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How to use this book


Welcome to Hodder Education’s MYP by Concept Series! Each chapter is designed to lead you through an inquiry into the concepts of science and how they interact in real-life global contexts.
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KEY WORDS


Key words are included to give you access to vocabulary for the topic. Glossary terms are highlighted and, where applicable, search terms are given to encourage independent learning and research skills.
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As you explore, activities suggest ways to learn through action.
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ATL


Activities are designed to develop your Approaches to Learning (ATL) skills.


[image: ]







[image: ]


Assessment opportunities in this chapter:


Some activities are formative as they allow you to practise certain parts of the MYP Sciences Assessment Objectives. Other activities can be used by you or your teachers to assess your achievement summatively against all parts of an assessment objective.
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Key Approaches to Learning skills for MYP Sciences are highlighted whenever we encounter them.
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Hint


In some of the activities, we provide hints to help you work on the assignment. This also introduces you to the Hint feature in the e-assessment.
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EXTENSION


Extension activities allow you to explore a topic further.
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Take action


While the book provides opportunities for action and plenty of content to enrich the conceptual relationships, you must be an active part of this process. Guidance is given to help you with your own research, including how to carry out research, guidance on forming your own research question, as well as linking and developing your study of science to the global issues in our twenty-first-century world.
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Links to:


Like any other subject, science is just one part of our bigger picture of the world. Links to other subjects are discussed.
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We will reflect on this learner profile attribute …


Each chapter has an IB learner profile attribute as its theme, and you are encouraged to reflect on these too.
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You are prompted to consider your conceptual understanding in a variety of activities throughout each chapter.


We have incorporated Visible Thinking – ideas, framework, protocol and thinking routines – from Project Zero at the Harvard Graduate School of Education into many of our activities.


You can measure your conceptual understanding using the summary problems at the ends of the chapters, organized by level of difficulty.


Finally, at the end of the chapter you are asked to reflect back on what you have learnt with our Reflection table, maybe to think of new questions brought to light by your learning.
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  Relationships  


  Evidence  


  Identities and relationships  



1 What is science?


To be a scientist is to use experimental evidence to find relationships and test them.
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IN THIS CHAPTER WE WILL …





•  Find out what scientists do and how they try to make reliable scientific knowledge.



•  Explore the way scientists work and the stories behind today’s science.



•  Take action to work out how to distinguish unreliable claims from scientific knowledge.
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CONSIDER THESE QUESTIONS:


Factual: What measurement units do scientists agree to use?


Conceptual: How do we design a valid scientific inquiry? How can we ensure that an experiment is reliable? How do scientists collaborate?


Debatable: What makes a claim ‘scientific’? Has science always been around?


Now share and compare your thoughts and ideas with your partner or with the whole class.
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These Approaches to Learning (ATL) skills will be useful …




•  Collaboration skills


•  Information literacy skills


•  Critical-thinking skills


•  Transfer skills


•  Media literacy skills
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KEY WORDS


collaborate


control


environment


ethical


experiment


impact


inquire


publish


risk


test
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We will reflect on this learner profile attribute …




•  Inquirers – we will consider how science asks questions about the world and what scientists do to find answers we can rely on.
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Assessment opportunities in this chapter:


The activities in this chapter will help you develop and evaluate your learning in these MYP Sciences learning objectives:




•  Criterion D: Reflecting on the impacts of science
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SEE–THINK–WONDER


Look at the images in Figure 1.1. What do you see? What does it make you think? What does it make you wonder?
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All the images in Figure 1.1 show horses galloping. The first picture was painted in prehistoric times on the wall of a cave in Lascaux, France. The second picture is much more recent, painted in 1821 by the French artist Géricault. Did you notice that in both cases the horses appear to be running with their front and hind legs outstretched, as though they were flying through the air? Eadweard Muybridge actually photographed a galloping horse in 1878 using a basic ‘stop–motion’ technique. (He positioned cameras with trip-wires along a race track and ran a horse in front of a white sheet.) When the photographs were developed, the positions of the horse’s legs could be seen clearly. Can you find either of the other two images in Muybridge’s pictures?


Horses do not, in fact, ever adopt this ‘flying’ position when they gallop. So why did people persist in painting them this way? We can speculate that perhaps it was because it seemed right that horses would do this and that an image drawn that way would make the horse seem very fast. But the artists were certainly not painting what they saw. Muybridge demonstrated this by conducting an experiment which produced data that everybody could see and agree on. This illustration might guide us in our inquiry in this chapter: What is science?
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The modern world is highly technological; technology is the application of scientific understanding to solve real-life problems. Yet few people understand the science behind many of the devices they use every day, from microwave ovens to smartphones to aircraft to radios.
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ACTIVITY: The word is science
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ATL




•  Collaboration skills: Listen actively to other perspectives and ideas; Give and receive meaningful feedback
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In this activity you will work collaboratively to collect ideas about what scientists do.


Either use a shared online document or small pieces of paper to write down the first five words that come into your mind when you ask the question:


‘What do scientists do?’


Now take all of your words and enter them into a word-cloud generator such as Wordle (www.wordle.net) or Word it Out (https://worditout.com/word-cloud/create).


Generate your word cloud. What does it show you?


As a class, discuss the results. Are the largest words the ones you think are most important? Share your views with the class.


Display the word cloud in your classroom and refer to it as you progress through this inquiry.
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ACTIVITY: Science or not?
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ATL




•  Critical-thinking skills: Gather and organize relevant information to formulate an argument
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1  Can you put the ideas in Table 1.1 in order of their ‘invention’ (i.e. when did people suggest them)?



2  Now categorize the ideas into three groups:







    •  ideas that were never considered to be ‘science’


    •  ideas that used to be considered ‘science’ (but no longer are)


    •  ideas that are currently considered to be ‘science’.








3  Discuss how you decided on the different groups. What criteria did you use?
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Wave–particle duality

All matter behaves like waves of energy in space; conversely, all waves behave like particles of matter. Light, for example, can behave like a wave travelling through space, but it can also behave like tiny particles of matter called ‘photons’. Even though these two properties can lead to completely contradictory results in the same experiment, this is just because our experiments are not adequate to represent what light really is: both waves and particles.
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Lamarckian evolution

Living creatures adapt to their environment. Thus, a repeated need means that creatures develop a certain ability, which is developed over each generation. The giraffe has a long neck because over many generations giraffes have stretched to reach the highest leaves in a tree. The grandchild of blacksmiths is likely to be born with strong arms and will pass this propensity to his or her children.
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Big Bang theory

The Universe – not only space, but time itself – began in a single point around 15 billion years ago. This point was called the ‘singularity’. After this all of space–time ‘unfolded’ and cooled, so that energy was turned into matter with different properties. The rate of unfolding of space–time depends on the strength of forces in the Universe, most important of all gravitation.
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Alchemy

All natural substances have properties related to their place in the Universe. They consist of a mixture of the four principal elements – Earth, Air, Fire, Water – in different quantities. Thus, heavy elements such as lead contain more Earth than Air. Each element is also responsible for a part of the human body, and imbalances in the correct amounts of elements lead to illness.


