
that as many as half of all people who have ever lived on Earth have 

been infected. 



Prevention of malaria 

Malaria is caused by a single-celled parasite of the genusP/asmodium. The parasite has a life cycle that 

requires both human and insect hosts. There is a complex relationship between the parasite, mosquitoes 

and humans. The parasite reproduces in the gut of mosquitoes. When the mosquito bites a human, the 

parasite passes into the person's bloodstream and travels to the liver. Here, the parasites mature and 

producethousands moreparasites,whichtheninfectthehost's bloodleadingtoillness andoftendeath. 

Mosquitoes takeintheparasite whentheyfeedonaninfectedperson, and sothecyclecontinues. 

Do some research in groups and analyse the main methods currently being used to control the spread 

of malaria: 

preventing the breeding of mosquitoes 

preventing mosquitoes from v isiting/entering houses 

preventing mosquitoes from biting people 

killingmosquitoes by sprayinginsecticides 

treating people w ith malaria (this may include testing]. 

Make a recommendation as to which method you think would prov ide the greatest impact for a proposed 

investment, particularly for saving the lives of children. Justify your choice. 

Some things your group should discuss and consider when justifying your recommended method: 

a] Which strategies are the most effective in preventing the spread of malaria? 

b) How muchis eachplanlikelytocost? 

c] How many lives are your recommendations likely to save? 

d) Who should pay for these measures? Suggest some ways that reduced malaria transmission will 

have economic benefits. 

e] Discuss the statement: "Why shouldanyonecareaboutthings thathappeninothercountries?' 

@)GLOBAL CONTEXTS 
Fairness and development ~ ~~~o;~~\~!n literacy 

Collect and analyse data to identify 
solutions and make mformed dec1s1ons 

Determining the ripeness of grapes and making the decision when 
to harvest is extremely important to wine-makers. It has an enormous 

impact on the quality of the fruit juice or wine that can be made, and on 
alcohol content that will result if the juice is fermented . Wine-makers 
use an instrument called a refractometer to indirectly measure the 
sugar content of grape juice and make decisions about harvesting 
(Figure4-3). 

In many wine-producing nations, the sugar content is given a special 

unit called degrees Brix (symbol 0 Bx). One degree Brix is equivalent to 
1 gram of sucrose in 100 grams of solution. 

Figure4.3 Refractometerformeasuring 

theripenessofgrapes.Thesamemethod 

isusedbyoptometriststomeasurethe 

refractivityofapatient'seyes 
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Relationship between climate and sugar content in grapes 

In California, one of the world's largest and most important wine-producing areas, there is evidence that 

sugar content in grapes has been increasing as a result of global warming. 

Alfflragescgar cootao!!orall winoi,apesgrown inCaliforniabetweaol~aal2<0l 

1l-~-----_·~_--
""'--------------~ !OOO 1005 19!ll 1995 2<nl 

Use the data above to quantify the change in ° Bx overtime. For this you will need to draw a line of 

bestfitandthenfindtheslopeoftheline.Theunitwillbe 0 Bx/year. 

Bill Based on your calculation, would you say that there is a large increase? 

For w ine-makers, the sugar content of the grape juice is extremely important because this is 

the raw material that gets converted to alcohol during the fermentation process. Sweeter grapes 

makewineswithgreateralcoholcontents. 

Whilethismaynotsoundlikesuchabadthing.infact,alcoholcontentinwineismeanttobeata 

certain concentration- typically 12- 14 per cent by volume. 

Potential alcohol content as percentage alcohol by volume [%abv] is calculated using the formula: 

%abv = 0 Bx x 0.59 

So one degree Brix would yield an alcohol content of0.59 percent, while 30 °Bxwould yield an 

alcoholcontentof17.7percent. 

IDI] Use the data from the graph to determine the potential alcohol content from grapes grown in 

1980 and grapes grown in 2008. 

ODZI After calculating these values, comment on youranswerto the question aboutwhetherornot 

thesugarcontentshowsa large increase. 

l3JID Discuss with a partner the implications you think climate change might continue to have on the 

sugar content in grapes. Suggest how wine-makers might deal with this problem in the future. 

(ii) GLOBAL CONTEXTS 
Sc1ent1ficandtechn1calinnovat1on ~ Ac~~t1~~\~~~nking 

Interpret data 
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Relationships are found through 
observation or experimentation 
Long before a prize was advertised for solving the longitude problem 

for navigation at sea, a number of renowned scientists and astronomers 

had been working on an alternative method that did not require an 

accurate clock to show the reference time. The method used a prediction 
of the Moon's apparent motion relative to the stars as a clock to find a 

reference time. 

From around 1660, observatories had been established in major cities 

around the world to study the Moon and stars and to painstakingly log 
their movements and relative positions to one another at precise times 

of day at precise times of year. 

The result was a growing body of knowledge in the form of very 

detailed charts of the Moon's future positions. The only problem was 

trying to recreate the kind of careful measurements required to use 
the lunar charts while standing on a pitching and rolling ship in the 

middle of the ocean. 

This problem was mostly solved with the invention of an amazing 

device called an octant (Figure 4-4). It allowed sailors to measure angular 

distances between the Moon and other celestial bodies. Suppose, for 
example, a navigator was able to determine that the Moon was 25 
degrees away from Sirius-the so-called Dog Star-at a time of 1:00 am 

onboard the ship. The star chart might call for this configuration at 

3:00 am in London. This would mean the ship's time was two hours 

behind London and that the ship was therefore 30° west of London 

This method came dose to solving the longitude problem, but it 
required clear skies and someone with a very strong understanding 

and experience of mathematics and astronomy, conditions that were 

frequently not fulfilled at sea. 

One of the consequences of not being able to find longitude at sea 

was not remaining on course. This meant already long journeys could 
become even longer. Ships had to carry enough food for the entire 

crew until the next port. This was difficult to plan even at the best 
of times. As a result, it was the sailors who suffered when there were 

navigational errors. More often than not, the lack of fresh food meant 
the crews suffered hunger and frequently also scurvy-a serious and 

painful disease we now know is caused by a lack of vitamin C. This 
vitamin is found in fresh fruits and vegetables but during long sea 

voyages sailors were unlikely to have either. 

If left untreated, scurvy can kill. In 1553, Admiral Sir Richard Hawkins 
observed that during his 20-year career, 10,000 men under his 

command in the British Navy had died of scurvy. A way of preventing 
the disease had yet to be discovered. 

Figure4.4 JohnHadleyinventedanoctant 

withmirrorsformeasuringthe 

altitudeoftheSun 
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!wish some learned man 
wouldwnteof1t, for1t1s the 
plague of the sea, and the 
spoyle of marmers 

Sir Richard Hawkins 
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It was not until 1747 that James Lind, a ship's doctor on HMS {His 
Majesty's Ship) Salisbury, conducted a small controlled experiment on 
sailors with the disease. Twelve patients were given a similar diet but 
six pairs were each given a different daily treatment (including vinegar, 
seawater and cider). After six days, only the pair who were given two 
oranges and one lemon per day showed any signs of recovery. 

Sadly, despite the link between citrus fruit and the treatment of scurvy, 
it would be years before citrus fruit became an obligatory part of the 

diet onboard ships. But when it did, it meant the end of this terrible 
disease for sailors. 

The problem of the accurate determination of time on board ship 
and on shore, so that the ship's longitude could be calculated. was 
eventually solved by a brilliant, self-taught watch-maker from England. 
John Harrison created a watch so accurate that, when it was tested in 
1761 on a transatlantic crossing from England to Jamaica. it lost only 
5 seconds during the 81-day voyage. In comparison, modern clocks 
and wristwatches with quartz movements are accurate to within 5-20 

seconds per year. 

Harrison understood that even small changes in temperature that 

happen day to day and when ships move from northern to southern 
latitudes could thin or thicken the lubricating oil in most watches. 

This made their inner metal workings expand or contract. Changes 
in barometric pressure also affected the metal workings. But Harrison 
succeeded in solving these challenges where all others had failed. 
After a lifetime of trying to solve the problem of longitude and several 
different versions of his watch, also called a chronometer, John 

Harrison was finally awarded the Longitude Prize in 1713. 

Summary 
You have looked at the key concept of relationships in this chapter 
in order to get a deeper understanding of how important and how 
prevalent it is in science, and how relationships can be expressed 
quantitatively or by the grouping of qualitative characteristics. You 
will be able to identify examples of when changes in relationships lead 
to consequences, and begin to search out the connections between 
variables. 



Energy 
• How can the energy content of food be determined? 

• How can the energy change for a phase change or 
chemical reaction be measured? 

• What factors influence the temperature change in a 
reaction? 

• What is the most su stainable way t o produce energy 
worldwide? 

• How can the efficiency of wind turbines be improved 
by designing and testing new mode ls of blades? 

./ Evaluate evidence and arguments. 

./ Collect and analyse data to identify solutions and make 
informed decisions . 

.I Organize and depict information logically . 

.,/ Draw reasonable conclusions and generalizations . 

.I Use and interpret a range of discipline-specific terms 
and symbols. 

./ Test generalizations and conclusions. 

./ Interpret data. 

./ Use models and simulations to explore complex systems 
and issues. 

Sciences 

./ Formulate a testable hypothesis. 

./ Design a method for testing a hypothesis, and select 
appropriate materials and equipment . 

./ Explain how to manipulate variables, and how enough 
data will be collected . 

./ Organize and present data in tables ready for processing . 

./ Interpret data gained from scientific investigations and 
explain the results using scientific reasoning . 

./ Evaluate the validity of a model based on the outcome of 
an investigation . 

./ Evaluate the validity of the method. 

r."l KEY CONCEPT FOCUS 
V CHANGE 

RELATIONSHIPS 
SYSTEMS 

unchanged in an experiment, 
toinvestigatetheeffectof 
changing the independent 
variable. 

Dependentvarlable thevariable 
in whic~ ues are measured 
in the experiment. 

Extensions lo the method 
deve opments for further 
inquiry as related to the 
outcome of the investigation. 

lndependentvar1able the 
variable that is selected 
and manipulated by 
the investigator in an 
experiment. 

I Evaluate! make an appraisal by 
weighing up the strengths and 
limitations . 

[Formulate] express precisely 
and systematically the relevant 
concept(s} or argument(s}. 

~ sure obtainavaluefora 
quantity. 
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Frgure5.1Fusionreactionsinthecoreof 

theSunreleaseenergy. Bythetimethe 

energyreachesthesurfaceoftheSun,it 

ismostlyintheformofinfraredradiation, 

visiblellghtandsomeultravioletradiation 
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.I Describe improvements to a method, to reduce sources 
of error, and possible extensions to the method for further 

Balance Consequen ces Transformation 

Introducing energy 
It is not by chance that energy is the first related concept in this book 
Energy and the law of conservation of energy are fundamental to all 
disciplines in science. Its study and description can seem elegant and 
simple-energy can be transformed but not created or destroyed and it 
is available in unlimited amounts from the Sun. Yet as a concept, it can 
be difficult to understand. 

What exactly is energy? In the MYP, we define energy as the capacity 
of an object to do work or transfer heat. Work is done when a force 
moves, and the unit of work is joules (J), the same as the unit of energy. 
This may instantly make sense to some of you but it may leave others 
wondering what that means exactly. 

Scientists and entrepreneurs are constantly on the lookout for new 
energy technologies because humans want vast amounts of energy. 
Ideally, we would like our energy supplies to be sustainable. But most 

energy resources cannot be used without environmental consequences. 

The World Energy Council refers to energy sustainability in terms of 
three core dimensions-environmental sustainability, energy equity, 
and energy security-calling it the energy trilemma. Everyone wants 
their energy supply to be environmentally friendly, cheap and reliable 
(available at all times). This is probably impossible. What usually 
happens is that two of the three criteria are pursued at the expense of 

the third. 

In this chapter, you will look at ways in which energy is used and at 
environmentally sustainable ways of producing energy. You will also 
consider the cost and reliability of these energy resources. 

One of the energy resources that holds great promise as a clean and 
inexhaustible energy source for the future is also one of the most 
fundamental in the Universe. It is described by perhaps the most 

famous scientific equation. E = me'. 

This resource is behind the energy source that rises in the sky every 
morning to light our world and power the Earth's food chains through 

photosynthesis by green plants. Yet, despite decades of research, 
scientists and engineers are still no closer to commercializing this 
energy resource (Figure 5-1). 



The process is called nuclear fusion In fusion, the nuclei of small 
atoms collide at great speeds and fuse to form a larger nucleus of a 
new atom. The product of the collision has slightly less mass than the 

original two reactants, and this apparent loss of mass (them in the 
equation E = me') is released as energy. Because c, the speed of light 
(3.0 x 10s m/s), is so large, even a tiny change of mass will result in a 
huge amount of energy being released. 

Consider the fusion of one atom of deuterium with one atom of tritium 
(both isotopes of hydrogen with one proton but differing numbers of 
neutrons) to form one atom of helium and a neutron. This is the most 
promising method of nuclear fusion being investigated at several 

research reactors. 

(x 10-21 kg) 5.007 3.343 6.645 1.675 

Total mass before the reaction = (s.007 + 3.343) x 10_,., = 8.350 x 10-"kg 

Total mass after the reaction = (6.645 + 1.675) x 10-» = 8.320 x 10_,.,kg 

Mass defect = (8.350 - 8.320) x 10-,.1 = 0.030 x 10--21kg 

Energy released: 

E = mc' 

= 0.030 X 10--21 X (3 X 108)' 

= o.27x10-"J 

This may seem like a tiny amount of energy, but 1 kg of tritium 
contains 1.99 x 10'6 atoms, giving a total energy released per kilogram 
of 0.27 X 10-" X 1.99 X 10>6 = 5.37 X 1014 J. 

Compare this to the energy released from burning one litre of gasoline, 
which is 3.2 x 10' J . 

One of the raw materials for fusion, deuterium, comes from seawater. 
There are enough deuterium atoms in the world's oceans to meet 
current global energy needs for billions of years-about as long as our 
Sun is expected to last-with very few environmental drawbacks, since 
fusion produces only helium as a by-product. 

So why are we not all using fusion power to replace fossil fuels and 
nuclear power, and to solve our energy needs? Is it because one of the 

three aspects of the energy trilemma is not being met? Or are there 
technical barriers to being able to meet current and future demand? 

These are the kinds of open questions you will be challenged with 
throughout this book Through research, inquiry, experimentation, 
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Frgure5.2 Simpleapparatustomeasure 
the1nergycontentoffood 
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discussion and exchange of ideas you'll be exposed to concepts in a 

way that will help you to see the connections between these ideas. You 
will also be able to use your skills to tackle life beyond the classroom. 

The chemical energy stored in food is converted by the mitochondria 
in our cells into a usable form in order to provide energy for chemical 
reactions. 

Not all food contains the same amount of energy per unit of mass and 
not all food is equally nutritious. Nutrition information panels on the 
side of food packets help consumers make informed choices. The first 
box usually gives information about the energy content of the food. 

Calories and joules are both units of energy. You will hear calories 
mentioned most often in the popular media, but scientists use the SI 
unit, the joule (J). The units of energy in food nutrition panels vary 
from country to country, though the metric standard is to indicate 
the energy content in joules. One calorie is approximately 4.2 J but 
Calories written with an upper case C means 1,000 calories or 

1kilocalorie. 

An average adult should consume a minimum of 2,000 kilocalories per 

day or about 8,400 kilojoules (k:J). 

Measuring energy changes 
The energy content of food can be determined experimentally using a 
procedure called calorimetry. If a sample of known mass is burned, the 
energy released can be used to warm a known mass of water. 

The specific heat capacity of a substance is the amount of energy it 
talces to warm 1g of the substance by 1°C. The specific heat capacity 
of water is 4-18 J/g K so it talces 4.18J of energy to raise the temperature 
of1gofwaterby1°c . 

The calorimetry apparatus consists of a thermometer to detect a change 
in temperature and a container with a known mass of water. The sample 
to be tested is ignited and placed below the container with the water 

and the temperature change of the water is recorded (Figure 5.2). 

The formula used to measure the energy transferred to the water by 

the burning food, and so determine the energy content, is: 

energy transferred (in J) 

= mass of water (in g) x specific heat capacity of water 

(in J/g K) x change in temperature (in K) 



Measuring the energy content of different foods 

You are going to investigate how different types of food preparation or cooking affect energy content. For 

example,roastedpeanutscouldbecomparedtofreshpeanutstakenoutoftheirshells.Alternatively,you 

could measure the energy content of foods such as potato chips, mini marshmallows, bread or pasta. 

Gather together the following materials and apparatus: 

eye protection 

clamp and stand 

thermometer (0- 110°() 

heatproof mat 

boiling tube 

measuringcylinders[10or50cm3
) 

top pan balance 

various foods to test 

• mountedneedle 

• woodensplintsforlightingthefood. 

lilJ& Read through the procedure and construct a data table to record the data you are going to collect. 

m!IJ Put 10 cm 3 of water in a boiling tube. Clamp the boiling tube in the retort stand as shown in 

Figure 5.2above. 

Lll!I] Measure the mass ofa small piece of food in grams and record it in the table. 

IJ!II Measure the temperature of the water in the test tube and record it in the table. 

EDIE Fix the food on the end of the mounted needle. If the food is likely to meltwhen heated put it on a 

teaspoon instead ofon the needle. 

Light the food using a wooden splint. As soon as the food is alight, hold it about 1 cm below the 

boilingtube.lftheflamegoesout,quickly relight it. 

161m Whenthefoodstopsburning,stirthewaterinthe 

tube with the thermometer. Measure and record the 

highest temperature reached. 

If you do not get a s1gmficant 

temperature nse, repeat usmg a larger 

portion size such as five potato chips 

EIDIJ Empty the boiling tube and refill 

itwithanother10cm3 ofwater. 

Repeattheexperimentusinga 

different food each time. 

When you calculate the energy transferred, make 

sure you use umts consistently If the heat capacity 

1s given per kilogram of water, you should convert a 

mass m grams to a mass m kilograms 
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DmliJ Calculate thetemperaturechangeforeach food 

you tested. Usethistocalculatetheenergy 

transferredtothewaterforeachfoodyou 

tested.Remember,sincethedensityofwater 

is 1g/cm3, 1 cm 3 ofwaterhasa massof1 g. 

ODD Calculate the energy transferred per gram 

offoodforeachsample. 

m:lill Which food has the highest energy value? 

CD LITERARY LINKS 
Richard Wrangham, Catching Ffre: How 
Cooking Made Us Human. Basic Books, 
New York, 2009. 

In this book, the author explains the 
hypothesis that because cooking 
reduces the energy required to digest 
food, the boost in available energy 
of cooked food must have resulted 
in major transformations in human 
cultural and biological evolution. 

(;~ GLOBAL CONTEXTS 
Sc1ent1ficandtechn1calinnovat1on ~ Ac~~t1~~\~~~nking 

Evaluate evidence and arguments 

Monitoring dietary energy intake 

Based on information contained in databases about the composition of the foods consumed, the energy 

intakeofanindividualcanbetrackedandcomparedtotherecommendedintake. 

Food choices have an impact on human health. A healthy lifestyle involves being informed about dietary 

intake and dietary energy requirements. By collecting and analysing data from a diet tracker, you should be in 

apositiontomakeinformeddecisionsaboutdietaryenergyintake. 

EJm Over the period of one week, enter your food consumption into the "SuperTracker" app available 

from the US Department of Agriculture (USDA) atwww.supertracker.usda.gov. 

mill Collect data for the whole class and transform 

thedataintoasuitablechart.Forexample,you 

couldcalculatemeandailyenergyintakeand 

comparethistorecommendeddailyintake.lfyou 

arenotcomfortablesharingthisinformationwith 

classmates,talktoyourteacherandmakeanother 

arrangement. 

CD INTERDISCIPLINARY LINKS 
The concepts of "choices", 
"balance" and "energy" also 
appear m the MYP Physical and 
Health Educat10n (PHE) course 
See 1f any of the data you collected 
could be used m your PHE classes 

(I GLOBAL CONTEXTS 
Sc1ent1ficandtechn1calinnovat1on ~ ~~~o;~~\~:n literacy 
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Collect and analyse data to 1dent1fy 
solutions and make mformed dec1s1ons 



Dietary energy from saturated fat 
Not all forms of dietary energy have the same health impact. Scientists 

have noted that the incidence of coronary heart disease varies 

significantly across cultures, and that cultures differ in their diets. The 

Seven Countries Study was carried out from 1958 to relate diets rich 

in saturated fat to the incidence of deaths in middle-aged men due to 
coronary heart disease. The data is shown in Table 5.1. 

Mortality rate indicates the number of people who die out of some 
number of the population over a certain amount of time. Thus, a 

mortality rate of 500/100,000/year means that out of 100,000 people in 

the population, 500 die every year of that particular cause. 

Region 
,. calories as 
saturated fat 

East Finland 22 992 

West Finland 19 351 

Zutphen [Netherlands] 19 420 

USA 18 574 

Slavonia (Croatia ) 14 214 

Selgrade 12 288 

Crevalcor( ltaly) 10 248 

Zrenjanin (Serbia) 10 152 

Oalmatia(Croatia] 9 86 

Crete 9 9 

Montegiorgio (Italy] 9 150 

Velika (Croatia] 9 80 

Rome 8 290 

Corfu 7 144 

Ushibuka[Japan) 3 66 

Tanushimaru[Japan] 3 88 

Tab/eS.1 Martalityratesandpercentageafcaloriesassaturatedfatinseveralcauntries 

i11'·1MIM 
1727 

1318 

1175 

1088 

1477 

509 

1241 

1101 

758 

543 

1080 

1078 

1027 

764 

1248 

1006 

In this activity, you wi ll construct a graph to v isua lly compare the data from a number of European regions 

aswellastheUSA. 

Open a spreadsheet program. 

EliifJ EnterthedatafromTable5.1above. 
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Bill Use your s preads heet program to create a scatter graph of mortality rate [all causes ] and 
mortality rate [coronary heart disease] againstthepercentageof calories as saturatedfat. 

Adda y-axis ti tle "mortalityrate". lncludetheunits. ; = ~lllllllllt 

e:D:11 Add an x-axis title "percentage calories saturated fat'. 

Include the units . 

BiiD Add a trendline for each data series . 

{ii) GLOBAL CONTEXTS 
Sc1ent1ficandtechn1cal1nnovat1on ~ ACT0L:~~Ln~:at1on 

CD LITERARY LINKS 
In his book In Defenseof 
Food, Michael Pollan decnes 
"nutnt1omsm", which 1s the 
tendency to view the food 
that we eat as a collection of 
constituent nutnents to be 
avoided or mcreased m our diet 
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Orgamze and depict mformat1on log1cally 

Reflection on Topic 1 
A very similar reductionist approach surrounding energy or caloric 
intake is the basis of many of the weight-loss products, programmes 
and books that make up a multibillion-dollar industry. 

Consider Pollan's basic food motto: "Eat food not too much, 
mostly plants." 

How does this less complicated. and holistic approach to eating food 
match with what you have learned in this topic? 

TOPIC 2 

Energy changes in chemistry 
Changes in states of matter either require energy (for example, 
melting of solid ice to liquid water) or release energy (for example, 
condensing of steam to liquid water). The law of conservation of 
energy states that in a closed system, energy can neither be created 
nor destroyed.. So when we say energy is required, it must be supplied 
from elsewhere in the system, which loses the same amount of 

energy. Similarly, if a react ion releases energy, this energy does not 
disappear-it is absorbed by another part of the system. 

A chemical reaction involves breaking of bonds in the reactants and 

forming of bonds in the products. It talces energy to break bonds 
(work is done on the reactants) and when bonds form, energy 

is released. 

If more energy is released when the bonds of the products are formed 
than it talces to break the bonds of the reactants, the reaction is said 



to be exothermic (energy is released to the surroundings). The total 
energy of the system remains the same, but the reactants had more 
stored energy than the products. 

A graphical way of representing this is shown in Figure 5.3. 

If it takes more energy to break the bonds of the reactants than is 
released by the formation of the products, the reaction is said to 
be endothermic (energy is absorbed from the surroundings). The 
total energy of the system of reacting chemicals and surroundings 
remains the same, but the products have more stored energy than 
the reactants. 

A graphical way of representing this is shown in Figure S.4 

The relationship between energy changes and 
temperature change 
When energy is released. in an exothermic reaction, the temperature 
of the surroundings (the reaction mixture) increases. When energy 
is absorbed. in an endothermic reaction, the temperature of the 
surroundings decreases. Using a thermometer or temperature probe to 
measure temperature changes shows whether chemical reactions are 
exothermic or endothermic. 

Endothermic and exothermic changes 

Figurt15.3 Represt1ntingan11Xothermic 

reactionusinganenergy leveldiagram 

Figurt15.4 Representinganendothermic 

reactionusinganenergyleveldiagram 

froo!hermic maction 

In this activity , you will determine whether changes are exothermic or endothermi c based on observed 

temperature changes. 

Gather together the foll owing materials and apparatus: 

eye protection 
the rmometer[- 10°Cto 110°C) 

boiling or test tubes 

test tube rack 
graduated cylinder[10 cm3

) 

s patula 
glass stirring rod. 

(SAFETY) Dilute hydrochloric acid is an irritant: avo id co ntact with eyes, mouth and s kin . Wea r 
eye protecti on at a ll times. Copper[II) sulfate is harmful if swallowed and irri ta tes the eyes and 

s kin.Calcium chlorideisanirritant. Sodiumhydroxide iscorros ive. 
Your teac her will give you the liquids and solids you are go ing to use. 

Di!II Design a data ta ble to wri te down data that are to be collected, a nd how the data will be 
processed and class ified. 
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mDIJ For each rr:,w in the table belr:,w, add 5.0 cm 3 of the liquid to a boiling tube, reco rd the initial 

temperature ofthe liquidand add one spatula ofthe so lid . 

water sodium nitrate 

water ammonium chloride 

water barium chloride octahydrate 

water calcium chloride 

copper( ll] sulfate solution [1M) zinc metal 

2Mhydrochloric acid sodium hydroxide 

2Mhydrochloricacid calcium carbonate 

2Mhydrochloricacid 3 cmlengthmagnesiumribbon 

Stir well andrecordthefinaltemperature. 

a] In which ex periment was heat ene rgy given out? 

b) Which ex periment was the most exothermic? Explain hr:,w your data shows this. 

c] For one of these experiments, suggest how a greatertemperature change could be produced . 

@ GLOBAL CONTEXTS 
Sc1ent1ficandtechn1calinnovat1on ~ Ac~~t~~\~~~nking 

Cli.)WEBLINKS 
A summary of the terms 
exothermic and endothenruc 
can be found by gomg to 
wwwyoutube corn and 
searchmg for Tncky Question 
Exothermic or Endothermic 
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Draw reasonable conclusions and 
generalizations 

Calculating heat transferred 
The heat transferred from one substance to another can be calculated 
by measuring a change in temperature. The amount of heat energy, 
measured in joules (J), required to raise the temperature of one gram of 

a substance by one degree Celsius is called the specific heat capacity. 
The specific heat capacity of water is 4-18J per gram per degree Celsius 
and has the symbol c. 

The amount of heat transferred Q, can be calculated by multiplying 
the mass of water, m, by specific heat capacity c and the temperature 
changel!T: 

Q = mcAT 



Energy transfer between hot and cold water 

When hot and cold water are mixed in an insulated container, what will be 

thefinaltemperatureofthemixture?Youwillneedtocalculatetheheat 

energylostbythehotwater,andtheheatenergygained by the cold water. 

lnordertocalculatetheenergytransfer,youwillneedtoensurethatyou 

haverecordedtheinitialandfinaltemperatures. 

Procedure A 

Readthroughtheprocedureandconstructadatatabletorecordthe 

datayouaregoingtocollect. 

Procedure B 

Repeat as in procedure A, but this time add 50 cm 3 of hot water to 

100cm3 ofcoldwater. 

Procedure( 

Repeat as in procedure A, but this time add 50cm3 of cold water to 100 cm 3 of hot water. 

Gather together the following materials and apparatus: 

an insulated containersuch as a camping mug or polystyrene foam cup 

graduatedcylinder[50cm3
) 

thermometer [0-110°C). 

Measure 50 cm 3 of cold water and transfer itto the insulated cup. Record the initial temperature 

ofthecoldwater. 

I-
Measure 50 cm 3 of hot water and record the initial temperature of the hot water. 

Transferthehotwatertotheinsulatedcup.Stirthewatersothatthemixturereachesan 

equilibrium temperature. 

EIDD Record the final temperature of the mixture. 

Eli!III Calculate the heat or thermal energy involved. Remember, since the density of water is 1 glcm3
, 

1cm 3 ofwaterhasamassof1g. 

Comment on the amount of heat lost by the hot water and the heat gained by the cold water. 

mrm Explain why it was important to use an insulated container in this experiment. 

I--
Compare the value from procedure A with that you obtained for procedure B. 
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mDil!!J Compare the value from procedure A with that you obtained for procedure C. 

= GLOBAL CONTEXTS 
Sc1ent1ficandtechn1calinnovat1on ~ ACT0L:~~Ln~:at1on 

Use and mterpret a range of d1sc1phne­
spec1fic terms and symbols 

Investigating a factor affecting the final temperature of 
a reaction mixture 

Some chemical reactions are exothermic while other reactions are endothermic. There are several factors 

thataffecthowmuchenergyisabsorbedorreleasedbythereactionmixture. 
In this activity, you will design and carry out an experiment to answer the following question: 

How does the mass of baking soda used in a reaction with vinegar affect the final temperature of the 

reaction mixture? 

Statethechemicalequationforthisreaction. 

ili:iD List your variables, including those you will fix or control. 

Design a complete method that will allow you to measure the effect of the mass of baking soda on 

the final temperature of the reaction. Explain how you will manipulate the variables, and how you 

will collect data. 

Perform a trial test. 

Modifyyourprocedurebasedonyourtrial 

and suggest improvements to your procedure. 

Bl!D Collectsufficientdatathatwillenable 

youtoverifyyourconclusion. 

Plotyourdataonanappropriategraphsothat 

therelationshipbetweenmassofbakingsoda 

andtemperaturechangeiseasilyshown. 

mDliJ Use scientific reasoning to explain any trends 

that you observed. 
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When designing a scientific investigation, 

you must determine one variable to 

change. This is called the mmml 

ml. In order to design a valid 
experiment, you must keep all other 

variables constant. There should also be 

one variable that you will be measuring; 

which is the , , , 

It is essential that you consider the mm:J 
mm! when devising a method. One way 

to do this is to list all the possible variables 

that can be changed in an experiment. 

After determining the independent and 
dependent variables, all the other variables 

on the list must be controlled. 



@GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on 

~ATL SKILLS 
Cr1t1calthinking 
Test generahzat1ons and conclusions 

Reflection on Topic 2 
Thermochemistry is the area of chemistry that deals with the study 
of energy changes that accompany chemical reactions and physical 
changes such as dissolving or changes of state. 

• How is the study of thermochemistry relevant to your daily life? 

• Consider some of the situations that you come across in your daily 
life that are related to the transfer of energy in chemical reactions. 

TOPIC 3 

Sustainable energy resources 
The search for sustainable sources of energy remains one of the top 
global priorities as petroleum reserves are used up. Every human 
activity requires the consumption of some form of energy-whether 
from the chemical energy stored in our food, or from energy sources 
used to generate electricity. Renewable energy is derived from natural 

sources such as wind, solar, hydro, geothermaL tidal and biofuels. 
These sources are renewable and sustainable because they will never 
run out or can be replaced within a human lifetime. 

The global population is increasing and with this our demand for 

energy. It is important that scientists find sources of energy that are 
clean and efficient. 

We know that energy can be converted into different forms, 
however not all energy is transferred in useful ways. When 

generating electricity, some of the input energy is transferred to the 
surroundings as thermal energy. This form of energy is not useful 
in these circumstances. Energy efficiency is the proportion of the 
energy supplied that can be usefully used. 

Blofuels 
Fossil fuels are the major source of energy across the globe. Fossil 
fuels are a non-renewable resource. This means that their supplies are 

limited. The main types of fossil fuel that industry and the general 
population use are coal (used largely in power plants), petroleum 

(used to fuel automobiles) and natural gas (used to cook food). 

CD:) CHAPTER LINKS 
In Chapter 7 on transformation 
and Chapter 11 on form, you 
will find out more about how 
energy can be transformed 
from one form to another. 
For example, nuclear or 
mechanical energy can be 
transformed to kinetic energy 
in a turbine, which generates 
electricity. In Chapter 7 on 
transformation, you will also 
learn more about conservation 
of energy. 
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Limited supplies are not the only problem Fossil fuels produce large 
amounts of carbon dioxide and other pollutants when combusted. 
There are many alternative energy resources in development that, it is 

hoped, will reduce or replace our dependence on fossil fuels. 

One alternative is biofuel. Biofuels are made through the process 

of carbon fixation by plants or microorganisms. Carbon fixation 
means converting inorganic carbon in atmospheric carbon dioxide 
to organic compounds (compounds containing C-H bonds). These 

organic compounds can then be used as fuels to supply energy by 
combustion. 

Biogas is already produced &om the breakdown of farm waste or other 
organic waste. Biodiesel is produced from plant or vegetable oils. New 

forms of biofuel are being researched. These include bacterial biofuels, 
algal biofuels and bioethanol. Bioethanol is produced from the plant 
structural materials, cellulose and lignin, that constitute most of the 
mass of plants. Bioethanol is made by fermenting the carbohydrates in 
sugar or starch crops such as maize or sugar cane. 

What plant source is the best source of oil for biofuels? 

Oil can be extracted from a rangeofvegetables and 

cropplants andchemicallyconvertedtobiodieselto 

burninautomobiles.Soybeans arecurrentlyamajor 

sourceofoilforbiodiesel.lnthis activity,you willplan 

a method to investigate what plant is the greatest 

sourceofoilthatcouldbeusedas afuture source 

ofbiodiesel. 

couldbepossible sourcesofoilforuseas biofuels. 

O]IIJ One quick way to extract oil from a plant source is to grind the food with a pestle and mortar and 

thenuseacentrifugeora settlingtechniqueto separatetheoilphasefromthe waterphase. 
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a] Outline a procedure that makes use ofa pestle and mortar and a centrifuge and that allows 

you to collect enough relevant data to state which plant source would be the best source of oil 

fortheproductionofbiodiesel. 

b) Listthe variables thatyou willhavetoconsider. 

c] Formulate ahypothesis thatrelates tothis experiment. 

d) Describe what type of data you would have to collect in order to conclude what food source 

wouldbethebestprimary sourceofabiofuel. 

e] How much data would you have to collect to ensure that any conclusions you make are valid? 

f) Whattypeoftablecouldyouusetodisplayyourdata sothatitis easilyunderstood? 



milJ Have your procedure approved by your teacher, make any changes that are needed then carry it out. 

Comment onthe statement:"Biofuelsa rethefuel so urceforthefuture." 

~§)GLOBAL CONTEXTS 
Global1zat1onandsusta1nab1l1ty 

~ATL SKILLS 
lnformat1onllteracy 
Collect and analyse data to identify 
solutions and make mformed dec1s1ons 

Renewable energy sources for power generation 
The electricity generation sector is responsible for more than 40 per 
cent of all carbon dioxide emissions from burning fossil fuels, and 
about 25 per cent of our total greenhouse gas emissions. It should be a 
priority for governments worldwide to find alternative fuel sources to 

decrease the harmful effects caused by burning of fossil fuels. 

In 2012, a team from the Carnegie Department of Global Ecology 
at Stanford University found that wind power has the potential of 
generating 100 times more power than the global population currently 

needs (Nature Climate Change, 2012). New ideas include the use of 
airborne and high-altitude turbines, as they can generate more power 
than ground- and ocean-based turbines due to the higher wind speeds 

further from the ground. 

According to the Global Wind Energy Council, wind turbines are 

forecast to generate over 416 GW of power in 2015 and reach 600 GW 
by the end of 2018. The unit of power is the watt (Yv), and is a rate 

of working of ljoule per second But even by 2035, wind power will 
only account for 7.5 per cent of global energy production. One major 
problem with wind power is that it relies on an intermittent source of 
energy-sometimes it is just not windy. An important area of research 
is on how electricity generated during windy periods can be stored. 

Subsequently, electricity could then be sent to the energy grid during 
non-windy times to maintain a continuous supply of energy. 

You are going to build a model w ind turbine and determine the facto rs affecting the power output of a w ind 

turbine. You w ill choose one aspect of the w ind turbine's design and investigate how this ca n max imize the 

power output (the rate at whi ch it does wo rk] . You could use your turbine to do non- electrical work such as 

lifting a w eight, or electri cal work by lighting a bulb. 

The relationship between work done, power output and time is expressed as: 

power [in W) = work done [in J) / time [in s] 
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Discuss whatmodifications arepossibleinthe 

constructionofthe windturbinetoincreasethe 

power output. Choose one variable to investigate. 

Explain whyyouthinkthis modification will 

increasethepoweroutput. 

~WEB LINKS 
Instructions for making a wmd turbme 
can be found by searchmg an mtemet 
search engme for "Wmd Turbme 
Act1V1ty science gc ea" 

liJB Describe how this hypothesis w ill be tested. 

For add1t1onal projects on wmd turbmes 
go to http //learn kidwmd org/ 

Statetheindependent variable [anaspectofthedesignyou wanttochange] , thedependent 

variable [what you will measure) and how you will process the data to calculate the power output. 

List the control variables [all other variables that must stay the same during trials]. 

List the materials you will need to test your wind turbine. You w ill have access to a fan. 

(SAFETY] Clamp the fan to the bench to prevent toppling. Turn off the fan when making 

adjustments to the turbine. 

Describeadetailed setofprocedures forhow you willalterthe variables and collectdata,sothat 

anyone canrepeatyourexperiment. 

Have your procedure approved by your teacher, make any changes that are needed then carry it out. 

Constructadatatabletorecordthedatathatyou willcollect, andincludetheunits forthe 

measurements. 

Choosea suitablecharttypetopresentyourdatatomakethefindingsclear. 

BOD After you have collected your data, consider your hypothesis and describe how the independent 

variable you selected altered the power output of the wind turbine. Evaluate the validity of the 

method, accuracy of the data and any possible improvements or extensions to the method for 

further inquiry. 

II) GLOBAL CONTEXTS 
Globahzat1onandsusta1nab1hty 

QUICK THINK 
After completing Activity 8, 

explain how what you have 

found out could help design a 

more effective wind turbine. 

48 Sciences 

Fusion power 

~ATLSKILLS 
Cr1t1calthinking 
Interpret data 

Fusion is the source of energy in stars, like our Sun. As described in 
the chapter introduction, scientists are investigating how to control a 

similar fusion reaction here on Earth, to generate elect ricity. Fusion is 

theoretically an excellent source of power, and offers the possibility for 

the world to replace a significant proportion of its energy needs with a 

safe, clean and virtually limitless resource. 

However, it is extremely difficult to create the conditions for fusion to 

occur. High temperatures and pressures are needed to cause the nuclei 
of two atoms to overcome the repulsion of the two nuclei due to their 

electrical charge (both are positively charged). However, if the nuclei 



are t ravelling fast enough, they have enough energy to overcome the 
force trying to keep them apart. When they fuse, they release energy. 

Difficulties with fusion power on Eanh 
Experiments have been carried out at several research reactors to force 
nuclei together at very high temperature and pressure in a plasma 
or ionized gas. The plasma is heated to the temperatures needed for 
fusion, 100 million°C. The plasma is usually controlled. in a toroidal 
(doughnut-shaped) chamber by rapidly compressing it to very high 

densities using lasers. 

The difficulty is in reaching the ''break even" point, at which a fusion 

reactor produces as much energy as is required to keep the reactions 
going at very high temperatures. Even when this is achieved, it will 

still be many years before the first commercial fusion reactor is built to 
reliably provide electricity. 

Marshmallow fusion 

You are going to use marshmallows as an analogy for nuclear fusion. 

Try to fuse two marshmallows by crushing them together. 

IDIJ Observe what you see and measure the mass of the marshmallows. 

EII!IJ Measure themass ofabeaker. 

Then try to fuse the marshmallows by heating them in the weighed beaker. 

::.:::·.:.·::::::: ... ,-, .. --.-..... , -
Find the new mass of the ma rshmallows. 

Discusswhatyouobservedandhow this canbeusedas amodelforfusion. Whatarethe 

strengths and weaknesses ofthis model? 

@GLOBAL CONTEXTS 
Sc1ent1ficandtechn1calinnovat1on "~~~t~~:~~~nkfog 

Use models and s1mulat1ons to explore 
complex systems and issues 
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Future energy supply 
Oil prices have risen greatly in recent decades. This has affected how 

many countries look at their sources of energy. For example, there is 
the question of whether to invest in renewable power or build new 

nuclear power stations. There are other factors to consider, such as how 

to balance costs and benefits. 

The EU introduced several targets for member states in 2007. These 

include the following. 

• A cut of 20 per cent in greenhouse gases (eg carbon dioxide, 
methane) from primary energy sources such as coal and oil by 

2020, compared to 1990 levels. 

• A minimum target of 10 per cent for the use of biofuels within 

road transport fuel consumption by 2020. 

As governments in the EU plan a long-term sustainable energy 

strategy, they must take these proposals on board. 

QUICK THINK 
Find out more about energy proposals that the EU has 

introduced in the past 10 years. Discuss if these proposals have 

had the desired effect in the EU. 

Africa has a growing economy and will have more industry. 

With a rising population, rising urbanization rate and greater 

energy demand from industry, Africa's energy demand is 

expected to rise steadily. 

Develop a flow chart to show how a growing economy, a growing 

population and more manufacturing will affect the energy 

demands that the continent has. 

C£>WEBL1NKS 
On 11 March 2011, a 15-metre tsunami disabled the power supply 
and cooling of three Fukushima Daichi reactors, causing a major 
nuclear accident. This disaster refuelled the nuclear power 
debate worldwide. Learn about the controversy surrounding 
nuclear power from the following resources and make your own 
informed decision about this source of power. 

Union of Concerned Scientists www.ucsusa.org/nuclear_power/. 

Debate on nuclear power: The Economist 
www.economist.com/debate/oveiview/201. 

Nuclear Power: The Pros and Cons by Ewan Mcleish. The Rosen 
Publishing Group 2007. 



Reflection on Topic 3 
• What evidence can you find to show that all nations are taking 

responsibility to cut greenhouse gas emissions? 

• Do you think it is viable to harness the energy produced by the 
Sun? Explain your answer. 

Summary 
You have learned that energy is stored in food and fuels, is released 

in chemical reactions including combustion, and can be transferred 
from renewable sources to generate electricity. Humans spend a lot of 
time trying to find ways to get stored energy to do useful work before 
it is transformed into less useful forms and makes its way into the 
environment as heat. 

Perhaps in your lifetime scientists will determine a way to get past the 
difficulties with fusion technology and we can work out how to harness 
the power of fusion reactions here on Earth. 

..:lit, TAKE ACTION 

Investigate the energy 
resources that provide power 
to your school bu1ldmg What 
alternative energy sources 
could be chosen, and which 
would be more sustamable 
and sU1table for your school? 
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Evidence 
TOPIC 1 Reasoning from evidence 

• What are the features of a testable statement? 

• What makes a hypothesis u sefu l? 

• What counts as a fair test of a hypothesis? 

TOPIC 2 The role of evidence In chemistry 

• How could evidence from chemistry experiments be 
used to control the rate of a reaction to make it safer? 

• Should governments and science be investing in 
t echnologies that could be potentially harmful to the 
environment or humans? 

TOPIC 3 Big Bang theory-looking for evidence 

52 Sciences 

• What can we learn about the origin of the Universe 
from observations of distant stars? 

• How can we use experiments on Earth to understand 
the way the Universe is structured? 

ATL 

,I Use brainstorming and visual diagrams to generate 
new ideas and inquiries. 

,I Make guesses, ask "what if" questions and generate 
testable hypotheses. 

,I Give and receive meaningful feedback. 

,I Process data and report results. 

,I Consider ideas from multiple perspectives. 

,I Practise observing carefully in order to recognize 
problems. 

,I Apply skills and knowledge in unfamiliar situations. 

Sciences 
,I Formulate testable questions and hypotheses using 

scientific reasoning. 

,I Explain how to manipulate variables, and how enough 
data will be collected.. 

,I Process data and plot scatter graphs with a line of best 
fit to identify relationships between variables . 

.! Interpret data and explain results using scientific 
reasoning. 

Consequences Conditions Environment 
Models Pattern 

(el KEY CONCEPT FOCUS 
'f' CHANGE 

RELATIONSHIPS 

affect the dependent variable. 

Hypothffls atentative 
explanation for an observation 
or phenomenon that requires 
experimental confirmation; can 
take the fonn of a question or a 

Predlcllon an ex~cted result of 
an upcoming action or event. 

I Construct ) display information in 
adiagrammaticorlogicalfonn. 



Introducing evidence 
You may be familiar with Charles Darwin's famous voyage aboard the 

HMS (His Majesty's Ship) Beagle. This was an extremely important 

event in the history of science. On the Beagle's journey to survey 
the coast of Tierra de! Fuego at the southern tip of South America, 

Darwin's role was to suivey the geology, animals and plants of the 

continent and islands. En route, he visited the Galapagos Islands off 

the coast of South America. There he first saw the variety of finches 

that inhabit these islands (Figure 6.1). The observations from this 
voyage led him to the realization that diversity on Earth arose from a 

process known as "evolution", which is driven by another process we 

now know as "natural selection". 

Darwin did not realize the significance of his observations straight away, 

or any time soon afterwards. The voyage took many years and apart from 
a vague idea that species might not be fixed, Darwin was no closer to a 
theory of evolution when he returned to England than when he left. 

What he did have, however, was a large amount of evidence to support 

his ideas. This evidence was made up of a vast collection of plants, 

animals and fossils along with many notebooks of drawings and 

records of his observations offering possible interpretations of the data 

collected. It was this evidence that helped to form the theory on the 
evolution of species that Darwin developed slowly over the 20 years 

before his publication of On the Origin of Species. 

Evidence comes in many forms . No matter how we obtain it, evidence 

assumes a central and essential place in the scientific method. 
providing support for proposals derived from observation and 

interpretation of data. 

TOPIC 1 

Reasoning from evidence 
What we know about the natural world is continually changing due to 
the investigations of scientists. Existing scientific ideas can be updated 

by adding new knowledge, or can be proved to be wrong. 

Not all claims about the natural world are scientific. In order for a 

statement to be classified as scientific it must be both testable and 
falsifiable. If a statement is falsifiable, then it must be possible to 

develop tests that could potentially prove the statement wrong. 

It was evident that such facts 
as these, as well as many 
others, could be explained on 
the supposition that species 
gradually become modified, 
and the subject haunted me. 

Charles Darwin 
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Scientists use two kinds of process to investigate the natural world. 

Each process uses a different method of reasoning. 

• In discovery investigations, observations are used to make 
a generalization (an attempt to identify a general pattern), 

hypothesis or preliminary answer. Repeated observations and 
patterns are used to form conclusions. This involves inductive 
reasoning. R€asoning by induction can be thought of as forming 
generalizations from specific observations. 

• In hypothesis-based science, generalizations are used to 
formulate a hypothesis and to make pred ictions. More specific 
experiments are then performed to test the hypothesis. This 
involves deductive reasoning. Reasoning by deduction can 
be thought of as applying rules to reach a logically certain 
conclusion 

There are four criteria you can use to evaluate generalizations. 

• Amount of evidence All of your investigations should obtain 
sufficient relevant data. 

• Consistency If your generalization is surprising, then the 
strength of your evidence is more likely to be closely examined. 
For example, a claim that plants grow faster when in an 
environment where music is played requires strong evidence 

as it is difficult to imagine a mechanism by which this could 
occur. The generalizations that you make from the evidence 

should be consistent. This means that you should not be able to 
draw two different conclusions from the same evidence. 

• Exceptions You should look to find examples where the 
generalization does not apply. If such an exception can be 
found, then the generalization should be refined because it is 
too general. For example, the generalization that "all matter 
contracts when cooled" should be refined to "most matter 
contracts when cooled except for water, which expands when it 
freezes". 

• Variety You should consider if your generalization could 
apply to a variety of scenarios. For example, you might obseive 
that the leaves of maple trees at the edge of a forest are more 
likely to be eaten by herbivores than the leaves of maple trees 

inside the forest. You should expand your study to other tree 
species before forming the generalization that forest-edge trees 
in general are more likely to be eaten by herbivores. 



Testable statements 

In this activity, you will investigate the features of testable statements. 

The following table compares testable statements with difficult-to-test statements. 

Difficult to test statements 

Divers with high resting heart rates exhaust their Divers who are nervous exhaust their scuba 
scuba tank faster. tank faster. 

Un like the vertebrate eye, an octopus eye is The human eye and octopus eye are so complex 
focused through movement, like the lens of a that they cannot have evolved without the 
camera, rather than by changing shape as the intervention of a divine being 
lens inthevertebrateeyedoes. 

Handling frogs causes warts Handling frogs makes you happy. 

Fish gills open and close with greater frequency Fish are affected by temperature 
whenwatertemperatureisraisedbylO'C 

The class frog spends a greater amount of time on The class frog likes to watch You Tube. 
the leftsideofthetankratherthantherightside 
of the tank when a computer screen plays videos 
neartheleftsideofthetank. 

In a group, compare the different types of statement. Decide what evidence you would require to 

supporteachstatementandhowyouwouldobtainit. 

mi& Draw a Venn diagram using the following as a template: 

a] lnthetestablecircle,listwhatthetestable 

statementshaveincommon.lnthe 

difficult-to-testcircle,listwhatthedifficult­

to-teststatements have in common. In the 

intersectionyoucouldmakealistofthings 

they both have in common. 

b) Now, try to use this diagram to develop 

asetofcriteriathatcouldbeusedto 

determineifastatementistestable. 

Oliill Using the criteria that you have developed, convert the following statements into 

testable statements: 

a] Plantsrespondtotheadditionoffertilizer. 

b) Brineshrimpneedsalttohatch. 

c] Dogsaresmarterthancats. 
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d) Anearthquake willdestroyTorontoin 2019. 
e] Homo sopiens were better hunters than Homoneonderthalensis a nd that is why 

Neandertha ls became extinct. 

f) Therearemorebirds inthe s kyrightnow thanairplanes. 

i) GLOBAL CONTEXTS i;,ATLSKILLS 
Creative thinking Or1entat1oninspaceandt1me 
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Use bramstonnmg and visual diagrams to 
generate new ideas and mqu1nes 

The features of a useful hypothesis 
Useful hypotheses have the following characteristics. 

• Hypotheses are testable by making observations or performing 
experiments. 

• Hypotheses allow predictions to be made. Predictions are 
commonly expressed as "If ... , then ... " statements such as "If 
the independent variable is changed in this way, then the 
dependent variable will be observed to change in this way." 

• Hypotheses suggest a causal link between two things and offer 
an explanation for obseivations. Hypotheses can therefore be 
worded as "If ... , then ... , because ... " For example, "If the height 
of the individual is increased, then the length of time they 

can sustain hanging from a bar in a fitness test will decrease, 
because although muscle strength increases with height it is 
not in direct proportion to the increase in the mass the taller 
person has to support." There must be a clear link between the 
variables. For example, it may be true that children's vocabulary 
increases with their shoe size, but it is not a plausible 
hypothesis that knowing more words makes your feet grow; 

there is no causal link. There is only a causal link between age 
and size of vocabulary, and between age and shoe size. 

• Multiple hypotheses should be considered whenever possible, 
in order to avoid bias in investigations. Scientists should 

consider hypotheses other than what they think to be the case. 
Experiments should be designed to test one hypothesis at a time. 

• Hypotheses can be falsified (proven wrong), but they cannot be 
proven correct. They can only be supported or validated 



Developing hypotheses 

Completethetabletodevelopahypothesis foreachofthequestions listedintheleft-hand column.This 

may require so me research. An example has been provided to get you started . 

lfthe [measured or Thenthe [dependent 
independentvanable) vanab le]w1llchange 
1schanged[1nth1sway] [1nth1sway] 

• ,, 
How does shade affect lfthearea is shaded then the dry biomass because there will be 

the growth of grass? of grass per unitarea less photosynthesis 

that grows over one in the shade and 

week will be lower therefore a smaller 
compared with sunny increase in biomass 

over one week. 

How does drinking 

coffee affect your 
hea rt rate? 

How does distance 

from the path affect 
the percentage of 

leaves that have been 

predated? 

@GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on 

~ATL SKILLS 
Creat1veth1nk1ng 
Make guesses, ask ''what 1f" questions and 
generate testable hypotheses 

Control II ng other variables 
When biologists claim to know a certain thing about the natural world, 

how is that claim supported? A hypothesis must be tested by changing 
a single measured or independent variable and monitoring the 
outcome, response or de~ndent variable. All other variables are kept 
constant or controlled ~ -

The subject matter of biology does vary. In some subfields of biology 
such as ecology, the response of an entire system is often observed as 
the measured variable. Other subdisciplines of biology follow a more 
reductive approach. This means that the hypothesis is tested against 
fewer variables or perspectives, or only one, where it is possible to 
do so. However, biological systems are very complex and it is often 
difficult to control all the variables. 
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Controlling variables in an investigation 

Choose one of the following hypotheses and design a comp lete and safe method for testing it. 

a] If the height of the indiv idual is increased then the length of time he or she can sustain hanging from 

a bar in a fitness test will decrease. This is because musc le strength increases w ith height but not in 

directproportionto the increaseinthe mass thetallerpe rso nhas tosupport. 

b) I fan area of grass is shaded then the dry biomass of grass per unit area that grows over one week 

will be higher compared w ith grass grown in sunny areas. This is because in the shade there will 

be less transpiration (loss ofwaterfrom a plant in the form ofwater va pour, through pores in the 

leaves] leading to more ca rbon dioxide uptake, leading to more photosynthesis and therefore a 

greaterincreaseinbiomass over oneweek. 

Ensure you desc ribe hc,w only the independent va riable w ill be changed, how the dependentva riable w ill 

be measured and how other variables that could have an influence on the value of the dependent variable 

w ill be kept constant. When you have co mpleted your plan, ask a partner to evaluate your method. 

~ GLOBAL CONTEXTS 
Sc1ent1ficandtechn1calinnovat1on (;j ACT0L:~~Ln~: at1on 

G:)WEB LINKS 
Evidence is key in science 
but how do we know it is 
not biased? What happens 
when different groups have 
an interest in a scientific 
discovery? Does this alter the 
type of evidence collected? 
Visit the University of 
California at Berkeley 
website at www.berkeley.edu 
and search for "who pays for 
science?". 

SS Sciences 

Give and receive meamngful feedback 

Reflection on Topic 1 
• Is every question scientific? 

• What qualities should a question have if we are to test it using 

scientific methods? 

• What makes a hypothesis different from a prediction? 

• How can we make sure our hypothesis is being tested? 

TOPIC 2 

The role of evidence 
in chemistry 
Scientific discovery is based on recording evidence and making 

conclusions based on this evidence. It is important not to take 

everything that is reported in the media and online as scientifically 

correct truth; much may be unsupported by evidence. Scientific truth 

is based on evidence that we can observe directly or that we collect 
via technology. Because a lot of chemistry happens at the atomic or 

subatomic level, much of the evidence in chemistry is collected by 
observing 'macroscopic' properties of matter such as mass or volume 

during experiments. 



Rates of reaction 
Dynamite explodes. Iron rusts. These are two examples of 
chemical reactions, but they are very different. The explosion 
of dynamite represents a very, very fast reaction; it is over 

in a few seconds. On the other hand, the rusting of iron on 
your b icycle frame or your parents' car is very slow and takes 
months or years to show a noticeable difference. The main 

difference between these two chemical reactions is the rate 
(how fast or slow) at which they occur. A study of the rates 

of chemical reactions is called chemical kinetics. Reaction 
rates can be measured experimentally when chemists collect 
evidence during reactions. 

Chemists explain rates of chemical reactions by means of the 
collision theory. The collis ion theory states that: 

• in order for a chemical reaction to occur, a collision 
between the reactant atoms or molecules must occur 

• in order for a collision to be successful, the reacting 
particles must collide with a minimum amount of 
energy 

• in order for a successful collision to occur, the colliding 
molecules must hit each other the right way (have the 
proper orientation of their shapes). 

Factors affecting reaction rates 

QUICK THINK 
There are many examples of controlling 

reaction rates in everyday life. 

a) Which of the following makes it 

easier to start a campfire-a large 

dry log or small pieces of dry 

kindling? 

b) Why does fruit spoil more 

quickly at room temperature 

rather than when it is in the 

fridge? 

Search for "fruit vegetable 

decomposition time lapse" on 

www.youtube.com. 

G:)WEBLINKS 
To fmd some mfonnatlve and 
entertammg videos about colhs1on 
theory, search for "colhs1on theory 
explamed" on wwwyoutube corn 

A rate of reaction can be determined experimentally by monitoring the change in the amount of reactant 

used up, or the change in the amount of product formed over a period of time. 

Ev idence collected during this experiment will allow you to comment on how changing the variables in 

a reaction can alter its reaction rate. You will be changing one variable ata time for the reaction between 

hydrochloricacidandcalciumcarbonate. 

You may not be familiarw ith this reaction. It is one of the reactions that takes place when acid rain damages 

marble statues and buildings constructed from limestone or marble. You will investigate this reaction in 

moredetailinchapter10. 

Gather together the following materials: 

eye protection 

250cm 3 Erlenmeyerorconicalflask 

plugofcotton woolforthetopoftheconicalflask 

balance 

50cm3 and100cm3 graduatedcylinders 

Chapter6 I Evidence 59 



smalllumpsofcalciumcarbonate 

2Mhydrochloricacid 

a water bath with the temperature set at 40"C. 

Hill Write the complete chemical equation for this reaction. 

EJIII Construct a data table to record the data thatyouand.lortheclasswill collect. 

ElilZJ ProcedureA 

(SAFETY) Hydrochloric acid is an irritant: avoid contact with eyes, mouth and skin. Weare ye 

protection at all times. 

a] Place a 250 cm 3 Erlenmeyer or conical flask on a balance and add about 10 g of small lumps 

ofcalciumcarbonate. 

b) Carefully measure out 50 cm 3 of2M hydrochloric acid using a graduated cylinder. 

c] PlacethisgraduatedcylinderalongsidetheErlenmeyerflaskonthebalance.Measureand 

writedownthetotalmass. 

d) Add the acid to the flask while it is still on the balance. Plug the top with the cotton wool. 

Measure and record the total mass at 30-second intervals until the mass stops changing. 

liDII Procedure B 

Repeat Procedure A, but use 100 cm 3 of2Macid rather than 50 cmi.Thevariable being 

investigated is how a greater volume ofa reactant will affect the rate of reaction. 

BDIJ Procedure C 

Repeat Procedure A, but use 25 cm 3 of2M acid and 25 cm 3 of water instead of 50 cmi of acid. The 

variable being investigated is how a reduced concentration of acid will affect the rate of reaction. 

liDII Procedure D 

RepeatProcedureA,butuse 5gofcalcium 

carbonateinsteadof10g.Thevariablebeing 

investigated is how reducing the mass ofa 

reactantwillaffecttherateofreaction. 

Dim ProcedureE 

RepeatProcedureA,butputtheflasktowarm 

inthewaterbathsetat40"Cbeforeaddingthe 

calciumcarbonate.Thefactorbeinginvestigated 

ishowincreasingthetemperatureofareactant 

willaffecttherateofreaction. 

60 Sciences 

When drawing your graph: 

• ensure that the graph is fully labelled 

• choose an appropriate range for 

each axis 

• put the independent variable (the 

variable you are changing) on the 

x-axis (there is an exception here if 
you are measuring time; this always 

goes on the x-axis) 

• a best-fit trend line is a smooth curve; 

draw the curve so that about half the 

points are above the curve and about 

half the points are below it. 



Olm Procedure F 
Repeat Procedure A, but use one large lump of calcium carbonate, rather than a number of small 

lumps. The factor being investigated is how reducing the surface area ofa reactant w ill affect the 

rate of reaction. 

1-
BDB Calculate the loss in mass ofthe reaction mixture for each of the procedures. 

Plot the loss in mass versus time for each of the procedures A- F on the same graph. Use different 

symbols toplotthepoints foreachprocedure.Addabest-fittrendlineforeachprocedure. 

Comment on whatthelmes onthegraph show---a ? • 

milD a] Explam whyprocedureA was 1mportant 1111 
b J ~;:~~s;h~:~::,':::~:~ affected thrntes g 

@GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalmnovat1on "~~;o~~~\~!n lrtera cy 

Process data and report results 

A reaction rate is a measure of the speed of transformation of 

reactants to products in a chemical reaction The factors that affect 

the rate of reaction are the state, concentration or surface area of the 
reactants, the temperature at which the reaction is taking place or the 

addition of a catalyst. These factors determine conditions that either 
increase or decrease the number and frequency of collisions between 

the reactant molecules. 

If the solution remains at a constant temperature, the frequency of 

collisions depends only on the number of reacting molecules present in 

a given volume of reacting material. An increase in the concentration 

of reacting substances increases the frequency of collisions. 

Before you begin this activ ity, review the conclusions you came to in the previous activity. 

In this complex reaction, which happens between several different reactants, the concentration of one 

reactant(potassiumiodate] willbechangedonedropatatimeto seetheeffectithas onthereaction.You 

will use a different form of evidence- a colour change- to show when the reaction is complete. 
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Gather together the following materials: 

• eyeprotection 

two 50cm 3 beakers 

25cm3 graduatedcylinder 

droppers 

distilled water 

potassium iodate solution 

sodiummetabisulfitesolution 

• concentratedsulfuricacid 

starch solution 

• stopclock/timer. 

Efllll (SAFETY] Wear eye protection at all times. Concentrated sulfuric acid is very corrosive. Use only 

one drop at a time. Avoid contact with eyes, mouth and skin. 

a] Obtain two 50cm3 beakers. Makesurethattheyareclean. 

b) To one beaker add 10 cm 3 ofdistilledwater, followed by a numberofdropsofpotassium 

iodate.[Yourteacherwilltellyouhowmanydrops.] 

c] To a second 50 cm 3 beaker add 25 cm 3 of distilled water, 3 drops of sodium metabisulfite, 

1dropofconcentratedsulfuricacidand10dropsofsolublestarch. 

d) Quickly pour beaker 2 into beaker 1, starting the timer as soon as the two solutions meet. 

e] Pour the liquid back and forth between the two beakers 2 or 3 times to ensure mixing. 

fJ At the momenta colour change occurs, stop the timer and write down the time to the nearest 

tenthofasecond. 

g) Repeat the experiment for different numbers of drops of potassium iodate, as instructed by 

your teacher. 

ii6ill Complete the following tasks: 

a] Describe the relationship between concentration of potassium iodate and time taken for the 

colour change. 

b) Suggest some other ways that you could change the reaction rate in this experiment. 

c] Plot the number of drops versus time on a graph, and draw a line of best fit. 

d) Suggest one possible source of error when recording the time for the colour to change. 

e] Suggest how the method could be improved to reduce the inaccuracies in the method. 

~~ GLOBAL CONTEXTS 
(i, ~~~o;~~\~;n lrteracy Sc1ent1ficandtechn1cal1nnovat1on 

Process data and report results 
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Chemical explosions 
Chemical explosions are examples of reactions that occur very quickly 

as a result of a rapid production of gases and the release of energy. One 
of the pioneers in the field of chemical explosives was Alfred NobeL 
the inventor of dynamite. Dynamite is widely used in the construction 
industry to blast through rock so roads can be laid, or in mining to 
expose sources of minerals. Dynamite was also widely used in World 
War I and resulted in tens of thousands of deaths. This would have 
been very distressing for Alfred Nobel had he still been alive, because 

he was a pacifist. 

Scientists have to continuously evaluate the worth of their research. 
The evidence that they collect can lead them to new discoveries, further 
experimentation and the development of new products or processes. 

The science of explosives is still explored today, even though their 
use can cause harm to users or to the environment. Experiments on 
different materials give evidence for how the same explosive power 

can be achieved with materials that are safer to handle and store. 
Researchers also look for explosives that do not release toxic gases 
into the atmosphere or leave toxic residues in the fallout. Research 

into rates of reaction could help control industrial chemical processes 
where a sudden release of energy would be dangerous. 

Exploring the ethics of explosives 

Answer the following questions and share your responses with a 

partner or thelarge rgroup: 

a] Comment on Oppenheimer's statement opposite. 

b) Based onevidence thatyou observedinthe video, discuss 

whether funding should beprovid edtoscientists to 

investigate new forms of explosives. 

c] Whatis theresponsibility of scientistswho know the 

researchthey are involved with willresultinharmtothe 

environment orhumans?Shouldtheybeheldresponsible 

for these discove ries? Or should th ey be congratulated fo r 

making new discoveries that could change the wo rld? 

d) Discussa nd evaluatethe implicationsoftheuseofimproved 

chemica l knowledge in the development of potentially 

harmful chemicals . 

• GLOBAL CONTEXTS 
Global1zat1onandsusta1nab1l1ty ~ ~Tr~t~~:~~~nkfog 

C£)WEBL1NKS 
Explore the power, magic 
and chemistry of explosives 
Search "PBS Nova Kabooml'' 
to fmd out more about the 
history of explosives, from 
the secret expenments of 
early alchemists to the lethal 
legacy of Los Alamos 

Consider ideas from multiple perspectives 
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It was almost as incredible as 
if you fired a 15-mch shell at 
a piece of tissue paper and it 
came back and hit you. 

Ernest Rutherlord 

CDWEBLINKS 
Ammat1ons of Rutherford's 
famous gold foil expenment 
can be found at 
www learnerstv corn by 
searchmg for Rutherford 
arumat1on and rmcro 
magnet fsu edu by searchmg 
for Rutherford expenment 
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Reflection on Topic 2 
Chemical kinetics is not the only area of chemistry where evidence 

plays an important role. Through observation, evidence can be 
gathered to help explain how changing the conditions of a reaction 
can affect reaction rates. Evidence is key for scientists to validate their 

hypotheses. 

When thinking about evidence and experimentation, consider the 
following questions: 

• How much evidence is enough to consider an experiment 
a success? 

• What are the best types of evidence that a chemist can collect? 

• Does all evidence a chemist collects have to be collected 
experimentally or can evidence be obtained through computer 
models and simulations? 

TOPIC 3 

Big Bang theory-looking 
for evidence 
In order to support scientific theories and laws, there must be sufficient 

and unbiased evidence. 

Evidence can be used to gradually develop a theory as more evidence 
is collected. For example, in order to develop a theory about the 
structure of the atom, scientists gathered evidence from many 
experiments. JJ Thompson discovered negatively charged particles, 
later called electrons. A few years later, Ernest Rutherford and his 
students found evidence for a small, positively charged nucleus with 
his "gold foil experiment" in 1909 (Figure 6.2). 

Figure 6.2 In this landmark experiment, when alpha particles were fired through a thin 

pleceofgoldfoil,about1in8,000particlnweredeflectedby90degreesormore 



Using the scientific method, we can make observations and test our 

own hypotheses against these observations in a search for theories 
to help explain each phenomenon. Scientists must employ critical 
thinking skills and perseverance to analyse these observations and 

construct supporting evidence for a convincing scientific theory. 

Origin of the Universe 
Until around 1920, astronomers did not know the size of the Milky Way 
galaxy, and debated whether other galaxies existed.. The best estimate 

of the size of the Milky Way was 300,000 light years across. A light year 
is the distance that light travels in one year: it is 9.4 x 1015 metres (or 
9,400,000,000,000,ooo metres). In 1924, American astrophysicist Edwin 
Hubble found that the distance to the Andromeda nebula, a hazy spiral 
visible in the night sky with a good telescope, was over a million light 
years. He also found that there were individual stars in the nebula. He 
proposed that there were distant galaxies outside of our own Milky 
Way, each containing billions of stars. 

We now know that the Universe contains millions and millions of 
galaxies other than our own. We also have evidence for the beginning 
and evolution of the Universe from a single point-a very small, very 
dense and very hot point called a singularity. All the matter that makes 
up our Universe was in this one place at the beginning of the Universe. 
An explosive event caused matter from the singularity to spread out, 
forming the Universe we inhabit today. This is the Big Bang theory, 
which is the currently accepted model for the origin of the Universe. 

It is estimated that the Big Bang took place over 13.8 billion years ago, 
and the Universe is still expanding today, with galaxies moving away 

from each other at up to a third of the speed of light. 

One of the key pieces of evidence for the Big Bang theory is 
the expansion of the Universe. This is supported by data from a 
phenomenon called redshift, also discovered by Edwin Hubble. 
You will investigate the Doppler effect in sound as an analogy for 
the Doppler effect or redshift in light waves. 

Observing distant stars 

C£)CHAPTER LINKS 
See Chapter 8 on models for 
a companson of Thompson's 
and Rutherford's models of 
the atom 

C£)WEBL1NKS 
Fmd out more about Edwm 
Hubble by explonng 
hubbles1te org 

The visible light from stars is part Figure6.3 Theelectromagneticspectrum(nottoscale) 
of a continuous spectrum, from 
infrared to ultraviolet. Some objects 
in the Universe give out radio waves 

or gamma rays. These types of 
electromagnetic radiation are all part 
of the electromagnetic spectrum, 

which is continuous, so all values of 
wavelength are possible {Figure 6.3). 

G,wnma r""I I 

Sllone,w.welenglh L<><g0(w.wele",j!h 
Higherlmqooocy +-- - - - - - - ---+ LOW0<lmqooocy 
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A wavelength is the distance in metres between repeats in a wave. The 
longer the wavelength, the more spread out the wave. Frequency is the 
number of waves that pass by a certain point per second. The longer 
the wavelength, the lower the frequency. The shorter the wavelength 
(waves very close together), the higher the frequency (the waves are 

passing a point more often). 

The purpose of this activity is to investigate the effect the movement 

of a source of sound has on what you hear as it moves towards and 

away from you. Sound travels as a wave, but a different type from 

light waves. 

G:,\ CHAPTER LINKS 
See Chapter 8 on models for 
a companson of how hght 
waves and sound waves are 
represented. 

Sounds with longer wavelengths (lower frequencies] are interpreted 

as lower pitch by our brains. Shorterwavelengths (higher 

frequencies] would mean the waves are closer together, and this is 

heardas ahighpitch. 

Locate the following materials: 

electronic sound source with a pure tone [examples: small alarm clock with continuous tone, 

buzzerconnectedtoacell) 

strong string[2.5m) 

large rubber bung 

sticky tape. 

IIDfJ Formulate a hypothesis forwhat you think you will hear when someone else swings the sound 

source around his or her head, so that it moves towards and then away from you. Explain why you 

thinkthiswillhappen. 

Write your hypothesis using the following questions as your framework: 

Whatdoyouexpecttohear,and why,whena sourceof sound: 

a] moves towards you [imagine the sound ofa ra cing car driv ing towards you] 

b) moves away from you [imagine the sound ofa racing car driving away from you] 

c] is stationary [imagine you are standing next to the car with the motor running] ? 

BiilJ Secure the sound source to the string [use knots and tape to ensure it does not detach from the 

string].Tiethe rubberbungtotheotherendofthe string sothatitcannot slipoutofthehand 

holding it. 
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Selectone studentinyourgrouptotwirlthe sound source ina circleabovehis orherhead. 

In order to gain enough speed, the student should let out about 1.5 m of string as it twirls. 

The twirler should hang on tightly to the other end of the string. 



-----------~·~ 
' -- .,,.. __ 

(SAFETY) The rest of the group must stand at least 3 metres away from the twirler. If this is not 

possib leinthelab,movetoa largerspaceoroutside. 

Youshouldobserveandrecordwhatyouhearasthesoundsourceapproaches,passesandgoes 

away from you. Each member of the group should have a chance to twirl the device, and also to 

describe what they hear as other people swing the device. 

ElillJ Evaluate your hypothesis-return to the questions in step 2, answe ring these again with your 

new evidence. 

Blm Constructadatatabletorecordyourobservations. 

m:lD ThephenomenonyoujustexperiencediscalledtheDopplereffect. 
Answer the following questions alone orwith your partner: 

a] Describe and explain how the sound waves behave when the source is stationary. 

b) Describe how the sound changes as the sound source moves towards and then away from you. 

c] Use the diagram below to explain how the sound waves from the moving object seem to 

change pitch. The diagram shows a picture from above of sound waves spreading out from a 

source. The distance between the wave fronts is the wavelength. 

WiHflfrootsforstationa<ysotl"ce 

@GLOBAL CONTEXTS 
Or1entat1oninspaceandt1me 

Doppler effect 

~ A;r~~~:~~~nking 

Practise observmg carefully m order to 
recogmze problems 
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When a source of waves moves towards an observer, the wavelengths 
of the waves are closer together, and are shorter. For sound waves, this 

results in a higher pitch tone. In contrast, as waves move away from 

an observer, the wavelengths are further away from each other, and 

are longer. For sound waves, this results in a lower pitch tone. For light 

waves from a star or galaxy, the analogous effect (as sources move 
towards and away from the viewer) is a change in the colour of light. 

When astrophysicists analyse light emitted by a star, there are 

gaps or dark lines in the spectrum of light. Not all stars shine in the 
same way, but there is a characteristic pattern that can usually be 

recognized.. The lines are caused by neutral and ionised elements in 
the outer, cooler gas layers of the star, which absorb some of the light 

emitted by the star (Figure 6-4). Different elements absorb light of 

different wavelengths. When compared to the spectrum of the Sun. 
the wavelengths of these gaps always appear to be slightly longer or 

shorter than expected. By 1925, data for 45 galaxies showed that the 
wavelengths were nearly always longer than expected, towards the red 
end of the spectrum Longer wavelengths lead to the appearance of 

red-shifted light. Shorter wavelengths lead to the appearance of blue­

shifted. light. 

Figure6.4 .4.bsorptionlinesinthespectrumoflightfromtheSun -.~ 

Edwin Hubble was one of the astronomers studying the light from these 

galaxies. He supported. the Doppler shift interpretation of the observed 
red.shift-that the galaxies were moving towards or away from the Earth, 

with most of them moving away. As the Sun is not moving towards or 
away from the Earth, it acts as a reference point and this can be used 

to help measure how fast stars or galaxies are moving towards or away 

from the Earth. 

Hubble knew that the amount of the observed redshift is proportional 
to the speed of the source. For example, for a galaxy moving away from 

us at 3 per cent of the speed of light, the lines in it.s spectrum will be 
red-shifted by 3 per cent. 



Hubble's evidence for redshift 

While studying the stars of distant galaxies, Hubble used another technique to measure the distances 

to the galaxies. He now had two pieces of evidence for each galaxy. Here is the data he published for 

24galaxiesin 1929. 

Open a spreadsheet program and enter the data from the table below. 

l:1iEfJ Use your spreadsheet program to create a scatter graph. 

Add a y-axis title and an x-axis title. Include the units. 

Addatrendline. 

mllJ Outline the trend in Hubble's observations shown by the scatter graph. 

a] What is the relationship between the distance of the galaxy and its speed relative to the Earth? 

b) HowdoesthissupportthehypothesisthattheUniverseisexpanding? 

Measured velocity 
{km/ sec) 

smallMagellaniccloud 0.032 + 170 

largeMagellaniccloud 0.034 + 290 

NGC6822 0.214 - 130 

598 0.263 - 70 

221 0.275 - 185 

224 0.275 - 220 

5457 0.45 + 200 

4736 0.5 + 290 

5194 0.5 + 270 

4449 0.63 + 200 

4214 0.8 + 300 

3031 0.9 - 30 

3627 0.9 + 650 

4826 0.9 + 150 

5236 0.9 + 500 

1068 1.0 + 920 
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5055 1.1 + 450 ' 
7331 1.1 +500 

4258 1.4 + 500 

4151 1.7 + 960 

4382 2.0 +500 

44 72 2.0 +850 

4486 2.0 + 800 

4649 2.0 +1090 

A parsec is a unit of dista nce equal to 3.26 light years. You do not need to convert the dista nces to light 
years for this activity. 

@ GLOBAL CONTEXTS 
Or1entat1oninspaceandt1me 

The cosmological redshift is 

not a true Doppler effect. The 

light from nearby galaxies 

is redshifted as a result of 

the Doppler redshift due to 

relative velocity of the galaxy 

and obseiver, but most distant 

galaxies are redshifted as a 

result of space itself stretching, 

as predicted by Einstein. 
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~ATL SKI LLS 
Transfer 
Apply skills and knowledge m unfam1har 
situations 

Using evidence to develop theories 
Hubble had found evidence that suggested cosmology needed a 
rethink. Scientists need a large amount of data to be convinced, 
so Hubble was rather cautious when he published his results, 
writing "New data to be expected in the near future may modify the 
significance of the present investigation, or, if confirmatory, will lead to 
a solution having many times the weight. For this reason it is thought 
premature to discuss in detail the obvious consequences of the present 

results ... ". 

After his announcement, Hubble and other astronomers continued 
to measure the distances and redshifts of thousands of galaxies, 

to confirm beyond doubt the existence of the redshift to distance 
relationship. 

The galaxies that are furthest away from us are moving the fastest . 

Since the speed of light is 3 x 108 m/s, light from these very distant 
galaxies took much longer to reach the Earth. Thus, as you look further 
out into space, you are in fact looking at light created a long time ago. 



Evidence about the Big Bang from the Large Hadron Collider 
The Large Hadron Collider (LHC) at CERN allows scientists to 
reproduce the conditions that existed within a billionth of a second of 
the Big Bang. These unique conditions allow scientists to confirm the 

existence of particles predicted nearly 50 years ago. One such particle 
is the Higgs boson It is thought to give mass to matter and through 
this it shaped the Universe 12-7 billion years ago. 

The LHC is part of the biggest physics experiment in history. It 
involves 111 nations working together to design, build and test 

equipment. Located in Geneva, Switzerland, the LHC is a 27 km ring 
used to accelerate two high-energy particle beams close to the speed 
of light, to collide them at very high energies. The collision creates 
subatomic particles that are not normally observed because they are 
very unstable and decay into other particles almost immediately. 

Reflection on Topic 3 
• Have your preconceptions of stars or the Universe been 

affected by your understanding of the properties of light? 

• Is it important that CERN continues to keep asking questions 
of the Universe? 

Summary 
You should now have a sense of how evidence, whether intentionally 
collected, accidentally found or deduced by cutting out other factors, 
is one of the most vital components of the scientific method. The 
search for it has occupied the greatest scientific minds for centuries as 
it provides the foundation on which we can build everything from the 
simplest hypothesis to the fundamental laws that govern the Universe. 

Reference 
Hubble, E. 1929. "A Relation between Distance and Radial Velocity 
among Extra-Galactic Nebulae". Proceedings of the National Academy 
of Sciences oft he United States of America. Vol 15, Issue 3. Pp 168-173. 
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T f • iKEYCONCEPTFOCUS 

rans ormabon ~~t!41~~NsH1Ps 

TOPIC 1 Energy in food chains 

• How can the maximum biomass of plant matter be 
generate d from photosynthesis in a fixed time period? 

• How can the maximum biomass of animal matte r be 
generate d in a fixed period of time? 

• How can we modify our diet to reduce our ecological 
footprint? 

TOPIC 2 Transformation of energy and matter 
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• How does energy change from one form to another? 

• How can we use the transformation of matter as 
represented by the decay of radioactive isotopes to 
our advantage? 

ATL 
,I Gather and organize relevant information to formulate an 

argument. 

,I Collect and analyse data to identify solutions and make 
informed decisions. 

,I Process data and report results. 

,I Use models and simulations to explore complex systems 
and issues. 

Sciences 
,I Design a method and select appropriate materials and 

equipment. 

,I Explain how to manipulate variables, and how enough 
data will be collected. 

,I Organize and present data in tables. 

,I Decide how the raw data should be transformed and 
presented into a form suitable for visual representation. 

Energy Form Models 

Controlvarlables thevariables 
that remain constant and 
unchanged in an experiment, 
toinvest igatetheeffectof 
changing the independent 
variable. 

Dependentvarlable thevariable 
in which values are measured 
in the experiment. 

lndependent varlable the 
variable that is selected 
and manipulated by the 
investigator in an experiment. 

~ offerfordisplay, 
observation, examination or 
consideration. 



Introducing transformation 
From this quote you can appreciate the tension that characterized the 

difficult relationship between physicist Nikola Tesla and the inventor 

Thomas Edison. In the early days of their relationship Edison hired 
Tesla to help him with some of his ideas, particularly on increasing the 
efficiency of his direct current (DC) power generation plants. Their 

relationship quickly soured, partly over money but also because Tesla 

was developing alternating current (AC) power generation and Edison 

saw this as competition (Figure 7.1). Their feud was dubbed "The War 
of Currents". 

As you may remember, direct current (DC) flows in one direction 

from one terminal of the power supply or battery through the loads in 

the circuit to the other terminal (Figure 7.2). Alternating current (AC) 

reverses direction periodically-for mains electricity this is usually 50 
to 60 times every second. 

Transformation means a change in form. In physics this can be 
defined as a change from one well-defined state to another well­

defined state or an alteration in form or condition. This idea of 

transforming from one form to another brings us to the reason 
behind the war between Edison and Tesla and what helped bring 

about the eventual victor. 

Both forms of electrical current are capable of lighting our lives and 
toasting our bread and charging our tablets-the energy carried by 

moving electrons has the ability to do work in the circuit regardless 

of the direction of electron flow. Both AC and DC power are also 

generated with equal ease and efficiency. 

However, it is very difficult to transform direct current from one 

voltage to another, which is a disadvantage when transmitting 

electrical power from power stations to where it is needed in homes 
and workplaces. Changing voltage is necessary for electrical 

transmission and distribution networks because of the energy loss 
when electrical energy is transmitted through power lines. Whenever 

a current flows through a conductor, there is a heating effect due to 

the conductor's electrical resistance. This means energy is lost to the 

environment. The longer the wire, the more energy is wasted as heat 
but, more importantly, the power loss is proportional to the square 

of the current. A smaller current has a much smaller power loss from 

heat so it is an advantage to transmit power at a low current. But to 
reduce the current, we must increase the voltage in order to keep the 

power the same. 

This is why electricity generated from the power station is transformed 

to a very high voltage (no kV and above) for transmission Electrical 

power transmitted at low voltages results in very high energy losses. 

If Edison had a needle 
to find in a haystack, he 
would proceed at once with 
the diligence of a bee to 
examine straw after straw 
until he found the object of 
his search ... !was a sorry 
witness of such doings, 
knowing that a little theory 
and calculation would have 
saved him ninety percent of 
hislabor. 

Nikola Tesla 

Figure7.1NikolaTesla 

figure7.2Electronsarenegativelycharged 

andthel'llforenowaroundthecircuitfrom 

thenegativeterminalofthecelltothe 

positiveterminal. However, thedirectionof 

current flow is always shown as from the 

positiveterminaltothenegativeterminal. 

Thislsjustahlstoricalconvemion. 

Ahema1;nguurnm 
[DC) IAC) 

+--L +-- L ... ,,. 

CJD 
L---. ..... L ---. 
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Figure7.3Atransformeronapost 

supponingc,.oerheadpowerlines 

"stepsdCMn" thevoltageusedinpower 

distributicnlinestothe110/240Vmains 

suppy used by homes 

QUICK THINK 
To get a sense of how bitter 

the rivalry between Edison and 

Tesla was, do some research 

about Topsy the Elephant. 

It would appear Edison 

purposely used high voltage 

alternating current to 

electrocute the animal to 
try to show the world that 

Tesla's method was dangerous. 

Figurel.4 Duckweed 
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Alternating current can be easily transformed to the extremely high 
voltages {and subsequent minimal power loss) for transmission and 
then transformed into voltages that are safe to use in domestic and 

industrial settings {Figure 7.3). Household supply voltages are between 
110 V and 240 V depending on the country. But transformers only work 
with alternating current. DC voltages cannot be transformed. 

Transformation in science is extremely varied, from changes in energy 
form to changes in physical state. In biology, transformation can involve 

differentiation of a cell or a molecular level, or alteration of molecules 
and/or genetic material The mechanisms behind these transformations 
are equally varied. It is clear that it is essential to understand this 
concept if we want to better understand everything from our Universe to 
the subatomic particles that provide its building blocks. 

TOPIC 1 

Energy in food chains 
Maximizing the formation of plant biomass 

The chemical processes that occur within the cells of organisms 
require energy. Individual organisms exist as part of biological 
communities. For most biological communities, the initial source 
of energy is light captured by plants undergoing photosynthesis. 
A portion of this energy is used by the plant in cellular respiration. 
Energy stored in plant tissues can contribute to the formation of plant 
biomass or it can be passed to other organisms through food chains. 
Energy is passed from consumer to consumer in a food chain, but with 
every transformation, energy is lost from the community as heat. 

Duckweed is the common name given to a small flowering plant that 
grows on the surface of water in many ecosystems around the globe, 
even tolerating polluted water. When conditions are ideal, the rate 
at which a duckweed population can produce biomass is very high 

compared with other plants. 

Fresh or dried duckweed is being investigated as a supplementary 

animal feed. It has been used in integrated farming in poultry, pork 
and fish production {Figure 7.4). Integrated farming systems seek to 
produce a maximum amount of animal feed with minimum resources. 
This would mean, for example, not using fertilizers . 



Investigating optimal conditions for the formation of plant biomass 

You are going to design a method for producing the maximum gain in biomass of duckweed ove r a three-week 

period. Duckweed is very common in nature but can also be obtained from aquarium suppliers. 

Plan how to measure biomass [dependent variable) at the start and finish of the experiment. 

mDa Since severa l variables are involved in forming ideal conditions, consider how you w ill ensure the 

method is valid . Decide which variable you w ill alter [independent variable) and decide what the 

cont rol variables are. Nutrients, light and warmth are three of the most important factors affecting 

plantgrowthbut otherfacto rs existaswe ll . 

ElillJ Develop a plan for collecting sufficient releva nt data over a three-w eek period. 

Decide how to present your data, which may involve records of several va riables over a three-week 

period .Construct a data tabletorecordthedata thatyou w illcollect , andincludetheunits forthe 

measurements. Decide how you w ill display the results in a chart or graph. 

Write down the procedure your group agrees on, and have it approved by your teacher. 

{SAFETY] If infra red or other heat lamps are used, it is important to avoid conta ct with water. 

Do not set them up or switch them on or off w ith wet hands. 

Wash your hands after handling duckw eed and keep skin contact to a minimum . 

• GLOBAL CONTEXTS 
Global1zat1onandsusta1nab1l1ty ~ A;r~~~:~~~nking 

Gather and orgamze relevant mformat1on 
to formulate an argument 

Feed conversion ratios 
Plants capture energy in biomass and this energy is passed along food 
chains. Less and less energy is available to consumers along the food 
chain due to losses to the environment as heat and undigested material. 

An important variable with respect to the sustainable production 
of animals for food is the concept of feed conversion ratio. This is 

defined as the mass of food required to raise animal body mass 
by one kilogram. The ratio would never be 1:1 because no energy 

transformation is ever 100 per cent efficient. One proposal for a more 
sustainable source of animal protein is for humans to use insects 
as food. 

C£) CHAPTER LINKS 
See Topic 3 m Chapter s on 
energy for more on the law 
of conservation of energy 
and how the eff1c1ency of 
energy transfers 1s lmked to 
sustamable energy resources 
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Comparing mealworms to traditional sources of protein 

Thegraphoppositeshowstheareaofland required to produce 

onekilogramofedibleproteinforfourtraditionalfoodsconsumed 

by humans, and formealworms [green bar]. The red bars indicate 
themaximumestimatesandthebluebarsrepresentthe 

minimum estimates. 

a] Estimatetheareaoflandrequiredtoproduceonekilogram 

ofedibleproteinformealworms. 

b) Evaluatetheconclusionthatbeefistheleastsustainable 

choiceofanimalprotein. London,orffCjuiredroproduceprotein 

(I) GLOBAL CONTEXTS 
Globahzat1onandsusta1nab1hty ~ ~~~o~~~\~:n lrteracy 

Collect and analyse data to identify 
solunons and make mformed decisions 

Feed conversion ratios in mealworms 

You are going to design and carry out an investigation into one of the factors that lead to the maximum 

gain in biomass ofmealworms over a three-week period. For example, you might investigate the effect of 

differenttypesoffoodsourcebeingfedtothemealworms. 

Mealwormscanbeobtainedfromapetsupplystore.Theycanbekeptinadisposableplasticcontainer 

alongwithafoodsource.Thecontainerneedsholesforgasexchange. 

(SAFETY] Wash your hands after handling the mealworms. 

Decide how you will measure biomass at the start and finish of the experiment. 

Dim Several variables are involved in deciding ideal conditions. Consider how only the independent 

variable will be changed and how you will control the other variables. 

lialll Develop a plan for how you will collect sufficient relevant data over a three-week period. 

ElliZI Construct a data table to record the data that you will collect,and decide how you will process the 

results and present the data. 

BiilJ Write down the procedure your group agrees on, and have it approved by your teacher. 
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When desigmng your expenment, consider the ethical and environmental imphcat1ons. Insects 

gathered from the local environment could be substituted for meal worms as they could be released 

when the expenment 1s fm1shed Ensure that durmg your expenment the ammals are not exposed 

to conditions that are outside of theu hm1ts of tolerance Because the process of determmmg dry 
b10mass would kill the msects, you will need to measure wet biomass 

When measunng the mass of the msects, take care not to mclude any of the food matenal Carefully 

use a small pamtbrush to remove the matenal 

0GLOBALCONTEXTS 
Global1zat1onandsusta1nab1l1ty ~ ~~~o;~~\~!n literacy 

Process data and report results 

Theareaoflandrequiredto s upportthediet,travel,homelifeandcons umptionpatterns ofonepersonis 

known as an ecological footprint. It is us ually meas ured in hectares. One hectare is 10,000 m2
• The average 

individual living in a developing nation has a much lower ecological footprint than an ind ividual living in a 

developed nation. 

Carryoutanecologicalfootprintassessmentus ing~a;;;, l Llii~•1,1111~ 

onlinetoolthatallows youtofocus onhowyourdiet 11 ~·­
calculators" 

contributes toyourfootprint. Determine yourfootprint. 

DDIJ Discuss the cons equences of altering your lifestyle to reduce your ecological footprint. 

mi!ilJ Interpret your res ult to form a conclus ion as to how you could modify your diet to reduce your footprint. 

@GLOBAL CONTEXTS 
Global1zat1onandsusta1nab1l1ty ~ ~~~o;~~\~!n literacy 

Collect and analyse data to identify 
solutions and make mformed dec1s1ons 

Reflection on Topic 1 
You have had a chance to think about transformation in food chains 
and how this knowledge can be used to think about the way your own 
diet and personal food chain works. 

• Will you consider energy transformation when you are 
selecting your diet? 

• Are there alternative sources of food with less impact on the 
environment that we could consider adding to our diets? 
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C£) CHAPTER LINKS 
See Topic 3 m Chapter 11 on 
form for more about ways m 
which energy can be stored, 
and ways m which energy 
can be transferred from one 
store to another, such as by a 
swmgmg pendulum 

QUICK THINK 
a) Describe the energy 

transformations in the 
following devices: 

• a diesel vehicle 

• a battery toy. 

b) ls all the energy from 

the fuel or energy store 

transferred into a useful 

form? How does the law 

of conseivation of energy 

apply in this situation? 
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Transformation of energy 
and matter 
Transformation of energy 
In our bodies, chemical energy stored in food is transformed by our 
digestive system into heat to keep us warm and into other stores of 

chemical energy needed for essential processes such as respiration 
and growth. The elastic potential energy stored in an elastic band can 
be transformed into kinetic energy when the band is released. Nuclear 
power stations transform the nuclear energy stored in uranium into 
thermal energy, which is then transformed into kinetic energy as the 
steam drives a turbine. 

The law of conservation of energy 
The law of conservation of energy states that in a closed system energy 

cannot be created or destroyed but can only be stored or transferred 
from one form to another. 

This law holds true in all situations, even when it appears that an 

object has lost energy. For example, a ball moving across a horizontal 
surface at constant velocity eventually stops. Why is this? Where has 

the kinetic energy of the moving ball gone? Although the ball loses 
kinetic energy, energy is conseived in the closed system of the ball 

and the ground. Due to air resistance and friction with the ground, 
some of the ball's kinetic energy is transformed. into thermal energy in 
the surroundings, raising the temperature of the ground and the ball 
slightly. This shows that energy is never lost, although not all energy 
transformations are useful, or can be used to do work. 

Radioactive decay 
Throughout the Middle Ages, alchemists tried to discover how 
substances were made. They wanted to find a method of transforming 
a substance like lead into gold-a process they called transmutation. 
No alchemist ever achieved this change, but interest in the structure 

of matter continued. In 1901, experiments by Ernest Rutherford and 
Frederick Soddy showed that part of a sample of the element thorium 
had spontaneously transformed into the element radium. Rutherford 
jokingly warned Soddy, "Don't call it transmutation, they'll have our 
heads off as alchemists!" 

The conversion of atoms of one element into atoms of another 
element occurs by radioactive decay. But not all radioactive decay 

results in transformation of atomic nuclei. In gamma decay, for 
example, an unstable nucleus becomes more stable by emitting 

gamma rays but the structure of the nucleus is unchanged. 



Radioactive decay underlies many modern technologies, from 
nuclear power to the dating of rocks or archeological finds . In order 

to understand this phenomenon, we must first review the structure of 

the nucleus. 