The ‘perfect element’ is the fifth element, or quintessence, also known as the ‘Philosopher’s Stone’. This element can convert all elements into any other element.
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Phrenology

Each part of our brain is responsible for a different aspect of our personality. The distinguishing features of our personalities are caused by different growth rates in different parts of our brains. We can therefore ‘read’ our personalities by looking for bumps on the cranium that indicate which parts of the brain have developed the most.
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Astrology

All events on Earth are determined to some extent by the motions and positions of the five planets: Mercury, Venus, Mars, Jupiter and Saturn. Our own lives are strongly determined by the positions of these planets at the time of our birth, and subsequent events can be related to planetary motions.
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Plate tectonics

The Earth’s surface is in fact a very thin layer of hard rock that floats on a softer substrate of molten lava. The surface is cracked into ‘plates’ which have moved over many billions of years. For this reason, the continents as we see them today were different many millennia ago: originally, all land on Earth was one huge continent which has been called ‘Gondwanaland’.









Table 1.1
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What makes a claim ‘scientific’? Has science always been around?



To many people, science tells us the ‘real’ truth. To others, it is just another point of view. Where does your opinion lie? Perhaps one of the most important things to realize about science is that it is (as the philosopher Karl Popper put it) ‘open’ knowledge. Scientists should not be afraid of being proved wrong. In some ways, that is the whole point of science: to learn from our mistakes, in order to know with greater certainty next time.
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ACTIVITY: ABC of scientific thinking
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ATL




•  Information literacy skills: Access information to be informed and inform others
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Look at the scientists in Figure 1.3.


Research the work of an important scientist or mathematician who is from a culture different to your own.


Summarize one of the important contributions they made to our understanding of the world. Outline what problem of the time this contribution solved or what it enabled us to do.


Describe some of the challenges your scientist faced, whether scientific, political, economic, social or otherwise.


Don’t forget to document all your sources using a recognized citation standard and bibliography.
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion D: Reflecting on the impacts of science.
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To Greek classical thinkers, the world of the senses – that which we observe – was unreliable and uncertain, because the senses could be deceived. For many of them (with notable exceptions, such as Aristotle) true knowledge could only be obtained through thinking. This view of knowledge is sometimes called rationalism.


In Europe it took a long time to change this view and a large number of writers and thinkers contributed to the process, such as Thomas Aquinas, Francis Bacon and Galileo Galilei. By around 1600, however, European thinkers were beginning to reconsider the role of observation in making knowledge. Francis Bacon, for example, asked: why should thinking be any more reliable or certain than what we, ourselves, can experience? He proposed that we could be more certain about the world if we made careful, controlled observations of the way things behaved in it.


The idea that knowledge can be gained from observation and experience is sometimes called empiricism.


However, if our knowledge of the world is to be reliable, not just any experience or observation will do. Our observations must be controlled carefully so that we can determine the exact relationships between things; in other words, we must do an experiment.
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Links to: Language and literature


The language of science
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ATL




•  Transfer skills: Inquire in different contexts to gain a different perspective
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The word ‘experiment’ derives from the Latin experiri, meaning experience. If you study a Latinate language such as Italian, French or Spanish, you may know that the word for experiment is the same as the word for experience.


Use Google ‘ngrams’ to find out when the word experiment began to be used more frequently in books and other texts: https://books.google.com/ngrams/


[image: ]






How do we design a valid scientific inquiry? How can we ensure that an experiment is reliable?



Galileo Galilei (Figure 1.3c) was one of the first people to realize that reliable experiments required controlled variables. A variable is any factor that can be controlled or measured in order to investigate a relationship experimentally.


Imagine an experimental inquiry to be like a sort of machine. The controls of the machine determine the outcomes that we can measure (Figure 1.4). We feed in our questions and out of the process – hopefully – come the answers!


While scientific inquiry may begin with wonder, scientific questions need to be a little more focused than that. As scientists, we have to make questions that can be tested in some way, such that we can find an answer or explanation for what we observed. Often a problem in nature will turn out to be much more complicated than it seems at first and we will only be able to answer a big question by first identifying a number of smaller questions and finding the answers to those.
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ACTIVITY: The right variable for the job
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ATL




•  Critical-thinking skills: Gather and organize relevant information to formulate an argument
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For the different experimental inquiries below, choose variables that it might be important:





•  to control by changing



•  to control by keeping the same



•  to measure.





Variables
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temperature


time


height


colour


brightness


distance


area


speed
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Experimental inquiries





•  How long does an ice cube stay frozen?



•  What size of parachute will save a dropped egg?



•  What is the best colour to wear if you want to keep cool?



•  How long does an aircraft stay on the runway before it can take off?
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Look again at Figure 1.4. What other variables might affect the temperature of my lunch? If we change any of these, they might also affect the outcome – the final temperature of my lunch.


We therefore have to divide the controlled variables into those we will change and those we will keep the same. The variable that we will be changing in the experiment is called the independent variable (because it depends only on us); the variable that is being measured is called the dependent variable.
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Asking the right question


In designing an experiment, the first thing we do is select our variables and figure out which variables we are going to change (independent variables) and which we are going to measure (dependent variables).


To do this, we need to have an idea of the problem we are trying to solve. This is why the first stage in the scientific investigation cycle is to write an ‘inquiry question’ for the experiment. A good inquiry question should include the variables that you are going to control, for example:


How does variable 1 affect variable 2?


or


What is the relationship between variable 1 and variable 2?
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Once we have the question and the variables, we can suggest what we think the answer might be. When scientists suggest a theory as an explanation for the way something might work, it is called a hypothesis. If we then state exactly what we expect to see happening in a given situation, it is called a prediction. For example, I might make a hypothesis that whenever the temperature drops in winter, it is more likely to snow; this might lead me to predict that on Saturday it will be snowing.


Some scientific inquiry is carried out by looking at data that others have already gathered; these are called secondary data. Much science, however, requires new or primary data. Scientists need to carry out their experiments to gather data in a controlled environment: the laboratory. A laboratory is a specially equipped room where all the equipment and apparatus the scientists require is available. It is kept very clean and tidy to ensure that nothing can affect the experiments carried out, other than the effect of the independent variable.


In MYP Sciences by Concept 1, we explored the laboratory as a working environment. All the experiments you will carry out in this book require care and safe practice, so this is a good time to review the laboratory codes again.


We follow safety rules in order to minimize risk. Before you begin an experiment it is a good idea to carry out a risk assessment. This involves reviewing in advance everything you will do in the experiment and considering what possible dangers this could present. You should then re-evaluate your experiment design to reduce such risk. Search for risk assessment template science lesson or use the example shown in Table 1.3.
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ACTIVITY: Making up the rules
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ATL




•  Collaboration skills: Take responsibility for one’s own actions





[image: ]





Every laboratory needs a ‘code’ to make sure that all experiments are carried out safely and scientifically.


In pairs, discuss and complete a copy of Table 1.2 by explaining why it is important to take the safety measures given in the first column.


As a class, brainstorm any other safety measures that you think might be important in the laboratory.


When you have finished:





•  design and make a poster illustrating any of the safety measures so that other MYP students will understand



•  design and make a ‘safety checklist’ to use before you begin any experiment.









	Safety measure

	Reason






	keep bags, coats and books in a safe place out of the way

	 






	wear protective clothing and safety glasses when instructed

	 






	walk, don’t run

	 






	do not put anything in your mouth

	 






	do not listen to music while working

	 






	wash hands carefully after using chemicals or organic substances

	 






	tie back long hair

	 







Table 1.2 Laboratory rules
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It is also important to consider the effect of our actions on the environment, both inside the laboratory and outside. We should consider the way we dispose of waste materials, especially if we are using chemicals or other ‘special’ materials. Remember that in a laboratory, everything we use is scientific apparatus, even if it is something we might consider quite usual at home. This is why we never put anything in our mouths during experiments, we always clean any apparatus and surfaces, and we always wash our hands after we have finished.


Will your experiment involve living things or possibly affect others? If so, you should also consider whether or not your actions will be ethical. Is anything you plan to do likely to cause harm or upset to other living things? This can be difficult for scientists to judge and they must work closely within ethical guidelines such as those provided by the International Baccalaureate Organization (IBO) for students.
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Find out about the ethical guidelines for the IB MYP and DP. Ask your teacher to find these documents and discuss them in class:




•  IB animal experimentation policy


•  Ethical guidelines for extended essay research and fieldwork


•  Ethical guidelines for IB DP Psychology.
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A useful preparation is to write an environmental and ethical impact assessment of your experiment, where you consider the effect of your experiment on the living and non-living environment.
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ACTIVITY: Thinking about environmental impact
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ATL




•  Collaboration skills: Take responsibility for one’s own actions
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In pairs, brainstorm as many ways as possible that a scientific experiment might affect the environment, both in the laboratory and outside it. Consider how your experiment might also affect the wellbeing of other living things.


Share your ideas with the class and collect all the class ideas together.


Discuss what action you should take to minimize the impact of the factors you have identified.


Organize the impact factors and the actions in the form of an easy-to-use checklist similar to the one you wrote for the activity Making up the rules.
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What measurement units do scientists agree to use?



In Chapter 1 of MYP Sciences by Concept 2, you may have explored how humanity has created different ways to make measurements of the natural world. The first recorded forms of measurement were probably based on the size of parts of the human body. Today, the two most common forms of measurement in use are the metric system and the imperial system. Scientists worldwide use the metric system of measurement.


During the seventeenth and eighteenth centuries in Europe, philosophers were influenced by the rediscovery of classical thought from Greece and Rome. The revolution in France from 1789 not only sought to change the way society was organized or who was in charge, but also to reorganize the way humanity thought about time and space. The revolutionaries introduced a new calendar based on 10 months a year, rather than the 12 inherited from ancient times, and in 1799 the revolutionary government created new standards of measurement for length and mass, called the metre and the kilogram. These in turn were divided logically in units of 10, 100 or 1000 as the ‘metric’ system. The measurements were standardized using a platinum rod and a mass which were kept in the Archives de la République in Paris.




[image: ]




Just as the political changes in France were not popular everywhere in Europe, the new ‘rational’ measures were not immediately taken up elsewhere. In France itself the ‘new calendar’ of 10 months was abandoned when Napoleon Bonaparte came to power. However in the nineteenth century, physicists developed a system of units that aimed to derive all measurements from a small number of basic metric units. This was the basis of the metric Système International d’Unités (or SI unit system), although it wasn’t given this name until 1960.






	Unit of length

	meter/metre

	length of the path travelled by light in vacuum during a time interval of [image: ] of a second






	Unit of mass

	kilogram

	the mass of the international prototype of the kilogram






	Unit of time

	second

	duration of 9 192 631 770 periods of the radiation corresponding to the transition between the two hyperfine levels of the ground state of the caesium-133 atom







Table 1.4 Definitions of the SI base ‘mechanical’ units (note that there are seven base units in total)




[image: ]


THINK–PAIR–SHARE


What do you notice about the definitions of the units in Table 1.4?


What has changed since the first definitions of the metre and kilogram in France in 1799?


Why do you think the definitions have been changed?
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Accuracy and precision


When scientists make measurements, they need to be sure that the measurements are reliable. This means that whoever makes the measurement, wherever it is made and under whatever conditions, the answer obtained will always be the same.


If a number of measurements are precise, they will be in close agreement with each other.


If a measurement is accurate, it will be close to an expected value.
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Since scientists have to use large and small numbers so often, it could be quite tedious to have to write out the dimensions of objects in metres all the time, along with the powers of 10. For this reason, the SI system includes a series of prefixes for different scales. A new prefix is used every time a multiple of 1000 or 103 occurs. You may have encountered some of these already in relation to computer systems.






	Power of 10


	Prefix






	×10–15


	femi






	×10–12


	pico






	×10–9


	nano






	×10–6


	micro






	×10–3


	milli






	×10–1


	deci






	×103


	kilo






	×106


	mega






	×109


	giga






	×1012


	tera







Table 1.5 Common prefixes


A Sciences Inquiry Cycle (see Figure 1.6) can be used to guide us whenever we design our own investigations for our inquiry questions in this book.
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How do scientists collaborate?



Sometimes in history, a person comes along who can do everything themselves (see Meet a scientist: Leonardo da Vinci). However, in most cases, science is a collaboration between a number of scientists; sometimes across the world, sometimes between the different disciplines within science, such as physics, chemistry and biology, sometimes with technological disciplines such as computer science.