The nucleus of an atom contains protons and neutrons. The number 
of protons is called the atomic number, and the number of neutrons is 

calculated by subtracting the atomic number from the atomic mass. 
However, atoms have different forms called isotopes. Each isotope of 

the same element has a different number of neutrons, but the same 

number of protons. Some isotopes are stable, and some have unstable 

nuclei that undergo radioactive decay. 

For example, carbon has an atomic number of 6. This means all atoms of 
carbon have 6 protons. The most common isotope of carbon, carbon-12, 

has an atomic mass of 12. It therefore has 12 - 6 = 6 neutrons. A different 
isotope of carbon, carbon-14 is created in the atmosphere when cosmic 

rays collide with nitrogen atoms. Carbon-14 has an atomic mass of 14 and 

has 14 - 6 = 8 neutrons in the nucleus (Figure 7-5). 

Figure7.51sotopesofcarbon. 

::::. 

Radioactive decay and half-life 
Radioactive decay is random, so we cannot precisely predict when 

a particular nucleus will decay. Instead, scientists consider a large 
number of nuclei and predict the number that will have decayed after a 

certain amount of time. The time it takes for the radioactive count rate 
from a sample containing the isotope to fall to half its starting level is 

called the half-life. It is the time it takes for the number of nuclei of the 

isotope in a sample to halve. 

Different isotopes have different rates of decay, so different isotopes 

have different half-lives. 

Radioactive dating using isotopes 
The carbon-14 isotope is much less common than carbon-12. However, 

it is incorporated into living tissue as plants undergo photosynthesis. 

As animals eat the plants, carbon-14 gets into their tissues. Carbon-14 

is radioactive and decays into nitrogen-14 as a neutron breaks down 

into a proton and an electron The proton stays in the nucleus and the 
electron leaves the atom. An electron antineutrino is also emitted. 

QUICK THINK 
Find out about the half-lives of 

different radioactive isotopes 

produced in nuclear power 

stations. What problems do 

these products cause? 
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QUICK THINK 
The graph in Figure 7.6 shows 

how the amount of carbon-14 

left in a sample decreases over 

a certain period of time. In 

one half-life, the amount of 

the original sample decreases 

by half (from 100 per cent 

to 50 per cent). During the 

second half-life, the amount of 

the original sample decreases 

by half (from 50 per cent to 

25percent). 

a) Use the graph to find the 

half-life of carbon-14. 

b) Use the graph to find the 

percentage of carbon-14 

left after 3 half-lives. 

c) Is this the percentage you 

would expect? 

Explain your answers. 

Following the death of the animal or plant, the amount of radioactive 
caibon no longer increases (by photosynthesis or feeding) but the 
carbon-14 present continues to decay with a half-life of 5,700 years. 
The amount of carbon-14 in tissues follows a specific decay cuive as 
shown in Figure 7.6. Scientists measure the amount of carbon-14 in an 
archeological sample of plant or animal tissue and, by comparing this 
to the ratio of carbon-14 to carbon-12 in living things today, the age of 

the sample can be determined. If there is half the amount of carbon-14 
nuclei remaining in the sample compared to the amount in living 
tissue, then the sample must be 5,700 years old 

figure7.6Thedecaycurveforcarbon-14. 

As you can see in Figure 7.6, the amount of carbon-14 nuclei remaining 
falls to very low numbers after about 30,000 years. Carbon-14 dating is 
only accurate for objects up to about 60,000 years old 

Other radioactive isotopes, such as potassium-40, which has a half­
life of 1.2 x 109 years, can be used for dating minerals and rocks from 

100,000 to 43 billion years old. This is the age of the Earth. 

Beer foam decay curve 

You cannot directly observe the decay of radioactive nuclei. You are going to use the rate of decay of foam 

onbeeras a s imulationoranalogy.ltisaus eful waytolearnaboutpatterns ofrealphenomenathatcannot 

be directly obs erved. 

As beerorcarbonated softdrinksarepouredintoacontainer,carbondioxidebubbles risetoproduceafrothy 

layer at the top of the container. Because the s ides of the container are not completely smooth, they provide 

a s ite for the bubbles to form on and s tick to. During this investigation, you will try to produce as much foam 

from the poured beer as possible. As individual bubbles burst, the beer foam will transform overtime to 

its liquid state. The bubble-bursting occurs in a random way analogous to the random decay of individual 

radioactive nuclei. The transformation can be recorded as a decreas e in the volume of the foam, and should 

createadecaycurvesimilartothatseeninradioactivedecay. 

You will observe the decay of the height of the beer foam overtime and create a graphical repres entation of 

the decay pattern. 
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Hypothesis 

The volume of foam will decrease overtime. As the volume of foam decreases, the rate of decay of the beer 

foam will also decrease. This is due to the fact that, overtime, there is less foam remaining, and therefore 

lessbeermassperunitoftimethatchanges. 

1--

Collect together the following: 

1bottle/canofnon-alcoholicbeer 

largegraduatedcylinder[preferably 500cm3
) 

stopwatch 

ruler. 

Hints for drawing graphs. 

• Choose an appropriate range and scale 

for each axis to make the graph fill as 
much of the page as possible, so it is 

easy to read. 

Di!IJ Read through the Steps 3- 4 and construct a data • Always plot the independent variable 

(the variable changed during the 
experiment) on the x-axis, and the 

dependent variable (the measurements 

I-

tabletorecordthedatayouwillcollect. 

Pourthebeerintothegraduatedcylinderto 

produceasmuchfoamaspossible.Thebest 

methodistopourthebeerintothecylinder 

quickly,withouttilting.Measureandrecordthe 

heightoffoamproduced.Besuretosubtractthe 

height of liquid inthegraduatedcylinder.Thatis: 

height of foam = height from bottom of 

thefoam[sothetopoftheliquid]tothe 

top of the foam 

recorded) on the y -axis. 

• Label the x and y axes (include units). 

• Add a line of best fit. In order to help 

your reader, the trendline colour 

should be the same as the data points. 

• A legend is necessary only if two 

different curves/lines are plotted on 

the same axes. 

• Add a figure caption below the graph. 

Start the stopwatch and record the height of the foam every 10 seconds until no foam remains on 

topoftheliquid. 

Plotagraphofyourdatausingaspreadsheetorbyhand. 

Conclusion and evaluation 

mill Using the data you collected,describe the relationship between the time taken and volume of foam. 

r---

Is the gradient of the graph increasing, decreasing or remaining constantovertime?What does 

thissuggestabouttherateofdecayofbeerfoam? 

Do you think that the rate of decay of foam would be the same if the brand of beer was changed? 

Explain your answer. 

1]]6 From your graph, find the half-life of your sample's foam between different pairs of time. ls the 

half-life constant? 

Comment on the accuracy of your results, and how close your measurement of the half-life is to the 

valuefoundbyothergroups. 
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IDliJ Discuss the half-life of the beer foam. Compare the graphical representation of the transformation of 

thebeerfoamtothedecay curve ofradioact ive isotopes. 

~ GLOBAL CONTEXTS 
Sc1ent1ficandtechn1calinnovat1on 

{;jATLSKILLS 
Cr1t1 ca l thinking 
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Use models and simulations to explore 
complex systems and issues 

Radioactive dating is important in archeology and geology. 

The technique was first used in 1907, and since then has been 
improved so very small samples can be analysed with great accuracy. 
A variety of isotopes with different half-lives are used to determine 

the age of a wide range of rocks and artefacts. The age data helps 
scientists form and add to theories on evolution. estimates of the 
age of the Earth or of individual rock formations, anthropology 

and many other disciplines. 

Reflection on Topic 2 
Conseivation laws are important in allowing us to predict changes in 

energy from one form to another. The conversion between different 
forms of energy can be seen in our daily lives. Atoms of one element 
can be changed into atoms of another element by radioactive decay. 

• What forms of energy loss can occur during an energy 
transformation? 

• What other ways can you think of to model radioactive decay 
without using radioactive materials? 

Summary 
Transformation is a critical concept to understand and apply to a 
variety of situations. Such situations include: 

• transformation of energy in food chains 

• moving objects 

• change of state from solid to liquid to g as 

• transformation of an atom into a different isotope or element 
when particles leave the nucleus. 

In the particular case of transformation of energy in food chains, you 
have learned that energy is "lost" at each transfer (because organisms 
in lower trophic levels use much of the energy for their own functions 
or structures). However, energy is neither created nor destroyed; it is 

conseived and must be accounted for. 



Models 
• What can simple models tell us about complex 

phenomena? 

• What are the strengths and limitations of models for 
investigating natural phenomena? 

• How do models help us understand processes that may 
not be easily observed? 

• How do we use models to visualize something we 
cannot see, such as light and sound waves? 

• How can wave properties be predicted using models? 

.I Use models and simulations to explore complex systems 
and issues. 

./ Recognize unstated assumptions and bias. 

./ Gather and organize relevant information to formulate an 
argument. 

./ Make connections between various sources of information. 

./ Use and interpret a range of discipline-specific terms and 
symbols. 

.,/ Draw reasonable conclusions and generalizations. 

./ Make guesses, ask ''what if" questions and generate testable 
hypotheses. 

Sciences 
.,/ Design a method for testing a hypothesis, explaining how 

to manipulate the variables and how data will be collected. 

./ Evaluate the validity of a model based on the outcome of 
an investigation. 

./ Organize and present data in tables ready for processing. 

.,/ Draw sketches of observations from an experiment. 

Energy Evidence Interaction Movement Patterns 

(;\ KEY CONCEPT FOCUS 
'¥ CHANGE 

RELATIONSHIPS 

Vall date to confirm or verify 
with evidence that a scientific 
model is true. 

Valldltyof themethod refers to 
whether the method allows for 

the collection of sufficient valid 
data to answer the question. 
This includes factors such 

as whether the measuring 
instrument measures what it 

is supposed to measure, the 
conditions of the experiment 
and the manipulation of 

variables(fairtesting} . 

~ represent by means of a 
labelled, accurate diagram or 
graph, using a pencil A ruler 

(straight edge) should be used 
fur straight lines. Diagrams 
should be drawn to scale. Graphs 

should have points correctly 
plotted (if appropriate) and 
joined in a straight line or 

smooth curve. 

~ represent by means of 

a diagram or graph (labelled 
as appropriate). The sketch 
should give a general idea of the 

required shape or relationship, 
and should include relevant 

features. 

I Write down! obtain the 

answer(s), usually by extracting 
information. Little or no 
calculation is required. Working 

does not need to be shown. 
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Figurea1 LinusPauling. 

Hewaslaterawardeda 

Nobel Prize in Chemistry 

andaNobelPeacePrize 
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Introducing models 
Proteins perform hugely varied and essential functions in living 

organisms. For example, collagen strengthens ligaments, insulin 
regulates blood glucose, enzymes such as pepsin break down proteins 
we eat and reuse the building blocks to build new proteins. 

You may be surprised to find out that with such a vast array of different 

functions, the basic building blocks of proteins are remarkably similar. 
All protein molecules are made from long chains of smaller molecules 
called amino acids. These building blocks can be put together in 
millions of different ways to make millions of different proteins. The 
instructions for the order of amino acids in each protein are contained 
in our DNA code. 

Proteins are intricately folded structures and each has a specific 
shape. In the early days of biochemistry, it was a great mystery how 
the chains of amino acids turned into the complex and very specific 

structures of proteins. 

Then Linus Pauling (Figure 8.1)-one of the greatest scientists of the 
20th century-got a bad cold and was forced to stay in bed for a couple 
of days in his London apartment in the winter of 1948. 

Pauling knew the structure of amino acids, and he had seen X-ray 

crystallography images of proteins that hinted at their shape. But for 
almost ten years he'd struggled with the problem of how amino acids 

linked together to form a chain. 

So, bored with being in bed and reading detective novels, he did what 
any scientist would do. He started to draw and build a model to help 
him with his problem. 

One definition of a model is a representation used for testing scientific 
theories or ideas. The model can then be tested to see whether it 
accurately predicts something that can later be observed. 

As the story goes, Pauling worked out an appropriate scale and arranged 

a chain of amino acids as in Figure 8.2. He then started to fold the paper 
in a way that would get as many oxygen atoms (shown as =O) in the 
carboxyl groups aligned with as many as possible of the hydrogen atoms 
(shown as - H) in the amine groups of another amino acid. The bonds 
formed between these groups give the protein strength and structure. 

How? He rolled the paper into a kind of telescope shape that looked 
like a spiral and found that the hydrogen and oxygen atoms came 
together at regular intervals in what he called an alpha helix. The 
geometry of the model gave predictions about protein shape and 
structure that were not confirmed experimentally for a couple of years, 
but he had effectively solved this great mystery with little more than 
a pencil and a piece of paper-and the time he had from having a bad 

cold that kept him in bed! 



Not all models are drawings of what they represent. Some models are 
ideas or descriptions of processes that may be difficult to obseive or 
happen very slowly; very quickly or on too small a scale. Such models can 
be improved by testing their predictions on a small data set, and altering 

the values or ideas in the model until there is a better fit with the data. 

Computer simulations are also models. Again, they can be used to 

explain or predict processes that are difficult to obseive. They can also 
help us to understand the dynamics of multiple underlying phenomena 
of a complex system such as the weather. Simulations can be repeated 
again and again using the same initial conditions to va lidate the 
mathematical equations in the model (that is, to be certain the equations 
are an accurate representation of the scenario being modelled). 

Models are powerful tools in the understanding of difficult scientific 
ideas and phenomena. They evolve and become more complex as 
scientists use them and refine or improve them. 

TOPIC 1 

Evaluating models in biology 
Scientists use models for a number of reasons. For example, studying 
a biological phenomenon in its natural context might be too difficult 
if the time period over which it occurs is too long, or the scale of the 
phenomenon is too small or too large. The complex interactions within 
a system might make it difficult to isolate and control variables in 
order to carry out a fair test. 

Useful models should allow predictions and should offer a means 

to explain observations. They commonly include mechanisms that 
parallel the phenomenon they are meant to model. 

Evolution is the change in obseivable characteristics in a population 

with time. A change in obseivable characteristics in a population 
can be obseived over a relatively short time period in some cases 
(such as the development of antibiotic resistance, selective breeding). 
However, in most cases, evolutionary change is much too slow for 

humans to obseive easily. Modelling provides the opportunity to 
study adaptation and the evolution of forms and functions to suit 
environmental pressures. 

Some marine organisms dive for long periods of time and to great 
depths in order to find food For example, the Weddell seal can 
dive for up to an hour when hunting (Figure 8.3). The challenge 
is to conseive oxygen used in respiration by minimizing energy 
expenditure when swimming. 

Figure8.2 ThedrawinglinusPauling 

madeofhismodelofthealphahelix, 

showinghowthepapershouldbefolded 

orrolledsothatthesidegroupextending 

from one amino acid makes a bond w~h 

thesidegroupofanotheraminoacid,ina 

regular,repeatingpattern 
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Figure 8.3 Weddell seals 

In Charles Darw:in's theory of evolution by natural selection, evolution 
occurs when environmental selection pressures lead to differe nces in 
reproduction ra tes of some varieties over others, usually because of the 

death of poorly adapted individuals before they reproduce. 

Modelling evolution by natural selection 

How did s eals evolve a s treamlined body s hape? This investigation is a model that s imulates evolution 

byrepeatedlyapplyinga s electionpressure sothatonly someofeachgenerationofmodelssurvives and 

reproduces . 

You will inves tigate what body s hape adaptations give a diving organis m an advantage for moving through 

water. By reducing "drag", a diving organis m can go fa st without having to waste too much energy . 

Gathertogetherthefollowingapparatus : 

stopwatch 

tall graduated cylinder 

modelling clay. 

DDlJ Make 10 or more model animals us ing modelling clay, or s ome other material that can be eas ily 

formed into different s hapes . Drop each of them into a meas uring cylinderofwater. Meas ure and 

recordhow longeachtakes toreachthebottom. 

DDilJ Dis card the half of the models that were s lowest. Formulate a hypothes is as to what were the 

features ofthe s urvivingmodels thatallowedthemto s inkfaster. 

mi:z:I Pair up the fa stest models and make intermediate s hapes , to represent their offs pring. The 

offspring s hould have s omeofthefeatures ofeachparent. 
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~ Test the new generation of model animals and repeat the elimination of the slowest and the 

simulatedbreedingofthefastest. 

lilim Does one shape gradually emerge? Describe its features. Sketch drawings of your intermediate 

models. Compare your speediest model to the speediest models ofothergroups. 

@GLOBAL CONTEXTS 
Or1entat1oninspaceandt1me ~ A;r~t~~:~~~nking 

Use models and s1mulat1ons to explore 
complex systems and issues 

Evaluation is a very important skill to develop in the sciences. In many 
ways, it is like being asked for your opinion, although it requires you 
to reflect deeply on the data, the topic or the concept or the question 
before you tell everyone what you think about it and why. 

Modelling movement across a cell membrane 

In liv ing things, an important function of cellular membranes is to regulate the movement of materials in 

and out of cells. This can occur spontaneously, when particles move from an area of high concentration to 

anareaoflow concentration. 

It is difficult to carry out observations on movement across a single cell membrane but artificial membranes 

can be used as models of cell membranes. When an individual 's kidneys no longer function properly, his or 

herbloodmustbeartificiallyfilteredbyaprocess knownas dialysis.Tubingmadeforuseinkidneydialysis 

machines can be used to model a cell membrane. This tubing is semipermeable. This means that it contains 

small pores that allow fluid and small solute molecules to pass through, but not blood cells and proteins. 

Osmosis is the diffusion of water across a semi-permeable membrane. 

Gather together the following materials: 

eye protection 

Visking tubing 

dialysis clamps 

flat carbonated cola 

a scale 

a beaker 

Benedict's solution 

beakerof waterheatedto 

100°C (waterbathfor 

Benedict's test) 

test tube 

pH indicator. 

[ SAFETY] Wear eye protection. Do not drink or taste the cola. Avoid skin contact with Benedict 's solution, 

especially whenheated. 
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mDlfJ Obtain some cola soft drink and allow itto go flat-in other words remove the carbonation-by 

leaving it open overnight. 

mDllJ Cut a section oftubingand soak it. Knot the tubing at the bottom or tie it very tightly with some 

string. Pour the cola through the open end and then knot or clamp the remaining end. Do not fill 

the bag with cola. 

E£illl Measure and record the mass of the Visking tubing plus cola and then place it into a beaker of 

distilled water. 

Colacontainsfructose,phosphoricacidandcaramel,abrowncolouringsubstance. 

Predict which of these substances-if any-will diffuse out of the Visking tubing, giving reasons 

for your predictions. 

BD'.E Predictwhetherthe mass of the Visking tubing after it has been in the waterforone hour will 

increase or decrease. 

After one hour, remove the Visking tubing from the beaker, dry off the water and measure and 

recordthemassofthetubing. 

Blllll'J Look carefully at the colour of the water in the beaker to see whether it is clear or if it has a brown 

cola colour. Using a digital camera such as a computer or tablet camera, you could take photos at 

thestartandattheendoftheexperimenttofacilitatethecolourcomparison. 

ThepresenceoffructoseinthewaterinthebeakercanbedetectedwiththeBenedict'stest. 

BiilJ Add 2 cm1 ofthewaterfrom the beaker to a test tube and add an equal volume of Benedict's 

solution. Shake well to mix. Heat the test tube in the water bath for about 5 minutes, or until the 

colour of the mixture changes. The original pale blue colour means no fructose is present.A red 

colourmeansfructoseispresent. 

ThepresenceofphosphoricacidcanbedetectedusinganarrowrangepH indicator. 

Bl!lm Test the pH ofthewaterin the beaker. 

a] lnterpretwhatyourresultsshow. 

b) Suggestwhatfeaturesofa real cell membrane are missing from this model. 

• GLOBAL CONTEXTS 
Sc1ent1ficandtechn1calinnovat1on 
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Modelling osmosis in plant tissues 

lnadditiontothedialysistubingusedinActivity 2,biologicaltissuescanbeusedasmodelsofcell 

membranes. In this investigation, grape cubes are used to model osmosis in plant tissues. 

Gather together the following material and apparatus: 

knifeorscalpel honey 

• cuttingboard • threesmallbeakers. 

• freshgrapes 

[SAFETY ) Do not eat or taste the grapes or honey. Take great care when using the knife or scalpel as your 

fingerswillbeveryclosetotheblade. 

Bi!& After you have read the rest of the instructions, construct a data table to record the 

measurementsyouwillmake. 

m!IJ Using a knife and a cutting board cut all of the skin, and some of the flesh from three grapes 

toproducethreegrapecubes.Usetherulertocheckthatthecubesareallthesamesizewith 

sides ofat least 10 mm. Be careful in your measurements as changes to the grapes during this 

investigation will be small. Record the initial measurements. 

mDI] Place one grape cube in each of three small beakers. 

Cover the grape in one beaker with liquid honey, the grape in the second beakerwith water and 

thegrapeinthethirdbeakerwitha50:50mixtureofliquidhoneyandwater. 

EIDII Once you have completed setting the experiment up, predict the outcome giving reasons. 

Leave the grape cubes in the liquids for 24 hours, then take each of them out and place on 

apapertowel. 

liiilJ Turn the cubes over a few times to remove the honey and dry off the water. Use the ruler to measure 

thedimensionsofeachcube.Presseachonewithafingertofeelwhetheritishardorsoft. 

a] Determinewhetherthe dimensions of the side of the cube increased or decreased in diameter, 

or remained unchanged. 

b) Statewhethereachcubeisturgid (hard]orflaccid [soft]. 

c] Explainanychangesthathaveoccurred. 

d) In this investigation, planttissueisbeingusedtomodelan individualplantcell.Discussthe 

limitsofthismodelbycomparingtissuestocells. 

@) GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on 

<;iATL SKILLS 
Cr1t1calthinking 
Recogruze unstated assumptions and bias 
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Modelling osmosis in animal tissues 

In this investigation, an egg with its shell removed will be used to model an animal cell. 

The white-coloured membrane in the scanning electron micrograph is the chorion. 

The brown broken egg shell is at the top. The chorion and eggshell control the passage 

of gases in and out of the egg. Once the egg shell is removed, the rubbery white 

surfacethatremainsisthechorion. 

Gathertogetherthefollowingmaterialsandapparatus: 

eye protection 

• 200cm3 beaker 

• threerawchickeneggs 

weakacidsuchasvinegar 

• twosodiumchloridesolutions 

(10 percent and 20 percent) 

• toppanbalance. 

(SAFETY} Wear eye protection. Wash hands after handling raw eggs. 

Efill1 Prepare the three eggs. The shells of chicken eggs can be removed by leaving them for 24 hours 

in a beaker containing a weak acid such as vinegar. You may need to turn the eggs over to ensure 

the shell on the top portion of the egg that floats above the solution is also removed.Alternatively, 

a smaller weighted beaker can be used to hold the egg submerged. 

Place each of the eggs on a paper towel and blot them dry by gently patting them. 

Determine the mass of each egg and record the mass in a table of your own design. 

Put each egg in a 200 cm 3 beaker. Prepare two sodium chloride solutions (10 percent and 

20 percent) and some distilled water [D percent sodium chloride]. Cover each egg with 150 cm 3 

ofoneofthesolutions.Leavetheegginthesolutionfor24hours. 

Attheendofthisperiod,pourthesolutionoffthe 

egg. Pat the egg dry on a paper towel. Record the 

massofeachegginyourtable.Oeterminethe 

changeinmassofeachegg. 

percentage change = change x 100 
ongmal 

In this expenment, the change m 

mass 1s calculated by subtractmg the 

ongmal mass from the fmal mass 

miiiEI Calculate the percentage change in mass to make comparison between the three eggs easy. 

In this experiment, the shell-less egg is used to model an individual animal cell. The exposed 

rubbery white surface of the egg is the multicellular chorion. Discuss the limits of this model. 

@ GLOBAL CONTEXTS 
Sc1ent1ficandtechn1calinnovat1on 
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Reflection on Topic 1 
• What are the strengths and limitations of models for 

investigating natural phenomena? 

• What can simple models tell us about complex phenomena? 

• What are the challenges involved in evaluating models? 

TOPIC 2 

Models of atomic structure 
There are many examples of different models in chemistry, such as 
the periodic table, drawings or 3D models of the shapes of molecules. 
In this topic you will explore how models of atomic structure have 
changed over time and how well they explain processes that may not 
be obseivable with the naked eye. 

The ancient Greeks were the first to propose that atoms existed. The 
word atom is derived from the Greek word a tomos, which means 
uncuttable or indivisible. 

The ancient Greeks proposed that there were four types of atom with 
different shapes-earth, wind, water and fire. This was a very early 
theory of the nature of matter. Theories are integrated, comprehensive 
models of how the Universe, or parts of it, work A theory can 
incorporate facts, laws and tested hypotheses. The scientist credited 
with first developing the modem theory of atomic structure was John 

Dalton in 1808. 

Models like Dalton's are created to explain processes that may not be 
easily obseived. When tested against experiments, models may be 
found to have fl aws. When new experiments are carried out, evidence 
may be collected that cannot be explained through the use of the 
current model. In such a case, the new obseivations and data either 
lead to modifications of the existing model or a completely new model. 
The new model allows for better explanation of the new obseivations. 

Based on new obseivations and 
experiments, Dalton's model of the 
atom was superseded by Thomson's 
plum pudding model of the atom 
(Figure 8-4). A more modern analogy 
would be a chocolate chip cookie model, 

in which electrons are the chocolate 
chips surrounded by positively charged 
cookie dough Thompson's model had no 
nucleus, but after the gold foil experiment 

designed by Ernest Rutherford, the model 
of the atom included a small, dense nucleus. 

Figure8.4 Thompson'splum 

puddingmodeloftheatom 

C5:) CHAPTE R LIN KS 
In Chapter 9 on mteract1on 
you will construct molecular 
models 

C£)WEB L1NKS 
Fmd out more about 
Dalton's atomic theory by 
searchmg for Dalton and 
Frostburg 

QUICK THINK 
When you read about Dalton's 

atomic theory, you will find 

two assumptions that were 

changed as a result of new 

evidence that was discovered 

after Dalton. Comment on that 

evidence and how it meant that 

Dalton's model of the atom 

needed to be changed. 
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C£)WEBL1NKS 
Rutherford 's model 
proposed that most of the 
atom 1s empty space How 
do solid substances exist 1f 
most of an atom 1s empty 
space? Consider this while 
watching the short chp The 
space between atoms" found 
at wwwyoutube corn 

C£) CHAPTER LINKS 
In Chapter 14 on patterns 
you will look at how Bohr's 
model explains the pattern 
in reactions of elements in 
the penod1c table 

C£)WEBL1NKS 
An animation of Bohr's 
model of the atom can be 
found by searching for SBCC 
and Bohr's model 
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The model of the atom that most closely aligns with the modern 
atomic theory was proposed by Niels Bohr in 1913 (Figure 8.5). Bohr's 
model of the atom differed from Rutherford's as Bohr proposed that 

electrons could only exist at certain distances from the nucleus. 
The electrons move around the nucleus in the same way that the 

planets oibit the Sun. 

Fi9ure8.S Bohr'smodelofthehydrogenatomahowingtheallowedenergylevels 

The modem model of the atom is based on a quite complicated 
theory of quantum mechanics developed by Erwin SchrOdinger. 
As in Bohr's model, electrons can only have fixed energy levels. 

But in Schrodinger's model. the exact position of an electron 
cannot be determined. 

One piece of evidence that confirms Bohr's model of the atom is 
the existence of line spectra. In Bohr's model, each energy level 

represents a specific energy state for the electron. Electrons in 
orbits nearest the nucleus have the smallest amount of energy and 
electrons in orbits furthest from the nucleus have the highest amount 
of energy. When an additional amount of energy is supplied, for 
example by heating, electrons can become excited and jump to a 
higher energy level. However, this move is not permanent. Very soon, 
an excited electron will move back to an inner orbit and emit energy 

equal to the difference of the energies of the two orbits. Figure 8.6 
shows the emission of a photon (packet) of light as an electron in an 
atom moves from an excited state back to its lowest energy state, the 

orbit nearest the nucleus. 



Figure8.6 Bohr'sexplanatlonofemissionofelectromagneticradiationfroman 

An incandescent light bulb or other very hot dense object emits a 
continuous spectrum of light. This means that all colours of light are 
visible and there are no gaps between the wavelengths of light - the 
spectrum is continuous. However, light emitted by a hot transparent 
gas is a line spectrum, in which only certain frequencies of light are 

emitted. Specific frequencies correspond to distinct colours of light. 
Continuous and line spectra are compared in Figure 8.7. 

Figure 8.7 Continuous spectrum and atomic emission spectrum (line spectrum) . 

Continuous spectrum 

Emission line spectrum 

C£) CHAPTER LINKS 
Topic 3 m Chapter 6 on 
eV1dence has more about 
the electromagnetic 
spectrum and the different 
wavelengths of hght, and 
the relationship between 
wavelength and frequency 

Bohr model of the atom and line spectra 

In this activity, you will observe both continuous and line spectra and use knowledge of atomic structure to 

explain line spectra. 

Elm Obtain a diffracting grating. Diffracting gratings work by splitting light emitted from a source into 

its component wavelengths. 

li1!II Look through the grating at an incandescent light source (filament bulb]. Sketch what you 

observe. 
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mDIJ Yourteacher w ill connect a source of high voltage to a low-pressure sample ofan element, such 

as a gas discharge tube. This energy will excite electrons in the sample. 

l:iillJ Observe the spectrum of light emitted by each sample through the diffracting grating. 

Sketch what you observe. 

mill Repeat steps 3 and4foreach sa mple. 

Describe how your observations reflect Bohr's model of the atom. 

mll1 Explain whythe samplesonly showed a colourwhena current was passedthrough the discharge tube. 

Ex plain whydifferent substan cesshow differentspectra . 

• GLOBAL CONTEXTS 
Sc1ent1ficandtechmcalinnovat1on ~ ~~~o;~~\~:n literacy 

QUICK THINK 
How could scientists use line 

spectra to s tudy the stars? 

~WEB LINKS 
You can examme !me 
spectra more closely by 
searching for Lme Spectra at 
www leamerstv corn 

Subatomic particles 

Make connections between vanous sources 
of mformat1on 

There are three main types of particle that are found in an atom-the 

electron, proton and neutron Protons and neutrons are often referred 
to as nucleons as they are found in the nucleus. The nucleus is the 
central region of the atom where most of its mass and all of its positive 
charge is concentrated. 

The elements in the periodic table are arranged by increasing atomic 
number. An element's atomic number (Z) indicates how many protons 

are in each atom of that element. An element's mass number (A) 
indicates the number of protons and neutrons that are found in each 
atom of that element. 

In neutral atoms, the number of protons equals the number of 
electrons. Ions are atoms or molecules that do not have an equal 
number of protons or electrons. Ions can either have a positive or 
negative charge caused by the loss or gain of electrons. 

Mapping the inside of an atom 

Why is it that the number of protons in an atom ofan element cannot change? 

Deduce the missing values in the table below. You will need to use a periodic table to identify the element if 

this is not shown. To find the mass number, round the atomic weight from the periodic table to the nearest 

whole number. Remember to add a charge to the symbol if you deduce it is an ion. 
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~ A;ol;:~~~!at1on 
Use and interpret a range of d1sc1plme­
spec1fic terms and symbols 
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figure8.8Thelargestuseof 

radioactiveisotopesisinthefield 

ofmedicine.Thisscanneruses 

Isotopes 
By definition, all atoms of the same element must have the same 
number of protons, but they need not all have the same number of 

neutrons. Atoms that have the same number of protons but different 
numbers of neutrons are called isotopes. Isotopes of the same element 
have the same atomic number but different atomic masses. They have 
the same chemical properties but they have slightly different physical 

properties. For example, deuterium is an isotope of hydrogen that has 
one extra neutron in the nucleus. Heavy water is water that contains 
a greater than usual proportion of the deuterium isotope 2H in place 
of 1H. The density of heavy water is about 10% greater than that of 
ordinary water. 

There are about 2,000 known isotopes. Most of these are isotopes of 
radioactive elements, which can be extremely useful (Figure 8.8). 

G.:> CHAPTER LINKS 
In Topic 2 m Chapter 7 on transformation, decay of the foam on 
beer 1s used as a model of rad1oact1ve decay 

lsotopes-Beanium lab 

In this activity, you will use dried beans as a model for atoms. You will measure the masses of individual 

beans and the relative proportions of different beans in a sample to show how an element's relative atomic 

mass is calculated. 

Readthroughtherestoftheinstructions anddesignatabletorecordthedatathatwillbecollected. 

m:DlfJ Yourteacher will give you a sample of the element "beanium". You will notice that different atoms 

ofbeaniumappeardifferent;thesearedifferentisotopes ofbeanium. 

mDIJ Sort the atoms ofbeanium into isotope groups. Write down the total numberofatoms ofeach 

isotopeandthenumberofisotopes. 

Measurethetotalmass ofeachoftheisotopegroups. 

1111D Calculate the mean mass of a single atom of each isotope; this value is called the isotopic mass. 

mfD Calculatetheisotopicabundance[percentage]foreachisotope. 

Calculatetherelativeatomicmass forbeaniumbasedontheisotopicabundances andtheisotopic 

relativeatomicmass = 

[isotopic mass x isotopic tioundanceJ + [isotopic massx isotopic ti~ndanceJ + .. 
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liiilil For practice, calculate the relative atomic mass for the following isotopes: 

a] 98.89%carbon-1 2, 1.11%carbon-1 3 

b) 99.63% nitrogen-14, 0. 37% nitrogen-15 

c] 78.70% magnesium- 24 , 10.13%magnesium- 25, 11.1 7%magnesium-26 

d) 92.2 1% silicon- 28, 4.70% silicon-29, 3.09% silicon-30 

e] 15.8%molybdenum-9 2, 9.10%molybdenum-94, 15.7%molybdenum-9 5, 16.5% 

molybdenum-96 , 9. 5% molybdenum-9 7, 23.8% molybdenum-98, 9.6% molybdenum-100 . 

@)GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on 

~ATLSKILLS 
Commun1cat1on 
Use and interpret a range of d1sc1plme­
spec1fic terms and symbols 

Reflection on Topic 2 
Scientists today are still refining the model of the atom. Their 
discoveries could change our current thinking about the atom. 

• How important was the use of models for scientists who were 
investigating atomic structure? 

• Why is it suitable for us to base our study of the model of the 
atom on Bohr's model of the atom, although we know that a 

more complex model exists? 

• What are the challenges involved in evaluating models? 

TOPIC 3 

Making waves 
In science, there are many opportunities to learn from simulations and 
models when a phenomenon is not directly observable. 

A scientific model can be an idea, a description or a substitute for what 
it represents (eg the Visking tubing model in Topic 2 , above). Ideas 

about related processes or structures can be represented in the form of 
models, and the model can then be tested to see if it is valid. 

Scale models are a different type of model. For example, a scale 
model of the Solar System can be made using balls of different sizes 
in concentric circles at various distances from a central Sun. We can 

easily observe the properties of systems using such models. 

Mathematical models derive predictions of future events based on 

past patterns. Climate models have given us a glimpse of the predicted 
changes to the Earth's mean global surface temperature as global 

QUICK THINK 
With reference to the beer 

foam activity from Topic 

2 in Chapter 7, discuss the 

strengths and weaknesses 

of using a model to make 

predictions about a scientific 

phenomenon. 
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C£) CHAPTER LINKS 
Topic 3 m Chapter 6 
on evidence has more 
mformation about 
wavelength and frequency 
of a wave 

QUICK THINK 
Models are being developed 
that attempt to predict when 

earthquakes will occur, at 
the locations where strain is 

known to be building up, and 

to limit the damage caused by 

earthquakes. Investigate how 

scientists attempt to develop 

these models. 

CDWEBLINKS 
Around the Pacific Ocean 
is a boundary where there 
are frequent earthquakes 
and many active volcanoes. 
To learn more, search for 
"ring of fire" at education. 
nationalgeographic.com/ 
education. 

To learn about models of 
earthquake prediction, 
search for prediction at 
earthquake.usgs.gov. 
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carbon emissions continue to rise. Climate models represent energy 
and mass transfer processes in the atmosphere and ocean. They are 
continually evaluated and revised as more data is collected. 

Types of wave 
A wave transfers energy from one place to another. There are two types 
or forms of wave: transverse and longitudinal. 

Transverse waves 
In these waves, particles move perpendicularly to the direction in 
which the wave is travelling (Figure 8.9). Some examples of transverse 
waves are water waves (in which a mass of water moves up and down, 
transmitting energy outwards) and light waves (in which a charged 

particle oscillates in an electromagnetic field, transmitting energy 
through a vacuum). 

Longitudinal waves 
In these waves, the particles move in the same direction as the 

direction in which the wave is travelling (Figure 8.9). An example is 
sound waves, where a material is compressed and decompressed as 
the vibration travels through. Longitudinal waves require a medium in 
order to transmit energy. 

Figure 8.9 Comparingwwe motion in transverse and longitudinal waves. 

' Transversewave(oc n n) 

' Longirudinalwave lsoundl 

~ 111111 # Ill 111 1 

Earthquakes can cause massive destruction and endanger many 
lives. Faults are fractures in the Earth's crust that can shift suddenly, 

releasing stored strain energy that spreads outwards during an 
earthquake. The energy is released from a location called the focus 
where the crust is moving. The energy spreads out from the focus as 
seismic waves passing through solid rock. 

The 2004 Sumatra earthquake ruptured a fault line 1,500 kilometres 
long. The fault line was caused by two tectonic plates sliding over one 
another, deep in the Earth's crust beneath the Indian Ocean. The ocean 



floor above was suddenly uplifted by about 2 metres producing a series 
of large tsunami waves that travelled through the ocean to Indonesia 
and parts of Thailand, Maldives, India, Sri Lanka and Somalia. This 

earthquake was the third most powerful in the past 100 years according 
to the United States Geological Survey (earthquake.usgs.gov/ 
earthquakes/worldf1o_largest_world.php). 

The resulting tsunami killed over 230,000 people in 14 countries. In the 
aftermath of this unprecedented natural disaster, a tsunami warning 
system was put in place in the Indian Ocean, similar to the one already 
operational in the Pacific Ocean where earthquakes are more frequent. 

An earthquake generates longitudinal and transverse seismic 
waves, as well as other types of seismic wave. In order to understand 
earthquakes, you are going to model these two types of wave using a 

Slinky spring toy. 

Modelling transverse waves 

In this activity, you will observe the properties ofa transverse wave using a metal spring as a model. 

The coils of the spring represent particles in solid rock. Moving the first coil of the spring represents an 

energy source, suchasanearthquake.Eachcoilofthespringmoves becausethecoilnexttoittransfers 

energy to it. 

If you do not have a Slinky spring, you can use a long, flexible rope- the longer the rope the better, at least 

3metres.Youcoulddothis inalong, widecorridororthe schoolhall. 

Collect the following: 

• Slinky spring 

• metrerule 

• tape 

• stopwatch. 

Do not overstretch the Shnky sprmg because 

1t will not return to its ongmal shape 

EID& Working with a partner on a smooth floor, table 

orbench, stretchthe Slinkybetweenyou. 

Send a single wave pulse towards your partner 

by quickly movingyourhandtoone sideand 

then backtoits originalposition, asshown 

opposite.Yourpartnermustholdtheendof 

theSlinkyinafixedposition. 

Observe the movement of the spring. How do 

the coils in the spring move compared to the 

directionin whichtheenergyis transmitted? 

Observe what happens to the wave once it reaches 

yourpartner.Thereturning waveis calledthereflected 

wave. Sketch what you observe. This is called a fixed-end reflection. 
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mDIJ Have your partner let go of the Slinky and just leave the end on the floor. Send another wave 

pulse dow n the Slinky by moving your hand to one side and then back to its original position as 

in Step 2. Observe what happens to the wave once it reaches the end of the Slinky. Hr:,w does the 

returning wave differfrom the one seen in Step 2? 

This iscalledaloose-endreflection. 

mDZJ Using a piece of tape, mark where the beginning of the Slinky lies on the floor, and measure 25 cm 

and 50 cm to the left of the starting point. Use pieces of tape to mark those locations. Repeat to 

therightofthe startingpointandalsoontheotherendoftheSlinky. 

66D Your partner should nr:,w hold a stopwatch in one hand, and the end of the Slinky in the other. 

Create a wave with amplitude 25 cm, and use the stopwatch to time hr:,w long the wave takes to 

traveltotheend.Recordthis time. 

m:6D Repeat Step 5 but create a wave w ith 50 cm amplitude. You may need to practise this. Record the 

time for this wave to travel to the other end. Does the time of wave travel change? 

Do at least three trials for each amplitude wave and find the mean travel time. Record all your data. 

ls therearelationshipbetweenamplitudeand speed? 

fi} GLOBAL CONTEXTS ~ Ac~~t~~\~~~nking Sc1ent1ficandtechn1calinnovat1on 
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Draw reasonable conclusions and 
generahzat1ons 

When a seismic wave hits a boundary between different rock types, 

some of the wave's energy will be reflected. Geophysicists can use 

information from reflected seismic waves to produce a model of the 

structure of rocks beneath the surface. 

You have seen that a wave on a Slinky can be reflected back towards 
the source. If two waves travelling in opposite directions meet up, these 

opposing waves create what is called wave interference. 



Modelling wave interference 

In this activity, you will model interference of two travelling waves using two single wave pulses on a Slinky. 

1:1611 Collect the following: 

Slinky spring 

metre rule 

tape. 

EDJa Two waves of equal amplitude 

1--

One partner creates a single wave pulse of amplitude 

25cm,whileatthesametimethepersonatthe 

other end creates a single wave pulse of amplitude 

25cmonthesameside[seediagramopposite]. 

ObseNewhatoccurswhenthewaves meet. Draw a 

se riesofdiagramsoftheinterferenceyouobseNe. 

DDIJ Repeat Step 2 but with both waves displaced to the 

othersideofthestartingpoint. 

eDI] Two waves of different amplitude 

[\ [\ 

V V 

One partner creates a single pulse of amplitude 25 cm, while at the same time the other person 

creates a single pulse of amplitude 50 cm wave to the same side. ObseNe and draw what occurs 

when the waves meet. 

f--
EIIJB Two waves of opposite displacement 

Onepartnercreatesasinglepulseofamplitude 

25cm,whileatthesametimetheotherperson 

createsasinglepulseofamplitude 25cmonthe 

oppositeside.Observeand draw whatoccurswhen 

the waves meet. 

1--
Eli]E Two opposite waves-different amplitudes 

Onepartnercreatesasinglepulseofamplitude 

25cm,whileatthesametimetheotherperson 

createsasinglepulseofamplitude50cmonthe 

oppositeside.Observeand draw whatoccurswhen 

the waves meet. 

[\ 
V 

Twoi11 of1erifl"JW"""'""""1hesame 
di,placemootbUtinopj><)Sirndi"octioo, 
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From your observations, describe how transverse waves behave w hen they interfere with a: 

a] wave of the same amplitude [Steps Z and 3) 

b) wave of greater amplitude (Step 4) 
c] wave of the same amplitude but opposite displacement (Step 5) 
d) wave with greater amplitude and opposite displacement (Step 6). 

= GLOBAL CONTEXTS 
Sc1ent1ficandtechmcalinnovat1on 

t;.ATLSKILLS 
Crtt1calthinking 
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Use models and s1mulat1ons to explore 
complex systems and issues 

The speed of seismic waves depends on the composition of the rocks 
along the wave's path, and how deeply they have travelled in the 
Earth. Compressional waves and transverse waves travel at different 
speeds through the same rock type. Compressional waves travel faster, 
and arrive at seismometer stations first. This is why they are called 
primary waves, or P-waves. Transverse waves travel slower, and arrive 
at seismometer stations second. This is why they are called secondary 
waves, or S-waves. 

If scientists know the speeds of P-waves and S-waves at different depths, 
they can use the difference in time between arrival of the first P-waves 
and the first S-waves to estimate how far away the earthquake occurred. 

This is important if a large earthquake under the sea is expected to 
cause a tsunami-a tsunami alert can be sent to specific countries to 
warn people to move away from the coast. 

This model for finding the location of an earthquake makes predictions 
that can be verified. For example, data for the same earthquake can 

be collected from several seismometer stations and the predictions 
compared. The accuracy of the model depends on knowing the speeds 
of the P-waves and S-waves. 

Another kind of model used by seismologists is for the internal 
structure of the Earth. The travel times of seismic waves can be used 

to infer information about geological structures beneath the surface. 
Oil companies use methods like this to search for suitable drill sites. 
Again, the accuracy of the model depends on knowing the speeds of 
the P-waves and S-waves. 



Exploring wave speed ----In this activity, you will design an investigation to test how one property ofa transverse or longitudinal wave 

willaffectthespeedofthewave. 

You should select a range of five values for the independentvariable, and test each value three times. By 

repeating each measurement three times, the mean value will be more accurate. Consider changing one of 

thefollowingfortheindependentvariable: 

amplitude 

numberofcoilsinawave 

wavelength 

diameter of Slinky 

medium of wave travel [rope/spring/string]. 

All other variables that could have an influence on the value of the dependentvariable should be kept 

constant.Brainstormthiswithapartnerbeforecreatingyourhypothesisandprocedure. 

IJm Choose one variable to investigate. Explain why you think this variable will affect the speed of a wave. 

Describe a detailed set of procedures for how you will test this hypothesis. Describe how you will 

alterthevariableandcollectdata. 

State the: 

a] independentvariable [an aspectofthewaveyouwantto change] 

b) dependent variable [what aspect of the resulting wave you will measure] 

c] control variables [all othervariables that must stay the same during trials) 

d) materials(thematerialsandequipmentyouwillneedtotestyourhypothesis) 

e] detailedmethod[sothatanyonecanrepeatyourexperiment]. 

B1111 Construct a data table to record the data that you will collect. Include the units for the measurements. 

a] Discuss what you can conclude from the data collected. How does your graph support the 

conclusion? 

b) Doesyourconclusionagreewithyourhypothesis? 

c] Evaluate the validity of the method , the equipment used and the accuracy of the data. 

Arethereanyoutliersinyourdata[anomaliesthatdonotfitthepattern]? 

d) Suggest how you would improve the procedure if you were to carry it out again. 

(i)GLOBALCONTEXTS 
Sc1ent1fieandtechn1ealinnovat1on 

"ATLSKILLS 
Creative thinking 
Make guesses, ask "what 1f" quest ions and 
generate testable hypotheses 
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Models of interference have been used to develop the science behind 
noise-cancelling technology. The headphone has a hidden microphone 
to detect external background sound. The headphone speakers then 
create waves that are the inverse of the background sound The inverse 
wave has the same amplitude and frequency but opposite displacement, 

causing interference that cancels out the noise coming from the 
environment. In Figure 8.10, the red wave shows the external sound 
wave that the listener does not want to hear, and the green wave shows 
the inverse wave created by the headphone speaker to interfere with 

the noise. In this way, the external sound wave is cancelled out and the 
result is no sound. The listener will be able to listen to the sounds he or 
she wants to hear coming through the headphones without distraction. 