Scientists must make sure that their new knowledge is as reliable as possible. When a new discovery is made, scientists must publish their work in a recognized scientific journal and may present it at a conference. To be included in a journal, the work undergoes peer review. This means that the work is checked by other experts in the field and the experiment may also be repeated by other scientists to verify that the results are the same as those claimed. In doing so, scientists are checking to ensure that they all work to the highest standards of academic integrity – just as you must in your MYP studies.


Science is really one big debate that continues to throw up new questions about the world.
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DISCUSS


Find out about one of the following scientific projects:





•  The Large Hadron Collider



•  The Human Genome Project



•  The ITER Fusion Reactor



•  Intergovernmental Panel on Climate Change (IPCC)





Who is involved in each project? What kind of experimental work do they do? Suggest why the projects require collaboration.
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EXTENSION


Look at the table of scientific journals at the following link: www.scimagojr.com/journalrank.php?category=2701


In order to ‘rank’ these journals, what do you think is being measured?
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MEET A SCIENTIST: LEONARDO DA VINCI
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Leonardo da Vinci was an Italian polymath who was born in April 1452. He was hugely influential as an artist, with his famous paintings such as the Mona Lisa. Da Vinci’s talents and knowledge went far beyond art, however. He was expert in science, mathematics, engineering, music, architecture, archaeology, literature, geology, anatomy, botany, physiology – the list goes on! His famous drawing The Vitruvian Man, in which he studied the proportions of the human body, is a marriage between art and science. He was fascinated by the human body and was allowed to dissect corpses in hospitals in Italy. He also dissected animals and compared them to human bodies. This is why his anatomical drawings of the human musculoskeletal system and embryos are so detailed and accurate.


Leonardo was a talented engineer too. His engineering skills could be seen in his sketches and designs of flying machines (Figure 1.8). He laid the foundation for biomechanics with his studies on the mechanical processes involved in human and animal movement. In modern times, his designs have been used to build working models. Examples of his designs include a parachute, a machine for testing tensile strength, an adding machine, hydraulic pumps, a flapping ornithopter and a machine with a helical rotor (a helicopter).
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Leonardo da Vinci relied on detailed observations of natural phenomena to drive his own experiments based on patterns he identified. His scientific thinking process had a great influence on his art. In his most famous painting, The Last Supper (Figure 1.9), he applied his theories on the physics of light, shade and angles and the rules of optics.
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Take action: Exposing fake news
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ATL




•  Media literacy skills: Demonstrate awareness of media interpretation of events and ideas
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•  We have seen in this chapter how science stories are very popular in the media. Sometimes, though, the media get it wrong and people can be misled, because not everybody thinks scientifically.


•  Here are a few of the most common misconceptions, which you may have investigated in Chapter 1 of MYP Sciences by Concept 1.
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•  Research these or search other popular scientific misconceptions. Make a poster, web presentation or a movie in which you ‘debunk’ these misconceptions by explaining the real science behind them!
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Reflection



In this chapter we have outlined the way that scientists work to make new knowledge. We have categorized ideas according to whether or not they are ‘scientific’ and so suggested some criteria for scientific ideas. We have designed laboratory codes for safety and for environmental risk. We have identified the measurement units that scientists use. We have discussed how scientists collaborate across the world and between scientific disciplines.
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  Relationships  


  Patterns; Models  


  Orientation in space and time  



2 How does scale matter?


Changing the scale of things allows us to make connections and build models that help us understand how the world is structured.
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IN THIS CHAPTER WE WILL …





•  Find out about the ‘building blocks’ of organic and inorganic matter.



•  Explore the way in which changing the scale at which we observe and measure the natural world changes our understanding of it.



•  Take action to raise awareness of how different perspectives in science can both extend and sometimes limit our knowledge and understanding.
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CONSIDER THESE QUESTIONS:


Factual: How are living organisms structured? What building blocks do scientists use to describe living and non-living matter? What holds matter together?


Conceptual: How does changing scale change our understanding of nature?


Debatable: To what extent does our everyday experience limit our understanding of the very small and the very large?


Now share and compare your thoughts and ideas with your partner or with the whole class.
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These Approaches to Learning (ATL) skills will be useful …




•  Information literacy skills


•  Critical-thinking skills


•  Creative-thinking skills


•  Transfer skills


•  Communication skills


•  Reflection skills


•  Collaboration skills
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KEY WORDS


atom


cell


ecology


ecosystem


nucleus


organ


particle
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We will reflect on this learner profile attribute …




•  Open-minded – we will consider how changing point of view and perspective might change our understanding of the world.
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Assessment opportunities in this chapter:


The activities in this chapter will help you develop and evaluate your learning in these MYP Sciences learning objectives:




•  Criterion A: Knowing and understanding


•  Criterion C: Processing and evaluating


•  Criterion D: Reflecting on the impacts of science
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SEE–THINK–WONDER


Look at the images in Figure 2.2. What is changing? What do you see? What does this make you think? What does it make you wonder?
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ACTIVITY: Principal, I shrunk the science class!
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ATL




•  Creative-thinking skills: Consider multiple alternatives, including those that might be unlikely or impossible; Create original works and ideas; Use existing works and ideas in new ways


•  Communication skills: Use appropriate forms of writing for different purposes and audiences


•  Information literacy skills: Access information to be informed and inform others
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We must be careful not to confuse science fiction with science fact. The idea of shrinking matter to a different scale is not realistic, as we will see in this chapter. In reality, scientists have to make do with using instruments and measurements to deduce how the Universe works at different scales. Still, imagination also plays an important part in science as we saw in Chapter 1; asking ‘what if …?’ questions can lead to new hypotheses and so to new science.


Imagine that you are working with a research scientist who has somehow found a way to change size. Choose three different scales and draft a newspaper report describing what you see at those different scales. Use diagrams and pictures to illustrate your discoveries!


There are many online simulations that allow you to explore the Universe at different scales. Explore online using one of these website to find out what the Universe looks like at different scales:




http://apod.nasa.gov/apod/ap120312.html (requires Adobe Flash)


http://micro.magnet.fsu.edu/primer/java/scienceopticsu/powersof10/ (requires Java).





At the end of this chapter, we will return to your draft report to see how it might be improved.
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Figure 2.2 shows how changing our perspective can change the information that we have about the world. Science deals with the whole Universe, from the very large to the very small indeed. In this chapter we will explore how changing the scale of our observations gives us a different perspective and we will think about the connections between the systems and processes we observe at different scales. Along the way, we will encounter and use the tools of the different science disciplines of physics, chemistry and biology and see how they each work across different scales of observation.



How does changing scale change our understanding of nature?



WHAT IS SCALE?
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Links to: Mathematics
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ATL




•  Transfer skills: Make connections between subject groups and disciplines
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Important key concepts in MYP Mathematics are form and relationships.


Form in mathematics concerns the way that appearances can tell us about the purpose or the function – what something does. Relationships in mathematics concerns the way that things connect. So it should not surprise us that mathematics will help us work with relationships between things at different scales! When scientists are dealing with very large scales or very small scales, they must calculate very large and very small numbers. Our usual unit of length – the metre – is made to be useful to us, in our ‘scale’ for the Universe.


In standard notation:
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and so on …


Notice that although 100 = 1, for values in the range 1 to 10 we would just give the number itself. So ‘5’ would simply be written as ‘5’, not as 5 × 100.


For numbers that are smaller than 1 we have to go the other way, making the power of 10 smaller and smaller. We use negative powers of 10 to do this:
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Links to: Language and literature


How many works of fiction – whether short stories, novels or movies – can you find that use the idea of changing size as inspiration? Try searching Fantastic Voyage 1966 or Honey I Shrunk the Kids for some starter ideas!
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We look at things with our eyes, have a certain perception of them and form a mental image, but most of the time what we see is not what the things actually are. If we get closer or further from them we see them very differently. We walk in our cities every day and see the houses, trees, parks, lakes … but when we fly in an aeroplane and look down at a familiar place we see a whole different picture. Our understanding of nature depends on observations and these observations depend on the scale we use to look at objects. The scale is determined by the resolution of the image and the magnification of what we look at.


In ecology, for example, changing the scale has a key role in understanding ecosystems and interactions between organisms. In a tropical rainforest, which is characterized by its layers (Figure 2.3a), our understanding of its ecosystems changes according to the scale we use. If we are within the forest and look at a specific layer, for example the predominant canopy layer (Figure 2.3b), we will see the large trees and a hugely diverse number of fauna and flora. However, at this scale we will not appreciate the complexity of other ecosystems and may miss many dynamic biological processes that cannot be seen until one undertakes deeper investigation. Looking at the forest floor layer (Figure 2.3c) will give a whole different experience of the rainforest. This layer only receives a very small amount of sunlight and therefore the fauna and flora found there are different from those found in other layers, as they must be adapted to live in such conditions.


There are many other examples where we experience such changes of understanding of nature depending on the scale we use to look at it.


The discovery of different microscopes has revolutionized our understanding of many biological processes or organisms.
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Scientific discoveries depend on the available tools and technologies.


Light microscopes revolutionized science in enabling us to see cells, for example, and many other things as small as 500 nanometres (5 × 10–7 m). The later invention of electron microscopes offered us a whole new level of understanding. Cells can now be seen at a higher magnification, showing different organelles and enabling us to understand the metabolic reactions that happen inside them. The discovery of the fluorescent microscope has also helped scientists understand many processes by tagging different markers in cells with fluorescent labels and allowing us to see their location and follow their pathways through those cells.
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EXTENSION


Explore this website and meet a scientist who is passionate about microscopy: www.sciencelearn.org.nz/resources/497-the-microscopic-scale


Watch this video about ‘the wacky history of the cell theory’ which looks at how natural scientists collaborated with physicists to use microscopes and make revolutionary discoveries: www.youtube.com/watch?v=4OpBylwH9DU
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THE MICROSCOPIC SCALE
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ACTIVITY: Zoom in!
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ATL




•  Information literacy skills: Make connections between various sources of information
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Look at the second column of Table 2.1 showing an image of some bedbugs as you can see them on a bedsheet; they look like small black specks. If you get closer and look at one under a light microscope, you will see it looking like the image in the third column, which has more visible features. If you zoom in further under a scanning electron microscope (SEM, last column), you will see even more details on the surface, making the little insect look like a beast!


Copy and complete the examples in the table by finding how other things look to the naked eye, then get closer and search how they look under a light microscope and an electron microscope.


You may extend your research to other objects/organisms that are not listed in the table.
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Hint


A scanning electron microscope (SEM) will give you the details of the surface structure and a transmission electron microscope (TEM) will give you the details of the inside structure of things. In your search, make sure you enter the name of the organism and the type of microscope in a search engine; for example: tardigrade under scanning electron microscope.
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EXTENSION


Explore the history of the electron microscope: http://authors.library.caltech.edu/5456/1/hrst.mit.edu/hrs/materials/public/ElectronMicroscope/EM_HistOverview.htm
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion A: Knowing and understanding.
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Links to: Design


Every scientific discovery was made using tools and instruments. Designing scientific instruments and apparatus requires careful consideration, so they are fit for purpose. Function is much more important than how these tools look. Designers of laboratory equipment develop and create tools that solve problems and advance scientific discovery. Find out more about these companies by searching: laboratory equipment, design and scientific equipment.
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SEE–THINK–WONDER


Look at Figure 2.4, and consider the questions below. What do you see? What does it make you think? What does it make you wonder?


How does the DNA that measures up to 2 m when stretched fit inside a nucleus of 10 micrometres, inside a cell of 20–30 micrometres diameter?
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ACTIVITY: How does it fit inside?
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ATL




•  Information literacy skills: Collect and analyse data to identify solutions
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Large natural structures can fit inside smaller ones because of special adaptations: DNA supercoils and folds around itself and around other proteins to make chromatin which then folds again to make chromosomes to fit inside the nucleus. The intestine increases its surface by having villi and the intestine itself folds tightly and is held together with mesenteric tissue to fit inside the abdomen.


Explore the scale of things by searching scale and magnification and using the following link: http://learn.genetics.utah.edu/content/cells/scale/


Move the slider in order to zoom in and see the things that fit inside each structure until you reach the smallest structure. Notice the scale box in the top left-hand corner; see how it changes as things get smaller. Record the structures and their sizes and organize from large to small.


Move the slider and zoom to the level of a red blood cell. Its actual size is 8 micrometres. In the top left-hand corner notice the scale shown as a square of 10 micrometre size. You could have figured out the real diameter of the red blood cell by measuring it using a ruler and plotting this measurement on the little squares within the 10 micrometre highlighted square. You will find that the red blood cell takes up eight small squares, meaning it is 8 micrometres.