Figure8.10Noise-cancellingheadphones. 

CD CHAPTER LINKS 
You will be lookmg at the 
concepts of constructive 
and destructive mterference 
agam, when studymg 
standmg waves m 
Chapter 14 on pattern. 
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This cancellation of the waves is referred to as destructive interference. 
A similar phenomenon of constructive interference occurs when two 

waves of the same amplitude and frequency coincide so that they 
reinforce each other, giving a wave of twice the amplitude. 

Reflection on Topic 3 
Wave properties can be predicted using models. For example, as 
travelling waves interfere with one another, predictable patterns 
emerge for the position and amplitude of the resultant waves. 

By observing changes in wave behaviour as seismic waves travel 
through the Earth's interior, scientists can also learn about the 

structure and composition of the Earth. 

• Discuss how the properties of water waves can be described 
using our models of constructive and destructive interference. 

• Discuss the relationship between speed, frequency and 
wavelength of a wave. How can this equation help model the 

damage inflicted by tsunamis? 



Summary 
You have learned about the power of using models as you worked 

through this chapter. Models help to study the motion of molecules in 
and out of cells, subatomic structure and how to predict earthquakes. 
The activity on modelling evolution by natural selection shows that 
models are very useful to deduce relationships where long timescales 

make other methods impractical. Other situations where modelling 
proves to be a practical approach to representing relationships are 
when factors such as scale (from the very small to the ver•1 large) or 
volume of data make studying phenomena difficult. 

You should have gained a sense that models are only ever as good 
as their ability to predict the unobservable and the complex, and are 

constantly undergoing the process of refinement to make them more 
accurate as more data is tested against the model. 
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Interaction 
TOPIC 1 Interactions between organisms 

• W hat facto rs influence leaf damage caused by 
herbivorous insect s? 

• How do conifer s affect germination of seeds of 
other plants? 

• W hat is the m ost effective s t rategy for rem oving 
plaque fro m teeth? 

TOPIC 2 Chemical bonding 

• W hat r ole does chemistry play in m at eria l science? 

• W hat are the s imilarities and differen ces between 
ionic a nd covalent compounds? 

TOPIC 3 Electromagnetism 

106 Sciences 

• How do e lectric currents and m agnetic fi e lds interact? 

• How is a n e lectromagnet c reated? 

• W hat can affect the str ength of an e lectromagnet? 

ATL 

,I Make guesses, ask "what if" questions and generate 
testable hypotheses. 

,I Collect and analyse data to identify solutions and make 
informed decisions. 

,I Draw reasonable conclusions and generalizations. 

,I Make connections between various sources of information. 

,I Present information in a variety of formats and platforms. 

,I Collect, record and verify data. 

,I Design new machines, media and technologies. 

,I Gather and organize relevant information to formulate an 
argument. 

Sciences 

,I Formulate a testable hypothesis and explain it using 
scientific reasoning. 

,I Design a method for testing a hypothesis, explaining how 
to manipulate the variables and how data will be collected. 

,I Organize and present data in tables ready for processing. 

,I Interpret data to draw justifiable conclusions. 

,I Use appropriate scientific conventions to visually 
represent abstract ideas. 

/o'I KEY CONCEPT FOCUS 
V CHANGE 

RELATIONSHIPS 
SYSTEMS 

lndependenl varlable the 
~ le that is selected 
and manipulated by the 
investigator in !in experiment. 

Valid a valid or reasonable 
conclusion is a conclusion 
supported by a valid 
experimental design. 

~ give!lbriefaccountor 
summary. 



./ Organize and present information using appropriate 
scientific terminology . 

./ Evaluate the validity of the method . 

./ Describe improvements to a method, to reduce sources 
of error. 

Consequences Evide nce Models Patte rns 

Introducing interaction 
The global pharmaceutical industry generates a trillion dollars a year, 
placing it among the world's most profitable businesses (Table 9.1). - f'diifi#M 

Johnson and Johnson S7 1.3bill ion Remicadett-arthrit is 

Novartis S5 7.9 billion Diovan~- high blood 

pressure 

Roche S52.3 billion Actemra*-arthritis 

Pfizer $51.Gbillion Lipitor®- cholesterol 

Sanofi S45bill ion Plavix*-heartdlsease 

GlaxoSmith Kline S44bill ion Advair®-emphysema 

Tob/119.1 Revenuefromthebiggestpharmaceuticalcompanies- 2013 

(-w.fiercepharma.comfspecia~reports/top-10-pharma-companies-2013-revenue) 

Look again at the conditions treated by the best-selling drugs of these 
companies: every one is a treatment for a condition that becomes 
more prevalent as populations live for longer. 

Lipito~-a treatment for high cholesterol levels-has made Pfizer 
US $131 billion since its release. It works by inhibiting the natural 
production of cholesterol within the body (Figure 9.1). Inhibition 
is one of the key ways that biological molecules and drugs interact 
with each other in order to regulate the production and uptake of 
important substances in the body. 

Maintaining baseline levels of important chemicals in an organism's 

internal environment is often achieved through a series of chemical 
reactions that are catalysed by a series of enzymes. Enzymes are 
protein molecules with a particular shape, which allows smaller 

molecules to fit onto them. 

Figure9.1 Llp~orbelongstothefamily 

ofdrugscalledstatins,whichlowerblood 
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QUICK THINK 
One of the big criticisms 

levelled at the biggest 

pharmaceutical companies­

also known as Big Pharma-is 

that many of their life-saving 

drugs are patented, making 

them very expensive and 

unavailable for all but the most 

well-off or those with the best 

health insurance. 

Very often there are generic 

alternative drugs available 

for a fraction of the cost but 

these are illegal to sell until 

the company's patent expires­

which could be up to 20 years 

or more in some cases. 

To what extent should we 

consider economic and 

intellectual property rights when 

human lives could be at stake? 

C£) INTERDI SCIPLINARY LINKS 

lndlv ldualsand Soclet y 

You may also consider issues 
of cho1ce, equity, ethics and 
global mteracnons man 
econormcs mquuy 

108 Sciences 

In these enzyme-catalysed reactions the product of one enzyme is 

often the reactant of the next and so on until the final stage in the 

pathway. The final product interacts with the first enzyme of the 

pathway. Often the product binds to the first enzyme and causes 

it to change shape thus inhibiting (blocking) the first enzyme 
from working. The process is called negative feedback or feedback 

inhibition (Figure 9.2). 

Figure9.2 Feedbackinhibitionofenzyme-catalysed reactionsthatoccurinacell 

Stan o! 
palhw"'!' 

!'msoocoofpnxloctinhibitsoo,yme l 

In this way, the product of a series of reactions becomes the inhibitor 

that shuts down its own production if levels start to rise. And, when the 

product starts to be in short supply in the body, it is released from the 
first enzyme and lets the pathway start up again 

Knowledge of the ways in which reactants, products and enzymes 

interact is essential for drug companies looking to design new 

medicines. In the 1960s and 1970s, biochemists searched for a 

substance that would inhibit just one of the 30 enzymes involved in 

the production of cholesterol in the body. Inhibitors of this key enzyme 
were termed statins. The first commercial statin was approved in 1987. 

Science has many examples of interactions. In science, interaction is 

defined as the effects that systems, objects, substances or organisms 
have on one another, so that the overall result is not simply the sum 

of the separate effects. The result of the interaction is quite often 
something new or something more that could not have existed without 

the interaction You will explore this as you engage with the different 

topics in this chapter. 

TOPIC 1 

Interactions between organisms 
All the different species in a location, which biologists call a 

community, interact with one another and with the environment. 
Within an ecosystem, these interactions are referred to as biotic 

variables. There are a number of ways one species can interact with 
another including predation, competition for resources and parasitism. 
Within-species interaction could include competition or cooperation 



When many individual organisms interact, new patterns or properties 

are often obseived as a consequence of the interactions. Properties that 
are properties of the collective rather than properties of individuals are 

called emergent properties. The coordinated movement of a flock of 

birds or a school of fish is an example of an emergent property. 

Investigating interactions 
An important part of the inquiry process in science is the initial 
''wandering and wondering" phase where engaging deeply with the 

natural world triggers questions such as "is there a pa ttern to what I 

am observing?" or, if a pattern is obvious, "what is a possible cause of 
the pattern?". 

C£) CHAPTER LIN KS 
Chapter 2 on systems has 
mformat1on on other ways 
components of a system can 
mteract with each other 

fl~fflffl!lllForming a hypothesis about the variables affecting herbivore damage 

This leafhas beenpredatedbythelarvaofaleafminer:aninsectthat 

consumes the nutritious tissue between the upper and lower surfaces 

oftheleaf. 

Walking through a forest should allow you to observe a number of 

leaves thathavebeenpredated byherbivorous insects.Takesome 

time to "wander and wonder" and think of some testable questions. 

Design an experiment to address one of the following inquiry 

questions, ormodifythequestionaccordingtothetypes ofplant 

where you live. 

Does theherbivorepreferlargerleaves? 

Whatpercentages ofleaves are predated? 

~ I , 

Are leaves at a particular position more likely to be predated than leaves on other parts of the plant? 

Withinapopulation, aretreesneartheedgeofaforestortrees thatlinetrails morelikelytobe 

predatedthanthosefurtherfromtheedge? 

Hereare somepoints toconsiderinyourexperimentaldesign. 

Yourhypothesis has touse scientificknowledgetoexplain 

how changes in the independent variable affect the 

dependent variable [the variable you would measure]. 

How will you measure the independent and dependent variables? 

What shouldyoudotoensureyourconclusion is valid? 

.,. 
How much data should you collect before you can say you have a sufficient amount of data? 

.GLOBAL CONTEXTS 
Sc1ent1ficandtechmcalinnovat1on ~ ~~~;t~~~~~inking 

Make guesses, ask "what 1f" questions and 
generate testable hypotheses 
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G:)WEBLINKS 
There are many predator-prey simulations 
available on the Internet. One example is 
found atwww.nortonbooks.com/college/ 
biology/animations/ch34ao3.htm. 

This predator-prey simulation allows you 
to manipulate variables to see the effect on 
the overall predator and prey populations. 
Hypotheses can be created before the 
simulation is run. You can manipulate: 

• the reproductive rate of the prey 

• the number of prey organisms eaten by 
each predator 

• the reproductive rate of the predator. 

Competition can be between members of different 
species. This is known as interspecific competition. 

Some species have mechanisms for reducing this 
competition For example, fungi and bacteria both 
compete for organic matter produced by decomposing 
organisms as an energy and nutrient source. But fungi 
produce antibiotic chemicals to kill the bacteria. 

Black walnut trees and some cone-bearing trees. such 
as spruce. pine or cypress trees, are known to produce a 
toxic substance that inhibits the growth of other plants. 
The needles, bark and cones of some conifers have all 
been shown to have a negative impact on the growth of 
other species. 

Investigating the effect of conifers on other plants' growth 

You are going to design an experiment to investigate the effect of conifers on germinating seeds. 

If the needles ofa pine or spruce tree are ground w ith water using a pestle and mortar and the extract is 

filtered through cheesecloth, the resulting solution can be used to water germinating seeds. 

(SAFETY) Wash your hands after contact w ith the extract. 

Choose one variable to investigate. For example, needles from this season could be compared 

w ithneedles fromlast season. 

Explain w hy you think this v ariable w ill affect the germination of the seeds. 

State the dependent variable (the variable you will measure]. For example, you could measure 

the effect on the percentage germination, shoot growth or root growth. 

ml& Describe a detailed method for how you will test this hypothesis. List the materials and equipment 

you w ill need to test your hypothesis. Describe how you w ill alterthevariables and collect data. 

Oilll Construct a data table to record the data that you will collect. Include the units for the measurements. 

Write down the procedure your group agrees on, and have it approved by your teacher. 

I) GLOBAL CONTEXTS 
Sc1ent1ficandtechn1calinnovat1on 
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~ AC~~;t~~~~~inking 
Make guesses, ask "what if" questions and 
generate testable hypotheses 



Blofilms 
When certain species of bacteria reach a critical concentration, 
individual bacterial cells coordinate their behaviour and release 
material that creates a matrix to which they cling as a group. The result 
is called a biofilm Some biofilms are grown deliberately (eg the rind on 
Camembert cheese is the result of biofilm formation). 

Dental plaque, the soft coating that develops on teeth, is another 

example of a biofilm. It illustrates two types of interaction: cooperation 
and parasitism. Cooperation occurs between the millions of bacteria 
in the mouth. Parasitism occurs because the bacteria absorb nutrients 
from food left on the teeth but create an acid environment that 
dissolves the tooth enamel, thereby harming the host. 

Strategies for removing biofilms 

This childatthedentisthas chewedadis clos ingtablet. 

Disclos ing tablets contain a vegetable dye that selectively 

dyes dentalplaque.Thetablets aredistributedbydentis tsand 

canals obeobtainedfromchemists (pharmacies].Us ingthes e 

tablets , you could calculate the percentage area covered in 

plaqueonanindividual's teeth,and investigate what factors 

favour the formation or removal of plaque from teeth. 

In this activity, you are going to investigate factors favouring 

the removal of plaque, modelling plaque on teeth by a layer of s oft chees e on a rough s urface. 

Obtain the following materials: 

soft cheese 

arough surfacelikeanunglazedpotteryplateorthereverse s ideofaglazedtile 

plaque disclos ing tablet 

s mallbeakerorcup 

a toothbrus h 

digital camera. 

[SAFETY ] Do not tas te or eat the cheese. Do not put the dis clos ing tablet in your mouth. 

Smear chees e in a recognizable pattern on a rough s urface, for example write a large capital 

letter withthechees e.Thepattern s houldbejust vis ible.Takeaphotographtorecordtheamount 

of cheese originally present. 

mllJ Find various methods of attempting to remove the letter. 

m!IJ For each method , testthe s uccess ofthe removal of the letter us ing a solution of crus hed 

dis clos ing tablet dissolved in water. Leave the solution on the letter for 30 s econds . 
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Take a photograph to record the amount of cheese remaining, as revealed by the disc losing 

tablet. Calculatethepercentage oftheoriginalletterremaining. 

EDJD Describe how effective each method of cheese remova l is. Remember, this activ ity models the 

rem oval of plaque bi ofilm from teeth. The cheese is part of the model , not a real biofilm. 

{i) GLOBAL CONTEXTS 
Sc 1ent1fic and techn1calinnovat1on 

(;jATLSKILLS 
lnformat1onlrteracy 

.A, TAKE ACTION 

Organizations like the 
Nature Conseivancy in the 
United States purchase 
land to set aside as nature 
reseives. Governments ohen 
establish national parks for 
the same purpose. The act of 
preseiving habitat maintains 
individual species and 
also offers the opportunity 
for maintaining species 
interactions. Tree planting, 
removal of invasive species, 
clerical work, fundraising, 
petitioning or campaigning 
are all ways in which 
you can get involved in 
supporting habitat set-aside 
programmes. 

CDWEBLINKS 
To explore some modem 
matenals that have been 
made as a result of mcreased 
knowledge of chemical 
bondmg and materials 
science search for ua quick 
guide to smart & modem 
matenals" on wwwyoutube 
corn 
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Collect and analyse data to identify 
solunons and make mformed dec1s1ons 

Reflection on Topic 1 
In this section, we focused on the concept of interaction between 
organisms. Interactions can be supportive, neutral or harmful to the 

individuals concerned When you cany out scientific investigations 
in the future, reflect on the complexity of the interactions as you try to 
identify cause and effect relationships. 

• How did the complexity of these interactions affect the 
investigations you designed in this section? 

TOPIC 2 

Chemical bonding 
Materials can be solids, liquids or gases, plastics or metals, and can 

vary in strength What role does chemistry play in material science? 
How would our lives be different if the interactions that allow 
compounds to form were not there? 

There are electrostatic forces of attraction between the atoms or ions 
of a substance, and even between uncharged molecules. It is this 
interaction between atoms, ions or molecules that creates a chemical 
bond Some of these interactions are stronger than others, explaining 

why some types of chemical bond are much stronger (harder to 
break) than others. These interactions allow for the formation of many 
different types of compound and material. 

It is the valence electrons (electrons in the outer shell of an atom) that 
participate in the formation of a chemical bond The number of valence 
electrons determines the number of atoms with which an atom can 
combine. The first electron shell can only hold two electrons, but for 

the first 20 elements of the periodic table the maximum number of 
electrons in the second and third shells is eight. The unreactive noble 
gases neon and argon have eight valence electrons, called an octet of 



electrons. Most atoms with an incomplete octet achieve stability by 
forming bonds with other atoms. They do this by gaining, losing or 
sharing valence electrons to obtain an octet. 

An ionic bond usually results from the electrostatic attraction between 
oppositely charged ions formed when metallic ions transfer electrons 
to non-metallic ions. 

A covalent bond is usually formed when electrons are shared 
between two non-metal atoms. The degree of sharing depends on 

electronegativity values for each atom 

In metallic bonding, positive metal ions are surrounded by a "sea" of 
valence electrons. These electrons are free to move around the metallic 
lattice (crystal shape), which accounts for the high conductivity of 

metals. The arrangement of the positive ions in layers accounts for the 
malleability (ability to be flattened) and ductility (ability to be drawn 
into thin wires) of metals (Figure 9.3). 

Figure9.3 Metall ic bonding 

·0 8 0 . 0 
8 °8 ° 0 05 . . . 
0 ·. 0 .0 : 0 

Chemical bonds 

G:)CHAPTER LINKS 
Electron shells are descnbed 
m Chapter 8 on models and 
m Chapter 14 on pattern 

You are going to make generalizations about chemical bonding through analysing pictorial representations 

of bonding. 

Examine the two images below and consider the electrostatic attraction as the two atoms 

approach. Out line what is happening in each by writing a caption for each image. 

00 
Hydrogon Hydrogen 

ll]lfJ Predict whether HJ would exist as a molecule. 
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mDllJ Examine the following two images . By writing a caption for each image, explain the covalent 

bonding taking place between the two oxygen atoms . 

Oxygen 110m Oxygen atom 

Examinetheimageoppos ite. Writea 

captiontoexplainthecovalentbonding 

thattakes placebetweenanitrogen 

atomandahydrogenatom.Us eyour 

answerto s ketchapictureofthe 

bonding in a molecule containing the 

elements nitrogen and hydrogen . 

Examine the following image and 

describe whatis happeninginthe 

formationof sodiumchloride, NaCI. 

® 
Hydrogon otom Nitrogenotom 

~~ GLOBAL CONTEXTS ~ Ac~~t~~\~~~nking Sc1ent1ficandtechn1cal1nnovat1on 
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Draw reasonable conclus1ons and 
generahzat1ons 

In network covalent bonding (giant covalent), separate molecules are 

not formed. Instead a continuous network of atoms arises as a result of 
the interactions between many different adjacent atoms. This type of 
bond is the strongest bonding force (Figure 9-4). 

Figure9.4 Networkcovalentbonding(giantce>."alent)isfoundindiamond(carbon)andsand(silicondioxide) 



Physical properties of covalent and ionic compounds 

There are two main types of bonding that form as a result of two different types of interactions between 

electrons.Dothesedifferenttypesresultindifferentchemicalproperties? 

In this experiment, you will compare and contrast the physical properties of an ionic compound [sodium 

chloride- table salt) and a covalent compound [camphor]. Your teacher may provide you with other samples 

of ionic and covalent compounds to use. You will investigate the following properties: odour/volatility, 

hardness, solubility, melting point and conductivity and use the results of these tests to distinguish between 

ionic and covalent compounds. 

Gathertogetherthefollowingmaterials: 

• eyeprotection 

• papertowels 

• watchglass 

• two 250cm3 beakers 

two test tubes 

10cm1 graduatedcylinder 

conductivity meter 

distilled water 

Bunsenburnerandringstandapparatusorhotplate 

heatproof mat 

• tongs. 

(SAFETY] Wear eye protection. Wash your hands after touching the chemicals. Do not heat the substances 

for more than 30 seconds. Do not let the camphor ignite. If it does, stop heating, cover the beaker with a 

heatproofmatandalertyourteacher. 

milJ Construct a data table in which you can compare the properties and characteristics of salt and 

camphorforthefollowingtests. 

mill Place a few crystals of sodium chloride and camphor on separate pieces of paper towel. Observe the 

odour of each solid by wafting the sample. Save these samples to be used for the hardness test. 

Rub small samples of each solid between your fingers. Note whether each feels soft or hard. Check 

by attempting to crush a few crystals of each solid between a spoon or scoopula and a watch glass. 

mD Set up a heat source [Bunsen bumerandringstandapparatusorhotplate].Placea pinch of camphor 

in a clean, dry 250 cm 3 beaker. Gently heat this beaker over the heat source for no more than 30 

seconds.Usinganewbeaker,whichiscool,repeatforapinchofsaltandrecordyourobservations. 

Imm Place one finger-width [about 2cm 3
) ofwaterin two separate test tubes.Add a pinch of camphor 

tooneandapinchofsalttotheother.Swirlorshakeeachtesttubeforabout2minutes. 
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Us ing a clean, dry 250 cm3 beaker, add a pinch of camphor and then add 10cm3 distilled 

[not tap] water to the beaker and s tir to dissolve. Place the conductivity meter in the beaker 

a ndobs erve.Repeat, this timeusing salt. 

lilill'I Based on the res ults from your investigation, distinguis h between ionic and covalent compounds . 

• GLOBAL CONTEXTS 
Sc1ent1ficandtechn1calinnovat1on ~ Ac~~t~~\~~~nking 

C£) CHAPTER LINKS 
See Chapter 8 on models for 
a more m-depth look at the 
concept of models 

Draw reasonable conclusions and 
generahzat1ons 

The interactions between atoms-chemical bonds-cannot be seen 
or watched because atoms are very small. About 5 million million 
hydrogen atoms can fit on the top of the head of a pin. 

But we know these interactions exist, because compounds such as 
water and salt, and materials such as silk and wood, could not exist 
without them. So, how do we go about representing something we 
cannot see? For phenomena that they cannot see, scientists usually 

make use of models. 

Some models are simple while others are very complex, but all are 

based on theoretical understanding. 

Before you begin this activity, review your answers to Activity 4. 

In this activity, you will us e a molecular model kit to cons truct models of molecules and, as a result, 

cons tructa vis ualrepresentationoftheinteractions [bonds] forthedifferenttypes of covalentbond. 

The us e of molecular model kits will help to demonstrate the 30 s hapes of molecules and the interactions 

betweenatoms inthesemolecules. 

Useas manyconnectors as possibletojointheatoms 

in each of the foll owing molecules. Keep in mind that each 

connectorrepres entsa separateinteractionbetweenatoms . 

Sketchthemodels thatyouconstruct. 

H
2

, Cl
2

, Br
2

, HCI and HBr 

methane (CH
4

) and carbon tetrachloride (CCl
4

) 

ammonia (NH
3

) 

water[H
1
D] 

oxygen (0
2

) , carbon dioxide [C0
1

] and ethene (C
2
H

4
) 

nitrogen [N
2

] , hydrogen cyanide (HCN) and ethyne [C
2
H

1
] 

ethanoic acid/vinegar (CH
3
COOH) 

benzene[C
6
HJ 
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G:)WEBLINKS 
To explore a database of pre­
constructed models, search 
for "molecule shapes" at phet. 
colorado.edu. 

To build your own molecules with 
this simulation, search for ''build a 
molecule" at phet.colorado.edu. 

To examine the 3D structure of 
a variety of common chemicals, 
search for "structures and 
3D molecules database" at 
www.3dchem.com/atoz.asp. 



Ouestions 

a] Whydoyouthinkyou wereinstructedtouseas manyconnectors as possibletojoinatoms in 

each model? 

b) Describethe shapes thatyouobserved. 

(i} GLOBAL CONTEXTS 
Sc1ent1ficandtechmcalinnovat1on ~ ~~~~~1a\~:n literacy 

Make connections between vanous sources 
ofmformat1on 

You have been looking at a model of chemical bonding as the 
interactions between atoms, which are actually the electrostatic 
interactions between electrons. Are these different interactions always 
equivalent? 

The idea of electronegativity can help us examine the equivalency 
of these interactions. Electronegativity is the measure of the relative 

attraction that an atom has for the shared electrons in a covalent 
bond. The electrons shared between atoms in a covalent bond are not 
necessarily equally distributed. 

Any difference in electronegativities in a bond results in the 
formation of a polar bond. This means that one end of the bond is 
slightly positive and the other slightly negative. 

Thus, the interactions between atoms do not always allow for 

classification of bonds into one of the two categories, ionic or 
covalent. Bonds cannot usually be labelled as 100 per cent covalent 
or 100 per cent ionic. Instead, chemical bonds are said to exist on a 
bonding continuum between ionic and covalent (Figure 9.5). 

Figure9.5 Bondingcontinuum 

The bigger the difference in electronegativities the more ionic 
character a chemical bond has. The smaller the difference in 
electronegativities the more covalent character a chemical bond has. 
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Bonding continuum 

Through the use of examples, explain how the bonding continuum can be used to show that interactions in 

a chemical bond are very rarely 100 per cent covalent or 100 per cent ionic. 

Comment on the statement that "scientific concepts do not cover all possibilities and should not be 

considered truth". 

Ca nyou co me up with anoth er wa yto classifythetypesofinteractionthat arepresent in achemicalbond ? 

Suggest an alternative to the bonding co ntinuum given in Figure 9.5 above. 

@GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on ~ ~~~o;~~\~!n l~eracy 
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Present mformat1on ma vanety of formats 
and platforms 

Reflection on Topic 2 
Without interactions between electrons, bonds (and therefore 
compounds) would not exist. Modem chemists can manipulate 
these interactions to design new materials and new drug molecules. 

They do this by using computer technology to manipulate and trial 
different types of interaction and then try to produce the compounds 
in the laboratory. 

• Think about what your life would be like if interactions 
between atoms and in molecules did not exist. 

• How sure can we be of our current understanding of 
interactions between atoms when they occur at the nanoscopic 
level (at distances of 10-oi m)? 

TOPIC 3 

Electromagnetism 
From small magnets in headphones, to magnets used to levitate high­

speed trains, industrial magnets are everywhere. In this topic you will 
learn about the interaction between electric currents and magnetic fields, 
and how this relationship is harnessed to build large electromagnets that 
can be turned on and off. It is with these electromagnets that electricity is 

generated to power our homes, cities and factories. 

Magnets 
Magnets attract some metals (eg cobalt, iron and nickel). We say these 
metals become magnetized. The atoms in such metals are arranged in 
small units called domains. These domains act like smaller magnets, 



lining up to produce a north pole and south pole, thus becoming 
attracted or repelled by nearby magnets. 

A magnet creates around itself a magnetic field. Objects coming near 
the field can become magnetized if most of the domains align with the 
magnet (Figure 9.6). Not all materials have domains and can act this 
way. This is why only certain metals can be magnetized. In addition, 

some materials may be magnetized temporarily in a strong magnetic 
field, but once the field is removed, the domains are no longer aligned 

and the material loses its magnetized property. 

Figure9.6 Magneticdomainsinsideironbeforeandaflermagnetization 

I ~~CII~~ 
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You will discover the effects of a magnetic field in Activity 8. You will 
notice that opposite poles attract and like poles repel This is due to 
the alignment of their magnetic fields. 

Part A: Magnet play 
You are going to explore the effect of magnets on a compass needle, and investigate the magnetic field 

lines created by a single bar magnet and by a pair of bar magnets. 

Locate the following materials: 

2barmagnets 

compass 

one salt shakerofironfilings 

3pieces ofpaper 

pencil 

funnel. 

Donotputmagnetsclosetocomputersandother 

electronics as theymayinterfere withmagnets 

insidethesedevices.Magnets shouldalso be kept 

away from any creditor bank cards as the magnetic 

striponthesecards canbedamaged. 

Bringing a compass needle close to 

magnets may cause the needle to 
reverse polarity. To realign the compass 

needle domains, place the compass on a 

horizontal surface. Move the end of the 

bar magnet along the needle. Move the 

magnet away from the compass, and it 

should function properly again. 
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liilfJ A compass needle points to the magnetic North 

pole.Bringacompassclosetothenorthendandthe 

southendofthemagnet.Whatdoyounotice? 
It 1s very d1fhcult to clean a magnet 

covered with iron hlmgs Ensure there 

1s always a piece of paper between the 

magnet and uon filmgs, or wrap the 

magnet m clear plastic wrap. 

(SAFETY) Avoid skin contact with the iron filings as they 

canirritate.Also,donotblowthefilingsasoffthepaper 

near anyone's eyes. 

Place a compass beside each bar magnet. The point of the compass will point towards the north 

pole of the magnet. Note the north and south pole on each magnet and mark this on the magnet if 

itisnotalreadymarked. 

Place a sheetofpaperoverthe bar magnet. Trace the outline of the magnet on the sheet, 

recordingthenorthandsouthpoles. 

Using the salt shaker, gently sprinkle the iron filings on top of the paper. Lightly tap the sheet of 

paper to help move the iron filings uniformly over the magnetic field. 

Carefullysketchtheshapeofthemagneticfield linesonthesheet.Makeanoteoftheshapeof 

thelinesformedbytheironfilings,aswellastheirspacing. 

111!11 When your sketch is complete, lift the paper carefully to avoid spilling any iron filings and transfer 

thefilingsbackintothesaltshaker.Youmayneedtouseafunnel. 
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Place the paper back over the magnet, and move the compass over a few of the field lines you 

have drawn. What do you notice about the direction of the compass point?What force is acting on 

the compass point? 

Repeat steps 3-6with two magnets set up in the configurations in the diagram below: north to 

southandsouthtosouth.Whatdoyounoticeaboutthedirectionofthefieldlinesineachcase? 

Ouestions 

Non h1oSOll!hcoofo;jooitioo u]u] 

S001h10soothoo:,~ atioo uJ ETI 

a] What type of force did you feel from the magnets in each configuration? 

b) Whatdirectiondoyouthinkthesefieldlines"flow"in? 



c] What do these field lines tell you about the interaction between two magnets? 

d) Whatdofieldlines represent? 

e] What does the distance between the field lines tell you about the force in a magnetic field? 

(;)GLOBALCONTEXTS 
Sc1ent1ficandtechnicalinnovat1on ~ ~~;o~~~\~:n literacy 

Collect, record and venfy data 

You may be wondering, "Can a magnet be turned off?" Magnets that 

can be turned on and off are called electromagnets. To understand 
how they work, you need to know that an electric current creates a 

magnetic field, due to the changing electrical field around a wire as 
electrons move through it. If the electrons stop moving, the magnetic 
field disappears because the electric field is no longer changing. 
Hence, electromagnets are magnetized only when there is a current. 
The magnetic field created by an electromagnet can be weak or strong, 
depending on several factors that you will explore in Activity g. 

Electric generators, MagLev trains and headphones all rely on the 
interaction between electric currents and magnetic fields . 

By using a series of electromagnets along the length of a train and 
track, a magnetic levitation (MagLev) train can be lifted above the 
track, making for a very smooth and quiet ride. Electromagnets are also 
used to drive the train forwards. In Japan, a Maglev t rain that can t ravel 

up to 500 km/h is currently being developed and is planned to join 
J apan's fleet of high-speed trains in 2027. Once the train is levitated, 
electromagnets along the side of the track create alternating magnetic 
fields by continuously reversing the direction of the current flow. When 
coordinated, the alternating north and south poles push and pull the 
train down the track (Figure 9.7). MagLev trains can travel so fast 
because there is no contact, and therefore no friction, between the train 
and track. 

Figure9.1 Maglevtrainpropulsionsystem 
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Creating an electromagnet 

You are going to create an electromagnet and discover the properties affecting the strength of this magnet. 

Collectthesematerials: 

• 9Vbattery 

O.Smcopperwire (PVC coated] 

alligator clips 

• ironnail 

• paperclipsofvarioussizes, loose staples 

• wirestripper 

• funnel. 

(SAFETY] The coil of wire will get hot enough to bum skin if left connected. 

Leavings cm of copper wire at either end, wrap the wire around the iron nail in a tight coil. 

mllJ Use wire stripper to remove the plastic coating on the ends of the wire. 

l:iillJ Using alligator clips, connect one end of the wire to the battery. 

Scatterafewpaperclipsandstaplesonthetable,readyfortheelectromagnettopickup. 

66D When you are ready, connect the other end of the wire to the other terminal of the battery to 

complete the circuit.As the electrons pass through the wire, the iron nail will become magnetized. 

Describewhathappensifyouholdanailorpaperclipnearthecoil.Recordthenumberofpaper 

clipsand/orstaplesyouwereabletopickup. 
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Disconnectthebattery. 

Observe how varying the design of the 

electromagnet affects its strength. 

Leavmg the wires connected will dram 
the battery very quickly Therefore, do 

not complete the circuit unless you are 

ready to pick up paper chps and staples 

Draw the battery, wire coil and magnetic field. Label the positive and negative ends of the battery, 

andthepolesofthecoil'smagneticfield. 



Olm How did you test the strength of your electromagnet? 

I-
DID Describe the configuration that created the strongest electromagnet. 

@)GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on 

<;,ATLSKILLS 
Creat1veth1nk1ng 
Design new machmes, media and 
technolog1es 

Now that you know how to create an electromagnet and have observed that some configurations produce a 

stronger electromagnet, you will design an experiment to investigate one factor affecting the strength ofan 

electromagnet. 

There are likely to be many aspects of the experimentthatwill need to be controlled. Brainstorm this with a 

partnerbeforecreatingyourinquiryquestionand procedure. 

Choose one variable to investigate. Explain why you think this variable will affect the strength of 

the electromagnet. 

DiEfJ Describe a detailed method for how you will test this hypothesis. Draw a diagram of your 

equipment setup. Describe how you will alter the variables and collect data. 

State the: 

independent variable (thevariableyouwillchange] 

dependentvariable[whatyouwillmeasure] 

control variables [all other variables that must stay the same during trials) 

materials(listthematerialsandequipmentyouwillneedtotestyourhypothesis) 

detailedmethod[sothatanyonecanrepeatyourexperiment]. 

EDEii Have your procedure approved by your teacher, make any changes that are needed, 

thencarryitout. 

mEIJ Construct a data table to record the data that you will collect. Include the units for the 

measurements. 

Plotyourdataonanappropriategraphsothattherelationshipbetweenthevariableyou 

investigated and the strength of the electromagnet 

is easily shown. 
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Eva luation and co nclusions 

a] Whatcanyouconcludefromyourresults? 

b) How does yourgraph s upport theconclus ion? 

c] Does yourconclus ionagree withyourhypothes is ? 

d) Evaluatetheprocedureandtheres ults.Wereanyrepeatedres ults the same? Was yourprocedure 

valid?What went wrong in your plan, and why? Were there any anomalies in your res ults? 

e] Des cribe what improvements to your plan you would make if you were to carry it out again. 

f) Des cribe a notherexperimentyou coulddotolearnmore a bouttheproblemoryourprediction. 

@ GLOBAL CONTEXTS 
Sc1ent1ficandtechn1cal1nnovat1on (ij Ac~~t~~\~~~nking 

Figure9.8 A turbine generator 
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Gather and orgamze relevant mformat1on 
to formulate an argument 

Generating electricity 
A magnetic field is produced by a moving electrical charge (a current). 
The reverse is also true: an electric current can be induced in wires in 
a magnetic field by moving the wires. In order to create a large current, 

there needs to be a large number of coils of wire and a way to move 
these wires quickly in the presence of a strong magnet. 

The components of an electrical generator are shown in Figure 9.8. 
A turbine is used to turn the generator. The turbine can be a wind 
turbine or a steam turbine. The steam used by a steam turbine might 
be generated from heating water by burning fossil fuels or from the 
heat produced by nuclear fission. The turbine shaft rotates within a 
strong magnetic field. In this way energy is transformed from kinetic 
energy of the moving turbine shaft to electrical energy as an electric 

current is induced in the rotating coils of wire. 

Reflection on Topic 3 
You have learned about the effect of magnets on nearby objects, and 
how the interaction between electricity and magnetic fields can be 
harnessed to create useful technology. 

• How can electricity be used to create a magnet? 

• How does an electromagnet differ from a permanent magnet? 

• How could a light bulb that is close to, but not touching, an 
electromagnet be lit? 



Summary 
You have learned about interactions over short and longer timescales, 

and on a scale from the atom to a massive Meg Lev train levitating 

above tracks and moving at hundreds of kilometres an hour. You 
have learned that two or more atoms, objects, organisms, substances 

or systems interact with one another or with the environment by 

transferring matter and energy. In the case of electromagnetic 

induction, energy can be transferred wirelessly from one circuit 
to another. 

You have seen that the overall results of interactions are almost never a 

simple sum of effects but instead a complex structure. 
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C i KEY CONCEPT FOCUS 

onsequences ~~t:1~~NsH1Ps 

• How do changes in atmosphe ric chemistry affect the 

• How do our actions and choices affect the 
environment? 

temperature 

• What is the effect of greenhouse gases on the Earth's 
t emperature? 

• How do increased greenhouse gas emissions cause 
global changes in climate? 

,I Process data and report results. 

,I Make guesses, ask "what if" questions and generate 
testable hypotheses. 

,I Evaluate and select information sources and digital tools 
based on their appropriateness to specific tasks. 

.I Interpret data. 

,I Practise obsetving carefully in order to recognize problems. 

Sciences 
,I Formulate a testable hypothesis using scientific reasoning. 

,I Design a method for testing a hypothesis, explaining how 
to manipulate variables, and ensure that enough data is 
collected. 

,I Organize and present data in tables ready for processing . 

.! Plot scatter graphs with a line of best fit and identify trends. 

,I Interpret data and explain results using scientific reasoning. 

,I Distinguish between correlation and cause and effect. 

,I Critically evaluate information from various sources, 
demonstrating awareness of limitations, misrepresentation 
or lack of balance. 

,I Describe possible extensions to the method for further 
inquiry. 

,I Use appropriate scientific terminology to make the 
meaning of your findings clear. 

Ex tens ions to the method 
developments for further 
inquiryasrelatedtothe 
outcome of the investigation. 

Predic tion an expected result of 
an upcoming action or event. 

I Formulate ) express precisely 
and systematically the relevant 
concept(s)orargument(s). 

~ ze abstractageneral 
theme or major point(s). 



Introducing consequences 
With any new scientific innovation comes a promise of progress, of 

improvement and of benefits. But new technologies often come with 

risks as well. 

For every new device or technique that claims to revolutionize the way 
humanity lives, there is a Chernobyl, or a Titanic, or a Space Shuttle 

Columbia to remind us that safety is never guaranteed. The arrogance 
of proclaiming something is "fool-proof" can have deadly consequences. 

When considering how best to use new technologies, or if they should 

be used at all, we have to know enough about the dangers to make a 

decision on whether or not the risks are low enough to accept. 

In science, consequences are defined as the observable or quantifiable 
effects, results or outcomes correlated with an earlier event or events. 
But what about when the consequences are unknown or unknowable? 

This might be because scientists lack the ability to measure 

the consequences, or because the processes are not completely 
understood. How can we be sure our judgment is not biased by 

focusing on the potential benefits rather than potential dangers? And 
how should scientific advisers to governments make decisions when 

the consequences are far removed from their own lifetime? 

These questions are being asked now as the worldwide debate on 

genetic modification in agriculture continues. One of the companies at 

the centre of this debate is the multinational biotechnology company 

Monsanto. This company patents and sells genetically modified (GM) 
seed for many important food crops such as maize (Figure 10.1) and 

soybeans. Monsanto's most successful GM seeds are called Roundup 

Ready*. This is because they have been modified to carry a gene 
that makes them less susceptible to the herbicide (weed.killer) called 

Roundup*, which is also manufactured by Monsanto. 

Because the crops are immune to herbicide, farmers can use as much 
Roundup* as they like on their fields to kill weeds that compete with 

the crop. Killing the competing weeds increases the yield of the corn 

or soybean crop. Monsanto calls this "a perfect fit with the vision of 
sustainable agriculture and environmental protection". 

Many farmers and some members of the scientific community have 

warned about the unintended consequences of genetically modified 
seeds. These include food allergies, which might develop in some 

people because the inserted gene carries instructions for the plant to 
make a new protein that could be entirely new to human diet. Other 

concerns include that pollen from GM crops could be transferred to wild 
plants nearby, leading to the spread of herbicide-resistant superweeds. 

What do you think? Even if there were consequences, would the 

benefits outweigh them? 

I conceive that pleasures are 
to be av01.ded if greater pains 
be the consequence 

Michel de Montaigne 

Figure10.1 Geneticallymodifiedmaize 

mayhaveunimendedconsequences 

CDWEBLINKS 
There are an increasing number 
of citizen science projects 
where members of the public 
can collect and analyse data. 
The Project BudBurst website is 
one. It can be found at 
budburst.fieldscope.org/map/24, 

Find out about others by 
searching for "Galaxy Zoo", 
"ClickToCure" or "Nest Watch". 
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C£)WEBL1NKS 
Can we do anythmg to help 
save the environment? 

Consider this while watching 
this short chp created 
dunng an IB World Student 
Conference Go to http //www 
youtube com/watch?v-fQhC05 
WX1JQ&feature,,share 

QUICK THINK 
Much of the information that 

we are exposed to about our 

environment comes from 

secondary sources. These 

sources include newspapers, 

television, movies and the 

Internet. 

Together with a partner, discuss 

the following questions: 

a) What is the quality of 

the information from 

these types of source? 

b) What would be 

characteristics of an 

objective, high-quality 

source of information? 
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In this chapter, you will explore the concept of consequences, 
examining the effects of human activity on the environment and 

focusing on global changes in the chemistry of our atmosphere 
caused by burning fossil fuels. Try to keep the idea of acceptable risk 
and quantifiable effects in mind. 

Environmental chemistry 
An environment can be defined as all the external conditions that affect 
an organism (plant or animaL including humans) during its lifetime. 
Human activity affects all parts of the environment including the air 
that we breathe, the water that we drink and the soil in which our food 
grows. Not only do humans influence the environment, but our actions 
also influence all other organisms living on Earth, from the tiniest algae 

floating in the Pacific Ocean, to ladybird beetles in the tulip fields of the 
Netherlands, to the polar bear found in the Canadian arctic. 

Due to rapid increases in the use of technology, the human race has 
caused great destruction to the global environment. For example, 
the manufacture and release into the atmosphere of CFCs damaged 
the ozone layer that protects life on Earth from harmful ultraviolet 
radiation. Deforestation and the use of coal-burning power stations 
have contributed to a rise in mean global surface temperature due to 
the increased amount of atmospheric greenhouse gases {Topic 2). 
A growing global population, unsustainable resource use, and land 
and marine pollution will continue to have consequences. 

Many scientists, including NASA's director of the Goddard Institute 
for Space Studies, climatologist James Hansen, consider we have 
reached a point where the situation has become irreversible-a so­
called tipping point. 

Air pollution 
The atmosphere is defined as a layer of gases surrounding the planet's 
surface. The troposphere (the gases in the first 12 km above the Earth's 
surface) contains the majority of the air that we breathe and is vital to 
the health of living organisms on the planet. 

This air contains 78 percent nitrogen (N,), 21 per cent oxygen (0.), 
0.9 per cent argon (Ar), 0 .04 per cent carbon dioxide (CO.) and about 
l per cent water vapour (H, 0). 

Air pollution occurs when the natural composition of the atmosphere 

changes by the addition of other gases (primarily carbon monoxide 
(CO), nitrogen dioxide (NO.), sulfurdioxide (SO.) and particulates 



(small pieces of solid or liquid matter). High levels of atmospheric 
particulates are thought to harm health due to inflammation of the 
lung. Particulates with a diameter of 10 p m or less are called PM10. 
They are too small to be filtered out by nasal hairs. 

fli'!mm!lllcomparing differences in particulate air pollution 

The map below shows the annual levels of atmospheric PM10 particulates in different urban areas of the 

w orld. The data is for cities w ith more than 100,000 inhabitants. 

E•poture 10 p• n lculate mttter wlltl an aerodyn, mk dl• rneter of 10 11m or lest (PM10) 
ln 1600 urbanar.a,· , 200.-2013 

---... -~ ----·- ... 
__ (IIJ, ---

When you compare the differing amounts of atmospheric particulates 

in developing and more developed countries, what do you notice? 

G:IWEB LINKS 
To take a closer look at this map visit the 
World Health Orgamzat1on website at www 
who mt and then search for "Exposure to 
ambient air pollution" and "maps" 

G:IWEB LINKS 
Access the Smog City 2 website at 
www smogc1ty2 org and search for 
"Save Smog City 2 from Parncle 
Pollution'" 
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Questions 

a] Examine the relationship between particulates and smog formation in the simulation referred to in 

the w eblink.Usethis andotherresearchtodescribethefactorsthatcouldinfluencethedifferent 

annualreadingsshowninthemap. 

b) Choose two cities, one w ith low levels of particulates and one w ith high levels of particulates, 

in different geographic locations on the map. Investigate hourly and daily trends for levels of 

particulates and ozone (0
1

) , N0
2

, 50
2 

and CO by searching the air quality index database 

httpl/aqicn.orgforyourchosencities. 

c] For these same two cities, use internet research to find out what the local authorities are doing to 

reduce levels of these pollutants. Summarize what you have found out. 

@GLOBAL CONTEXTS 
Or1entat1oninspaceandt1me C., ~~~o;~~\~:n literacy 

Process data and report results 

Motor vehicles are a major contributor to air pollution. Most motor 

vehicles use gasoline as a fuel. Burning any fossil fuel in the internal 
combustion engine produces a large amount of pollutants. The carbon 
dioxide emissions contribute to an increase in atmospheric greenhouse 
gases. The exhaust gases contain particulates and sulfur dioxide and 
nitrogen oxides that are responsible for the form ation of smog and acid 
deposition (Activity 4). 

Measuring particulates produced by different vehicles 

In this activity, you w ill investigate particulate emission from vehicles and investigate developing an 

anti-idlingpolicyatyour school. 

Design a complete and safe experiment to investigate the amount of particulates produced by 

different vehicles. 

DiEf:11 List the variables that you will have to consider. 

OJill Formulate a hypothesis that relates to this investigation. 

DDilJ Summarize the scientific, social ortechnological concerns or opportunities that could be 

addressed. 
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111m Suggest how you could make extensions to the method to make further or related inquiries. 

Another pollutant formed in vehicle exhaust is carbon monoxide. The graph below shows carbon 

monoxideproductionoftwocarsatstart-upandafter5 minutes. 

Carbonmonoxide in carexhaustat 
sta rt-upandafter S minutes 

T""'lmif>Jtos) 

)'--
mm Explain the relationships that are shown in the graph. 

@GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on "~Tr~;t~~~~~inking 

_.:at, TAKE ACTION 

Does your school commumty 
have an ant1-1dlmg pohcy? 
If not, mvest1gate developmg 
one 

Make guesses, ask ''what-if" questions and 
generate testable hypotheses 

Electric vehicles-viable or not? 

One possible solution to combat the problem of air pollutants created by vehicles burning fossil fuels is to 

use electric vehicles. ls this a viable solution? Are these vehicles better for the environment than vehicles 

with internal combustion engines? 

mDI] Read and analyse three different types of Internet resource [see web links below]. 

I--mm Comment on how each source is appropriate for different purposes [eg for MYP Sciences research 

orforlndividualsandsocietiesresearch]. 

)'--
lli!II Comment on how reliable and objective these sources are. 
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Select some suitable information sources to assess whether electric vehicles are a v iable solution 

to solving the problem of atmospheric pollutants from vehicles w ith internal combustion engines. 

li6lil Disc uss the scientific evidence for this argument. Document your sources. 

CDWEBLINKS 
The three different types of Internet resource could be a biog post, a commentary from an 
environmental orgamzat1on and a news article Try searchmg the followmg sites to locate some 
articles with different v1ewpomts 

http //shrmkthatfootpnnt corn and search for electric vehicles 
http //content s1erraclub org and search for electnc vehicles myth 
http //www nat1onalgeograph1c corn and search for electric vehicles alone 

You could also search for "environmental impact" and "electnc vehicles" 

@ GLOBAL CONTEXTS 
Sc1ent1ficandtechn1calinnovat1on ~ ~~~o;~~\~:n literacy 
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Acid deposition 

Evaluate and select mformatlon sources 
and digital tools based on their 
appropnateness to specific tasks 

Acid deposition refers to any form of precipitation (rain, snow, sleet, 
fog or hail) that may be contaminated with several different acids. 

The pollutants SO, and NO, are produced by vehicle exhausts, 
volcanic eruptions and in fossil-fuel power stations. Carbon dioxide 

is present in our atmosphere as part of the carbon cycle, but the 
concentration is increasing due to deforestation and the combustion of 
fossil fuels. 

These three gases react with moisture in the atmosphere to form 
sulfuric acid, nitric acid and carbonic acid. Precipitation is naturally 
slightly acidic with a pH of about 5.6 due to the presence of carbon 
dioxide in the atmosphere. But acid deposition is much more acidic. 

QUICK THINK 
A map of the US (Figure 10.2) indicates that about a third of the 

country has a problem with acidic precipitation. 

a) Suggest what factors led to this. 

b) Discuss various methods of preventing and controlling 

acid deposition. 



Figure10.2 MeasurementofprecipitationpHacrosstheUnitedStatesin2012 

Hydrogen Ion concentration as pH from measurements 
made at the Central Anat~tleal Leboratory, 2012 

Monitoring the effects of acid deposition 

When sulfuric acid, H
2
S0

4
, is the acid in acid deposition, the following chemical reaction takes place 

between acid precipitation and a marble statue [composed of calcium carbonate, CaC0
3
): 

Overtime, the statue is damaged as the calcium carbonate is removed. The calcium sulfate formed is 

slightlysolubleandwashesaway. 

In this activity, you will design an investigation to collect and interpret data to determine the effect of acid 

deposition on marble statues. 

Withapartner,discussthefactorsthatwouldinfluencetheamountofdestructionthatacid 

depositionhasonmarblestatues. 
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Bill Design a complete and safe method to investigate the effect of acid deposition on marble statues. 

a] What are the variables that you have to consider?What variable will you measure, and what 

variable will you change? 

b) Whyis itimportantto includea control inyourexperiment? Ensurethatyouincludea control 

in your design . 

c] Formulate ahypothesis thatrelates tothis experiment. 

d) Suggest how much data you would have to collect to ensure that the method is valid and any 

conclusions youmake arejustified. 

e] Constructadata tableyou couldusetodisplayyourdataso thatitis easilyunderstood. 

Suggest how you could extend your experiment. 

@ GLOBAL CONTEXTS 
Sc1ent1ficandtechmcalinnovat1on 

~ATL SKILLS 
Crtt1 ca lthinking 
Interpret data 

QUICK THINK 
Natural cycles also have an 

impact on the Earth's mean 

surface temperature. Research 

the effects of these cycles. 
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Reflection on Topic 1 
As humans, all of our actions have a consequence on our environment, 

both locally and globally. 

• What are some of our behaviours that we can change to reduce 
the negative impact? 

• What responsibility do governments and global organizations 
have in order to ensure that the consequences of their actions 
are minimized? 

TOPIC 2 

Effect of increased greenhouse 
gases on global temperature 
Decisions that individuals, nations and governments make today about 
uses of technology have consequences in the future . This can easily be 
seen in the case of changing global climate patterns. Over the past 
200 years, atmospheric caibon dioxide and other greenhouse gases 
have increased in concentration. This rise is due to human activities, 

such as burning fossil fuels and changing land use. The oveiwhelming 
majority of scientists say that this has caused the average global 

temperature of the Earth to rise. This is called global warming. 

Global warming has consequences for our life on Earth. Global 
warming causes sea levels to rise. This is mainly due to water 
expanding as is heats up. But the increase in melting snow and ice on 

land results in extra water flowing into the seas. 



A rise in the sea level is a big problem for many countries, 
especially ones in which the land is only a few metres above sea 
level (low-lying land). These areas will be flooded and homes, farm 
land and ecosystems will be destroyed. 

The climate at different locations around the world is affected by the 
rise in air and water temperatures. There is more evaporation and 
precipitation overall, which leads to droughts and desertification in 
certain areas of the globe, while other areas experience flooding. The 
impact of climate change is most striking in the a retie. In recent years, 
temperature increases in the arctic have been almost twice as large as 
anywhere else in the world 

In this topic, you will learn about the characteristics of greenhouse 
gases, and their effect on mean global temperature. With this 

knowledge, you can make informed decisions on how to decrease your 
own carbon footprint. 

About greenhouse gases 
The Earth's atmosphere is made of 78 per cent nitrogen, 21 per 
cent oxygen and l per cent other gases, such as argon and what are 
called "greenhouse gases". Greenhouse gases found naturally in the 
atmosphere are water vapour, carbon dioxide, methane and nitrous 
oxide. These gases absorb and emit infrared. radiation. 

Sunlight passes through the atmosphere and heats up the surface of 
the Earth. Some of this absorbed energy is reflected back into space 
as infrared radiation. Greenhouse gases in the atmosphere absorb and 
emit this infrared radiation and so warm the atmosphere. This, in turn, 
radiates energy back to the Earth. This "trapping" of the Sun's energy is 

called the greenhouse effect (Figure 10.3). This is a natural effect giving 
a constant stable temperature. Without the greenhouse gases in the 
atmosphere, the Earth's mean surface temperature would be around 

- 18°C instead of the present +15°C. 

Figure10.3 GreenhousegasesinouratmospherewarmtheEarth(thegreenhouseeffect) 
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QUICK THINK 
When ice that is floating in 

water melts, there is no change 
in sea level. Discuss why this 

is the case. 

QUICK THINK 
Are hurricanes getting worse 

because of global warming? 
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However, if the level of these greenhouse gases in the atmosphere 
increases, more infrared radiation is "trapped" in the Earth's 
atmosphere and emitted back to Earth. This increases the overall 

temperature of the Earth. 

Carbon dioxide contributes to 15-20 per cent of the overall greenhouse 
effect. Therefore, it has a major influence on global warming. The 

burning of fossil fuels releases carbon dioxide into the atmosphere. 
Humans have increased atmospheric carbon dioxide concentration by 
a third since the Industrial Revolution began. 

Another cause of the increase of carbon dioxide in the atmosphere is 
deforestation. Plants absorb carbon dioxide and release oxygen into 
the atmosphere. Cutting down trees leads to an increase in the level of 

carbon dioxide in the atmosphere. 

As the global population increases, forests are being destroyed for a 
number of reasons: logging, to use the land for agriculture, to mine 
natural resources. 

Greenhouse effect in a beaker 

In this activity, you will investigate if carbon dioxide causes an increase in temperature inside a closed 

beaker. You w ill complete the investigation usingeithera regular thermometer or a temperature probe. 

(Safet y] WeareyeprotectionduringPartB. 

Part A 

Collect the following materials: 

250cm3 beaker 

• 100 cm 3 graduated cylinder 

• 200cm3 vinegar 

• weighingdish 

2gbaking soda 

scale 

clearplastic wraplargeenoughto 

cover the top of beaker 

lightboxorlampthatproduces afairamount 

ofheat[anincandescentlightbulb is best) 

stopwatch (ifusingathermometer] 

thermometerortemperatureprobe with 

data logging software 

modelling clay. 

Note: To make this a fair experiment, 100cm3 of v inegar is added to the empty beaker in Part A of the 

experiment, sothedifferencebetweenParts Aand Bisthepresenceofcarbondioxide. 

liilll Collect the materials and formulate a hypothesis. How do you expect the temperature in the 

beaker to change once co., is added? Explain your answer using scientific knowledge. 

Using a graduated cylinder, measure 100 cm 3 v inegarand pour into the beaker. 
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Cover the beaker with plastic wrap. Insert the thermometer/probe by lifting the wrap slightly to 

give enough room to slide the thermometer/probe in. Take care not to touch the metal part of the 

probe with your hands. One team member should hold the thermometer/probe so it does not 

touchthevinegarsolutionatthebottomofthebeaker.Sealtheplasticwraparoundthetopofthe 

beaker and the probe. You may need a piece of modelling clay to hold the probe in place. Once the 

temperaturereadingstabilizes,recordtheinitialtemperatureoftheairinthebeaker. 

l'llDII Plug in the lamp/ light box and place the beaker 10 cm from the light source. 

l'llDlil Measure and record the temperature in the beaker every 30 seconds for 5 minutes. Your teacher 

may instruct you to write down your own observations, or set up the data logger to collect data 

automatically. 

Part B 
In this part of the experiment, you will mix baking soda and vinegar to produce the following reaction: 

CH
3
COOH(I) + NaHC0

3
[s]---* NaCH

3
COO(s] + H

2
D[I) + C0

2
[g) 

vinegar bakingsoda sodiumacetate water carbondioxide 

Thecarbondioxidegasproducedbythereactionwillstayinthebeakerbecauseitismoredensethanair. 

You must cover the beaker to ensure that the gas does not diffuse out during the experiment. 

Using a graduated cylinder, measure 100 cm 3 of vinegar and pour into the beaker. 

mJB Using a weighing dish and scale, measure 2gofbakingsoda [NaHC0
3
]. 

6liill Prepare a pieceofclearplasticwrapthatwill fit over the beaker. 

I-= 
Add baking soda to the beaker and cover it quickly with the plastic wrap. The solution will start 

fizzing immediately. 

mill Insert the thermometer/probe by lifting the plastic w rap slightly, giving only enough room to slide 

the thermometer/probe in. Have one team member hold the thermometer so it does not touch the 

vinegarsolutionatthebottomofthebeaker.Sealtheplasticwraparoundthetopofthebeakerand 

the thermometer/probe. You may need a piece of modelling clay to hold the thermometer in place. 

li6iEI Measure and record the initial temperature of the contents of the beaker. 

Plug in the lamp/ light box and place the beaker 10 cm from the light source. 

Eil'!iEI Measure and record temperature in the beaker every 30 seconds for 5 minutes. 

BDliJ Plot your findings from Parts A and Bon the same graph using two lines of best fit, showing the 

difference between the temperature in the beaker with and without carbon dioxide. 
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Conclusions and evaluation 

a] What ca n you con clude from your results? How was the temperature in the beaker affected by 

addition of carbon dioxide ? 

b) How does yourgraph supportthe conclusion ? 

c] Evaluate the procedure and the results. Was yourexperiment valid ?Were there any anomalies in 

your results? 

d) Desc ribe what improvements to the procedure you would make if you w ere to carry it out again. 

e] Describe another experiment you could do to learn more about the prob lem oryour prediction. 

f) Research some processes that produce greenhouse gases. What do you expect w ill occur in our 

atmosphereifgreenhousegas production increases? 

(§) GLOBAL CONTEXTS 
Sc1ent1ficandtechn1calinnovat1on ~ Ac~~t~~\~~~nking 
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Practise observing carefully m order to 
recogmze problems 

The carbon dioxide record 
The longest record of direct measurements of atmospheric carbon 
dioxide is from Mauna Loa Obseivatory, Hawaii (Figure 10-4). There 
is usually a periodic change in atmospheric carbon dioxide between 

Figure10.4 A1mosphericcarbon dioxidea1Mauna l oaObserva1orysincel958 

0 400[?1 L 
6 !i 380 

H::: 
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Plant growth reaches a maximum during the summer months, so 
plants take up more carbon dioxide in these months. In the winter 
months, less carbon dioxide is used by plants because they are not 
growing as much. In Hawaii, there is year-round plant growth due to 
the tropical climate. However, carbon dioxide spreads evenly around 
the world, so even on Hawaii measurements of carbon dioxide are 

representative of global average CO, concentrations. 



Interpreting recent data on atmospheric carbon dioxide levels 

Using the graph in Figure 10.4, discuss the overall trend of the concentration in carbon dioxide. 

Discusswhatyouthinkmightbethecausesandconsequencesofthistrend. 

@GLOBAL CONTEXTS 
Global1zat1onandsusta1nab1l1ty 

~ATL SKILLS 
Cr1t1calthinking 
Interpret data 

Interpreting the change in carbon dioxide in the atmosphere 
over the past 200 years 

Since the start of the Industrial Age, human activities have had an effect on the atmospheric concentration 

of carbon dioxide and other greenhouse gases. This is shown in the two graphs belcrw. The data lines are not 

straight; this shows us that the rate at which the concentration is changing is not constant, but varies. 