Now calculate the size of the following structures:





•  the length of the text ‘Times regular, 12 point’



•  the diameter of the blue nucleus inside the pink skin cell



•  the length of the sperm cell (tail only).
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion A: Knowing and understanding.
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SCALING IN BIOLOGICAL APPLICATIONS


Scale is not only a question of measurement and magnification. Scaling can also refer to the increase of quantities while maintaining the proportions. Scaling production can mean that we either increase the production of valuable products at a larger scale (scaling up) or we minimize the amount of substances needed to conduct tests (scaling down). Scaling up and down is key for many biological applications and processes such as the large-scale commercial production of laboratory-scale products. However, any commercial production must be tested on a small scale first before going to a large-scale production for commercial use. Small-scale productions may start in test tubes but then are scaled up in bioreactors to maximize the yield and increase the speed of production. For example, the production of lactose-free milk has helped many sufferers overcome their lactose intolerance and enjoy dairy products.
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Production of insulin happens in the same way by scaling up from laboratory-scale products to commercial use. Modified bacteria that have been genetically engineered to produce human insulin are grown at large scale and the insulin protein is purified and sold commercially to help many diabetic patients worldwide.


Scaling down is just as important as scaling up. Sometimes there are processes which cannot be explored at their natural size and need to be looked at with a smaller scale to give an indication of what happens in the larger sample size. In ecology, for example, this concept is used very often to estimate population size. This is called sampling, where small samples of a whole are analysed as an indication of what happens in the full population. It would be nearly impossible to count every single individual of a species in the area of interest, but taking random samples in different areas will give a fair indication of the natural distribution of the species.
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How are living organisms structured?
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SEE–THINK–WONDER


Visit this website to see a diagram that shows the relative scale of some biological molecules and structures: www.nature.com/scitable/content/the-relative-scale-of-biological-molecules-and-14704956


What do you see? What does it make you think about? What does it make you wonder?


Use scientific language to discuss the scale of the biological molecules and structures in the image.
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Multicellular living organisms are usually made of organ systems that comprise various organs working together. Each organ is made of multiple tissues which are made of different smaller building blocks called specialized cells. Everything that is inside the cells is made of chemicals that in turn are made of atoms. Note, however, that not all living organisms are multicellular and not all multicellular organisms have this structural organization.
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Plants have a comparable structural organization to that of animals; they also have organs like roots, stems, leaves and flowers which are responsible for many functions like reproduction, food production and absorption. These organs are made of several tissue types like vascular, epidermal, parenchymal and meristem tissues. Just like in animals, these tissues are made up of numerous specialized cells (like palisade cells, cells of the phloem and xylem vessels and guard cells) that give them specific properties. A leaf, for example, is made of palisade tissue to perform photosynthesis, mesophyll tissue to allow gas exchange, vascular tissues consisting of phloem to transport sucrose around the plant and xylem to transport water from the roots to the leaves.
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WHAT MAKES YOU SAY THAT?


Look at the structural organization of a leaf (Figure 2.9) and find corresponding organs or organ systems in humans with similar functions (Figure 2.10).


Which organ in humans is comparable to the dermal tissue? What makes you say that?


Which organ in humans is comparable to the mesophyll tissue? What makes you say that?


Which organ in humans is comparable to the vascular tissue? What makes you say that?
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DISCUSS


Is each organ made of the same cell type? Which organ system has the largest number of organs working together? Which organ system has the fewest number of organs working together? Which organ has the greatest diversity of cells? And which organ has the least diversity of cell types? Can you identify other organ systems that must work together in order to function?
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In humans, each organ system is made of a group of interacting organs that work together to form complex functional physiological systems which allow the body to perform specific functions. For example, the digestive system breaks down the food into nutrients that our body needs. Most organ systems work in synergy with other organ systems in order to fulfil their functions. The circulatory and nervous systems, for instance, work with all other organ systems to help them complete their actions. The organs of any organ system are fully differentiated parts of the body which are responsible for a specific function. For example, the stomach is only responsible for mechanical and chemical digestion of food and it cannot help the body to breathe or load the blood with oxygen; this is a function of another organ, the lung. Organs gain their functions from the various tissues that make them up. To take one example, the stomach has various tissues that work together to allow it to complete its digestive function: muscle tissue, epithelial tissue, secretory glands and connective tissue. Each tissue is again made of different types of specialized cells with a common origin, structure and function that work together to give the tissue its properties. For example, specialized cells in the blood like macrophages, lymphocytes and monocytes differentiate from hematopoietic stem cells to work together and give the blood its properties. Cells in a healthy tissue divide to replace dead ones and so maintain the function of the tissue. Sometimes cells start dividing uncontrollably and this can cause overgrowth and may lead to tumours.
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ACTIVITY: How are we structured to function as well as we do?
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ATL




•  Critical-thinking skills: Gather and organize relevant information to formulate an argument; Revise understanding based on new information and evidence
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion A: Knowing and understanding.
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Think of all the functions you can do and find what organized structures in your body are responsible for the function. Find the organ system then zoom in and find out what organs, tissues and specialized cells are involved. Conduct some research and complete Table 2.2 following the example row.
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HOW CAN CELLS SUSTAIN THEMSELVES?
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ACTIVITY: Equip a cell!
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ATL




•  Information literacy skills: Access information to be informed and inform others


•  Critical-thinking skills: Use models and simulations to explore complex systems
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We can understand the way that organelles work together to form a cell by thinking of a house analogy. In this activity you will build a model cell taking into account what a cell needs to sustain itself. How would you equip a newly built house? What facilities would you have to source from the outside and how would you divide the rooms for different functions? How does this compare to a cell? Would a cell need to source things from outside? Would it need compartments for different functions?


One way to approach this task is to think of a problem posed by a need for a function in the cell, then try to solve it by finding the organelle that is responsible for it. Use the following search terms to guide you: functions of life, cell structure. Use the empty house analogy to help you equip your cell. You can complete this activity on a poster made by hand or using software, or by making a 3D model using modelling clay or cardboard boxes, for example. Write a short description of your model including the type of cell and its functions then present your model to the class and receive feedback from your peers.
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion D: Reflecting on the impacts of science.
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What building blocks do scientists use to describe living and non-living matter?
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If we zoom in further inside cells we find compartments called organelles. However, the organelles alone would not be able to build living organisms. They must work together in an orchestrated manner to create a small sustainable block that acquires new characteristics, which then can act as a building block for more complex structures.