Gfll1)1,llCoocem,a1 "'"s olgreenl!oosegases lrom0102005 

~~~~~~~~~~= 

Graphl!:Anoo.al moangrowrhrarnofca,!mdioxKloatM auna 
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a] Find hcrwmuchtheconcentrationofcarbondioxideincreasedfrom 1800to 1900. 

b) Find hcrwmuchtheconcentrationofcarbondioxideincreasedfrom 1900to2000. 

c] Find the percentage change in carbon dioxide concentration from 1800 to 2000. 

d) Repeat questions [a]-(c] for the concentrations of methane (CH.) and nitrous oxide [N
2
0]. 

e] Using your answers from [a]-(d) and the two graphs, describe how the rate of change of 

atmospheric greenhouse gas concentration is changing. 

f) Fromthetrendsseeninthegraphs,whatpredictioncouldbe 

madebouttheconcentrationofgreenhousegasesin 2030? 

g) Usethesimulationintheweblinktodiscusstherelationship 

betweentheriseincarbondioxide intheatmosphereandthe 

surfacetemperatureoftheEarth. 

C£)WEBL1NKS 
Try the s1mulat1on at 
http //carboncycle aos wise 
edu/carbon-budget-tool 

Chapter 10 I Consequences 139 



= GLOBAL CONTEXTS 
Globahzat1onandsusta1nab1hty 

QUICK THINK 
Conduct some research on 

your own using the suggested 

web links to investigate 

answers to the following 

questions. 

a) What are the 

consequences to our 

society if global warming 

is not addressed? 

b) Discuss the international 

efforts to limit the rise of 

greenhouse gases. 
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~ATL SKI LLS 
Cr1t1calthinking 
Interpret data 

If the global output of greenhouse gases continues to grow, the 

Intergovernmental Panel on Climate Change (IPCC) Assessment 
Reports forecast some dramatic consequences. For example, in a 

best-case scenario, the global mean surface temperature by the end of 

the 21st century is likely to have increased by o.3-4-8°C relative to the 

mean for 1986-2005. There will be coastal impacts as sea levels rise 

and public infrastructure is damaged during extreme weather events or 
flooding. The National Resources Defense Council in the US estimates 
that the average annual hurricane damage in the US alone in 2100 will 
be US$422 billion In addition, as ecosystems are stressed by these 
changes, there will be water shortages and an increased limitation on 

water resources worldwide. 

.A, TAKE ACTION 

Most people in the developed world use more energy and have 
higher carbon footprints than people in developing countries. 
What goals can you set, individually or as a school, to reduce 
your carbon footprint? 

What can you do at home? 

• Change your home's most frequently used light bulbs to 
energy-efficient light bulbs. 

• Turn off lights you don't need. 
• Don't use the air conditioner or heater unless necessary. Try 

putting on an extra sweater or cooling the house naturally by 
opening windows and doors. 

• Find out if your home is well insulated. 
• Reduce drafts around doors and windows. 
• Walk, bike or share a ride to school, or use public transport. 
• Reduce, reuse, recycle to decrease greenhouse gas production 

from manufacturing and disposal. 
• Spread the word about how you are reducing your carbon 

footprint. 

What can you do at school? 

• Encourage recycling at your school, and hold class contests on 
the amount of paper recycled. 

• Bring your lunch in reusable containers. 
• Lobby for renewable energy to be used at your school. 



Reflection on Topic 2 
The majority of scientists agree that human interference with the 

climate system is occurring. 

• How could global warming have an effect on the Earth's food 

supply? 

• How can technology be put in place to reduce greenhouse gas 

emissions? 

Summary 
Human activities have resulted in atmospheric pollution and an 
increased greenhouse effect. These results have had environmental, 

social and economic consequences. The consequences can now 

be measured. and scientists are exploring ways of limiting the 

consequences and finding a balance between competing economic 
and social concerns. In the case of climate change, research includes 

breeding crop varieties that are more tolerant of heat and drought, 

as well as reducing greenhouse gas emissions by exploring wind and 

solar power, fuel cells, more fuel-efficient vehicles and more efficient 

electrical appliances. 

As was mentioned in Chapter 3, the precautionary principle is one 
of the most important ways to think about the future consequences 
of new technologies and scientific innovation. For some new 

technologies, it may be necessary to delay implementation while the 
long-term consequences are explored. 

You will have gained a sense of the risks of human activities and, 

hopefully, you will use the precautionary principle in your own life and 
your eventual chosen profession. 

C£)WEBL1NKS 
Search for an online 
calculator that will estimate 
your personal carbon 
footprint, which is the 
annual mass of carbon 
dioxide produced by your 
consumption of food, 
fuel used in your home 
or for transport, and the 
manufactured goods you 
buy and use. One such 
calculator that allows 
you to input detailed 
data from energy 
bills is www.epa. 
gov/climatechange/ 
ghgemissions/ind­
calculator.html. 

C£)WEBL1NKS 
VISlt the UN Climate 
Change Portal 
www un org/chmatechange/ 
and select "Take Action" 
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Form 
TOPIC 1 IJnking form to function 

• How does the density of a bone relate to its function? 

• How can variations in the bone length of humans 
compared with chimpanzees be explained? 

• How does the form of feathe rs vary? 

• How does the form of leaves growing in shade differ 
from those exposed to light? 

• How does the number of specialized structures on a 
leaf vary with position? 

TOPIC 2 Structure of organic molecules 

• Are there patterns in how organic compounds are 
named? 

• How does the structural form of an organic compound 
relate to its physical properties? 

TOPIC 3 Forms of energy 
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• Can there be a continuous transformation from one 
form of energy to another? 

• How does conservation of energy link with energy 
transformation? 

ATL 

,I Access information to be informed and inform others. 

,I Make guesses, ask ''what if" questions and generate 
testable hypotheses. 

,I Gather and organize relevant information to formulate an 
argument. 

,I Use and interpret a range of discipline-specific terms and 
symbols. 

,I Encourage others to contribute. 

,I Draw reasonable conclusions and generalizations. 

,I Use brainstorming and visual diagrams to generate new 
ideas and inquiries. 

Sciences 
,I Formulate a testable hypothesis and explain it using 

scientific reasoning. 

,I Design a method for testing a hypothesis, and explain how 
data will be collected.. 

,I Explain how to manipulate variables, and how enough data 
will be collected.. 

r."I KEY CONCEPT FOCUS 
V SYSTEMS 

RELATIONSHIPS 
CHANGE 

Oualltatlvedata refers to non· 
numerical data o r information 
that is difficult to measure in a 
numerical way. 

Ouanl ltattvedata refersto 
numerical measurements of the 
variables associated with the 
investigation. 

~give valid reasons or 
evidence to support an answer 
or conclusion. 

IMeasufe) obtainavaluefora 
quantity. 

~ mark the position of points 
on a diagram. 



./ Organize and present data in tables ready for processing . 

./ Interpret data and explain results using scientific reasoning . 

.,/ Use appropriate scientific conventions to visually represent 
molecules and name organic compounds . 

./ Plot scatter graphs to identify relationships between 
variables . 

.,/ Draw conclusions, and explain these using scientific 
reasoning . 

./ Describe improvements to a method, to reduce sources of 
error, and possible extensions to the method for further 
inquiry . 

• 

Energy Evidence Function Patterns 
Transformation 

Introducing form 
As you have probably learned in science class, cells take on many 
forms . The nerve cells of the giant squid can be 12 m long. whereas the 

bacteria that live in our intestines are microscopically small-about 

6 million times smaller. Cells are extremely varied in their appearance 
and their function. 

In science, we define form as the features of an object that can be 

observed, identified, described, classified and categorized. 

Biologists and medical professionals have been doing just that since 

Robert Hooke first used his microscope (Figure 1u) to observe and 

describe the cell in the late 1600s. 

The bigger question regarding cells may not be why there are so 

many different forms but how these different forms are differentiated. 
How do they appear during development from the single original cell 
formed when an egg and a sperm cell join? This single cell divides into 

two cells that are genetically identical, each divides again and so on. 

So how do the 30 trillion cells in your body become so many different 

types of cell? 

Scientists have been very interested in this question for some time. 

This is because, if the mechanism that tells cells to take on different 
forms could be discovered, we might be able to direct cells to take on 

the forms that we need (Figure 11.2). Imagine being able to produce 

a new brain or heart or muscle tissue to replace damaged or diseased 
tissue, or being able to treat diseases such as diabetes where a certain 

cell type does not function correctly. 

Figure11.1 RobertHookll'smicroscope 
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Figure11 .Z Thepotemial forstemcelltherapies 

This is precisely the promise that stem cell technology provides, 
but, as with any new technology, there may be unknown, potentially 
dangerous consequences. 

One of the underlying scientific questions in the stem cell debate is 
whether or not transplanted cells will function correctly. Having the 

correct form (shape and structure) is not enough if a chemical switch to 
turn on the necessary gene is not activated. 

As you will see in this chapter, it is very difficult to separate the 
concepts of form and function And, depending on the context, even 

seemingly small changes in form can alter function in significant and 
potentially negative ways. 

TOPIC 1 

Linking form to function 
Form can refer to the shape and arrangement of parts in an organism. 
The form of an organism can be observed, identified, described. 
and categorized. Form is the result of development and is therefore 

determined by both genetics and environment. Form in species 
changes as a consequence of natural selection. The forms or features 
that are better suited to a function in a certain environment provide a 
survival advantage. 

There is a relationship between an organism's forms and the functions 

they carry out. Structural form gives clues about function; conversely, 
knowing what a structure's function is gives insights about its 

construction. 



Comparing forearm bone structure in humans and chimpanzees 

Thehumanforelimbandthechimpanzeeforelimb 

have similarities and differences. 

Visit thee-skeletons interactive site at the University of Austin at Texas websitewww.eskeletons. 

org/). The website has images of bones for a variety of primates. 

miilJI Scientists organize related organisms into groups known as taxons. Choose "taxon" and move the 

mouse over the chimpanzee image. Double click to select it. 

DIIII Move the mouse over the bones of the forelimb to become familiarwith the terminology. 

Predict how the ratio of the length of bones in the chimpanzee forearm [ratio of length of humerus 

tolengthofulna)differsfromtheratioforanalogousbonesinhumans. 

Dl3ill Construct a data table to record your predictions and the measurements you will take. 

mill Measure the lengths of the bones on screen and record the data. 

ODIi Compare and contrast the results for chimpanzees and humans. 

Conductresearchtoexplainyourfindings.Explore 

someoftheadaptationschimpanzeeshaveto 

their environment, and suggest how your results 

canbeexplainedintermsofformandfunction 

C£)WEBL1NKS 
At the eLucy website www elucy 
org you can do detailed analysis on 
images of famous homm1d skeletons 

.GLOBAL CONTEXTS 
Or1entat1oninspaceand11me (ij ~~~~~1a\~:n literacy 

Access mfonnat1on to be mformed and 
mfonnothers 
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Predicting bone form in birds and mammals 

You are going to develop and then test a hypothesis about whether analogous bones in different organisms 

have the same density. 

Obtain a bird leg bone and a mammal leg bone. Collect the necessary materials according to your 

chosen method of determining bone volume. 

liDJ Predict, with a reason, what will be the differences in the densities of the two bones. 

IEE Plan and describe a complete method for determining the density of the bones. 

Carry out the investigation, recording your measurements in a suitable table. 

em If the densities differ, suggest a testable hypothesis to explain the differences. 

@GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on ~ A;r;;t~~~~~inking 

Make guesses, ask ''what 1f" questions and 
generate testable hypotheses 

Comparing the structure of different feathers 

Birds have a number of different types of feather [see the diagram below]. Flight feathers, counter feathers 

anddownfeathersdiffermarkedlyfromeachotherinformandfunction. 

If feathers are available, sort them into groups using the diagram above. 

Alternatively, use the web link to analyse digital images of feathers. 

EIDIJ Choose three types of feather to investigate further. Collect qualitative data and quantitative 
dataforeachfeathertypeinordertomakeacomparison. 
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mlil, Construct a three-circle Venn diagram to compare and contrast the properties of the feathers. 

Cood,ct,esea~h;otothefooct;oo;f~ J-,1 .. 1·1· 11:-11-111.1·.111 eachfeathertypeand summarize =-::--
how featherformis linkedto function. 

0GLOBALCONTEXTS 
Sc1ent1ficandtechnicalinnovat1on ~ ~Tr~~~:~~~nking 

Gather and orgamze relevant mformat1on 
to formulate an argument 

Form and function In leaves 
Leaves are organs of photosynthesis in plants. In order to gather the 
maximum amount of sunlight, leaves should have a maximum surface 
area However, building leaf tissue requires energy and nutrients, 
so leaf form usually represents a compromise between maximizing 
surface area and minimizing volume. 

The surface area of shade leaves versus sun-exposed leaves 

Leaves growing in shade compete with each other for sunlight. Choose one of the following hypotheses to 

test, andthendesignaninvestigationtotest it. 

Are their mean surface areas larger in an effort to capture the same amount of light? 

• Are their mean surface areas smaller in order to avoid wasting resources on creating tissues that w ill 

not capture sunlight? 

Hereare somepoints toconsider. 

How many leaves must be measured to form a representative 

sampleofthepopulation ofleaves? 

How will you decide the criteria for catego rizing the leaves? 

If leaves are photographed, the area can be determined using 

image-processingsoftwareapps. 

[SAFETY] Check with your teacher which types of leaf to collect. 

Avoid leaves that will harm you, such as nettles. Wash your hands 

whenyouhavefinishedtheactiv ity. 

0GLOBALCONTEXTS 
Sc1ent1ficandtechnicalinnovat1on ~ A;r~t1~~:~~~nking 

If a clear acetate sheet 
containing a grid is used, you 

can use an erasable marker to 

trace the leaf onto the plastic. 

You can then determine the 

surlace area by counting the 

grid squares. Marks on the 

acetate can be erased and the 

sheet used again. 

Gather and orgamze relevant mformat1on to 
formulate an argument 
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Variations in the number of spines on defensive leaves 

Forms thatarebetter suitedtoafunctioninaparticularenvironment 

provide a survival advantage. Plants like holly (I/ex sp.] and many 

members of the Aloe genus have spikes or spines on the edges of their 

leavesas adefence againstpredationby herbivores. 

Does every leaf have the same number of spines on the leaf margins? 

lfthenumber of spin es isvariable, whatarethepotential causesof 

this variation ? 

Discusswith a partnerthepotential causesof variationinthenumber of spines in theseplants. 

Using what you have disc ussed , formulate a hypothesis a bout the number of spines. Be sure you 

state a dependent va riable and an independent variable, and say what the effect w ill be and why. 

ilDII Design a procedure to test your hypothesis. 

(SA FETY) Weargardeninggloves if you are collecting holly leaves. Wash your hands when you finish this activity. 

~~ GLOBAL CONTEXTS 
Sc1ent1ficandtechn1cal1nnovat1on 

~ATLSKILLS 
Cr1t1calth1nk1ng 
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Make guesses, ask "what 1f" questions and 
generate testable hypotheses 

Reflection on Topic 1 
In this section, we have explored the form of bones, feathers and leaves. 

• In what ways does form suggest the function? 

• To what extent does the environment influence form? 

TOPIC 2 

Structure of organic molecules 
Organic chemistry used to be defined as the chemistry of living things 
(plants and animals), whereas inorganic chemistry was defined as the 
chemistry of non-living things (minerals). 

Organic chemistry is now most easily described as the chemistry 
dealing with compounds that contain the element carbon. More than 
80 per cent of all compounds contain carbon so it makes sense that 
there is a whole area of chemistry devoted just to the study of organic 
compounds. Besides the element carbon, organic compounds can 
contain atoms of hydrogen, oxygen, sulfur, nitrogen and the halogens. 



Each carbon atom can make four bonds as it has four electrons in its 
valence shell. Organic chemistry is concerned with how these elements 

combine and what physical form the compounds take. The structure of 
organic compounds plays an important role in the form the molecules 
take and ultimately their use and function. The study of organic 
chemistry is complex and extremely important for many related fields 
of chemistry. 

Naming organic compounds 
There is a huge and diverse array of organic compounds-millions and 

millions of them. To be able to study all these compounds, there has 
to be a precise method of naming them. The system of nomenclature 
used in organic chemistry is quite different from the system used to 
name other types of compound. The naming of organic compounds 
is based on the number of carbon atoms that are joined together in 
the longest continuous chain. This unique backbone of linked carbon 
atoms is important to the basic form of organic compounds. 

The hydrocarbon family are compounds containing only carbon and 
hydrogen The simplest member is methane, CH4 Methane has only 
one carbon atom. which can make four bonds with four hydrogen atoms. 
If another carbon atom is added, the name of the hydrocarbon changes 
to reflect the change in the number of carbon atoms (Table 11.1). 

The molecular formula for an organic compound shows the number 
of atoms of each element present but does not help explain how 
the atoms are bonded together. Instead, the formulae of organic 
compounds are often written as condensed. structural formulae . This 
type of formula shows for each carbon atom the other atoms that are 
bonded to that carbon atom (Table 11.1). .. 
jrn, CH, methane 

( 2Hs CH/H1 
ethane 

Cl HI CH/H/H1 
propane 

t ( .H10 CH/Hz (Hz (H3 
butane 

t csH1l CH
1

CH
2 

CH
2 

CH
2 

CH
3 

pentane 

C6H1• CHiCHl CH
2 

CH
2 

CH
2 

CHi hexa ne 

C7H1s CHiCHz CH 2 CH 2 CH2 CH 2 CH1 heptane 

l CeH1, CH/Hz (H
2 

(H2 (Hz ( Hz (H
2 

( H
3 

octane 

Tab/e11.J.Thealkanes 

These simple hydrocarbons all have single bonds and are called 
alkanes. The naming of alkanes gets a bit more complicated. as 
branches (substituents) are added. 

C£)CHAPTER LINKS 
Covalent bondmg and 
electron shells are described 
m Chapter 8 on models 
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Naming organic compounds-a jigsaw approach 

You are going to find the patterns in the organic chemistry naming system for different classes of organic 

compound. Yourteacherwill divide the class into groups of three. 

mD:illi Your responsibility as a group is to devise a set of nomenclature rules that would explain how the 

compoundsinthetablebelowarenamed. 

Structure Name 

r 
013----01----01,---013 

rr 
013- Dl- Cll----ffi.J 

rl ~zll5 
Oli- Dl~ H1----01,---D13 

r 
\"' 

013- CH1- ~- {:H---DJi----013 

'i"' 
rn, 

Namingalkanes 

2-methy lbutane 

3-methy lpentane 

3-methy lpentane 

2,2-dimethylbutane 

2,3-dimethylbutane 

3-ethyl- 2-methylhexane 

3,4-diethylhexane 

To test the naming scheme your group has developed, name or draw the organic compounds in 

the table below. When your group has agreed on the answers and completed the table, ask your 

teachertocheckyouranswers. 

Structure Name 

r 
Olr-D1--CH1----011----013 

'i"' 
013- D+-~H- Dli 

CH1-CHi 
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'/'' 
'i" 

Dl:r---Ol---Ol1- D1,----CHi 

'i" 
Dl:i - f-----CH1-----CH1---0IJ 

°"' 
2,3-dimethylpentane 

3,3-dimethylpentane 

2-methylhexane 

3-ethylpentane 

,._ 
DiEIJ Now, number your group members 1-3. All the number ls now join together, all the number 2s 

jointogetherandallthenumber3sjointogether. 

Each new group will be assigned a different type of organic compound to develop naming rules 

for.Eachofthesedifferenttypesoforganiccompoundhasadifferentstructuralunit,calleda 

functional group, which gives that group of compounds similar chemical properties. 

Once your group is confident that you have developed the naming rules for your type of organic 

compound, you will go back to your original groups and teach the naming rules to the other 

membersofyourgroup. 

A Alkenes 

The form ofalkenes is slightly different from alkanes.Alkenes have a double bond [share two electron pairs, 

ie four electrons] between two of the carbon atoms in the basic backbone form. 

lnthefollowingstructures,onlythecarbonskeletonisshownforsimplicity. 

Structure 

1-pentene 

2-pentene 

2-pentene 

2-methyl-1-pentene 
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3-methyl·l ·pentene 

1,3-butadiene 

2-methyl-4-propyl-3-octene 

Namingalkenes 

B Alcohols 
The form of alcohols is slightly different than from that ofalkanes.Alcohols have a hydroxyl group (-OH) on 

oneofthecarbonatomsinthebasicbackboneform. 

In the following structures, only the carbon skeleton and the function group are shown for simplicity. 

Structure 

2-butanol 

pentan-1-ol 

2-methyl-3-pentanol 

4-methyl-3-hexanol 

4-ethyl-3-hexanol 

2-methylpropan-2-ol 

2,2-propandiol 

Naming alcohols 

C Carboxylic acids 0 

The form of carboxylic acids is slightly different from alkanes. Carboxylic acids have a carboxyl group, _ (! , 

ononeofthecarbonatomsinthebasicbackboneform. bH 
In the following structures, only the carbon skeleton and the functional group are shown for simplicity. 
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Structure Name 

propanoicacid 

butanoicacid 

2-methylpropanoicacid 

3-methylpentanoicacid 

hexanedioicacid 

3,4-dimethylpentanoicacid 

Namingcarboxylicacids. 

To test your knowledge of naming different organic compounds, individually complete the 

following table. Only the carbon ske leton and the functional group are shown for simp licity. 

Structure Name 

c-Lc-c 
! 

2-methyl-1-pentene 

2,3-dimethyloctane 

2-propanol 
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2-methylbutanoicacid 

2-ethyl-3-methyl-1-butanol 

Namlngpracticeofdifferentformsoforganiccompounds 

(j GLOBAL CONTEXTS 
Sc1ent1ficandtechn1cal1nnovat1on ~ ACT0L:~~Ln~: at1on 

Use and mterpret a range of d1sc1plme­
spec1fic terms and symbols 

Investigating a homologous series 

A homologous series is a series of compounds that contain the same functional group (giving them similar 

chemical properties] but whose structures differ by a common repeating unit. Propane (CHiH
2
CH

3
) 

and butane (CH
3
CH

2
CH

2
CH

3
) are members ofa homologous series called the alkanes. But 1-butene 

(CH
2
= CHCH

2
CH

3
) and 1-propene (CH

2
=CHCH

3
) are members ofa homologous series called the alkenes. 

Forthealkanes,alkenes,alcoholsandcarboxylicacidsseries,membersoftheserieseachdifferbya 

-CH
2
-group. 

lnthisactivity,youwillexplorehowthephysicalpropertiesofaclassofcompoundssuchasthealkanes 

vary when there is a slight change in form [addition ofa -CH
2
-group] across the series. You will make use 

of information from a database and graphical analysis to comment on any trends that you see. 

Yourteacherwilldivideyourclassintogroupsoffour. Each 

memberofyourgroupwill choose a different class of compounds 

[alkanes,alkenes,alcoholsorcarboxylicacids]toexplorethe 

changesinphysicalpropertiesthatoccurwhentheformis 

slightly modified. 

EachofyouwillusetheonlinedatabaseChemspidertofind 

valuesformeltingpoint,boilingpointandsolubilityofthefirst 

fivemembers[iecompoundscontaining1carbon,2carbons, 

3carbons,4carbonsand Scarbons]ofyourchosenclassof 

compounds. 

C£)WEBL1N KS 
Chemsp1der 1s an onlme 
chemical structure database 
that provides text and structure 
search access to over 30 million 
structures from hundreds of 
different data sources The 
webpage can be found at 
www chemsp1der corn 

mDlli Construct a data table to record the data for your series as well as the data from your other group 

members. 

miZI Byusinggraphingsoftware, plot thedataappropriately. 

m:DE Comment on the trends found across the physical properties in your series. 
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Compareandcontrastthegeneraltrends[egincrease,decreaseornochange] in the physical 

properties, when there is a slight change in form across a homologous series. 



@GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on ~ ~~~o;~~\~!n literacy 

Access mfonnat1on to be mformed and 
mformothers 

Polymers 
You have seen that organic compounds can have long chains in their 

structure. Polymers are organic molecules that can have extremely 
long chains by bonding many individual units called monomers into 
a single larger unit. Natural polymers include hair, fingernails, wool, 

DNA and proteins. Synthetic polymers are common commercial 
compounds and include nylon, polyester, polyethylene, Teflon"" and 
Gore-Tex"". Chemists are now able to manipulate the structure of 
polymers in order to produce "designer" polymers to achieve a desired 
function. Different polymers with different properties and functions 
can be developed by starting with different monomers. 

Research and development of a polymer 

In this activity, you will investigate how polymers are produced by making a "bouncing ball" polymer by 

combining white glue and borax [also known as sodium tetraborate- a component of many detergents]. The 

monomer unit in the bouncing ball polymer is polyvinyl acetate, which is found in solution in the white glue. 

The diagram below shows a monomer of polyvinyl acetate. 

When borax Na
2
B.o, is dissolved in water, 

some borate B(OHJ.- ions form. The form of 

the monomer allows weak bonds to be made 

betweenthemonomerandborax ions.Bridges 

areformed,connecting thepolymerchains 

tooneanother.This is calleda cross-linked 

polymer, as shown below. The cross-linking 

produces a 3Dpolymer withmanyopen 

spaces for watertooccupy. 

lalt=molocuie,of PVAboforocross li nbrg 

I 

1 r 
CH:J- C- 0- r 

1 r 
CH:J- C- 0- r 

1 r 
CH:J- C- 0- r 
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The polymer made in this activity has some properties ofa liquid- if left untouched, it w ill begin to lose 

itsshape.Butitalsohas someproperties ofa solid- itbounces andit shatters.Substancesthatexhibit 

characteristics ofboth solids and liquidsarecallednon-Newtonianfluids. 

As a team, you must design and carry out a procedure to develop a polymer to make the best bouncing ball 

[ie the ball that will bounce the highest when dropped from a height of 1.0 m], within a set budget. If there is a 

tie in maximum bounce height, the best bouncing ball w ill be the ball that has the lowest height/cost ratio. 

Each team will be allowed to spend a total of 7.50 chem bits on their procedure. The cost breakdown of 

available supplies is: 

1 cm 3 of glue = 0.10 chem bits 

5gofborax=0.15chembits 

rentalofbeakers = 0.25chembits/h 

rentalof stirringrod = 0.10chembits/h 

rentaloflabbench = 1.00chembits/class 

rentalofbalance = 0.50chembits/h 

rentalofgraduatedcylinder = 0.50chembits/h. 

( SAFETY) Wear eye protection and avoid skin contact w ith the borax and glue. Wear disposable gloves when 

moulding and testing the bouncing balls. Do not take the balls out of the laboratory. 

Ouestions 

a] Discuss how placing a cost on lab materials changes your approach to the activ ity. 

b) Justify why your group's bouncing ball can be classified as a polymer. 

c] Do some research and find out some other common manufactured products that are made 

of polymers. 

-~ GLOBAL CONTEXTS 
Sc1ent1ficandtechn1cal1nnovat1on (ij ACTo~l:::~~~on 
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Encourage others to contnbute 

Disposal of plastics 
In the past 100 years, research and development in the area of polymer 
chemistry has allowed production of many new plastics with many 
different forms and properties. Modem, lightweight plastics used in 
consumer packaging and products have made our life easier, but much 

of this plastic is used only once and ends up in landfill sites. Many 
types of polymer are unreactive and do not decompose quickly, so 

plastic waste remains in the ground for hundreds of years. 

One of the best ways to reduce the amount of plastic that goes to 
landfill sites is to recycle the plastic materials to make new plastic 
products. This involves either simply melting the plastic and moulding 

to a new shape or depolymerizing it to reform the monomers, which 
can then by polymerized again. Most modem plastics can be recycled. 



However, sorting the different types of plastic is costly and time­
consuming. Recycling plastics requires much less energy than it takes 
to originally make the plastics. It also conserves the crude oil that 
synthetic polymers are made from 

Reflection on Topic 2 
Organic chemistry is one of the fastest-growing areas of chemistry. 
There are applications in pharmaceuticals (new medicines and drugs), 
in materials science (new materials such as alloys and composites) 
and in biochemistry (the study of chemicals produced by the body). 
In all of these areas, understanding the form or structure of molecules 
is important to understanding their function Chemists can now work 
backwards from the function of a substance they wish to have. They 

design it with computer modelling and then create the substance in the 
laboratory. 

• How could knowledge of organic chemistry allow chemists 
to work backwards to design organic molecules that require a 
specific function? (That is, they start with an end function and 
work backwards to determine the materials to start with.) 

• What responsibilities do chemists have in producing new 
organic molecules whose impact on the environment is 
minimal? What would happen if they developed an extremely 
useful organic molecule that could not be recycled and whose 
waste would result in a negative impact on the environment? 

TOPIC 3 

Forms of energy 
Energy has many different forms and can be stored in many different 
forms . All of these forms of energy measure the ability of a body to do 
work on another body. All forms of energy are measured in joules (J). 
These forms of energy include chemical energy, thermal energy, 
potential energy, kinetic energy, nuclear energy, light energy and 
sound energy. 

Stores of energy 
Kinetic energy is the energy associated with a moving object. For 
example, a flywheel (a very heavy wheel) stores kinetic energy once 
it is moving. The potter's wheel is a flywheel. By kicking the bottom 

wheel with your foot, you set the pottery wheel spinning. When it 
reaches the desired speed, you can stop kicking and the wheel keeps 
spinning as energy is stored in the wheel {Figure n-4). The wheel will 
eventually slow down as the force of friction transforms kinetic energy 
into thermal energy, which is dissipated to the environment. 

..:lit, TAKE ACTION 

Investigate plastic recycling 
m your area (Figure 11 3) 
Does your commumty have a 
plastic recyclmg plan? Does 
your school have a plastic 
recycling plan? 

Figure11.3Recyclingofplasticis 

animportantwaytoreducewaste 

inlandfillsandtoconserveraw 

CDWEBLINKS 
The problem of plastic 
pollunon 1s mcreasmg as 
evidenced by the formation 
of plastic gyres m our 
oceans Search for midway 
message from the gyre at 
wwwyoutubecom for more 
mformanon 

Figure11.4 Apotter'swheeltakesa 

lotofforcetospinaround,butthen 

keeps spinning 
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C£) CHAPTER LINKS 
Chapter 5 on energy has 
examples of work done 
(eg ma wmd turbme, or m 
an endothenmc chemical 
reaction to break bonds m 
the reactants) Chapters 5 
and 7 both describe the law 
of conservation of energy 
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Gravitational potential energy (GPE) is the energy stored by an object 
due to its vertical position in a gravitational field The higher an object is, 

the greater its GPE. Hydroelectric power stations store energy as GPE of 
the water in a high reseivoir. This stored energy is transformed to kinetic 

energy when the water is released and falls. The kinetic energy of the 
falling water is then used to move a turbine that generates electricity. 

Elastic potential energy is the energy stored in an object when it is 
stretched or squashed, such as when a catapult is stretched but not 

released. 

Chemical energy is the energy stored in the chemicals in fuels, food 

and batteries. The chemical energy stored in food allows our body to 
stay alive, to grow and to move around The chemical energy in a fuel 
such as coal or oil is transformed to thermal energy when the fuel is 
burned. Fossil-fuel power stations work by using the kinetic energy of 
steam (obtained from burning coal, oil or gas) to move a turbine that 

generates electricity. 

Nuclear energy is stored in the Sun, and nuclear fuels such as uranium. 
Nuclear energy can be released through a nuclear reaction-nuclear 

fission or nuclear fusion 

Work and energy changes 
Work is done when energy is transferred from one form to another. The 

work done is equivalent to the amount of energy transferred, in joules. 

When a force is applied to a body and the body changes its motion in 
the same direction as the force, we say that work is being done on it. 
An energy change takes place. For example, when a car brakes, work 
is done by the brakes on the car to stop it moving. The work done by 
the brakes, using the frictional forces between the brake pads and the 
rotating wheels, equals the amount of kinetic energy lost by the car. 

The law of conseivation of energy states that in a closed system, energy 

can neither be created or destroyed, it can only be changed from one 
form to another. The initial kinetic energy of the car is transformed to 
other forms of energy, mostly sound and thermal energy. 

Work is also done when an object is lifted against the gravitational pull 
of the Earth. The work done by Wting the object equals the amount of 
gravitational potential energy gained by the object. 

Energy changes in a pendulum 
In 1582, the young Galileo Galilei obseived a lamp swinging back and 
forth in Pisa cathedral. Using his pulse to measure the swing, he found 
that at small angles the lamp oscillated with a constant time period. 
These early observations led to his invention of using a pendulum to 

regulate a mechanical clock. Galileo realized that for the pendulum 
to continue to swing backwards and forwards, the energy must be 
conseived, but how does it do this? 



To understand how a pendulum conserves its energy, we must consider 

two different forms of energy: gravitational potential energy and 

kinetic energy (KE). As objects are raised higher from the ground, they 
have more GPE, according to the formula 

GPE = mgh 

where m is mass in kilograms (kg), g is the gravitational field strength 

(9.81 N/kg) and h is the height of the object above a defined reference 
point(m). 

An object gains KE as it.s velocity increases according to the formula 

KE = 1h.mv' 

where m is mass in kilograms (kg) and v is the velocity of the object in 

metres per second (m/s). 

According to the law of conservation of energy, 

energy may change form but the total amount of 
FigureH.5 Energytransformationinapendulum 

energy does not change. Energy cannot be created 

or destroyed, only transformed from one form to 

another. As the pendulum swings, GPE is transformed 
into KE and back again. If no energy is lost due 

to air resistance, the total energy of the pendulum 

is conserved. This means that the pendulum will 

continue to swing forever as energy is t ransformed 
from KE to GPE and back again If there is air 

res istance, a tiny amount of KE is transformed into 

thermal energy on each swing, so the gain in GPE is 

reduced by the same amount on each swing (Figure 11.5). 

'"-""W "=-Ma>:irumkino!ic eoergy 

MJlinM.<ni,,...irn!U,al 
po!ootialenergy 

Energy changes in a pendulum 

In this activity, you w ill measure the actual velocity of a pendulum at the lowest point of its swing, and 

compare to the theoretical velocity [calculated from GPE lost = KE gained]. 

Collect the fo llowing materials: 

stopwatch 

• tape[notcleartape] 

• about3moffishing wireorstring 

• metrerule 

• weight[totietothe string] 

• toppanbalance. 

EID& Read through Steps 3- 11 and construct a data tab le to record the data you are going to collect 

and process. 
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Billi Measure and record the mass of the pendulum weight. If the scale reading is in grams, divide by 

1,000tofindthemassinkg. 

Tie the string or fishing line to a beam on the ceiling, about 10 cm away from a wall. Make the length 

of the string as long as possible but make sure theweightwill have enough room to swing freely. 

mlil Tie the other end ofthestringtotheweight. 

mm Pull the weight to one side, keeping the string tight, until the angle from the vertical is about 20°. 

Mark this point (position A] with a piece of tape and measure the vertical height of the weight 

relative to its starting position (position B, equilibrium position] when it is hanging straight. 

Biif.l Calculate and record the GPE of the weight when the pendulum is lifted to this height. 

111m Calculate the theoretical velocity of the pendulum at position B if all the GPE at position A is 

transformedintoKEatpositionB. 

± ' :_~ '"_) 

' C 

" 

mDilJ Release the pendulum at the measured height (from Step 6 above] and measure how long it 

takestoreachthemaximumheightontheotherside[positionC]. 

161D) Repeat this measurement at least three times and find the 

meaninordertoimprovetheaccuracyofthe result. 

BOID Calculate the average velocity throughout the swing. 

lnordertocalculatethevelocityofthependulum,youwill 

needtousetheequation 
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v =dl/',,.t 

where vis average velocity of the object in metres per 

second [m/s], dis displacement in metres [m] and L'lt 

isthechangeintimeinseconds[s].lnthiscase,dis 

the distance between the start and end points of the 

pendulum swing and L'lt is the time for one swing from 

A to C. 

Use pieces of tape on the wall 

to mark the height at which 

you will release the pendulum, 

and position C. The person 

using the stopwatch should 

make sure that her or his 

eye is parallel with the tape 

marker. This will reduce 

l!!l:l!lm whenjudging 

when the pendulum reaches 

this position. 



I-

C£> INTERDISCIPLINARY LINKS 
You might be studymg tngonometry m mathematics You can fmd the actual distance 
travelled by the pendulum weight (the arc length) mstead of measunng the honzontal 
displacement, by measunng the angle of the pendulum from the vertical Use 
tngonometry to help you calculate the arc length AB m the diagram above, and use this 
m your calculation of the average velocity 

Questions 

a] How similar were the theoretical and measured velocities? 

b) Calculatethepercentagedifference. 

c] Suggestreasonsforthedifference,usingscientificreasoning. 

d) Suggest improvements to the method and explain why these would reduce the difference 

between the theoretical and measured velocities. 

@)GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on 

~ATL SKILLS 
Cr1t1calthinking 
Draw reasonable conclusions and 
generahzat1ons 

You are going to design an experiment to investigate one factor affecting the time ofa pendulum swing. There 

are many aspects of the experiment that will need to be controlled. Brainstorm this with a partner before 

creatingyourinquiryquestionandprocedure. 

Choose one variable to investigate. Explain why you think this variable will affect the time ofa 

pendulum swing. 

Dim. Describe a detailed method for how you will test this hypothesis. Describe how you will alter the 

variables and collect data. 

State the: 

independentvariable(thevariableyouwillchange] 

dependentvariable[whatyouwillmeasure] 

control variables [all other variables that must stay the same during trials) 

materials(listthematerialsandequipmentyouwillneedtotestyourhypothesis) 

detailedmethod[sothatanyonecanrepeatyourexperiment]. 
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mDIJ Construct a data table to record the data that you will collect. Include the units for the 

measurements. 

Plot your data on an appropriate graph to show the relationship between the variable you 

investigated and the time ofa pendulum swing. 

Conclusion and evaluation 

a] Describe whatyourdataandgraph show. 

b) Does yourconclusionagree withyourhypothesis? 

c] Evaluate the procedure and describe what imp rovements you would make if you were to carry 

it out again. 

= GLOBAL CONTEXTS 
Sc1ent1ficandtechn1calinnovat1on ~ AC~~;t~~~~~inking 

C£)WEB L1N KS 
Search for s1mulat1ons 
where you can try your hand 
at des1gmng a roller coaster 

~ WEB LIN KS 
To try your hand at 
des1gmng a skateboard 
course that keeps the nder 
safe and active, go to 
phet colorado edu/en/ 
s1mulat1on/energy-skate­
park 
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Roller coasters 

Use bramstormmg and visual diagrams to 
generate new ideas and mqu1nes 

Roller coasters are exciting. but have you ever thought about how 

they work? 

The law of conservation of energy is involved in all such rides. At the 
top of the first hill, the roller coaster possesses a high amount of GPE. 

As the roller coaster drops, the speed increases, reaching maximum 
speed at the bottom of the first hill. As the ride continues, KE and GPE 
continue to transform from one to another, although not perfectly, 
since energy is lost through friction, sound and heat. In order to give 
the roller coaster enough energy to continue to the end, the height of 

the first hill must be larger than any subsequent hills on the ride. 

Reflection on Topic 3 
Kinetic and potential energy can be converted from one to another 
during pendulum motion, or on a roller-coaster ride. We know that 
power stations use energy resources such as nuclear energy, chemical 
energy or gravitational potential energy to generate electricity, which 

is then used to produce light and thermal energy for our homes. 

• Where does energy come from? 

• Is our supply of energy infinite? 



Summary 
You have observed the features of organisms, molecules or materials 

and a moving pendulum. Scientists often search for the connections 

between form and function 

In biology, you have seen examples where the form of an organism 

reflects its function Can you think of any other examples in biology of 

specialized structures that are adapted to perform a specific function? 

Often the different forms of an object or system can be categorized 
(eg the different forms of energy, the different states of matter or the 

different forms of organic molecules). Classification schemes like 
these help us identify patterns in form, which, in conjunction with the 
predicted function, can be used by research chemists to design new 

molecules with a specific function. 
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Movement 
TOPIC 1 Movement in plants and animals 

• What stimuli trigger a movement response in woodlice? 

• Can data support that movement in basking sharks is 
directional? 

• Does the mechanical response of sensitive plants vary 
according to the stimulus? 

• In what ways do the shape and size of winged seeds 
affect flight time and distance? 

TOPIC 2 Ele ctrochernistry and movement of electrons 

• Why do electrons sometimes move spontane ously from 
one substance to another? 

• What factors influence the voltage that a voltaic ce ll 
can produce? 

TOPIC 3 Velocity and acceleration 

164Sciences 

• How can the velocity and acceleration of a moving 
object be determined? 

• What causes the speed of an object to change? 

• How does changing the angle of a ramp affect 
acceleration down the ramp? 

ATL 
,I Apply existing knowledge to generate new ideas, 

products or processes. 

,I Interpret data. 

,I Select and use technology effectively and productively. 

,I Draw reasonable conclusions and generalizations. 

,I Collect and analyse data to identify solutions and make 
informed decisions. 

,I Process data and report results. 

,I Gather and organize relevant information to formulate an 
argument. 

,I Analyse complex concepts and projects into their 
constituent parts and synthesize them to create new 
understanding. 

Sciences 

,I Formulate a testable hypothesis and explain it using 
scientific reasoning . 

.! Design a method for testing a hypothesis, explaining 
how to manipulate the variables and how enough data 
will be collected 

(el KEY CONCEPT FOCUS 
'f' CHANGE 

from the true value. 

Valldl1yof1heme1hod refersto 
whether the method allows fo r 
thecollectionofsufficientvalid 
data to answer the question. 
This includes factors such 
as whether the measuring 
instrument measures what it 
is supposed to measure, the 
conditions of the experiment 
and the manipulation of 
variables {fair testing). 

!Comment I give ajudgment 
based on a given statement or 
result of a calculation. 

~ choosefromalist or 
group. 



./ Organise and present data in tables ready for processing . 

./ Calculate the gradient of a straight-line graph . 

./ Interpret data gained from scientific investigations and 
explain the results using scientific reasoning . 

./ Plot scatter graphs with a line of best fit and identify 
trends . 

./ Describe improvements to a method, to reduce sources 
of error. 

Consequences Evidence Interaction Patterns 

Introducing movement 
Movement can be an action (eg the transfer of nutrients into a cell) or 
a change in position (eg when electrons are transferred between atoms 

or ions). Position changes in physics are usually defined with reference 
to a fixed starting point, or there can be problems with different 

observers saying different things about the motion of the same object. 

Muscles, tendons, ligaments and bones are responsible for physical 
movement of the human body. Muscle cells generate contractive forces 
as they decrease in length and increase in width. Tendons transfer the 
forces exerted by these muscles to the bones. Bones support the body 
and maintain its shape, while also acting as levers to magnify small 

movements into larger ones. Joints controlled by a pair of muscles 
are able to convert the contractions of the muscles into both pushes 
and pulls. 

This system for generating and controlling physical movement of 
the human body is strong and reliable, but accidents can happen. We 
put a lot of stresses on our bodies, particularly on joints. It is unusual 
to live into adulthood without some injury that has caused difficulty 

moving around. Injuries are particularly prevalent in the world of sport 
because sportspeople and athletes put even more stress on their bodies 
than others. 

Baseball pitchers are particularly susceptible to injuries in an elbow 
ligament (that is, soft tissue that stabilizes the elbow). When this 
ligament is tom, the pitcher can no longer throw with any power. This 

injury used to mean the end of a pitcher's career. Then a doctor named 
Frank Jobe had an idea about how to repair the ligament (Figure 12.1). 

He removed a non-essential tendon from elsewhere in the body and 

threaded it through holes drilled into the bones of the upper arm and 
forearm, effectively stabilizing the inner side of the elbow. 
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Figurt112.1 ThesurgeonFrankJobeperformedthefirstever ''TommyJohnsurgery" 

In March 2014, Dr Jobe died at the age of 88. Among the many tributes 
to him was one from the first pitcher whose career he had saved in 
1974 with his first repair surgery. At the time, the player was told there 
was a one in 100 chance of success, but he went on to play for 14 more 
seasons and win over 160 more games. The operation that Dr Jobe 
pioneered has now been performed on almost 500 players and is 
referred to by the name of that first patient-Tommy John. 

In this chapter, you will look at the motion of objects great and 

small, from sharks to maple tree seeds, and from ions in solution to 
decelerating cars. You will be considering the "why" or measuring the 
"how" of movement. 

TOPIC 1 

Movement in plants and animals 
Movement is the process of changing from one place or position to 
another. In animals, movement can be triggered by a stimulus. If the 

response of the organism is to move toward or away from the stimulus, 
then the movement is referred to as taxis. If the movement is not in 

a particular direction as a result of a stimulus, then the movement is 
referred to as kinesis. 

In plants, movement in response to environmental stimuli is referred 
to as tropism. Movement of abiotic factors can affect living things. 

Examples include the diffusion of materials across membranes, the 
movement of ocean currents containing nutrients, the dispersal of 

seeds by animals and wind. and the capillary action of water in soils. 

In addition to the range of causes of motion, the mechanisms of 
motion can be studied. 

Organisms may undertake migration from areas where conditions do 
not support the needs of the population to more favourable habitats. 
Human populations may migrate on a periodic basis (eg nomadic 
cultures following herds) or more permanently (eg in response to 

famine or conflict or limited economic opportunities). 



Kinesis-investigating woodlice motion in response to a stimulus 

The woodlouse is a common land-living crustacean that is easy to find in 

manylocationsaroundtheworld.Theytendtoinhabitmoist,darkhabitats 

suchasinrottingvegetationunderthesurfaceoffallenleaves. 

ltispossibletotestenvironmentalfactorsthataffectthemotionofthese 

organismsusingachoicechamberthathasdifferentconditionsondifferent 

sides. A container such as a Petri dish can be used, with a number of 

animals[egeightindividuals) ininitiallyacentralposition. 

[SAFETY] If you collect woodlice and handle them, wash your hands after doing so. 

Formulate a hypothesis to test relating to the movement of the woodlice and damp/dry 

conditions,orlighVdarkconditionsorthepresence/absenceofasubstanceyoucanfindand 

which is ethical to use. State a dependentvariable and an independent variable, and say what 

theeffectwillbeandwhy. 

IJm Designaproceduretotestthehypothesis. 

Herearesomequestionstoconsider. 

a] How will you compare and record the movement of the woodlice? 

b) Whatvariableswillyoucontrol? 

c] What ethical issues are therewith this experiment, and how will you plan to resolve these issues? 

mmJ Constructaresultstabletorecordyourobservations. 

Describe your results, and comme nt on the validity of the method in this experiment. 

0GLOBALCONTEXTS 
Sc1ent1ficandtechnicalinnovat1on ~ A;r;;t~~~~~inking 

Apply ex1stmg knowledge to generate new 
ideas, products or processes 

Kinesis-analysis of data of motion in response to a food source 

Basking sharks (Cetorhinus maxim us] filter-feed on zooplankton [small floating marine animals) in 

temperate coastal seas. Marine biologists recorded the swimming paths taken by two basking sharks about 

8 kilometres off the coast of Plymouth [UK].Atthe same time, the densities ofzooplankton [in g/m3
) were 

recorded within 3 metres of the swimming path of the sharks. 
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a] Using the scale given, calculate the straight 

line dis tance 

i) from pointAtopointB 

ii) from pointCtopointD. 

b) Outline the difference in the swimming behaviour 

between s hark 1 and s hark 2. 

Swimmingpathstakenbytwobaskingsharks 

N 5.16 

t Ul 
c] Us ing the data given, s uggest reasons for the difference 

'"":~'""'•~ """, 

>----< 1.75 
200 B 0 

in the swimmingbehaviourofthe two s harks. 

d) Sugges t two factors other than food that may affect the distribution of the bas king s harks . 

= GLOBAL CONTEXTS 
Sc1ent1ficandtechn1calinnovat1on 

{;jATLSKILLS 
Cr1t1ca lthinking 
Interpret data 

C£> CHAPTER LINKS 
Chapter 15 on environment 
has further mformat1on on 
plant responses 

Many people would consider plants to be static-lacking the systems for 
movement that we see in animals, growing in one place and fixed in the 
soil But plants show a number of remarkable features that allow them to 
move, sometimes quickly and sometimes slowly, in response to a stimulus. 

Investigating thigmotropism in the sensitive plant 

Thigmotropis m is the res pons e ofa plant to mechanical stimulation from an element in its environment. 

Mimosa pudico is known as the sens itive plant. This is becaus e touching the plant caus es the leaves to 

move from flat to folding inwards . A number of investigations of the s ens itive plant are possible [eg is 

clos ingaffectedbythedirectionofthetouch, theintensityofthetouch,thefrequencyofthetouch]. 

Videos of the closmg can be taken 

and viewed frame by frame to analyse 

the closmg and hence to suggest 

possible research questions 

Des ign an investigation you could carry out to meas ure the effect of one of the factors mentioned above on an 

as pect ofthigmotropism. Des cribe which variables you will measure and control, and how you will collect data. 

@GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on 
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{;j A;r~!~~La~~on 

Select and use technology effecnvely and 
productively 



Analysing data related to seed dispersal 

Seed dispersal is important in the survival of plants as it minimizes 

competition between parent plants and offspring. Plants have evolved many 

methods,bothphysicalandbiological,bywhichtodispersetheir seeds. 

Mapletrees [Acersp.] produce seeds insidefruitsthatlooklikea pair of 

wings.Thesearecarriedbythe windastheyfallfromthetree.lnastudent 

experiment, 50 winged maple seeds were dropped, one ata time, from 

two different heights (0.54 m and 10.8 m]. The histograms below show the 

distributionofthedistancethemaple seeds travelled. 

a] For each height,identifythedistancetravelledbythegreatestnumberof seeds. 

b) Deducetheeffectofheighton seeddispersal. 

c] Suggest two reasons for the effect of the drop height on the distance travelled by the seeds. 

Studentexperiment: Mapleseeddispersal 

1B 17 

Oropheig,1-IO.llm 

Oistaoce trwvelledfcm 
Oisioo:e1ravel t<><Vcm 

@GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on 

Reflection on Topic 1 

~ A;r~1~~:~~~nking 

Interpret data 

Movement is the process of changing from one place or position to 

another. 

• How do environmental conditions affect the reasons organisms 

change position? 

• How would you convince someone that plants can move? 

• What are the various mechanisms organisms use to move? 

• How do conditions within the organism affect its motion? 
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Mnemomcs 

OIL RIG-oxidat1on IS loss, 

reduction 1s gam 

LEO the hon says GER- losmg 

electrons 1s ox1dat1on, gaimng 

electrons 1s reduction 
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TOPIC 2 

Electrochemistry and 
movement of electrons 
So far, throughout your study of chemistry, you have seen that there are 
many different types of chemical reaction. For example, the reaction 
of two substances could result in the formation of a precipitate or a 
gas. When an acid and a base react together, a neutralization reaction 
occurs as a result of a transfer of a proton (a hydrogen ion, H} 

Another important type of chemical reaction is the oxidation-reduction 
type of reaction, in which electrons are transferred. between two 
different substances. In oxidation reactions, electrons are lost. In 
reduction reactions, electrons are gained. The study of this movement 

of electrons is called electrochemistry. 

Because these reactions always include both oxidation and reduction 
reactions, they are also called redox reactions. You are probably 
already familiar with many red ox reactions-photosynthesis, corrosion 

(rusting) of iron and steel, spectacles that automatically darken in 
bright light, combustion of fuels, bleaching of fabric, processing of 
black-and-white photographic prints. All these examples are the result 
of the transfer of electrons. 

One of the most common applications of red.ox reactions is in batteries. 
Batteries are used to provide an electric current to mobile phones, 
handheld game consoles, laptop computers, cars and smoke detectors. 
When electrons are transferred. in a battery, an electric current is 
produced that can then do work in a circuit (eg to drive a motor). 

In this section, you will be taking a closer look at the construction 

of batteries. The correct scientific name for a battery is a voltaic or 
electrochemical cell. 

Activity series In metals 
Why does the movement of electrons from one substance to another 
occur in red.ox reactions? Sometimes, when two substances react, one 
substance is more reactive (loses its electrons more easily) while the 
other substance is less reactive (gains electrons more easily). 

Look at the following ionic equation for the reaction between zinc and 
a solution of a copper salt. You will see that zinc is more reactive than 
copper because the zinc metal has lost two electrons to become the 
zinc ion, zn•·. At the same time, the copper ion eu•· has gained two 

electrons to form copper metal. Two electrons have moved from the 
zinc metal to the copper ion. Zinc and copper are neutral atoms and 
therefore have no charge. 

Zn(s) + Cu,-.(aq)---,, Zn•~(aq) + Cu(s) 



In this example, the zinc has oxidized (lost electrons) and the copper 
ion has been reduced (gained electrons). A red.ox reaction will only 
occur if a more reactive metal is placed in a solution of a less reactive 
metal ion. The reverse reaction will not occur because copper is less 

reactive than zinc. 

Cu(s) + Zn,..(aq) -4 no reaction 

The ranking of reactivity of metals is called an activity series. 

Activity series of metals 

You are going to develop an activ ity series by investigating a series of reactions involving metals in aqueous 

solutions, using an online simulation. By interpreting your observations you will be able to organize a list of 

metals from the most reactive to least reactive. 

Hereare somekeyquestions toaskduringthis activ ity. 

Whatis therelationshipbetweenthereactivity 

ofametalandits reactiv ityas ametalion ? 

Whatusewouldtheinformationinanactivity 

series be to chemists? 

Metalssuchas goldandcopperoccurnaturally 

CD:)WEB LI NKS 
Try the s1mulat1on at www tmyurl corn/ 
3bgkay6 or Just search for "s1mulat1on" and 
"metals m aqueous solutions" 

in the environment, while other metals such as aluminium and sodium only occur in their ionic form 

in salts.lnvestigate whythis is thecase. 

How could the information in the activ ity series be used to help mining companies determine how to 

extractmetals thatonlyoccurassalts? 

@GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on ~ ~Tr~t~~:~~~nkfog 

Draw reasonable conclusions and 
generahzat1ons 

Electrochemical cells 
An oxidation-reduction reaction can also be thought of as occurring in 
two half-reactions. 

Zn(s) + Cu•·(aq) -4 Zn•·(aq) + Cu(s) 
Zn(s) -4 Zn"+(aq) + 2•· 

Cu2 \aq) + 2-- -4 Cu(s) 

(oxidation half-reaction) 
(reduction half-reaction) 

In some red.ox reactions, the movement of electrons is spontaneous 

and does not need an external energy source (eg battery or 
DC power supply). In other reactions, the movement of electrons 
is non-spontaneous and needs a source of electricity to make it 
happen (eg recharging a rechargeable battery). A voltaic cell is 

an electrochemical device that produces an electric current in a 
spontaneous redox reaction. 

Mnemonics: 
FAT CAT-(direction of 

electron flow) from anode to 

cathode. 

ANO-anode, negatively 

charged and oxidation. 
CPR- cathode, positively 

charged and reduction. 
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F,gure12.Z Amodelofanelectrochemicalcell 

QUICK THINK 
Look at Figure 12.2. Why is a 

salt bridge necessary? 

A voltaic cell consists of two metal electrodes (eg one 

zinc and one copper) that each dip into a solution of 
its own metal ion (called an electrolyte) as shown in 
Figure 12.2 . There are always two sets of electrodes­
electrolytes representing the two half-reactions; 
these are called the two half-cells. Unlike most other 

reactions (which take place in a single test tube or 
beaker), red.ox reactions in a voltaic cell always take 

;:::,•"ttaw place in two separate half-cells. 

The two half-cells are connected by a conducting 
wire between the two electrodes. This wire acts to 

complete the circuit and allow the electrons to move from one half-cell 
to the other. A voltaic cell can also be connected to a voltmeter whose 
readings give the cell voltage, measured in volts. You will see &om 
the diagram that the two half-cells are also connected by a salt bridge, 

which is a type of internal circuit. 

The anode is the electrode where oxidation takes place. It is negatively 
charged as electrons are produced here. The cathode is the electrode 
where reduction takes place. It is positively charged. In a voltaic cell, the 

direction of electron movement is always from the anode to the cathode. 

You are going to carry out a series of trials to investigate the variables that affect the voltage produced by a 

given cell. You will then design an investigation to test the effect of one variable. 

(SAFETY) Wear eye protection. Avoid skin contact w ith the copper sulfate and zinc sulfate solutions. 

Based on Figure 12.2 and the equipment, electrodes and electro lytes provided by your teacher, 

build a voltaic cell. 

miJlEI Investigate the conditions that affect the voltage produced by this cell. 

Bill Once you have carried out trials on this electrochemical cell , select one variable to manipulate. 

Design an inv estigation into how this variable affects the voltage produced. List the variables that 

must be controlled. 

What conditions must be in place to produce the maximum v oltage? 

= GLOBAL CONTEXTS ~ ~~~o;~~\~:n l~era cy Sc1ent1ficandtechn1calinnovat1on 

172 Sciences 

Collect and analyse data to identify 
solunons and make mformed dec1s1ons 



Fuel cells 
New research in electrochemistry has led to the development of fuel 
cells. Fuel cells are similar to electrochemical cells, but require that the 

reactants (fuel and air or oxygen) are constantly supplied to give the cell 
a long operating life. In the simplest fuel cell, hydrogen is the fuel and 
the only product formed is water. The chemical reactions that t.alce place 
in fuel cells are red.ox reactions and involve movement of electrons. 

Governments, private industry and research institutions are 
collaborating to investigate fuel cells. Because fuel cells are very 
fuel-efficient when compared with combustion engines and do not 

produce greenhouse gas emissions, they could be the future for cars. 
Automobile manufacturing companies are currently developing 
mass-market cars that have fuel cells as their source of energy. Many 
countries such as Germany and Norway are setting up a hydrogen­

refuelling infrastructure, although this will take many years to be 
comparable with the distribution of petrol stations. 

Reflection on Topic 2 
• How has the science behind the movement of electrons 

developed into the field of electrochemistry? 

• Do you think rechargeable batteries have less environmental 
impact than non-rechargeable ones? 

• How can you make better and more sustainable decisions 
about battery use in your personal choices and in your 
community? 

TOPIC 3 

Velocity and acceleration 
In physics, a major area of study is how and why objects move the way 
they do. Using formulae derived from scientific laws such as Newton's 
laws of motion, it is possible to predict the motion of an object as it 
travels from one location to another. 