Each cell is isolated from the outside environment by a flexible plasma membrane that contains areas for entry and exit of materials to and from the cytoplasm. The cytoplasm provides the water needed for metabolic reactions to occur. The heritable genetic information that determines the shape and functions of the cell is packed in DNA and organized in chromosomes packaged in a designated area in the cytoplasm. Prokaryotes package their DNA in a designated location in the cytoplasm called a nucleoid, while eukaryotes package it in a nucleus. Proteins, which perform necessary functions in the cells, are made in the ribosomes from the code received from the nucleus. These proteins are sent inside secretory vesicles to the Golgi apparatus where they are modified and packaged before being transported or secreted outside the cell. The cell is always active and therefore needs energy which it produces in the mitochondria (in the form of ATP) by breaking down nutrients like glucose through the process of cellular respiration. Such metabolic reactions generate waste products which can be toxic to the cell. Therefore they need to be secreted outside the cell through the plasma membrane or get destroyed inside lysosomes which contain digestive enzymes.


EXACTLY HOW SMALL IS AN ATOM?


No doubt you will have realized by now that atoms are extremely small. Maybe you have even been presented with statistics like ‘there are 500 000 carbon atoms lined up in the width of a hair’ or that ‘one sheet of paper is about 500 000 atoms thick’ or ‘there are more atoms in a glass of water than there are glasses of water in all the world’s oceans’.


But how small is small? To attempt to understand the atomic scale it helps to put the size of an atom in a context that we are better able to understand. How does that then change our understanding of the objects and living things around us?



SEEING IS BELIEVING



The tiny size of atoms has been the greatest obstacle to discovering ways to ‘see’ them. As we saw earlier in this chapter, this is impossible to do under even the most powerful light microscopes, which are only able to magnify objects that are larger than the wavelength of visible light; a typical atom is more than 10 000 times smaller. Our understanding of atoms, molecules and compounds started to change in the 1890s when X-rays were discovered. This led to a technique called X-ray diffraction or X-ray crystallography and, because of it, scientists were able to measure the size of atoms, the length of bonds and determine the structure of a huge range of materials.
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Developments in technology led to the creation of electron microscopes, in which a beam of electrons rather than a beam of light is shone at the sample. In the early 1980s, scientists were finally able to study the structure of the surface of an object, atom by atom, with the discovery of the scanning tunnelling microscope (STM).
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Through both STM, and more recently atomic force microscopy (AFM), scientists have been able see and manipulate materials at their most fundamental scale: the atomic scale. An STM is able to pick up individual atoms one at a time and move them to create some of the smallest structures imaginable, which is necessary for the field of nanotechnology which deals with objects on a nanoscale.


The implications of being able to rearrange atoms on the surface of substances reach far and wide. Can we rearrange the atoms in charcoal to form diamonds? Can we use atoms of carbon, hydrogen and oxygen to create food?
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WHAT IS AN ATOM?





[image: ]


Using models


In this activity we will use a model to better understand the structure of the atom. The scales we use in science range from the very, very small to the very, very large, often making it impossible to physically see the objects we are studying. Models are, therefore, an extremely useful tool, allowing us to create a visual image of the object and making it easier to remember. As our understanding of science changes, models can be adapted to reflect changes in our theories.
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ACTIVITY: Build an atom
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ATL




•  Critical-thinking skills: Use models and simulations to explore complex systems and issues


•  Reflection skills: Develop new skills, strategies and techniques for effective learning
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In this activity you will be building your own atoms using a simulation and exploring some of the features of the different sub-atomic particles. Some of this may already be familiar to you, some of it may be new, but use the activity to consolidate what you already know about the atom and build on your existing knowledge. Start by familiarizing yourself with the simulation you will be using.





•  Go to the following website: http://phet.colorado.edu/en/simulation/build-an-atom




•  Press the ‘Play’ button to start the programme (you may need to download it first).



•  Select the simulation called ‘Atom’.



•  Press the ‘+’ next to ‘Net Charge’ and ‘Mass Number’ to maximize the two menus.



•  Tick the box next to ‘Stable/unstable’ in the ‘Show’ section.



•  Make sure your model is set to ‘Orbits’ not ‘Cloud’.



•  Become familiar with the controls and functions of the simulation by dragging the sub-atomic particles into and out of your atom. Observe what happens to the stability of the atom and its charge as you add and remove the different sub-atomic particles.





When you feel you are ready to start the exercise, press the ‘Reset All’ button in the bottom right-hand corner. Answer the following questions, using the simulation to help you.




  1  State which sub-atomic particles are present in the nucleus and which are not. Where are the latter located?


  2  State which particles have a charge and identify their respective charges.


  3  State which is the only sub-atomic particle that determines the type of atom (the element it is).


  4  State the maximum number of electrons that can exist in the first ‘orbit’ (this is the shell or energy level).


  5  State the maximum number of electrons that can exist in the second orbit.


  6  Describe how you would create a neutral atom and give an example of one that you have created, stating how many of each sub-atomic particle is present.


  7  Describe how you would create a stable atom and give an example of one that you have created, as well as an example of an unstable atom of the same element, stating how many of each sub-atomic particle is present in each.


  8  Create three neutral, stable atoms, selecting any elements from hydrogen to neon in the periodic table. In each case identify the following information: number of protons, number of electrons and number of neutrons, all of which are provided in the top left-hand corner of the simulation screen. Identify the total mass of the atom (called the mass number and given in the ‘Mass Number’ box).


  9  Suggest a relationship between the number of protons and number of electrons.



10  Suggest a mathematical equation for working out the number of neutrons in an element.



11  Evaluate your suggestions by testing them with two elements that cannot be created on the simulation. Work out how many protons, electrons and neutrons they should have and then check by researching it.
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion A: Knowing and understanding.
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From individual molecules, to human beings, to stars, everything is made of atoms. So what is an atom? Figure 2.16 shows the structure of an atom. An atom is a particle that consists of a central nucleus, which contains protons and neutrons, and electrons, which orbit the nucleus in shells (also known as orbits or energy levels). Protons, neutrons and electrons are called sub-atomic particles. The masses and charges of these sub-atomic particles are shown in Table 2.3.
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The number of protons in an atom is called the proton number or atomic number, and can be represented by the symbol Z. You will have noticed in the Build an atom activity that, as you changed the number of protons, you changed the type of substance or the element. This is because the number of protons in the nucleus of an atom is unique to a particular element. The proton number or atomic number of an element also represents its position in the periodic table; for example an element with 13 protons will also be the 13th element in the periodic table. There will be more about this in Chapter 3.