The motion of objects can be measured. by investigating the change in 

position (displacement), speed or acceleration of an object. 

Velocity 
This is the speed and direction of an object. Velocity is measured in 
metres per second (m/s). Since velocity is associated with a direction, a 
particular direction of travel must be set as positive(+). Thus, it can be 
seen dearly if an object begins to move in another direction 

Consider this example. Juan is driving north at a speed of 60 km/h or 
16.7m/s. He stops at the shop for a few minutes, then drives back south 

..:lit, TAKE ACTION 

Batteries, both rechargeable 
and non-rechargeable, 
contain toxic substances such 
as cadmium, lead, mercury, 
copper, zinc, manganese, 
lithium and potassium. 

Does your school or 
community currently have 
battery drop-off sites so that 
these batteries can safely be 
disposed of? 

If so, how can you promote 
the use of these sites to your 
school community? 

If not, what plan could you 
devise to ensure that a 
battery-recycling programme 
is established in your 
community? 
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QUICK THINK 
[Comment I on the motion 

and velocity of the object by 
examining the displacement­

time graphs in Figure 12-3. 

at a speed of 40 km/h or 11.1 m/s. Describe the velocity of Juan during 
his trip. 

Answer: North = positive direction(+) 

Juan driving north, velocity = +16.7 m/s 

Juan at the store, velocity = o rn/s 

Juan driving south, velocity =-11.1m/s 

Velocity is the time it takes for an object to travel a certain 

displacement (distance in a certain direction). It can also be 

determined by finding the slope or gradient of the line in a 
displacement-time graph. 

velocity (m/s) = displacement (m) / change in time (s) 

Vectors are quantities that have direction as well as a magnitude (size). 
Velocity is a vector. 

Figure12.3 Displacement- time11raphs. 

Acceleration 
Acceleration is the rate of change of velocity. It is measured in metres 

per second per second (m/s'). Since it involves velocity, acceleration 
is also directional-acceleration is a vector. When acceleration occurs, 

it can mean a change in direction or change in speed A negative 

acceleration means a decrease in speed or an acceleration in the 
opposite direction of travel; this is usually called deceleration. 

Acceleration {m/s') change in velocity {m/s) final velocity - initial velocity 
change in time {s) change in time {s) 

QUICK THINK 
!Cornment (on the motion and 

acceleration of the object by 
examining the velocity-time 

graphs in Figure 12-4. 
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Consider this example. A high-speed train travelling at 200 km/h slows 
to stop at a station in 40 seconds. What is the acceleration of the train? 

Answer : Initial velocity = 2ookm/h 

= 200km x 1000m x ~ = ss.£ m/s 
1h 1km 3600s 

Final velocity = o m/s 

Timetaken = 4os 

Acceleration = 0 - ss.6 m/s = 1.38 m/s' 
40, 



Acceleration can also be determined by finding the slope or gradient of 
the line in a velocity vs time graph 

Figure12.4 Velocity - timegraphs 

Balanced and unbalanced forces 
Another example of a vector is force. There are two different types of 
force that we will look at-balanced and unbalanced forces . When two 
forces are equal in size but work in opposite direction they are said to 

be balanced forces . 

In contrast, when two forces are not equal in size they are said to be 

unbalanced forces. 

The overall force acting on an object is called the resultant force. For 

balanced forces, this is zero. For unbalanced forces, the resultant force 
varies; it is equal to the difference between the two forces and acts in 

the direction of the greater force (Figure 12.5). 

Figure12.5 Theresultamoftwounbalancedforces 

Collect the following materials: 

two protractors 

string 

iron ring 

two Newton mete rs. 

ll]lfJ Place two protracto rs back-to-back on the table to form a circle. 

IDII! Connect two 10 cm pieces of string to a small iron ring. 

C£) INTERDI SCIPLINARY LINKS 
You may also study 
veloc1ty-t1me graphs m MYP 
mathematics 

QUICK THINK 
Search online for distance, 

velocity and acceleration 

data in sports that use metric 

units, such as rugby, athletics 

and swimming. Use the data 

to practise calculations, 

for example{calculateland 

compare average velocity 

and acceleration in 100m and 

QUICK THINK 
How is a parachute jump an 

example of unbalanced forces? 
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Connect a Newton meter to the other end of each piece of string. 

mill Two people per group will pull one Newton meter away from the centre of the ring. The ring should 

be kept over the centre of the protractors and the Newton meters pulled parallel to the table. 

l]ID Measure and record the values of the two forces when the ring does not move. 

Elm Working together, pull the Newton meter with various forces. Observe and note what happens. 

Sketchandlabelavectordiagramforeachtrial. 

milllJ Calculate theresultantforceforeachtrial. 

Discussion 

a] Discuss examples ofwherewe see balanced and unbalanced forces in everyday life. 

b) Giveascientificexplanationofwhathappensinacarwhenthedriversuddenlyappliesthe 

brakes.Makesurethatyourexplanationincludesthetermforce. 

(It GLOBAL CONTEXTS 
Sc1ent1ficandtechn1calinnovat1on {ij ~~;o;~~\~;n literacy 

Process data and report results 

Measuring velocity 

You are going to investigate how changing the angle of the ramp changes the average velocity ofa toy car as 

itrollsdowntheramp. 

(SAFETY) If heavy wooden ramps are used they should be placed where they will not easily fall. On the floor 

orona large bench isbest;notbetween two tables. 

Locate the following materials: 

small toy car 

flat wooden board to use as a ramp-at least 1 m long 

booksorblockstoelevatetheramp 

metre rule 

stopwatch 

protractor. 

EDIII How do you expect the velocity of the carat the bottom of the ramp to change as the angle of the 

rampchanges?Giveascientificexplanationforyourprediction. 
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Dl!il, Read through steps 4-7 and state the: 

independent variable (thevariableyouwillchange] 

• dependent variable (the variable for which transformed data will be collected] 

• control variables [all other variables that must stay the same] forth is experiment. 

Construct a data table for the measurements you will take. Include units of measurement for each 

variable. Make sure you understand how the data will be transformed to find the car's average velocity. 

Measurethelengthoftheramp;thisisthedistancethecarwilltravel. 

miD! Using a book, elevate one end of the ramp. Measure the angle of the ramp from the table to the 

topsurfaceoftherampusingtheprotractor. 

Oim Placethecaratthe topofthe ramp, then measure and record the time ittakesforthecarto roll to 

thebottomoftheramp. 

Repeat step 6 at least 3 times, and find the mean in order to improve the accuracy of the result. 

EIIIII Calculate the average velocity ofthe car in metres/second (mls) at this ramp angle. Make sure 

that the distance used in the formula for average velocity is the length of the ramp. 

EII!IJ Repeat steps 5-8 with more books to increase the angle of the ramp. Conduct the experiment for 

atleast5rampangles. 

mmJ Plot a graph to show how the angle of the ramp affects the average velocity of the car. 

Conclusion and evaluation 

a] Describe how changing the angle of the ramp affects the average velocity of the car. 

b) Wasyourhypothesissupportedbyyourdata?Explainusingdatafromyouranalysis. 

c] Suggest possible sources of error in this experiment. 

d) Suggest how the procedure can be improved to prevent or minimize these errors. 

e] To extend the investigation, instead of changing ramp angle, what other variables could be 

tested using a similar method? Formulate a hypothesis for this new test. 

ff GLOBAL CONTEXTS 
Sc1ent1ficandtechn1calinnovat1on ~ A;r~t~~:~~~nking 

Gather and organize relevant mformat1on 
to formulate an argument 
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Measuring acceleration 

You are going to investigate the change in acceleration as the angle ofa ramp changes. How does changing 

theangleoftherampaffectacceleration? 

(SAFETY) If heavy wooden ramps are used they should be placed where they will not easily fall. On the floor 

oron a large bench is best; not between two tables. Place something for catching the trolley at the bottom of 

the ramp. 

Locate the following materials: 

tickertimerandpowersupply 

ticker tape 

trolley 

booksorblockstoelevatetheramp 

metre rule 

protractor 

stickytapetostickthetickertapetothetrolley. 

EDIIJ State how you expect the acceleration of the car to change as the angle of the ramp changes. 

Explainwhyyouthinkthiswillhappen. 

State the: 

independentvariable (thevariableyouwillchange] 

dependentvariable (the variable for which transformed data will be collected) 

controlvariables[allothervariablesthatmuststaythesame]. 

EIDIJ Read through the steps 4-15 and construct a data table for the measurements you will take and 

theprocesseddata.lncludeunitsofmeasurementforeachvariable.Makesureyouunderstand 

howthedatawillbetransformedtofindthecar'sacceleration. 

Tid<0r tape ,_ BillJ Usingabook,elevateoneend 

oftheramp.Measuretheangle 

oftherampfromthetableto 

thetopsurfaceoftheramp 

using the protractor. 

,~., 

~ 
mlill Place the trolley at the top of the ramp. Use tape to stick one end of the ticker tape to the trolley 

andthreadtheotherendofthetapethroughthetickertimer. 

EDIE Switch on the ticker tape timer and let the trolley run down the ramp. 
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EDilJ Removethetickertapefromthetrolley. 

Cut the tape intosectionsof6dots, 

eachwith5spacesbetweendotsas 

shown opposite. 

•._ ,.. 
~ The1ai>9iscL11 in 1hese!v.o ptoces / 

If the timer produces 50 dots each second, calculate the time that 5 dot spaces [the length of 

eachstrip]represents. 

Ii& Arrangesuccessivetickertapestripsalongahorizontal line (time axis) ona pieceofpaper.Gluethe 

stripssothatthebottomofeachstriptouchestheaxis.Thecompletechartshouldlookl ikethis: 

6611!1 Find the distance travelled by the trolley for the first and the 

laststrips.Thisisequaltothelengthofthetape. 

mJU Calculate the average speed of the trolley during the first strip 

andduringthelaststrip. 

mim Find the time interval between the start of these strips. 

661D To calculate the acceleration of the trolley between the first and 

laststrips,usetheequation: 

acceleration=changeinspeed / changeintime. 

~nn~ 
llilll1 

IDBI Repeat steps 4-13with more books to increase ramp steepness. Conduct the experiment for at 

least5rampangles. 

611D Plot a graph to show how the angle of the ramp changes the acceleration of the car along the ramp. 

Conclusion and evaluation 

a] Describe how changing the angle of the ramp affects the acceleration of the car down the ramp. 

b) Wasyourhypothesissupportedbyyourdata?Explainusingnumbersfromyouranalysis. 

c] Suggestpossiblesourcesoferrorinthisexperiment. 

d) Suggest how the procedure could be improved to prevent or minimize these errors. 

@GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on ~ ~Tr~t~~:~~~nking 

Analyse complex concepts and proJects mto 
their constituent parts and synthesize them 
to create new understanding 
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QUICK THINK 
Research and discuss the 

activation of airbags in 

a car: look specifically at 

deceleration. How is airbag 

release triggered? 

180 Sciences 

Deceleration and alrbags 
Airbags are activated during collisions to protect the car occupants 

from direct impact with the car. This reduces injury. Today's cars may 
have up to eight airbags placed around the front and side of 

the vehicle. 

Reflection on Topic 3 
Throughout this topic you have investigated and discussed three 

different vectors: force, acceleration and velocity. You specifically 
looked at balanced and unbalanced forces at work in our world today, 
but how do these forces relate to Newton's third law of motion? 

The second vector discussed was velocity, which is speed in a given 

direction. In activities 8 and 9 you determined the relationship between 
velocity and acceleration. 

• Discuss how the gradient/slope of the velocity-time graph can 
be used to find the acceleration of the object. 

Summary 
You have looked at examples of the movement of animals and plants, 
electrons and vehicles. In plants and animals, movement can be 

a response to some stimulus from the environment. Animals may 
migrate from areas of unfavourable conditions. In chemistry, the 

reactions in which electrons move are called red.ox reactions because 

they involve both an oxidation reaction and a reduction reaction. In 
physics, study of motion is concerned. with how and why objects move 

as they do-understanding velocity and acceleration. 

The study of movement involves looking at both the mechansims and 

the causes of movement, which can be used to predict or model the 

motion of an object and how its motion changes. 



• What variables affect two-point discrimination? 

• How does colour distribution change as a fruit ripens? 

• What characteristics affect our ability to complete a 

• What is the function of an indicator in a chemical 
reaction? 

• What are the relationships between acids and bases? 

• Why is the process of neutralization an important idea 
in the fields of both chemistry and biology? 

• How do glasses or contact lenses help people with 
vision problems? 

.I Recognize unstated assumptions and bias. 

.I Test generalizations and conclusions. 

,I Apply skills and knowledge in unfamiliar situations. 

.I Collect and analyse data to identify solutions and make 
informed decisions. 

,I Gather and organize relevant information to formulate an 
argument. 

,I Revise understanding based on new information and 
evidence 

.I Make guesses, ask ''what if" questions and generate 
testable hypotheses. 

,I Apply existing knowledge to generate new ideas, 
products or processes. 

Sciences 
.! Formulate a testable hypothesis using scientific 

reasoning . 

.I Design a method to test a hypothesis, and select 
appropriate materials and equipment . 

.I Ensure sampling is random to avoid selection bias. 

(;\ KEY CONCEPT FOCUS 
'¥ RELATIONSHIPS 

SYSTEMS 

Sens itiv ity thesmallestchange 
in value that an instrument can 
detect. 

!Evaluate ! make an appraisal by 
weighing up the strengths and 
limitations . 

~give a detailed account 
including reasons or causes. 

(i:orinu§te expressprecisely 
and systematically the relevant 
o:mcept(s)orargument(s) . 

~ provide an answer 
from a number of possibilities. 
Recognize and state briefly a 
distinguishing fact or feature. 
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figure13.1C lose-upofagecko'sfoot 

figure13.2Scanningelectron 

mlcroscopeimageofgeckofoothairs 
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,,/ Interpret data gained from scientific investigations and 
explain the results using scientific reasoning. 

,,/ Describe improvements to a method, to reduce sources of 

,,/ Use appropriate scientific conventions to visually 
represent refraction. 

,,/ Use appropriate scientific terminology to make the 
meaning of your findings clear. 

Introducing function 
Geckos are widely considered to be among the world's greatest 
climbers. These amazing lizards are capable of rapid movement on 
almost any surface and any angle. They captured Aristotle's attention 
more than 2,000 years ago as he noted "it can run up and down a tree 
in any way, even with the head downwards". 

But exactly how does the gecko manage this trick? The simple 
explanation would be that geckos have sticky feet, but they do not. 
Some have speculated. that geckos use tiny water droplets to create 
surface tension, or electrical charge that allows them to walk upside 
down on the ceiling. 

Whatever the secret, it must be that the function of gecko toes or feet 
explains this ability. Function is defined as a purpose, a role, or a way 
of behaving that can be investigated. So scientists investigated. gecko 
toes very closely to see how they functioned . 

Gecko toes are remarkable (Figure 13.1). Each one is divided into small 
ridges called. lamella, on which are tens of thousands of tiny hair-like 
structures called setae. The setae, about a tenth of the diameter of a 
human hair, are packed very tightly-there are almost 5,000 of them in 
every square millimetre. 

But this is not the end of the story. Using an electron microscope to 
examine the setae reveals that each seta has hundreds of even smaller 

projections with flat tips (Figure 13.2). 

These microscopic projections are able to take advantage of weak 

intermolecular forces called van der Waals forces that exist between 
the ends of the projections and molecules in the surface the gecko is 
climbing on. Normally, van der Waals forces are too weak to have any 
noticeable effect-they work only at very close range. But the tiny ends 
of the "hairs" on the gecko's feet make such close contact with surfaces 
that each interaction provides the maximum force. And given the 



enormous number of "hairs", the interactions add up to a total contact 
force so large that a gecko could hang upside down from any surface 

using only a single toe. 

Could we design something to mimic the functionality of gecko feet? 
And that would have a practical use for humans? 

Enter the gecko robot with a special footpad. These machines are 
still in the experimental phase but they are capable of climbing walls 
and ceilings. Some scientists are looking ahead to their potential 
functionality in space. Imagine an army of gecko robots able to climb 
over and stick to any surface. They could, for example, dean and repair 
the surfaces of spacecraft and satellites-orienting themselves on any 

surface in zero gravity and in a vacuum at freezing temperatures. 

The idea of looking at the relationship between form and function in 
biology and applying it to our lives is known as biomimicry. This is a 
growing field of study. Velcro,. mimics the function of burrs (seed cases 
that ding on with hooks or prickles). The structure of shark skin was 
studied to produce swimsuit materials that reduce drag in the water. 

One of the most important innovations in transport in the past two 
centuries is the jet plane; it functions like a bird's wing. 

In this chapter, you will look at function in a number of settings. 

For example, you will examine the function of the nervous system; 
the function of indicators, acids and bases; and how the eye functions 
and spectacles help us see better. 

TOPIC 1 

Function in organisms 
Organisms and their structures have purposes, roles or ways of 
behaving that can be investigated. These functions can occur at the 
level of molecules, cells, tissues, organs or organ system 

The nervous system's function is to control and coordinate the 
activities of other organ systems. These functions include: 

• collection of information from sensory organs 

• coordination of responses to external stimuli 

• coordination of muscle activity 

• monitoring the functioning of other organ systems 

• regulation of the body's response to internal stimuli. 

The two main divisions of the nervous system are the central nervous 
system (CNS) and the peripheral nervous system (PNS). The CNS is 
composed of the brain and the spinal cord. The PNS is composed of all 
the other nerve tissue that is not part of the central nervous 

C£)CHAPTER LINKS 
Chapter 16 on balance 
has an analysis of how 
human body temperature 
1s mamtamed by body 
systems, which mclude a 
structure m the bram called 
the hypothalamus 
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system. Nerve cells are known as neurons. Nerves transmit sensory 
information to the CNS, for example from the skin or the eyes, via 
sensory neurons, while motor neurons conduct signals from the CNS 

to the muscles and the hormone system. 

Each and every sensory neuron connects to the CNS. A given sensory 
neuron responds to all information from its input area, for example an 
area of the skin, as if it were coming from one point. This input area is 
called the receptive field of the neuron. On the shoulder, for example, 

each sensory neuron gathers information from a much larger skin 
area than a neuron on the fingertip (ie the receptive field is larger on 

the shoulder). In order for a person to feel two points, two separate 
sensory neurons must be activated by stimulation of their respective 
receptive fields . 

Two-point discrimination 

The photo opposite shows a diagnostic tool used by neurologists to test for nerve 

damage. The tool is used to assess the patient's ability to discriminate between 

feelingoneortwopointsofcontactonthe skin.This toolcanbemodelledby 

bendingapaperclipintoaU-shape sothatthetwotipsareseparatedby2cm. 

Eitheroneorbothends ofthepaperclipareplacedonthe skin.Thepersonbeing 
testedmustlookawayas thetestis carriedout,and sayswhetherheor shecan 

feeloneortwo points. lfthe points ofthepapercliparetouchedtoafingertip,a 

person will sense it as two points. But if the two points are touched to the back of 

the shoulder,thepersonis likelyto senseitas asinglepoint. 

a] Suggest whysensoryneuronsin 

different parts of the body have 

different receptive field areas. 

b) Design an experiment to investigate 

whethertwo-pointdiscriminationis 

fixedor whetheritcanbeinfluenced 

byextemal variables. 

Ouestionstoconsider: 

There 1s potential for - whenchoosmgwhether 
to apply one or two pomts To control for bias, scientists 

use - To ensure that your subjects are unable 
to detect a pattern m your use of one pomt or two pomts, 

a random number generator or com flipper could be used 

(heads to direct the apphcat1on of one pomt and tails to 

direct the apphcat1on of two pomts) 

How many times will you repeat the test in each area of skin? 

How large must the difference be in the results for 
C£)WEBL1NKS two areas to give conclusive evidence of difference in 

two-point discrimination? 
Go to www random org/coms/ 
or search for "random com fhp'' 

(SAFETY) Only apply gentle pressure. 

(I, GLOBAL CONTEXTS 
Sc1ent1ficandtechn1cal1nnovat1on 

184 Sciences 

~ Ac~~t~~\~~~nking 
Recogmze unstated assumptions and bias 



The function of sensory neurons is gathering information and passing 
it to the CNS. The function of the CNS is to process the information 
and send the impulses to generate a response. The function of a motor 
neuron is to carry information from the CNS to the body part whose 
function is to generate a response. 

The processing of visual information is asymmetric: each half of the 
brain interprets visual information that is on the other side of the body. 

Motor neurons and mirror drawing 

Mirror drawing requires individuals to create drawings while being guided by the reflection ofan image they 

are attempting to copy or trace. This explores the connection between a fine motor task [where you need to 

movemuscles precisely]and Mi"ror"W)(!adby 

theroleof sensoryinformationu _,,.., 
inguidingthetask. lnthe 

apparatus shown in the 

diagramopposite, subjects 

areaskedtotraceinside 

the lines between an inner 

andouter star. 

Constructatabletorecordthenumberofthetrial, 

thelengthoftimetocompletethetrialandthe 

numberoferrorsmadeinthetrial. 

Design an experiment to investigate a variable that you predict will 

influencethe success ofmirrordrawing.Be sureto statethe 

basis of your prediction. 

CDWEBLINKS 
The mirror test can be earned 
out onlme Search for "onhne 
psychology laboratory'' and 
"mirror test' for one example 

0GLOBALCONTEXTS 
Sc1ent1ficandtechnicalinnovat1on ~ ~Tr~~~:~~~nking 

Test generahz.at1ons and conclus1ons 

The function of fruit colour 

There is usually a relationship between fruit ripeness and 

colour. Unripe fruits are often dominated by the green pigment 

molecule chlorophyll. As thefruits ripen, acolourchange 

occurs. Thechlorophylldegrades andas green colourfades, 

other coloured pigments (that were hidden by the green 

colour]arerevealed.Atthe sametime,additionalcoloured 

pigments are produced. 

It is possible to determine the relative 

amount of green, red and blue 

pigment in fruit skin by analysing 

photographs of the fruit. Smartphone 

and tablet photography or colour­

picking apps allow determination 

of the reds, greens and blues (RGB 

values) reflected from a surface. 
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Conductresearchtoaddress thequestion: 

whatfunctiondofruitpigments performinunripeandripefruit? 

mllJ Design an experiment to investigate one of the following questions: 

a] How do colour levels change during the ripening process? 

b) How do env ironmental co nditions affect colour changes? 

(I) GLOBAL CONTEXTS 
Sc1ent1ficandtechn1calinnovat1on 

<;, ATLSKI LLS 
Transfer 
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Apply skills and knowledge m unfam1har 
situations 

Reflection on Topic 1 
The function of an organism or structure can be defined as 
the purpose, role or way of behaving that can be described and 
investigated. In order to more clearly understand function, it is useful 
to study the form of the structures that allow the function to happen. 

• How does studying form enable us to better understand 
function? 

• The fruit colour distribution experiment leads to the question: 
how is function in one organism affected. by function in other 

organisms? 

TOPIC 2 

Function of acids and bases 
Acids and bases are found widely in our everyday environment. 

Examples include the soap you use in the shower, the orange juice 
you drink for breakfast and the liquid used to clean windows. Whether 
a solution is an acid or a base can be detected through the use of an 
electronic pH meter that gives a numerical reading or an indicator 

that changes colour. Colour changes can be compared against a scale 
supplied with the indicator. 

An indicator's main function is to identify whether or not a solution 
is acidic or basic. Knowing this has many practical functions . 
Indicators are used by gardeners to identify the pH of soil and so to 
identify which crops and plants will grow best in that soil. Lifeguards 
use indicators to establish the pH of water in a swimming pool. 

Meteorologists use indicators to identify the pH of precipitation 
to see if it is harmful to the environment. Indicators can be used in 
laboratories to help identify unknown substances. 



Neutralization 
Acids and bases neutralize each other's properties. When an acid is 
neutralized. by a base, a hydrogen ion (H·) from the acid reacts with a 
hydroxide ion (oH-) from the base to form a molecule of water (H

2
o): 

acid+ base -4 water+ salt 
HF +KOH -4 H,O +KF 

Neutralization is the reaction between an acid and a base to form water 

and a salt. A solution is considered neutral when its pH is 7 (at room 
temperature). At real ly high temperatures, neutral solutions are slightly 
acidic and have a pH of about 6.8. 

CDWEBLINKS 
To fmd out the importance 
of acids and bases and their 
pH levels m everyday hfe 
go to wwwyoutube corn and 
search for Importance of pH 
meveryday hfe 

Forens ics isthe studyandidentificationofunknown subs tances fromcrimeandaccident s cenes. 

Chemists also need to identify unknown subs tances . There are a variety of different methods us ing 

chemicaltests orinstruments toaidinthis identification.Thefunctionofeachtestis todistinguis hone 

subs tance from another. 

In this activity, you will develop a scheme for classifying different s ubstances as acids, bases or salts. This 

classification is made possible by examining the function of various indicators and reagents . Each indicator 

and reagent has a characteris tic way ofreacting with other s ubstances . Once you have determined their 

characteristicreaction,you willusetheseindicatorsandreagents toidentifyunknown s ubstances. 

This activity us es a 96-well plate so that the experiments can be carried out on a microscale. Microscale 

experiments reduce was te, reduce costs and increase lab s afety becaus e s mall amounts of chemicals 

are needed. 

Collect the foll owing materials : 

eye protection 

microwellplate 

dilute hydrochloric acid 

magnes ium ribbon 

sa ndpaper or s teel wool 

dis tilled water s olutions of:ammonium 

blue and red litmus paper s ulfate,ethanol (C,H
5
0H], 

phenolphthalein hydrochloric acid and 

bromothymolblue s odium hydroxide 
universal indicator salts labelledA- 0. 

conductivity meter solution 

gm Createamatrixof solutions andreagents to 

betestedasshowninthediagramoppos ite. 

l-- -~-~""·""- ··- '" Br<n0~bluo 

~ Unt,or ... lndl:dor 

,,..-
~ caldtrn ,iltme 

!o:..11.1:tMri-
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mDIJ Constructatabletorecordallthenecessaryobservations. 

Addadroportwoofeachtestsolution into the wells. 

Addadropofeachtestreagenttothetestsolutions. 

(SAFETY) Wear eye protection at all times. For all the test solutions apart from water, avoid contact with 

eyes,mouthandskin. 

&Jm Useapieceofsandpaperorsteelwooltocleana 

pieceofmagnesiumribbonuntilitisshiny.This 

removestheoxidecoatingsothatthesurfaceof 

the magnesium can react more easily.Add a small 

pieceofmagnesiumtothetestsolutions. 

mJII Use the conductivity meter to test the solutions. 

Makesureyourinsethemeterwithdistilledwater 

after each test. 

mm:11 Use litmus paper to test the solutions. 

EillllJ Based on your observations, formulate a procedure 

thatwillallowyoutoclassifyyourtestsolutionsas 

acids,basesorsalts. 

Youwillnowapplyyourproceduretoidentify 

unknown substances. 

(SAFETY) Wear eye protection at all times while working with 

theunknownsubstances,andavoidskincontactwiththemall. 

EfillJ Identity thefourdifferentsolutionsthatare labelled 

A-0. The possible identitiesofthefourunknown 

When acids and bases dissolve in water, 

they ionize to form H· or OH- ions 

respectively. However, it is incorrect 

to state that substances that contain 

an-H group are acidic and that 

substances containing an -OH group 

are basic. 

Many substances that contain 

hydrogen groups are not acidic 

and many substances containing a 

hydroxide group are not bases. The 

set of organic chemicals classified as 

alcohols all contain an -OH group but 

do not ionize when dissolved in water. 

Table sugar (sucrose) C6H1,06 also 
contains-Hand-OH groups but when 

dissolved in water it does not act as 

an acid or a base. The hydrogen is not 

released as an H' ion and the OH group 

is not released as an OH- ion. 

solutions are: ammonium sulfate, ethanol (C,H
5
0H], hydrochloric acid and sodium hydroxide. 

DDlliJ Identify the fourdifferentwhite crystals that are labelled A-0. Some of these are salts and some 

arenot.Thepossibleidentitiesofthefourunknownsolidsare:calciumchloride,calciumhydroxide, 

citric acid (HC6HA) and glucose [C6H,AJ-

DID Based on your observations, describe the properties of acids, bases and salts. 

i) GLOBAL CONTEXTS 
Sc1ent1ficandtechn1calinnovat1on 

188 Sciences 

i;.ATLSKILLS 
Crit1calth1nk1ng 
Test generahzat1ons and conclusions 



Neutralization 

In this activity, you will perform a neutralization reaction between hydrochloric acid and sodium hydroxide 

[a base]. You will then evaporate the water so that the salt, sodium chloride, remains. 

Collect the following materials: 

eye protection 

dilutehydrochloricacid(1M) 

sodiumhydroxidesolution[1M) 

apipetteforeachflask 

distilled water 

phenolphthalein solution 

redandbluelitmuspaper 

evaporating dish 

tongs 

hotplate 

10cm3 graduatedcylinder. 

[SafetyJ Wear eye protection at all times. Dilute hydrochloric acid and sodium hydroxide are irritants: avoid 

contactwitheyes,mouthandskin.Donottastethesodiumchloride. 

Theindicatorphenolphthaleinchangescolourclosetothepointthatasolutionturnsfrombasictoacidic. 

In basicsolutions,phenolphthalein ispink.lnacidicsolutions,itiscolourless.Thiscolourchangeduring 

thetestindicatesthatyoursolutionisneartyneutral. 

Olm Measure 5.0cm3 of distilled water in a graduated cylinder and then pour it into the evaporating dish. 

To the evaporating dish add 10 drops of sodium hydroxide and 1 drop of phenolphthalein. 

liDIJ Swirl the dish slowly to mix the indicator and the base. Observe what happens. 

>-
IDIB Very slowly and carefully, add hydrochloric acid one drop ata time to the solution in the evaporating 

dishuntilthesolutionjustchangestoaclearcolour.Stiraftereachdropofacidthatyouadd. 

Putonemoredropofthebaseinthesolution.Observewhathappens.lfthereisnocolourchange, 

addanadditionaldropuntilitturnspink. 

RepeatstepS.Putonedropofacidatatimeintothesolutionuntilthecolourturnsclear. 

Put the evaporating dish on the hot plate, heat very gently and allow the liquid to evaporate 

slowly. Do not overheat. 

liDIJ When the liquid is almost completely evaporated, remove the evaporating dish from the hot plate 

and allow the residual heat to complete the evaporation process. 
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Blll:J Make observations of the crystals that form. 

mDlJ Put about 2 cm 3 of distilled water into the evaporating dish and test the new solution with red and 

blue litmus paper. Record any colour changes. ls the new solution an acid, a base or neither? 

Oiscussion questions 

a] Explain the importance of the neutralization reaction in terms of work in the laboratory and in 

the natural environment. 

b) Statewhichacidandbaseyouwouldhavetoreacttogetherinordertoproducethesalt 

sodium nitrate. 

= GLOBAL CONTEXTS 
Sc1ent1ficandtechn1calinnovat1on ~ Ac~~t~~\~~~nking 

Interpret data 

Which antacid is the most effective? 

Antacids are common medications to treat the symptoms of acid indigestion. The function ofan antacid 

is to neutralize the excess stomach acid that causes indigestion. Antacids may contain sodium hydrogen 

carbonate, calcium carbonate, magnesium carbonate, aluminium hydroxide and magnesium hydroxide. 

Antacids are available in different forms- effervescent tablets, chewable tablets and liquids. 

Your task as a group is to prove which of the provided samples of antacid are the most effective at neutralizing 

acid.As a group you must design and apply a procedure to test which antacid is the most effective. Remember 

thatthedescriptionofyourproceduremustbecomplete,safeanddetailedenoughsothatanotherperson 

coulduseyourprocedureandreproduceyourresults. 

You may want to use the entire amount of the sample, or your group may decide to use only part ofit. 

(Safet y] Wear eye protection at all times. Dilute hydrochloric acid is an irritant: avoid contact with eyes, 

mouth and skin. 
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Discussthepotentialwaystheeffectivenessofanindigestiontabletin neutralizing acid could 

be measured. 
1-

EIDB Write down the procedure you agree and have it approved by your teacher. Be sure you state a 

dependentvariableandanindependentvariable. 

mI!II a] Constructadatatabletorecordyourdata. 

b)Carryoutyourtest. 

c] Displaytheresults ina suitablechartorgraph. 

eiiZI Conclusion and evaluation 

a] Identify themosteffectiveantacid,andjustifyyourchoice. 

b) Comment on how the results compare with the results of the other groups. 

c] Explain how this procedure could be modified so that the most effective antacid could be 

used to test which acid from several unknown samples is the most concentrated. 

d) Evaluate the procedure and state what improvements you would make if you were to carry 

it out again. 

@GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on 

<;jATL SKlLLS 
lnformat1onllteracy 

CD CHAPTE R LINKS 
The causes of acid 
prec1p1tat1on, and 
the reasons why even 
unpolluted prec1p1tat1on 
has a pH of around 5 6, are 
discussed m Chapter 10 on 
consequences 

Collect and analyse data to identify 
solutions and make mformed dec1s1ons 

The problem of acid precipitation 
Precipitation is considered acidic if the pH is less than 5.6. Acid 
precipitation is a serious problem in many parts of the world. Acid 
precipitation can cause long-lasting effects on ecosystems. Most 
freshwater fish species thrive in environments with a pH range from 

6.5 to 8.2. They die if they are exposed to water with a pH lower than 
5.0. Some lake ecosystems have a natural buffering system, which 
allows them to neutralize or counteract acid rain. This buffering action 
is caused by the presence of limestone, which consists of calcium 
carbonate. If an ecosystem does not have a natural buffering system 

such as limestone, the acid precipitation will not be neutralized and 
will harm the ecosystem 

Buffering capacity 

Imagine you have recently been employed by a local freshwater fish farm to monitor and analyse the 

effectofacidprecipitationonthefishstock.Designa studytodetermine whetherornotacidprecipitation 

willaffectthefishfarm stocks. 
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Some questions to cons ider: 

What types offis h are rais ed in the fi s h farm and what are their pH tolerance levels? 

Does the local environment have a natural buffering capacity? 

Whatis theaverageamountofannualprecipitation? 

Whatis theaveragepHoftheprecipitationinthearea? 

What sourcesshouldyoucons idertocollectyourinformation? 

How much data would you need to collect? 

Who willyouneedtoinformofyourfindings? 

What otherquestionswouldbeimportantto cons ideras youdes ignyour study ? 

~~ GLOBAL CONTEXTS 
Sc1ent1ficandtechn1cal1nnovat1on ~ Ac~~t~~\~~~nking 

192 Sciences 

Gather and orgamze relevant mfonnat1on 
to formulate an argument 

Reflection on Topic 2 
Indicators have an important function in the study of acids and 
bases: they tell us the specific pH of a solution. Some indicators 
change colour in the presence of an acid solution, and others in the 
presence of a basic solution Some-like universal indicator and natural 

indicators like red cabbage juice-can function across the entire pH 
range. Indicators can also tell us when a neutralization reaction has 
occurred. Digital pH meters or probes give numerical readouts of the 
pH of solutions across the full pH range and are less subjective than 
interpretations of the colour change of an indicator. 

• Comment on the precision and sensitivity of the use of 
indicators and pH probes to measure the pH of a solution. 

• What function do indicators have in our everyday lives? 

TOPIC 3 

Function of the eye and 
spectacles 
When light travels from one medium to another, it bends in a process 
called refraction. The relationship between the properties of the two 
media is an essential reason for this bending of light. In this topic, 
you will discover everyday applications for refraction, such as how the 

human eye functions, and the function of lenses in spectacles. 

Light energy travels in straight lines. Light in a vacuum travels at a 
speed of 3 x 10sm/s. However, as the medium changes, so does the 



speed of the wave. In water, light travels at 2.56 x 108m/s. In glass, light 
travels at L97 x 10° m/s. The speed of light is at maximum in a vacuum, 
and is slower in every other medium. Refraction occurs as light moves 

from one medium to another. The ratio between the speed of light in a 
medium versus its speed in a vacuum is called the index of refraction 

index of refraction (n) = ..£. where c = 3 x 10s m/s, 
v v = speed of light in medium 

The index of refraction of some common materials is shown in 

Table 13.1. Materials with a high index of refraction are referred to as 
optically dense. 

acrylic glass 1.49 
(polymethyl 

methacrylate) 

1.0003 crown glass 1.52 
(used in lenses] 

1.33 sodium chloride 1.54 

ethy l alcohol (ethanol) 1.36 diamond 2.42 

fused quartz or sil ica 1.46 

, Pyrex111 1.47 

When referring to refraction, it is always useful to specify the normal, 
which is an imaginary line perpendicular to the surface of the medium 
at the point where the incident ray hits the surface of the medium 

When light travels from a less optically dense medium to a more 
optically dense one (eg from air to water), the ray of light will bend 

towards the normal (Figure 13.3a) so that e, >e, When light travels 
from a more optically dense medium to a less optically dense one 
(eg from water to air), the ray of light will bend away from the normal 
(Figure 13.3b) so that e, <e, 

flgure13.3 Refractionoflightraysoccursattheinterfacebetweenairandglass 

"""'' 
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Figure13.4 Cross-sectlonaldiagramof 

the human eye 

0
-c.., ---"' Iris Rotino1 ·­-- -

Figure13.5Refractionoflightraysbythe 

Function of the eye 
The parts of the eye are shown in Figure 13-4 and their functions 
noted in Table 13.2. 

ins 

pupil 

lens 

retina 

optic nerve 

Function 

Refractslightasitenterstheeye 

Controlstheamountoflightthat 
is letintothebackoftheeye,by 
alteringthesizeofthepupil (the 
centralholeintheiris). 

Changessizetoadjustthe 
amountoflightletintotheeye. 
lnbrightlight,thesizeofthehole 
decreasesto letin less light. ln 
dimlight,thesizeofthepupil 
increasesto letinmorelight. 

Focuses light onto the retina. 

Senseslightandcreatesnerve 
signals. 

Transmitssignalsfromtheretina 
to the brain 

Tab/1113.2 Themainpartsoftheeyeandtheirfunction. 

Our eyes function by focusing light entering the front of the eye (cornea 
and lens) onto the retina at the back of the eye (Figure 13.5). The retina 
is covered with billions of light-sensitive cells that communicate light 

patterns to the brain. The refraction of light through the cornea and 
lens is very important to achieve a sharp, focused image. To focus light 
reflected from objects at different distances, the shape of the lens can be 
changed by the ciliary muscles. 

Making a pinhole camera 

boxwithfoursidesandabottomincludingalid(forexampleashoebox] 
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rollofaluminiumfoil 

sticky tape 

scissors 

tracing paper/greaseproof paper 

a convex lens. 

At the start, you need to make sure the 

box and its hd have no holes that would 

let hght mto the box when the hd 1s on 



DDifJ Cut two holes in opposite sides of the box so you are able to see right through. One hole should be 

circularandabout4cmindiameter.Thesecondholeshouldberectang 

1--m!lll Cut a square of foil making sure that it is bigger than the circular hole. Tape this to the inside of the 

boxoverthecircularhole. 

Makeaverysmallholeinthispieceoffoilwiththetipofasharppencil. 

ODIi Cut a piece of the tracing paper/greaseproof paper making sure that it is bigger than the 

rectangular hole. Tape this on the inside of the box over the rectangle making sure it covers the 

entirehole.Thiswillbeyourscreen. 

Tapethelidtothebox.Yourpinholecameraisnowreadytouse. 

Point the foil end ofyourcamera towards something bright, for example the window. 

I-
Observe the image on the screen. Record your observations-what did you see? 

BJilil Observe and record what happens to the size, brightness and sharpness of the image when: 

a] thesizeofthesmallholeinthefoilisincreased 

b) youplacemoreholesinthetinfoil[nomorethanfive] 

c] youcreatealargeholeinthefoilofabout1cmindiameter 

d) a convex [magnifying] lens is placed over this new large hole. 

ml& With the lens in place, observe and record what happens to the focus of the image when a small 

holeisplacedinfrontofthelens. 

Oiscussionquestions 

a] Whenyouincreasethenumberofholes, 

whydomoreimagesappear? 

b) Why is the image upside down? 

c] Why does the image become brighter but 

fuzzierwhentheholegetsbigger? 

Drawing a diagram of your equipment 

set up will help you exp lam why the 

image 1s upside down. 

d] How does the lens cause the image to become more focused? 

e] Explain how the properties of your pinhole camera can be linked 

tothefunctionsofpartsofyoureye. 

@GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on ~ A;r~1~~:~~~nking 

Revise understandmg based on new 
mformat1on and evidence 
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QUICK THINK 
Research how companies 

have been trying to make the 

function of lenses affordable 

to people in developing 

count ries. 

C£)WEBL1NKS 
Try search mg for" Joshua 
Silver" and "affordable 
glasses" 

Correcting vision problems 
Understanding refraction helps to correct vision problems caused 

when refracted light does not hit the retina in a focused beam, thus 

creating a bluny image. These problems are due to abnormalities in 
the anatomy of the eye-usually the shape of the eyeball (Figure 13.6). 

You may be born with an eyesight problem such as short sight (can 
see objects clearly when they are close, but have difficulty focusing 

on distant objects) or long sight (can see distant objects clearly, but 

have difficulty focusing on near objects). A type of long sight can also 
develop with age as the eye's lens becomes less flexible. 

Figure13.6Causeofshortsightandlongsight 

Klf>;j1igh1 - 1he..,..ba lli,1ooshon.so!halens 
locuses!hesha<pes!imagebehirnl 1heretiM 

(0 ------~-o 
shoosigh1 - 1heeyeool l istoolorg.so!helens 
focuses!hesharpes1irnageinfT001ollOOretina 

Long sight and short sight can be corrected by wearing glasses or 
contact lenses, which refract light prior to it passing through the 

cornea. This is to compensate for the error in our own eyes. Lenses for 
glasses are usually made of plastic or glass, because of the high index 

of refraction of these materials. The lenses are moulded to a specific 

shape in order to refract light at the correct angle into the patient's eye. 

According to the World Health Organization, 1.3 billion people 
need glasses made to prescription to correct their sight. However, 

in many parts of the developing world, people do not have access to 
prescription glasses because they are expensive, and the professionals 

needed to prescribe them are not available. 

In this activity , you will measure the refractive index of different media. 

Using the data in Table 13. 1, predict which of the follow ing materials will cause light to bend most when light 

enters the material: 

• glass 

• acrylicglass. 

Givea scientificex planationfor yourhypothesis. 
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Collect the following materials: 

• glasssemicircularblock 

• acrylicsemicircularblock 

• optional: 

o glass/acrylicrectangularblock 

o opticalblocksofacryliclglassofdifferentshapesandthicknesses 

rayboxwithpowersupply 

single slit 

protractor 

calculator. 

(SAFETY] The ray box lamp will get hot enough to burn skin; take care. Do not use glass prisms with chipped 

or sharp edges. 

Plug in the ray box. Be sure there is nothing else on the work bench as the ray box can get very 

hot. Use blinds/window covering to make the room darker than usual. 

ODE Adjust the ray box and slit so only one narrow beam of light is produced. 

I--

Placethesemicircularblockonapieceofpaper.Drawalineperpendiculartothemiddleoftheflat 

sideoftheblock;thisisthenormalline.lfsemicircularblocksarenotavailable,usearectangular 

block instead. 

~ OIID Set up the ray box to shine a light ray through the block along the normal. Draw what you observe. 

ODD Move the ray box to shine light through the block at the following angles; 10, 20, 30, 40, 50, 60, 

70. Draw what you observe in each case and record the angle of refraction in a table like the 

one below. Be sure to measure angles to the normal line and not the boundary line of the block. 

Calculate and record the values ofsini and sinrto two decimal places. 
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Repeat steps 5-6 using a glass semi-circular block instead of acrylic. 

mlliJ If possible, repeat steps 5-6 using glass or acrylic blocks of different shapes and thicknesses. 

There isaformulathatlinkstheangleofincidence,i,andangleofrefraction,r,totherefractive 

indexofeachmaterial: 

~=~ 
n1 sinr 

where n
1 
is the refractive index of the medium the ray is travelling from, and n

1 
is the refractive 

index of the medium the ray is travelling into. Since the refractive indexofairisvery close to 1, 

the equation simplifies to 

n= sini 

sinr 

BiilJ Using information from your table, calculate the index of refraction for acrylic and/or glass using 

your results. 

Discussion 

a] Describe how the angle ofrefraction changed for different materials [acrylic vs glass]. 

Explain why the angle of refraction was different. 

b) Optional: Was there a change in angle of refraction as light travels through different shapes 

of the same material? Did the index of refraction change?Whatcan you conclude about the 

refractiveindexofthismaterial? 

• GLOBAL CONTEXTS (;jATLSKILLS 
Creative thinking Sc1ent1ficandtechn1calinnovat1on 
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Make guesses, ask "what if" questions and 
generate testable hypotheses 



Investigating a fa ctor affecting the refraction of light 

Now that you have completed one experiment on the refraction of light, you will plan your own experiment 

to explore the refraction of light in various media. Brainstorm the answers to these questions , and use this 

informationtodes ignyourownexperiment. 

Brainstorming questions 

a] Whatare s omeproperties of whitelight? 

b) Whatproperties oflightcanyouchangeintheexperiment? 

c] Wouldanyoftheseproperties affectrefraction? 

d) How does refraction work? 

e] Whatapparatuscanyouchangetoaffectrefractionoflight? 

The following materials will be available for you to use: 

ray boxes 

coloured light filters 

power supply to make dimmer or bright light 

acrylictrays youcanfill with various liquids 

glass orplasticclear s hapes 

graphpaper,protractors,metrerule. 

[SAFETY] The ray box lamp will get hot enough to burn s kin; take 

care. When working with liquids , do not handle power s upplies or 

switches with wet hands . 

Useyourfinalideatoformulateatestablehypothes is anddes igna 

procedureforhow thehypothesis couldbetested.Rememberto state 

theindependent variable (the variableyou willchange],the 

dependent variable [what you will measure] and the control variables . 

C£) CHAPTERLINKS 
To learn more about 
des1gnmg an mvest1gat1on 
and wntmg a lab report, see 
Act1v1t1es 6 and 8 m Chapter 
son energy 

@GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on ~ A;r;;t~~~~~inking 

Apply ex1stmg knowledge to generate new 
ideas, products or processes 

Reflection on Topic 3 
Refraction can be seen in many aspects of our daily lives. As you saw in 

Activity 9, refracted light can be manipulated by changing the medium 
in which the light travels. 

• How was your pinhole camera different from the functions 
of your eye? 

• How can the function of lenses be used to correct 
short-sightedness and long-sightedness? 
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• How does refraction explain the appearance of rainbows? From 
this, can you explain why cut diamonds sparkle with brilliant 
rainbow patterns, while uncut diamonds do not? 

Summary 
You have looked at examples of the function of individual components 
or objects that often perform together in a system. The examples you 
considered are sensory neurons and motor neurons in the nervous 
system, and the lens, cornea and retina in the eye. Can you think of 

other examples where components work together as a system to 
perform a particular function? 

Other chapters have explored form and transformation Scientific 
and technological advances enable researchers to develop innovative 
new devices by controlling and transforming the function of 

optical components. Agricultural or pharmaceutical biotechnology 
developments include transformation of organisms to perform 
different functions (eg genetically modified food, bacteria modified to 
produce human insulin). 

It is important to understand the connection between form or structure 
and function, in order to be able to understand the behaviour of 
organisms, molecules or objects. Perhaps one day you will design new 

devices or products that take as their inspiration how components or 
systems in the natural world function. 



• What patterns are made by reflecting waves? 

• How can this knowle dge of wave patterns be u sed t o 
develop useful devices or create works of art? 

./ Make inferences and draw conclusions. 

./ Organize and depict information logically . 

./ Build consensus . 

./ Process data and report results . 

./ Collect, record and verify data. 

./ Access information to be informed and inform others. 

./ Make connections between various sources of information. 

./ Revise understanding based on new information and 
evidence. 

./ Gather and organize relevant information to formulate 
an argument. 

./ Make connections between subject groups and disciplines. 

Sciences 
./ Formulate a hypothesis using scientific reasoning. 
./ Organize and present data so that conclusions can be drawn. 

./ Make sketches of observations from an experiment. 

./ Create accurate, labelled scientific drawings. 

./ Interpret data gained from scientific investigations and 
explain the results using scientific reasoning . 

./ Plot scatter graphs and identify trends on graphs . 

./ Describe improvements to a method, to reduce sources 
of error . 

./ Make connections between scientific research and related 

(o'I KEY CONCEPT FOCUS 
V RELATIONSHIPS 

SYSTEMS 

Random error when measure­
ment results vary in an 
unpredictable way. The 
effect of random errors can 
be reduced by making more 
measurements and calculating 

Systematlcerror when 
measurement results differ 
fromthetruevaluebya 
consistent amount each time a 
measurement is made . 

[Annolate ]add brief notes toa 
diagram or graph. 

~ use knowledge and 
understanding in response 
toagivensituationorreal 
circumstances. Use an idea, 
equation, principle, theory or law 
in relation to a given problem or 
issue. 

~ mark the position of points 
on a diagram. 

~ offerfordisplay, 
observation, examination or 
o:msideration. 
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~WEB LINKS 
Search for "Millikan 011 drop 
experiment" or browse the 
Chemistry videos on the 
network channel eLearnin 
on YouTube 

202 Sciences 

Introducing patterns 
In 1897, JJ Thomson discovered the first subatomic particle, a 
small particle with a negative charge we now call an electron. One 
of Thomson's students, John Townsend, developed a method for 
measuring the electron's charge but no scientist was able to get a very 

accurate result. 

That was until a very patient and determined scientist named Robert 
Millikan tackled the problem (Figure 141). Millikan's method, a great 
improvement over previous attempts, is considered one of the most 

elegant experiments in the history of physics. His idea was to observe 
the motion of tiny electrically charged oil drops under gravity and in 
an electric field (Figure 14.2). Millikan realized that if you measured 
the total charge of a small but unknown number of electrons on the oil 
drop and repeated the experiment for a very large number of drops, you 
could find if these charges were all multiples of some smaller charge. 

Figure14.2 Millikan'soi l dropapparatus 

,,., ... 
Oildroplats 

Adjustable plate 

~!age ~~ 

Dlal!IOOoil plate 
drople! 

The point here is not so much how Millikan obtained his data, but what 
he did with it. Millikan and his assistant Harvey Fletcher collected 
hundreds of data points over many years. His aim was to look through 

allthedataforapattern. 

Millikan reasoned that if you collected. enough data and knew the total 
charge on enough oil drops, there would be some number that would 
divide into all of these values of charge giving a whole number each 
time. This lowest common denominator would represent the charge on 
a single electron 

Millikan and Fletcher were rewarded for their relentless pursuit of a 
pattern by finding just such a number, 1.6 x 10-,9 Coulombs. 

In this chapter, you will explore the use of patterns in classifying 
organisms, in organizing elements in the periodic table and in 
predicting the behaviour of waves. 



TOPIC 1 

Classification 
Pattern refers to the distribution of variables in time or space: 
sequences of events or features. An important part of the process 

of observation in science is to detect patterns in order to develop 

hypotheses. As an example, patterns can be used to decide if two 

species are related. 

Taxonomy is the branch of science that focuses on placing organisms 

into named groups on the basis of shared characteristics. The scientific 

consensus is that organisms should be classified by how closely related 
they are. Closely related organisms are placed into the same groups. 
In order to determine relatedness, scientists use patterns. 

Dichotomous keys 
A dichotomous key repeatedly divides a group of objects into two 
mutually exclusive classes. That is, there are only two options for each 

division (eg yes and no). The objects are not necessarily divided into 

groups of equal sizes. For example, all the students in a class could be 

divided by gender and then by the courses they study (Figure 14.3). 
Dichotomous keys are sometimes organized as mutually exclusive 

numbered pairs of statements. 

Figure14.3 Exampleofadichotomouskey 

A dichotomous key is a way to organize and present information 

logically. It is possible that there is more than one way to logically 

structure the information 

A frequent misconception about the process and identification of 
species is that most new species are recognized in the field . In fact, 
many new species are identified using museum samples. There 

are vast collections of plants, insects and animals in museums and 
university laboratories around the world that represent a vast array of 

unstudied material. 

A diagram such as Figure 14 3 

can be created m Microsoft 

Word by msertmg a SmartArt 

graphic Alternatively, onhne 

apphcat1ons such as bubbl us 

can be used 
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Interpreting a dichotomous key 

The following is a dichotomous key for a group of beetles. 

wing cases with spots ladybird 

wing cases without spots 

elongated head weevil 

head not elongated 

long antennae longhorn beetle 

short antennae 

wingcasesshorterthanbody Oil beetle 

wingcasesas longasbody Colorado beetle 

Usingthepatternsdescribedinthekey,identifythefollowingbeetles. 

(I GLOBAL CONTEXTS 
Sc1ent1ficandtechn1cal1nnovat1on ~ ACT0L:~~~~: at1on 

figureJ4.4Fruits likeanappledevelop 

fromasingleflower. Thereareneverany 

petalsleftbutthetubethate,,:tendedfrom 

theovary(thestyle, ending inthestigma) 

driesupandisleft. 
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Make mferences and draw conclus1ons 

From a botanical perspective, fruits are swollen ovaries that result 
after a flower has been pollinated. As the ovary develops, the other 
flower parts degenerate, but their remnants are visible on the mature 

fruit (Figure 144). In Figure 14-5 the sequence shows the relationship 
between development of flowers and fruit. 

Figure14.5 Pollinationofaflowerleadstofertilization,whichleadstofruitformation 

) 



QUICK THINK 
In everyday language the term fruit is often limited to sweet plant products that are seed-bearing. 

Following this pattern results in the grouping together of structures that are diverse in origin and 

excludes others that should be included. Research why strawberries are not viewed as Mtrue fruits". Why 

are tomatoes, jalapeno peppers, cucumbers and squash not classified as fruits in everyday language? 

Creating a dichotomous key of fruits 

[SAFETY) Take care with sharp knives and always cut down on a board keeping fingers clear. Do not taste 

oreatanyofthefruit. 

Collect a range of fruits. Some recommendations are apple, lemon, pear, orange, tomato, 

pomegranate, plum, peach, grape and red pepper although other fruits can be used. 

EIIilJ With each fruit,locate the positionofthestalkwhere thefruitwasattachedto the plantand,atthe 

opposite end, the scar that represents where the style was (Figure 14.4above]. Cut the fruit in 

half by following a line between the stalk and style remains. 

liillJ Determine the number of sections in the ovary and where the seeds are located. You may have 

tomakeanadditionalparallelcuttolocatetheseeds. 

Draw and annotate simple diagrams to illustrate the number of sections and the position of 

the seeds. 

EII!II Examine more than one example of each fruit to determine if seed position and section numbers vary. 

EIIm Based on the features you have observed, construct a dichotomous key. Deduce the taxonomical 

relationship between the fruits. 

@GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on 

~ATLSKILLS 
Commun1cat1on 

O rgamze and depict mfonnat1on log1cally 

Pattern is obvious in the markings on different subspecies of giraffe [Gira.ff a camelopardalis ]. There are 

strikingdifferencesinthesize,shapeandarrangementofthedarkpatches.Uptoninesubspeciesofgiraffe 

have been identified and they each have different patterns. 
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Picturedbelowisthecoatpatternoffoursubspeciesofgiraffe. 

AJ WestAfrican 
BJ Rothschild 

CJ Reticulated 
DJ Masai. 

lnyourgroup,comparethecoatpatternsofthefoursubspeciesofgiraffe.Makereferencetothe 
regularityofthepattern. 

DDIJ Devise a method to determine the proportion of the coat area that is covered by patches. 

li]ill Visit the databaseArkive [www.arkive.org/J to research the geographic distribution of the different 

subspecies of giraffe. 

aJ Howdothehabitatsofthedifferentsubspeciesvary? 

b J How does the vegetation vary? 
cJ Howdoesthetemperaturevary? 

EIDl:I One explanation for the pattern of giraffe coat 

patchesisthatitservesasaformofcamouflage. 
Whattestablehypothesisinrelationtothis 

explanation can you formulate? 

ifDD An alternative hypothesis is that coat patterns are 

anadaptationforheatregulation.Whatpredictions 
mightyougenerateusingthishypothesis? Discuss 

howyoucouldtestthesepredictions. 

~LITERARY LINKS 

When working m collaborative 

groups, 1t 1s important to begm with 

the habit of mmd that my own view 
does not exhaust the poss1b1ht1es" 

It 1s possible that the pattern of the 
giraffe coat offers two advantages 

heat regulation and camouflage 

The Just So Stones for Little Children are a collection of stones by the Bnt1sh author Rudyard 
K1plmg In the stones he offers explanations for such thmgs as how the leopard got his spots, 
how the camel got his hump and how the elephant got his trunk In everyday language, the 
phrase "Just so stones" has come to mean unvenfiable and untestable explanations for a 
phenomenon It 1s temptmg to devise any number of explanations for why giraffe spots patterns 
vary However, sc1ent1sts stick to hypotheses that can be venf1ed 
But which 1s more fun to hear about durmg story time? You may be mterested m explonng how 
explanations of natural phenomena vary from culture to culture 

~~ GLOBAL CONTEXTS 
Sc1ent1ficandtechn1cal1nnovat1on ~ ACTo~l:::~;~on 

Build consensus 
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Reflection on Topic 1 
Patterns refer to the distribution of variables in time or space. 

• Why is it important in science to observe and detect patterns? 

• How can patterns be used to decide if two species are related? 

TOPIC 2 

The periodic table 
The periodic table of elements is a chart that is arranged to show 
relationships among elements. Some of the elements have very similar 
characteristics while others do not. The periodic table is in the form 
that we know it today as a result of the work done by many different 
scientists over a number of years. 

In 1829, Johan Dobereiner made one of the earliest attempts to group 
the known elements according to similar physical and chemical 
characteristics. He placed the elements into triads (groups of three), 
such as lithium, sodium and potassium. But as more elements were 
discovered they did not fit into this triad model. 

In 1864, John Newlands was the next scientist to try to arrange the 
elements according to a pattern in properties. He arranged the known 
elements based on increasing atomic weight. He concluded that 
elements with similar properties occurred every eight elements-which 
he called the law of octaves. But, as with Dobereiner's model, the 
properties of newly discovered elements did not fit this arrangement. 

In 186g, Dmitri Mendeleev also arranged the elements in order of their 

atomic weights. He arranged the 63 known elements into eight groups 
based on the patterns in their properties, such as density and melting 
point, so that elements with similar properties were in the same vertical 

column. What was different in his approach was that if necessary 
(because something did not fit), he simply left a space in his table and 
predicted that an element would be discovered to fill it. Mendeleev was 
able to predict the properties of the missing elements, several of which 
were soon discovered.. Rather than trust only in the known elements, 
Mendeleev put his faith in the pattern of chemical properties resulting 
from scientific investigation and prediction. 

The periodic table that scientists use today is based on Mendeleev's 

model 

C£)WEBLIN KS 
If you are looking for a 
catchy new tune to download 
or for a new nng tone for 
your phone, you could try 
The Elements Song, which 
was first recorded m 1959 
Search for ''the elements 
song" on wwwyoutube corn 
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Examining the patterns found in the periodic table 

A trend is a predictable changeinaparticulardirection. 

Using information from a database [see web links] you will investigate the relationships and trends in the 

follow ingproperties forthefirst 36 elements: 

a] electronegativ ity 

b]firstionizationenergy 

c] atomic radius 

d]ionicradius. 

You will organize and present the data from the 

database sothatconclusions canbedrawn. 

CDWEBLINKS 
For the 1omc radius v1s1t www lenntech 
corn and search for "penod1c table" V1s1t 
penod1ctable corn for all other trends 
once you are on this penod1c table chck on 
the element that you want to get mfonnat1on 
for and then chck agam on full technical data 

mD'II Define electronegativ ity, first ionization energy, atomic radius and ionic radius. 

mEII Use a spreadsheet to record and then plot a graph of the data found from the database. You need 

todecidehow besttodisplaytheinformation.Forexample,willyouplotallfour sets ofdataon 

onegraphor willyouuse separate graphs todisplaythefour separateproperties? Justifyyour 

choice of graph. 

Describeandcommentonthetrends thatyou seeandtheelement's positionontheperiodictable . 

• GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on 

Figur1114.6 Main1111ctionsofth11periodictable 
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~ ~~;o~~~\~:n li teracy 
Process data and report results 

As shown in Figure 14-6, the periodic table 
can be separated into two main sections­
metals and non-metals-with metalloids 
bordering these two sections. Metals tend 
to have lustre (shine slightly), conduct 
electricity, be malleable and react with acids. 
Non-metals tend to be dull in appearance, 
be non-conductors of electricity and be 
brittle. Metalloids have properties of both 
metals and non-metals. 



Metal, non-metal or metalloid classification 

You will investigate samples of unlabelled elements with respect to the following properties. 

a] Conductivity- through the use ofa conductivity meter. 

b) Malleability-canyoubendtheelementoris itbrittle? 

c] Appearance- does ithavelustre ornot? 

d) Reactivity with acid- does a small sample of the element react when added to 1 cm 3 of 3M 

hydroc hloricacidinatesttube ? 

[SAFETY) Wear eye protection and avoid skin contact with the acid. 

Constructadatatableto recordyourdata. 

Usethedatathatyou collectedtosorttheelements intogroups basedonthe similarities and 

differences inthe physical and chemicalproperties thatwereobserved. 

@GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on ~ ~~~o~~~\~!n li teracy 

Collect, record and venfy data 

Groups and periods In the periodic table 
Besides being divided into sections of metals, non-metals and 
metalloids, the periodic table is subdivided into a number of groups. 
The groups are the vertical columns and the elements within a group 
have similar characteristics (much the same way that family members 
have similar characteristics). They are often referred to as families. 

There are 18 groups in the periodic table. The alkali metals are found 
in group 1, the alkaline earth metals in group 2, the halogens in group 
17 and the noble gases in group 18. The t ransition metals are located 
between groups 3 and 12. 

Periods are the horizontal rows in the periodic table and the atomic 
number increases as you go across a period. There are seven periods in 
the periodic table. 

lnthis activity , you willuseanonline source ofinformationto 

learnabouttheelements andthetrends thatexistintheirfamilies. 

Look atthe videos forelements that areinthe samegroup. 

Comment on and write down the patterns that you observe for 

elements thatarelocatedinthe same group. 

CDWEBLINKS 
You can watch videos of the 
elements on the penod1c table at 
www penod1cvideos corn 
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(i} GLOBAL CONTEXTS 
Sc1ent1ficandtechn1calinnovat1on 

i;,ATL SKILLS 
lnformat1onllteracy 

Figure14.1 Electronshelldiagram 

for hydrogen 

Figure14.8 Electronshelldiagram 

FigureJ4.9 Electronshelldiagramfor 

lithlum.Theelectronsareusuallydrawnat 

thepoimsonthecompass,andonlyshown 

inpairsoncetheshellhasfourelectrons 

QUICK THINK 
Search online for alternative 

periodic tables. Choose one, 

then research it and advocate 

this model to the class. 

210 Sciences 

Access mformat1on to be mformed and 
mform others 

Electron arrangements In atoms 
One of the models for atomic structure discussed in Chapter 8 was 
the Bohr model In Bohr's model, electrons are found in shells at fixed 
distances from the nucleus, each shell corresponding to a fixed energy 
level. The seven periods or rows in the periodic table directly relate to 
the seven possible shells or energy levels in Bohr's model of the atom. 

In modem atomic theory, each shell can only hold a fixed number 

of electrons. For the first 20 elements, the first shell can contain up 
to two electrons and the second and third shells can each hold up to 
eight electrons. 

The electron arrangement of an atom specifies the number of electrons 
in each energy level. An atom of hydrogen has one electron, found in 
the first energy level. This can be displayed in the form H 1 or using the 
electron shell diagram in Figure 14-7. 

An atom of helium has two electrons, both found in the first energy 
level. This can be displayed in the form He 2 or using the electron shell 
diagram in Figure 14-8. 

An atom of lithium has three electrons, which means it has 
two electrons in its first energy level and one electron in the second 
energy level. This can be displayed in the form Li 2, l or using the 

electron shell diagram in Figure 14-9. 

The electrons in the outermost shell (the valence electrons) are 

responsible for chemical reactions and the bonding of atoms together. 

C£) CHAPTER LINKS 
Chapter 8 on models descnbes how the electron shell model 1s 
used to explam 1omc and covalent bondmg 



Electron arrangement in atoms 

Based on the pattern in electron arrangement 

thatyouhavejustseen inH,Heand Li and 

the information given above, draw and write 

downtheelectronarrangementforthe 

elementsuptocalcium,atomicnumber 

20,usingbothformats. 

Compareagraphofthefirstionization 

energies for the first 20 elements, given 

opposite,withtheelectronarrangements 

you have drawn. Interpret the pattern shown 

in the graph and apply the electron shell 

modeltoexplainthispattern. 

8GLOBALCONTEXTS 
Sc1ent1ficandtechnicalinnovat1on 

~ATL SKlLLS 
lnformat1onlltera cy 
Make connections between vanous sources 
of mformat1on 

The island of stability 

lnthisactivity,youwillconsiderwhetherornotthehuntfor 

"new"elementsshouldcontinue,afterlookingattheprocessthat 

scientistsgothroughtocreateanewelementattheendofthe 

periodic table. 

Scientistsarecontinuallytryingtoexpandthenumberofknown 

elements.Theirprocessofdiscovery isbasedonfusingthe 

nuclei of two elements to create a new element, which may last 

less than a millisecond before decaying radioactively. 

CDWEBLINKS 
You can follow the attempt by 
scientists such as Glenn Seaberg 
and Ken Moody to create element 
114 m the laboratory by searchmg 
for ''the island of stab1hty element 
114" on wwwyoutube corn 

a] Comment on the statement: "Transuranic elements [elements after uranium] should not be 

consideredelementsbecausetheyarenotfoundnaturallyandcanonlybemadeinalaboratory." 

b) Comment on the statement: "Research into the development of new elements is costly and should 

not be funded. ' 

@GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on ~ A;r~t~~:~~~nking 

Revise understandmg based on new 
mformat1on and evidence 
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C£) CHAPTER LINKS 
Topic 3 m Chapter 8 on 
models has mfonnat1on on 
types of wave, mterference 
and wave properties such as 
wavelength and amplitude 
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Reflection on Topic 2 
The periodic table is central to the study of chemistry. The patterns 
that are displayed. help to explain chemical reactions and properties of 
substances. 

• Comment on the important role that patterns play in chemistry. 

• Explain how the periodic table is a model for classifying and 
identifying the properties of elements. 

TOPIC 3 

Standing wave patterns 
Patterns help us understand and predict behaviour. In this topic, 
the pattern you will be studying is the standing wave pattern. Many 

everyday objects are designed to take advantage of the nature of 
standing waves. This pattern can be seen in vibrating strings on a 
guitar and any wind instrument. Standing waves in rooms can cause 

changes in sound levels depending on where the listener is standing. It 
is important information to have when designing auditorium acoustics. 

Standing waves 
Wave interference occurs when two waves meet while travelling along 
the same medium When a wave is reflected back along the same path 
as the oncoming wave, the two waves that interfere are of the same 

frequency and equal amplitude. This type of interference can cause a 
pattern of alternating nodes and antinodes called a standing wave. The 

wave oscillates in space (Figure 14.10). 

Figure14.10 lnastandingw1Ne,thepaniclesoscillateabouttheirequilibrium 

position with varying amplitude from place to place.A node always has zero ampl~ude. 

A.nantinodeisaplaceofmaximumamplitude 

The nodes are a location where waves interfere destructively, causing 
no amplitude. In contrast, at the antinode there is maximum amplitude 
where incident and reflected. waves interfere constructively. 



Creating a variety of standing waves with 2, 3 and 4 nodes 

In this activity, you will create a variety ofstandingwaveswith 2, 3 and 4 nodes. 

Gather the following material: 

• string or rope [greaterthan2m long]. 

m!6 Working with a partner on a smooth floor, stretch the string or rope between you. 

ODIi Move your hand left and right in order to create standing waves following the patterns shown in 

the diagram. Only one student can move his or her hand, the other student must hold the rope or 

string stationary. 

-

1 ' ' 
" ~ 

I 

-

1 ,,, 
" 

I 

The different patterns of standing waves are called harmonics. The fundamental harmonic is 

where there is one anti node between two nodes, shown at the top of the diagram. 

Sketch your observations. 

Describe the amount of energy needed to create each standing wave with: 

a]2nodes 

b)3nodes 

c] 4nodes . 

• GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on ~ ~~~o;~~\~!n literacy 

Collect, record and venfy data 
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Standing waves in microwave ovens 
A microwave oven works by generating microwave radiation. 
Microwaves are a type of electromagnetic wave just like radio waves, 
infra red or visible light, but with wavelengths of 1-15cm They are 
produced by a device called a magnetron and enter the space inside 
the oven from a hole in the wall of the oven 

QUICK THINK 

As shown in Figure 14-11, the microwaves are reflected from the other 
side of the metal oven back to the transmitter. The two waves are 

identical in frequency and interfere to create a standing wave pattern 
within the oven. There are antinodes where waves are at maximum, and 
nodes where the waves have no amplitude. When water molecules in 
the food absorb microwaves, they increase their kinetic energy. As the 
water molecules vibrate faster and faster, they collide more frequently 
with the molecules (water and other) around them. This t ransfers some 
of their energy to the surrounding food, raising its temperature. 

How might the creation of 

antinodes affect the food 

being cooked? 

Frgure 14.11 Formation of standing waves in a microwave oven 

Thisis anexperimentyoucandoathome. 

Collectthefollowingmaterials: 

a largeplateandabowl 

fourpiecesofcoldtoast 

margarine 

a knife 

a ruler. 

-,, 

mDlf:I Remove the turntable from the microwave oven. This is very important. Place an upside-down 

microwave-safe bowl over the turning mechanism in the centre. 

214 Sciences 

Arrangefourpiecesofcoldtoastina square shapeonalargeplatesothattheslices touch 

each other. 

Cover the toast completely with a thick layer of margarine, including all the gaps between slices 

of bread. 



0Im Balance the plate on top of the upside-down bowl in the microwave. 

Switch on the microwave oven at full power for 7-12 seconds until the margarine just begins to 

melt. More powerful ovens may need less time, so check after 5 seconds and again after another 

Sseconds. Beverycarefulnottoheatfortoolong. 

Youshouldseease riesofparallelmeltedpatchesorlinesseparatedbyunmeltedpatches.Take 

the plateoutofthe oven. 

mi!liJ Measure the distance in millimetres between two of these 

patcheswitharuler.Measurefromthecentreofeachpatchto 

thecentreofthenextpatch.Multiplyby2andnotedownthe 

value: this is the wavelength of the microwaves produced by 

your oven-it should be around 12-12.Scm. Bring your data 

toclassandcomparewithotherstudents. 

Thedistancebetweenthemeltedspotsrepresentshalfofthe 

wavelength of the microwaves used. This is why you multiply 

the distance between the spots by 2 to get the wavelength. 

LookbackatFigures14.10and 14.11 to check that the 

distance between two nodes or between two antinodes is half 

the wavelength of the wave that produces the pattern. 

Discussion 

It is a good idea to repeat 

measurements to check 

if the values are grouped 

close together. If there 

is some variation in the 
measurements, the mean (or 

average) of the results is more 

accurate (see below) than the 

individual measurements. 

a] Why does a microwave oven use a turntable in order to cook food properly? 

b) Although everyone used the same method, it is probable that there was a range of results in the 

class for the measured wavelength ofa microwave. Suggest reasonsforthe differences. Are the 

measurements precise? 

c] Suggest improvements that can be made to this experiment to increase the precision and accuracy 

oftheresults. 

0GLOBALCONTEXTS 
Sc1ent1ficandtechnicalinnovat1on 

~ATL SKILLS 
Cr1t1calthinking 
Gather and orgamze relevant mformat1on 
to formulate an argument 

In our everyday lives, the words accuracy and precision are used 
interchangeably. Yet, in science they have different meanings 

(Figure14-12). 

Accuracy is how close a measured value is to the known or actual value. 

If an object has a mass of 5.5 kg. and the scale reading is 5.2 kg. then the 
measurement is not very accurate. 
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Precision is how dose two or more repeated measurements are to one 
another. If an object has a mass of s.skg, and the scale readings are 
consistently reading 3.5kg each time, then the measurements are very 
precise, but not accurate. 

Figure14.12Accuracyandprecision 

!IOl p,,ciSll 

Understanding errors 
Random errors in experimental measurements are caused by the 
inability of the experimenter in taking the same measurement in 
exactly the same way for every trial. This can be minimized by 
averaging over a large number of trials (such as a class set of data, 

completing many trials). 

Systematic errors are due to problems that persist throughout the entire 
experiment, such as a zeroing error on an electronic scale. This error is 
apparent in all trials. This type of error may be difficult to detect if the 
experimenter is not careful to use the equipment properly. 

Standing waves in sound 
Loudspeakers create sound waves by turning an electrical signal into 
physical vibrations. The vibrating speaker moves air particles in front 
of the speaker back and forth, creating compressional or longitudinal 
waves. When these waves reach our eardrum, they eventually cause the 
movement of tiny hairs deep in the ear in an organ called the cochlea. 
The auditory nerve then relays the movement signals to the brain to 
be interpreted as sound The "note" depends on the frequency at which 
the loudspeaker vibrates. 

If two identical sound waves travelling in opposite directions interfere, 
they can interfere constructively and destructively to form standing 



By placing a fluid or light powder over the speaker, we can visualize the movement of the speaker. The fluid or 

powder is moved about as the speaker vibrates. The study of visible sound and vibrations is called cymatics. 

Collectthefollowingmaterials: 

largeloudspeakerwiththeconevisible 

frequency generator 
cs.)WEB LINKS 
There are good videos of tlus 
expenment on youtube corn 
Search for "non-Newtoman 
cornstarch on speaker" and 
"Chladm patterns" 

Part A 

I-

clear plastic wrap 

beaker 

spoon 

50gcomstarch[cornflour] 

50cm3 water 

100gsodiumchloride 

sturdy black poster board-cut to size to sit over the speakerwith 2-inch overhang 

12-inchdark-colouredplasticplate-shouldsitontopofspeakerwithoutbeingheld 

thin metal sheet painted black-cut to size to sit over the speaker with 2-inch overhang. 

Make sure the signal generator is off. Turn the speaker over so the cone points upwards, forming 

a bowl. Loosely line the inside of the cone with clear plastic wrap. The plastic will hold the corn 

starch mixture, so make sure it does not have any holes and the corn starch mixture will not 

touch the speaker. 

mm Connecttheloudspeakertothefrequencygenerator. 

1-
DDE In a bowl, mix 50 geom starch with about 30cm3 of water, stir with a spoon. This mixture should 

be smooth and viscous. Add extra water if the mixture is not smooth, but do not make it too runny. 

r-EIDII Pour the mixture into the speaker bowl. 

Turn on the signal generator ata low frequency [a single, low-pitched note) and observe the 

mixture. Change the amplitude and frequency to see the changes in the vibrations. 

I--em Note the frequency and sketch a few of the patterns. 
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PartB 

This time, the vibrating speaker passes its vibrations to a flat circular plate, which in tum moves very light 

solid particles. 

Remove the plastic wrap. Place the thin metal sheet over the speaker. Be sure the sheet is 

horizontal.Atilted sheet willcause saltto spill. 

mllJ Sprinkle 100 g salt to cover the sheet evenly in a thin layer. 

mill Turn on the speaker at a low frequency, observe the salt. 

Change the amplitude and frequency to see the change in standing wave pattern created by 

the sound waves. Sketch a few of the patterns. Add more salt if necessary as you increase the 

frequency. 

Dill1JI Tryusingtheplasticplateorablackposterboard. 

Cuttheposterboard sothatitcan sitoverthe 

speakerbowl withatleast2inches ofextra 

cardboardextendingaroundthe speaker. 

Comparethepatternsyou seetotheones 

created withthemetal sheet. 

~WEB LINKS 
Consider creating art pieces usmg 
the patterns generated by the sound 
waves See some examples at 
www cymat1cs co uk 

@) GLOBAL CONTEXTS ~ATLSKILLS 
Transfer Sc1ent1ficandtechn1calinnovat1on 
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Make connections between subJect groups 
and d1sc1phnes 

Reflection on Topic 3 
You should understand the effect of reflecting waves in the creation of 
standing wave patterns. Understanding patterns allows us to predict 
the behaviour of this type of wave. 

• How can you explain the patterns you observed in Activities 
1oand11? 

• How can a guitar player change the frequency (pitch) of the 
sound produced by the guitar? 

• Why does a piano not sound like a guitar even though they 
play the same notes? 



Summary 
As you have seen in this chapter, patterns have helped us to unravel 

some of the greatest scientific mysteries of the past century-including 

the fundamental questions of how species are related to other species, 
and how the go or so elements in the countless different molecules that 

make up our Universe can be organized into an elegant periodic table. 

Scientists look for patterns or trends in results, and the trends can then 

be used to make predictions. In your science course, you will collect 

and process many sets of data, for sequences of events in time or the 
distribution of features over a distance, area or volume. 

Hopefully, like the Nobel Prize-winning physicist Robert Millikan, you 

will find the patience and the wisdom to look through your data for 
the potentially ground-breaking patterns that may be waiting to be 
discovered. 
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• How does mechanical stimulation affect plant growth? 

• Are lichen patches larger on the tops of stone walls or 
on the sides of stone walls? 

• What is the relationship between environmental 
variables and leaf width in a climbing plant? 

• How does competition between seedlings affect the ir 
above-ground biomass? 

• How can we visualize the gravitational pull between 
bodies in the environment of space? 

• What causes stronger gravitational forces around 
larger planets or stars? 

ATL 

,I Make guesses, ask "what if" questions and generate 
testable hypotheses. 

,I Interpret data. 

,I Draw reasonable conclusions and generalizations. 

,I Encourage others to contribute. 

,I Process data and report results. 

Sciences 
,I Formulate a testable hypothesis and explain it using 

scientific reasoning. 

,I Design a method for testing a hypothesis, and select 
appropriate materials and equipment. 

,I Draw sketches of observations from an experiment. 

,I Explain how to manipulate the variables and how data 
will be collected . 

.! Process data and present it in an appropriate graph so 
that conclusions can be drawn 

,I Interpret data gained from scientific investigations and 
explain the results using scientific reasoning. 

,I Discuss how well the data supports a conclusion. 

Evidence Interaction 

Hypothesis atentative 
explanation for an observation 
or phenomenon that requires 
experimental confirmation; can 
take the form of a question or 

lndependentvarlable the 
variable that is selected and 
manipulated by the investigator 
in an experiment. 

~ give a specific name, 
value or other brief answer 
without explanation or 
calculation. 



Introducing environment 
Environmental factors include all the circumstances, objects, or 

conditions by which we are surrounded. The environment-in biology 

at least-is defined as all the biotic and abiotic factors that act on 

an organism, population or community and influence its survival, 

evolution and development. An environment can also refer to the 

physical conditions in your surroundings or in the universe as a whole. 

Physicists talk of the space environment, or a weightless environment. 

There is a natural tendency to think big when we hear the word 

environment. You may have experienced discussions regarding the 

environment in terms of global issues. But environments can be very 

small as well, and one of the last great unexplored wildernesses may 

very well be the microbiome that exists within our own bodies. 

Did you know that bacterial cells in or on your body outnumber your 

human cells by 10 to 1? It is surprising how little we know about our 

own cells. But being outnumbered is the very reason scientists have 

struggled with this. Filtering out the DNA that is human from that 

belonging to microbiota is no easy task and samples from faeces, skin, 

and saliva contain many thousands of different species. 

In 2011, Nature published a study that takes the notion of the human 

microbiome a stage further. Researchers have been able to classify the 

kinds of bacterial community that live inside the human gut into three 

distinct types (called enterotypes). 

The three main enterotypes are shown in Figure 15.L Each enterotype is 

dominated by one bacterial genus. What has surprised scientists is that 

each type is associated with a specific ability to process certain nutrient 

types: Bacteroides to process carbohydrates, Prevotella to process 

proteins called mucins, and Ruminococcus to process mucins and sugars. 

An even bigger surprise is that having one or the other of these 

bacterial types seems to be random. Around 40 people of different 

race, age, region, diet and gender were used in the study and 

there seems to be no connection of these factors to how exactly an 

enterotype develops. 

Colonization of the gut by bacteria begins at birth, when a baby is 

exposed to bacteria in the external environment for the first time. 

Some scientists hypothesize that whichever bacterial community 

gets to this pristine and untouched environment first establishes 

itself and actively prevents the other two from taking over. Other 

scientists think that development of an enterotype may be linked to 

the immune system, with certain kinds of bacterial community able 

to coexist in certain conditions. 

It is thought that intestinal bacteria can influence appetite and also 

the intestine's ability to extract energy from food . It is also possible 

that these bacteria stimulate our immune system and so play a role 
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in autoimmune disorders (eg rheumatoid arthritis). In autoimmune 
diseases, the immune system attacks normal body tissue. Could 
knowing our enterotype affect the way we look at human health 
issues like obesity, type-2 diabetes, skin allergies, asthma and a 
range of metabolic and immunological disorders? Could this be a 
new tool to replace increasingly ineffective antibiotics in fighting 
human pathogens? 

There are many other questions yet to be answered Why these three 

types? What is special about them? Is it only these three, or are there 



more? How do we become colonized? 

In this chapter, you will be considering how organisms respond 
to changes in the environment. You will also consider the larger 
environment of our Universe and how space itself responds to 
objects in its environment, warping its structure according to the 
laws of physics. Hopefully, your understanding of the concept of 
environment will become as broad as these topics have intended. 

TOPIC 1 

Plant responses 
Plant growth and survival can be influenced by variables in 
the environment. These variables influence the responses, the 
development and the survival of individuals and the evolution of 
populations. If the variables are living, they are known as biotic 
factors . If they are non-living, they are known as abiotic factors . 
Organisms interact with the natural environment by transferring 
matter and energy. 

Thigmotropis m is the res ponse ofa plant to mechanical s timulation from an element in its environment. 
One of these res ponses has to do with growth patterns . Technicians who work with growing plants in 

greenhouses often note that the absence of wind leads the plants to develop weaker stems than plants 
exposed to wind. This can be explored us ing 2 cm radish seedlings . You could stimulate the plants by 

bending them repeatedly, each second for30 seconds , us ing a pencil, at the same time each day. 

Discuss with a partner possible ways that the treatment might be varied, and how stimulated and 

uns timulated plants may differ. 

mill Us ing what you have dis cussed, s uggest how your chosen treatment will affect the plant res ponse. 

State a dependent variable and an independent variable, and say what the effect will be and why. 

eDIJ Design a procedure to test your hypothesis. Whatvariableswill you control? What 

measurements will you make, and how will you collect s ufficient relevant data? 
Afurtherquestionthatcan beexploredis :dodifferent s pecies differintheirres ponses? 

.GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on ~ A;r;;t~~;~~inking 

Make guesses, ask ''what 1f" questions and 
generate testable hypotheses 
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Responses to light 

The photograph below shows a lichen patch growing on a stone. Lichens are plant-like in appearance but 

are close associations between two species: a fungus and a photosynthetic partner organism. The partner 

organismcanbealgaeoritcan be 

photosynthetic bacteria [previously 

known as blue-green algae]. 

How does theenvironmentofalichen 

influenceits growth ? Lichenpatches 

arecommonlyfoundon stone walls. 

As thetops of stone walls receivemore 

light,anexperimentwas performedto 

determineifthereis anydifferenceinthe 

sizeoflichens growingonthetopand 

sideofa stone wall.Tenpatcheswere 

measuredineachlocationtodetermine 

the widestdiameterofthepatch.Thedata 

is presented below. 

6'l!IIIDl~·-· i!D!lll!!l!Q! ............ . 
top 22 10 24 45 26 34 10 13 

side 22 12 23 13 13 24 10 

Solxte, Alon, A.2014. /8/lo/ogyS!WyGUide.Oxfordllrwersil~Ffess 

Calculate the mean diameter for each of the two samples. 

Discu ssion 

a] Discusswhetherthedata supports theconclusionthatthereis adifferenceinpatch sizeonthetopand 

sideofwalls. 

b) Whatare somepossiblelimitations tothis conclusion? 

@~ GLOBAL CONTEXTS 
Sc1ent1f1candtechn1calinnovat1on 

c;.ATLSKILLS 
Cr1t1calthinking 
Interpret data 
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Most plant species produce more seeds than the environment can 
support. The result is a struggle for survival between individuals of the 
same species. The number of individuals that can be supported by an 

environment is known as the canying capacity. The carrying capacity 
is a function of the environment and is determined by the light 
intensity, water and mineral availability. 



Competition for resources between indiv iduals of the same species can be modelled in the laboratory by 

varying the number of seedlings sown in a pot. 

Gather together the follow ing materials: 

• seeds • medium-sizedpots 

• soil • toppanbalance. 

[SAFETY] Always wash your hands after handling the soil and seeds. 

EiiEfJ Vary the number of seeds per pot from 4, 8, 16, 24 and 32. Space the seeds in a regularpattem. 

Once the seeds have begun to germinate, rotate the pots at regular intervals during the light 

period of the day. Grow the plants for one week after the appearance of true leaves. 

After this length of time, cut the plants off at the point w here they break through the soil. Measure 

the total wet biomass for the pot and the mean wet biomass of each plant. The wet biomass of 

plant is found simply by weighing the plant on a scale. Differences may be small so a scale that is 

sensitiveto0.01 g is recommended. 

6l!il, Construct a data table to record your data. When processing your data, select a method to indicate not 

only the mean value for each number of seeds, but also some indication of the variability of your data 

such as range bars, box and whisker plots or standard deviation, depending on w hat you have learned. 

Analysis and conclusion 

a] Doesseedlingdensityaffectpercentage germination ? 

b) Does seedling density affect above-ground total biomass? Does there appear to be a limit to 

thepossibleabove-groundbiomass perpot? 

c] Doesseedlingdensity affectabove-ground biomass per plant? 

d) How do the plants grown in high-density conditions differ from those grown w ith less competition? 

0GLOBALCONTEXTS 
Sc1ent1ficandtechnicalinnovat1on ~ A;r~t~~:~~~nking 

Draw reasonable conclusions and 
generahzat1ons 

Reflection on Topic 1 
The environment affects the growth, development and responses of 

individuals. It also affects the evolution of populations. 

• How does mechanical stimulation affect plant growth? 

• How does the position of lichen patches affect their size? 

• Which environmental factor affects the leaf size in a 
climbing vine? 

• How does competition in the environment affect 
above-ground biomass? 
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C£) CHAPTER LINKS 
Chapter 4 on relat1onsh1ps 
has mformat1on about the 
mathemancal relanonsh1ps 
m Newton's law of 
grav1tat1on 

Figure 15.Z Newton'sorb~alcannonball 

thoughtl!Xperiment 

I 
I 
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TOPIC 2 

Gravitational force 
Ancient societies in Mesopotamia, Egypt and China all show evidence 
of having an interest in predicting future astronomical events such as 
eclipses and the motion of comets and the stars. We now know that the 
movements of the Moon, planets, comets and galaxies are due to the 
effects of gravity. This weak attractive force between objects is what 

holds planets in orbit and helps to create the structure of galaxies. 

Physicists spend a lot of time trying to understand how and why 
objects move in the environment around us, whether on Earth or in our 
Solar System. Without an understanding of gravity, they would not be 
able to make technological advances in flight and space travel. 

Physicists study closed systems in our environment. In a closed 
system, the only effects on the motion of objects are due to the forces 
of the objects interacting with each other. An example of this is the 
satellites that orbit the Earth, where the only external force acting on 
them is the gravitational attraction of the Earth. 

In this topic, you will explore how a satellite stays in orbit, visualize the 

gravitational effect between the two masses as disturbing space-time 
around them and investigate the acceleration due to gravity. 

Satellites 
A satellite is any body that orbits a planet or star. The Moon is a 
satellite of the Earth. Earth also has many artificial satellites. Without 
the force of gravity, a satellite would continue to travel out into 
space instead of following an orbital path. To understand the force of 
gravity, we will look at the theories put forth by two great scientists, 
Isaac Newton and Albert Einstein. According to Newton's law of 
universal gravitation, any two objects with mass exert attractive 
forces on one another. 

Imagine a cannon ball fired at high speed from a cannon at the top 
of a mountain. As the cannon ball travels through the air, it is pulled 
down by the force of gravity and falls to the ground. If the ball is 
fired at a higher speed, it falls farther away. The Earth is spherical 
not flat, so as the cannon ball falls to the Earth, the Earth is curving 
away. The faster the ball is fired, the further around the Earth it goes 

before falling to the ground. If the ball is fired at a fast enough speed, 
it travels in a circular path following the curvature of the Earth below 
it. We call this an orbit, and the cannon ball is now a satellite of the 

Earth (Figure 15.2). 



The Moon orbits the Earth. It doesn't fall into the Earth because of the 
high speed at which it travels around the Earth. 

Returning to the cannon ball analogy. If the ball is shot out of the cannon 
at a much higher speed it could potentially escape the gravitational pull 
of the Earth and continue out into space. The speed at which this occurs 
is called the escape velocity. Engineers calculating the launch speed of a 
satellite must keep this velocity in mind and not exceed it. 

For more than 200 years, Newton's theory of gravity was the only 

accepted model to explain the motion of satellites. In the early 1900s, 
Einstein proposed a different explanation involving a change in what 
we call the fabric of space and time. According to Newton, time and 
space are individual concepts that do not change. Einstein suggested 
that both space and time are more fluid-like and can be altered by 
objects with large masses, such as stars and planets. It is easier to 
understand this if you think of space-time as the environment through 
which planets and stars exist. Einstein's theory of general relativity 
states that gravity is not a force between masses, as described by 
Newton, but is caused by a curve in the fabric of space-time in the 
presence of mass. 

Massive bodies, such as stars, change their surrounding environment 
by creating a "dip" in space-time. Nearby moving objects are deflected 
from their straight-line paths to follow the local curvature of space-time 

(Figure 15.3). If such an object travels close enough to the star, the 
curvature of space-time forces it to travel around the star in a path we 
call an orbit. This is why planets orbit the Sun in our Solar System. 

Figure15.3 MassiveobjectsliketheSunwarpspace-timearoundthem. Orbitsarethe 

resultofobjectspassingthroughcurvedspace-time 
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The relationship between mass and gravity in the universe 

You will use an analogy to visualize a gravitational field. 

Collectthefollowingmaterials: 

bedsheetorstretchyfabric[atleast1.5mx1.5m) 

• ballsofvariousmassanddiameter[egtennisball,basketball]. 

mDIJ Group members each hold a section of the sheet so that the sheet is tight and flat and does not 

sag in the middle. 

One person rolls the smallest, lightest ball across the sheet to someone else. Observe the path 

oftheball. 

Note that this is how objects move in space when no forces act on them and space-time is not 

disturbedbyanylargemass. 

Groupmemberseachholdasectionofthesheetsothatitdoesnotsaginthemiddle. 

Place the heaviest ball in the centre of the sheet. 

Onepersonrollsthesmallestballacrossthefabrictosomeoneelse. 

Oiscusswhatyounoticeaboutthepathofthisball. 

Sketchwhatyouobserve. 

@i GLOBAL CONTEXTS (;j ATLSKI LLS 
Collabora tion Sc1ent1ficandtechn1cal1nnovat1on 
Encourage others to contribute 

Acceleration due to gravity 
The force of gravity accelerates all objects down towards the Earth. 

For example, when you drop a ball or any other object, gravity 
accelerates it downwards. 

Measuring the acceleration due to gravity 

In this activity, you will design your own inquiry-based experiment to investigate the acceleration of a 

falling mass. You will be provided with the following equipment: 

tickertimerandpowersupply 

ticker tape 

light gates and data loggers 

masses and mass hanger 

measuring tape/ rulers. 

~ CHAPTER LINKS 
One method of measuring 
acceleration 1s descnbed m 
Activity gm Chapter 12 on 
movement 

Youmayalsousestandardlabequipmentsuchasaretortstand,stringetc. 
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lnyour group, discuss thefollowingquestions: 

• What variables are needed to describe the motion ofa falling mass? 

• Whatotheradjustments totheexperimentcanbemade? 

• What variables must be controlled if measuring the acceleration due to gravity? 

liDif:I Formulate your r:,w n inquiry question and design a method for testing this question. 

Have your procedure approved by your teacher and make any changes that are needed. 

EDJlll Carry out your procedure . 

• GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on ~ ~~~o;~~\~!n lrteracy 

Process data and report results 

The danger of space debris around the Eanh 
According to the website of the Union of Concerned Scientists Satellite 

Database, there are 1,235 operational satellites currently orbiting 
around the Earth (including launches up to August 2014). These 
include satellites used for military purposes, earth observation and 
communications. However, there are also many other human-made 

objects orbiting our planet, from chips of paint and broken pieces of 
booster rockets, to a screwdriver dropped by a spacewalking astronaut. 
In addition, satellite break-up due to collisions causes more space 

debris. The large number of small and large objects orbiting the Earth in 
low orbit environment is a real concern for current and future satellites. 

The gravity assist technique 
The curvature of space-time causes objects to orbit around a centre 
of mass. Understanding the behaviour of objects in the space-
time environment gives us insight about how to successfully send 
spacecraft out to far-reaching parts of the Universe. 

Reflection on Topic 2 
Humans were fascinated by the effects of gravity long before it was 
explained by Newton's equation for the gravitational force between two 
masses. We know now that the movements of the planets and stars are 
all dependent on the effect of mass on the space-time environment. 

There is more than one way to explain a phenomenon. Research and 
discuss this statement in relation to Einstein's and Newton's ideas 
about gravity. 

QUICK THINK 
Research and discuss the 

application and implications of 
human-built satellites in space. 

CDWEBLINKS 
Searchfor"space 
debns story" at www 
spacemVIdeos esa mt/ to 
watch a Video from the 
European Space Agency 
about the hazards to safe 
space nav1gat1on from 
spacedebns 

QUICK THINK 
Research and discuss how 

understanding the behaviour 

of space-time has enabled 

scientists to gather information 

in outer space, looking 

specifically at the Juno 

spacecraft. 
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Summary 
The living and non-living environments are systems, which can 

be described and explained by considering the interactions of the 

components of the system. The movement of planets and satellites 
depends on how the space-time environment is affected by the mass 
of objects such as stars. The survival and growth of organisms and 

populations depends on their interactions with the biotic and abiotic 

factors in the environment-that is, for example, the presence of other 

living organisms and the effect of physical conditions or climate in 

the habitat. 

It is important to realize that there may be more than one way to 
explain a phenomenon and this is the exciting part of science, testing 

theories and looking for evidence in the environment around us. 
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~WEB LINKS 
V1s1twww dystroyorg/ 
spacebullet/ for a gravity 
assist game-try your hand at 
launching a spaceship with 
the help of the gravitation 
field created by planets 



• How do disruptions to stable body temperature occur? 

• What impact do environme ntal factors have on 
heart rate? 

• What impact occurs when different trophic levels are 
removed from a model ecosystem? 

TOPIC 2 Balance in chemical reactions 

• How are mathematical relationships an integral part 
of chemistry? 

,I Gather and organize relevant information to formulate 
an argument. 

.I Make guesses, ask ''what if" questions and generate 
testable hypotheses. 

,I Draw reasonable conclusions and generalizations. 

.I Understand and use mathematical notation 

.I Process data and report results. 

.I Design a method and select appropriate materials 
and equipment. 

,I Explain how to manipulate variables, and how enough 
data will be collected . 

.I Organize and present data in tables ready for processing . 

.I Analyse data to draw justifiable conclusions. 

,I Draw conclusions, and explain these using scientific 
reasoning. 

,I Solve problems set in unfamiliar situations . 

./ Describe improvements to a method, to reduce sources 
of error. 

Consequences Environment Evidence 
Models Transformation 

(;\ KEY CONCEPT FOCUS 
'¥ CHANGE 

Source of error a problem with 
an experimental method, the 
apparatus or ways in which 
the apparatus is used that 
cause measurements to be 
different from the true value. 

~use knowledge and 
understanding in response 
to a given situation or real 
circumstances. Use an idea, 
equation, principle, theory 
or law in relation to a given 
problem or issue . 

~ le obtain an 
approximate value fo r an 
unknown quantity. 

~ give a brief account or 
summary. 
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Figure16.1 ForestlnChernobyl's 
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Introducing balance 
Balance is one of the few concepts in MYP Sciences that have specific 

definitions for specific disciplines. 

In biology, balance has two meanings. First, balance is defined as the 

dynamic equilibrium that exists among members of a stable natural 
community (eg all the organisms living in a woodland habitat). A 

second biological meaning of balance is the regulation of the internal 
environment of an organism (eg its temperature or water content). 

In chemistry, balance is defined as either a state of equilibrium 
(eg when the concentration of all reactants and products remains 

constant), or a stable distribution in a physical state (eg a stable but 
random distribution of sugar molecules throughout a glass of water if 

it is left undisturbed). 

These ideas involve the idea of equilibrium. The equilibrium may be 
static or dynamic. In dynamic equilibrium, there is constant change 

of the individual members or components of the system, but the 
system is in balance and does not change overall. 

Many natural systems exist in a state of balance or equilibrium and 
have the ability to return to a state of balance (which may not be the 
original state) following a disturbance. 

It would be hard to think of a more profound disturbance than the 
disaster that happened at Chernobyl's nuclear power station in 1986. 
A chemical explosion caused a fire in one of the reactors. It burned 
for 10 days and blanketed thousands of square kilometres of the 
surrounding area with radioactive isotopes. 

Particularly badly affected. was a 10-square-kilometre area of pine 
trees directly surrounding the reactor. It was widely considered to be 
the most radioactively contaminated. ecosystem in the world. Most of 
the trees were killed and the pine needles turned red-brown, resulting 

in it being called the Red Forest. The area was bulldozed and covered 
in sand to bury the dead trees (Figure 16.1). 

But then something amazing happened. in the 30 km exclusion zone 
around ChernobyL where no humans are allowed to live or hunt. Plants 
began to grow. Insects returned, and then larger animals arrived­
wolves, wild boar, elk, moose, deer, foxes, lynx, beavers, badgers, 
white-tailed eagles, nesting swans, cranes, black storks and great white 
egrets. All are thriving in a place where humans will not be allowed to 

live for at least another 20,000 years. 

In this chapter, you will consider balance both biologically and 
chemically, and hopefully appreciate that-even if we cannot see it­
stability and equilibrium are preferred conditions. 



Living organisms often possess mechanisms to maintain balance in 
their internal environment when external factors attempt to change 

that environment. Homeostasis is the regulation of the internal 
environment of an organism so that conditions remain relatively 

stable. Body temperature in m ammals is an example of a variable 
that shows dynamic equilibrium by homeos tatic mechanisms. 

Figure 16.2 shows that the body's core temperature fluctuates around 

37°C. What could cause the body temperature to increase or decrease 
above or below the range of homeostasis? 

figure 16.Z If body temperature becomes too high or too low, the body compensates so 

thattemperatureisretumedtothenormalrange . .4.fterthedisruptionatA.,thetemperature 

returnedtotherangeofnormalhomeostasis.Thisiscalledthermoregulation 

1:t~),:.C 
" Timo lhours) 

G.:) INTERDISCIPLINARY LINKS 

Languageandllterature 

In his 1979 book Gaia: A New 
Look at Life on Earth, James 
Lovelock suggested that the 
Earth's biosphere (that is, all 
life on Earth) interacts with 
the environment to regulate 
temperature and chemical 
composition to keep the 
planet's overall conditions 
stable. The "Gaia hypothesis" 
has been influential but very 
controversial. 

Balance does not mean that no 

changes occur Homeostas1s 

mvolves dynamic mechamsms 

that counteract changes to 

mamtam the value of a vanable 

at or near the set pomt 

Skin surface temperature can be monitored using skin surface temperature data loggers orby using liquid 

crystal strip thermometers, which are thermometers that are placed directly on the forehead. 

A normal temperature is between 36°C and 37°C. 

Measure the temperature ofan extremity of your body [your fingers, toes or nose] using a skin 

temperature sensor or a strip thermometer.A skin sensor is preferred as the temperature of some 

extremities might be beyond the range of the strip thermometer. The skin surface temperature 

sensor is also more sensitive and responsive to slight temperature changes. 

l:D'ill Put an ice cube in your mouth and push it up into the roof of the mouth, where it is closer to the 

hypothalamus,a structure withinyourbrainthatplays aroleintemperatureregulation.Thisis 

alsoanareathatiswell supplied withblood.Keeptheicecubethereas longas possible, butifit 

starts to cause pain, move it away fora few seconds. 

EllilJ As soon as the ice cube has melted, take the temperature of the same extremity of your body as 

youdidbeforeputtingtheicecubeinyourmouth. 
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Outline what your results suggest about thermoregulation. 

tt GLOBAL CONTEXTS 
Sc1ent1ficandtechn1cal1nnovat1on 

~ATLSKILLS 
Cr1t1calth1nk1ng 

The diving reflex 

Gather and organize relevant mformat1on 
to formulate an argument 

When the faces of most mammals are submerged in water, their bodies 
respond with the involuntary "diving reflex". This involves slowing the 

heart rate to reduce oxygen consumption (bradycardia) and reducing 
the flow of blood to the skin surface. 

In seals and whales, the reflex allows the animal to stay under water for 
some time despite an absence of oxygen intake. Diving triggers a new 

state of balance that is different from when the mammal can breathe 
air directly. 

Interpreting data regarding the diving reflex 

Theheartrateofanelephant sealandits corresponding 

dive depth were monitored for just over six hours. 

The data is shown in the graph. 

Ouestions 

a] Determine the number of dives that occurred 

between 12:00 and 18:00. 

b) Describethepatternofdives thatoccurred 

over the day. 

c] Findthedepthofthedeepestdivetaken by the 

elephant seal.Measureas carefullyas youcanusing 

a ruler. 

d) Estimate thelengthofthelongestdivetakenbytheelephant seal. 

e] Outline the relationship between diving and heart rate. 

@GLOBAL CONTEXTS 
Sc1ent1ficandtechn1cal1nnovat1on 
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~ ACTr~t~~:~~~nking 

Interpret data 



The diving reflex in humans 

You are going to design an investigation related to the div ing reflex in humans. 

Discusswithapartnerpossible variables inhumans thatareaffectedbytheprocessofd iving, 

and which couldbemeasured. 

Using what you have disc ussed, formulate a hypothesis that could be tested. Include how div ing 

affects thisvariable, and why. 

Elm Using what you have disc ussed, suggest how your chosen procedure will influence heart rate 

and why. 

liillJ Design a procedure to test your hypothesis. 

When designing your procedure, be sure to take the following into account: 

a] Clearly stateyourdependent variable andindependent va riable. 

b) Listall oftheotherindependent variables that shouldbeheld at aconstant level 

(the control variables]. 

c] Desc ribe how you will keep these other independent variables at a constant level. 

d) Listtheequipmentthatyouwillneed. 

e] Desc ribeinstructions that anotherpe rson couldeasilyfollow. 

f) Be sure to include a design that involves enough subjects so that any patterns you observe 

have sufficientdatatosupport them. 

g) For eac h subject, your plan should involve taking repeat measurements. 

@GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on ~ A;r~;t~~;~~inking 

Make guesses, ask ''what 1f" questions and 
generate testable hypotheses 

Balance In an ecosystem 
Humans can disrupt ecosystems by selectively removing organisms 
from one trophic level. For example, wolves were hunted to extinction 

in many areas in Europe and North America leading to population 
explosions of the species that wolves preyed on. Reintroduction 

programmes have been undertaken in some areas but these 
are controversial. 
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Balance in a pond community 

The dynamic equilibrium that exists among individual organisms in a stable natural community can also 

illustrate balance. 

In this activity, you will explore how balance in communities is affected by initial conditions overtime. 

Gather together the following materials and apparatus: 

a] four5 litrejarswithlids[plasticfilmcanbeusedifthejarsdonothavelids] 

b]afunnel 

c] gauze 

d) papertowels 

e]liquidplantfertilizer. 

ED:IJ Obtain a sample of pond water and some of the material from the bottom of the pond. Stir the 

pond water and mud vigorously to mix it thoroughly. 

ED!IJ Use a funnel to nearly fill one of the jars with the muddy water. 

IDIJ Nearly fill another of the jars, passing the water through a sieve to remove the largest organisms. 

Nearly fill a third jar, passing the water through a piece of gauze to remove large and medium­

sized organisms. 

EDD Nearly fill a fourth jar, passing the water through one or two sheets of paper towel to remove large, 

medium and small organisms. Very small organisms will be able to pass through the paper towel. 

mlB Loosely cover each of the model ecosystems that you have created with the lid. 

mDliJ Add a few drops ofplantfertilizerto each of the model ecosystems. 

IIDllJ Place all of the model ecosystems in a bright, warm place but not in direct sunlight. The model 

ecosystemsmaycreatesomeodoursoiftheweatherissuitable,theycanbekeptoutside. 

emJ. Observe the growth of algae overtime. Examine samples of the mud under the microscope 

occasionally to look for changes in terms of the variety and relative numbers of microscopic organisms. 

eDIIJ Each filtering process might remove some combination of primary consumers, secondary 

consumers and tertiary consumers. This depends on the size of the mesh in the various materials. 

Make predictions of the effect on the model ecosystem of removing the following organisms: 

a] primary consumers b) secondary consumers c] tertiary consumers. 
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&lllfJ Explain the differences you observe between the jars. 

0GLOBALCONTEXTS 
Global1zat1onandsusta1nab1l1ty 

~ATL SKlLLS 
Cr1t1calthinking 
Draw reasonable conclus1ons and 
generahzat1ons 

Reflection on Topic 1 
Systems involving living things often possess mechanisms to 

maintain balance. This includes homeostasis in living things and the 
balance that exists in stable ecosystems. 

• What other examples can you think of where conditions 
inside the body must be maintained? Consider how the body 

responds to increase or decrease these levels when conditions 

are disrupted. 

• A thermostat is used in swimming pools to keep the water 
temperature constant. The thermostat brings the water 

temperature back to a set value after it falls below this value. 

When the right temperature is reached, it switches the heating 
off again. Consider how well this analogy explains how the 

body maintains a constant temperature. 

• Would the impact of removing all the organisms in one trophic 
level in an ecosystem be different for different trophic levels? 

TOPIC 2 

Balance in chemical reactions 
Chemical reactions 
When substances are mixed together, they may undergo a chemical 

reaction. Evidence that a chemical reaction has taken place includes 
production of a precipitate, production of a gas, a change in odour, 

a colour change or a temperature change. If there is an increase in 

temperature, the reaction is described as an exothermic reaction If 
there is a decrease in temperature, the reaction is described. as an 

endothermic reaction 

The products of a chemical reaction may have very different properties 

from the reactants, but there is no change in mass when a chemical 

reaction occurs. In 1789, Antoine Lavoisier discovered that mass is 

neither created nor destroyed in chemical reactions. This is called the 
law of conservation of mass. 
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CDWEBLINKS 
To help you practise how to 
balance chemical equations take 
a look at these web links: 

Beginner and brain boggling 
equations to balance at 

http://funbasedleaming.com 
search for The Chembalancer. 

An interactive balancing 
simulation at 

https://phet.colorado.edu 
search for Balancing Chemical 
Equations. 

A tutorial and practice with 
balancing chemical equations at 

https://www.khanacademy.org 
search for Balancing Chemical 
Equations. 

To help balance tricky equations, 

use these rules for the order in 

which to balance atoms: 

• balance all atoms except 

hydrogen and oxygen 

• balance hydrogen 

• balance oxygen 

• go back and recount the atoms 

to check the coefficients. 
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Balancing chemical equations 
A chemical equation is a shorthand way of describing what happens 

in a chemical reaction. These equations use symbols and formulas to 
indicate the substances involved in the chemical change. 

Because of the law of conseivation of mass, no atoms are created or 

destroyed-they are just rearranged. This means that in every chemical 

reaction, there must be an equal number of atoms of each element in 

the final products as there were at the start in the reactants. 

A balanced chemical equation does not indicate the exact masses of 
substances involved in a chemical reaction. Instead, it indicates the 

relative amounts of each reactant and product. 

Na,C0
3
(s) + 2HCl(aq)----) 2NaCl(aq) + CO,(s) + H,0(1) 

1 REACTANTS PRODUCTS j 
ionic compounds molecular compounds 

are called formula units are called molecules 

This balanced chemical equation contains the chemical formulas for 

the reactants and products. It also indicates the relative amounts of 

each expressed. as numerical coefficients in front of the formulas . If 
this equation were written in words it would say: "A formula unit of 

solid sodium carbonate reacts with 2 molecules of hydrochloric acid 
to produce 2 formula units of aqueous sodium chloride, 1 molecule of 
gaseous carbon dioxide and 1 molecule of liquid water." 

The mole 
Each chemical formula for a molecule or formula unit can be 
described as balanced. in the sense that it has a neutral charge. For 
ionic compounds, the formula is written so that the positive ions and 

negative ions balance each other out. 

Since atoms are extremely small, chemists needed a way to deal with 

the large numbers of atoms that are involved in any chemical reaction. 

This is provided. by the SI system (Le Systi!me International d'Unit€s). 

In this system, the base unit for an amount of substance is the mole. 
which has the symbol mol. A mole is a measurement term in the same 
way that a pair means two of something, and a dozen means 12 of 

something. A mole is a specific amount of something. That amount is 

6.02x10'3 . 

1 mole is 6.02 x 10•1 of anything 

1 mole of donuts is 6.02 x 10'1 donuts 

1 mole of atoms is 6.02 x 1023 atoms 

1 mole of molecules is 6.02 x 10'3 molecules 



The number 6.02 x 10'-'l is called Avogadro's number. In 1811, Amedeo 
Avogadro contributed to the idea that a fixed amount of substance has 
a fixed number of atoms or molecules. 

Much later in 1908, Jean Perrin was the first person to use this number 
for the number of particles in a mole. 

Why is the mole significant? The mole is defined as the amount 
of a substance that contains as many elementary entities (atoms, 
molecules, ions, electrons, particles, etc) as there are atoms in 129 of 
the isotope carbon-12. Another way to think about it is that the mass of 
1 mol of atoms (6.02 x 10'-'l), expressed in grams, is equal to the relative 

atomic mass of the element. The mass of 1 mole of the substance is 
called its molar mass and has the units g/mol. 

mass of 1 mole of oxygen (6.023 x 10'3 atoms of oxygen) = 16.oog 
mass of 1 mole of gold (6.023 x 1023 atoms of gold) = 196.979 

mass of 1 mole of water (6.023 x 1023 molecules of H, 0) 
= (16.00 g) + (2 X 1.01 g) 
= 18.029 
= 18.029/mol 

amount (in mol) = mass of substance (in g)/molar mass (in g/mol) 

Dealing with very large amounts-the mole 

This activ ity w illhelpyoutounderstandandusemathematicalnotation. 

Find food labels from various canned and packaged foods. Read the ingredients lists and copy 

down a total of 10 formulas or compound names. For each of the compounds you have listed, 

write down the correct formula and calculate its molar mass. 

D6II Your teacher w ill provide you w ith five bags that each contain a different substance. Each bag 

will be labelled w ith the name of the compound. Measure and record the mass of each chemical 

[assume the mass of the plastic bag is negligible) and calculate the number of moles and 

molecules thateachbagcontains. 

You are asked to place 1.50 moles of zinc on a balance. How many grams ofzinc w ill you need to 

place on the balance ? 

You are asked to place 6.02 x 1023 molecules of glucose on a balance. How many grams of 

glucose will you need to place on the balance? 

DUD Yourteacher w ill prov ide you w ith a bag containing a sample ofan element that is labelled w ith 

the number of moles that it contains. Apply your scientific knowledge to determine the identity 

of the element. 
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(I GLOBAL CONTEXTS 
Sc1ent1ficandtechn1calinnovat1on 

"''"'" ., These equation tnangles may help 

you to remember the relat10nsh1p 
between the three vanables, and to 

rearrange the equation 

~ ACT0L:~~Ln~:at1on 

Understand and use mathematical notation 

QUICK THINK 
What data would you need to collect to 

calculate the number of water molecules 

that are in one mouthful of water? 

Determining the formula of a hydrate 

When water is evaporated from an aqueous solution ofa salt, water molecules often become incorporated 

intothecrystalsthatform.Thesecrystalsappeartobedry,butwhenheatedthetrappedwatermolecules 

are released as water vapour. Salts with water molecules incorporated inside the crystal's structure are 

calledhydrates.Thetrappedwateriscalledwaterofhydration. 

In this activity, you will be given a sample ofan unknown hydrate along with a list of possible formulas for 

the hydrate in the form M.Yb -xH
2
0 [s], wherex is an integer. When the hydrate is heated, water is given off. 

The law ofconseNation of mass states that no atoms are created or destroyed in a chemical reaction. 

Thebalancedchemicalequationforthereactionis: 

M.Yb -xH20 [s)---* M,Yb(s] +xH2D(g) 

Taken together, the equation and the law ofconseNation of mass indicate that the only atoms of hydrogen 

and oxygen are those in the hydrate and in the water given off. Hence, the mass ofwaterthat is lost when 

the hydrate is heated is the same as the mass of water that was originally in the hydrate. 

Because you know the molar mass of the entire hydrate and the molar mass of just the water of hydration, 

you can calculate the percentage of water by mass in each of the possible formulas on the list provided by 

your teacher. You can then collect appropriate data to determine the mass ofwaterlostwhen a known mass 

of the hydrate sample is heated. This information allows you to calculate the percentage of water by mass 

in the hydrate sample. You can compare this value to the values for percentage ofwateryou calculated for 

eachhydrateonthelist.Thus,youcanidentifytheformulaoftheunknownhydrate. 
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Theapparatus availabletoyouforthis activ ity will beatesttubeandtesttubeholder,aBunsenburner,a 

ceramic tile and a balance. Your teacher may provide you with alternative apparatus. 

[SAFETY ] Wear eye protection. Heat the hydrate over a gentle heat and stop heating when the sample has 

lostalli tswater. 

Calculatethepercentageofwaterineachpossiblehydrateformula. 

m!ill List what data you need to collect to determine the identity of your unknown hydrate, and 

constructadatatabletorecordthis data. 

liiJII Heat your hydrate. How will you know when all the water of hydration has evaporated? 

Usingthecollecteddataandthecalculatedpercentageofwaterfromeachpossiblehydrate 

formula,identifytheunknown substance. 

EJDII Suggest how your results could have varied if some crystals had already losttheir waterofhydration. 

liiJliJI Explainthreepossible sourcesoferrorinthis experiment. 

@GLOBAL CONTEXTS 
Sc1ent1ficandtechnicalinnovat1on 

Reflection on Topic 2 
Balance is key to the study of chemistry. Balanced. chemical equations 
allow chemists to estimate the amount of substances that are needed 
for a chemical reaction to take place. All sciences share mathematics, 
which can be considered. the language of science and is a powerful tool 
to help with the development of laws and relationships. Some scientific 
explanations only exist in mathematical form. Laws like the law of 

conservation of mass are generally mathematical in form and can be 
used to calculate outcomes and to make predictions, such as how much 

product should be produced in a reaction 

• Explain why it is important to have a balanced. chemical equation 

• Why is mathematics considered the language of science? 

Summary 
You have learned that balance is a fundamental condition in both 
chemistry and biology. You can use this knowledge to help you 
approach chemical reactions, and trust it to guide your mathematical 
approach to them. In biology, balance is necessary and, in many cases, 

an inevitable consequence of biological and natural systems. 
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