All atoms are neutral which means that they have no overall electric charge. Protons and electrons carry the same quantity of electric charge:
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but with an opposite sign; their relative charges are often denoted as +1e and –1e, respectively. For a neutral atom, the number of protons must be equal to the number of electrons as the positive charge in the nucleus is cancelled out by the negative charge of all the orbiting electrons. Neutrons do not contribute any charge to the atom.
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EXPLANATION GAME


I notice that number of electrons = number of protons. Why is it that way?


I notice that mass number = number of protons + number of neutrons. Why is it that way?


I notice that number of neutrons = mass number – proton number. Why is it that way?
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The mass of a proton and that of a neutron is very similar, and the average mass of the nucleons is known as the unified atomic mass unit (u) where
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Electrons are almost 2000 times lighter than these and are regarded as having a negligible mass. This means that the effective total mass of an atom lies in the nucleus and will be equal to the mass of the protons and the mass of the neutrons. The total mass of an atom expressed in atomic mass units is known as the mass number or nucleon number (and can be represented by the letter A).
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ELECTRON ARRANGEMENTS AND ELECTRON SHELL DIAGRAMS



The distribution of the electrons in the shells is fundamental to understanding the chemistry of the elements. Electrons fill their shells in order, starting with the one closest to the nucleus, because the energy of the shells increases with increasing distance from the nucleus. However, depending on how close to the nucleus a shell is, its size will vary, which in turn affects the number of electrons that it can hold.


The electron arrangement (also known as electronic structure or electronic configuration) describes the arrangement of the electrons in the shells. This is a series of numbers showing the total number of electrons in each shell, with each number separated by a comma. You need to be able to deduce the electron arrangement of the first 20 elements. The following tips will help you.





•  You start by populating the shell closest to the nucleus.



•  The first shell can hold up to two electrons.



•  The second shell can hold eight electrons.



•  The third and fourth shells can hold 18 and 32 electrons, respectively. However, at this level, you can regard them as ‘filled’ when they contain eight electrons (the reasoning for which you will discover when you study IB Diploma Chemistry).





Here are some examples of electron arrangements/electronic configurations:





•  helium (Z = 2): 2



•  carbon (Z = 6): 2,4



•  potassium (Z = 19): 2,8,8,1.





The electron arrangement of an atom can also be shown diagrammatically. These are known as electron shell diagrams. Figure 2.17 shows the electron shell diagram for an atom of sodium and an atom of sulfur.


So how ‘accurate’ is our atomic model? We have already seen that the number of electrons in the third shell onwards isn’t eight, but it is also worth noting that the shells are not always completely filled before occupying the next energy level and they are not really concentric rings at a fixed distance from the nucleus. Further, this model does not represent accurately how small the nucleus is compared to the rest of the atom and that the atom consists mainly of empty space. Our model is, therefore, an approximation that helps us explain the way things are for the moment, but which we will need to elaborate later as we learn more about atomic structure.
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ACTIVITY: Make an electron shell diagram display
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ATL




•  Collaboration skills: Help others to succeed; Take responsibility for one’s own actions; Give and receive meaningful feedback
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Materials





•  A periodic table



•  20 A4 sheets of paper (white or coloured)



•  Permanent pens



•  Polystyrene balls (about 250, with a diameter of 1–2 cm)



•  Glue





Method


The aim of this activity is to create a display of the electron arrangements and electron shell diagrams for the first 20 elements of the periodic table.





1  In your notes, list the names and corresponding symbols of the first 20 elements in the order that they appear in the periodic table.



2  Deduce the electron arrangement of each element.



3  Select one of the elements and on an A4 sheet of paper in the landscape position state the element name, symbol and electron arrangement in the top right-hand corner.



4  Construct an electron shell diagram of the element, using polystyrene balls to represent the electrons and sticking them into their respective positions. Include the element symbol and place the electrons in the right positions by referring to Figure 2.18.



5  When you have finished, select a different element until the class has created models for all 20 elements.



6  Peer assess each other’s work, double checking the symbol and electron arrangement, counting the total number of electrons represented in the electron shell diagram and ensuring that the electrons have been placed in the correct positions.



7  Display your models in your classroom or on a wall outside a science lab.
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion A: Knowing and understanding.
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ACTIVITY: Scale it up!
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ATL




•  Critical-thinking skills: Revise understanding based on new information and evidence; Use models and simulations to explore complex systems and issues; Identify obstacles and challenges
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You have been invited to give a TED Talk on the topic of ‘Using models in science’. For this task, you will create a script of the talk as well as a short video. You will be completing this task in groups of three and your audience will be other students your age.


The aim of your talk, ‘Using models in science’, is to explain the way in which science has been applied to address the problem of not being able to see atoms. Ensure your script makes reference to the following:





•  Describe why we create and use models of objects that are either too big or too small to see. Give examples, other than the atom, of where you have used models before in science.



•  Analyse the advantages and disadvantages of using models.



•  Evaluate whether these models help or hinder your understanding of scientific concepts.





The aim of your video is to provide a more realistic model of the structure of an atom than that which appears in textbooks, using the analogy in the TED Talk video on page 33. This stated that if the nucleus was the size of a marble, the atom would be the size of a football stadium. You will need to select an area that is large enough to achieve this, so the video may need to be created in your own time at a park. Once you have determined by calculation the exact size of your model atom, have one member of your group represent the nucleus and one member represent hydrogen’s lone electron in the first shell. The third member will be responsible for filming. Consider different ways to present the video; will you use a time-lapse of the ‘electron’ walking away from the ‘nucleus’; will the ‘nucleus’ and the ‘electron’ try to communicate?
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion D: Reflecting on the impacts of science.
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I USED TO THINK … NOW I THINK …


Watch this TED video for an alternative view of the atom: www.ted.com/talks/just_how_small_is_an_atom


Reflect on how the video has changed your thinking about the size of an atom and the size of the sub-atomic particles within it, comparing them to the size of the atom itself, by completing the following sentences:


I used to think …


Now I think …
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HOW WAS THE STRUCTURE OF THE ATOM DISCOVERED?


The models created by scientists to understand the structure of the atom required creativity and imagination, as well as a critical approach by the scientific community, who must not accept scientific claims without adequate reason or evidence (as we saw in Chapter 1). The model of the atom that we use today is a great example of this; it is the result of the work of a number of scientists over hundreds of years, whose theories were not necessarily accepted immediately. You may have encountered some of these thinkers and their ideas in MYP Sciences by Concept 2, and in the activity Unfolding the mystery of the atom you will have an opportunity to review and synthesize this information.


The focus of this chapter so far has been on individual atoms: the structure of an atom; the atom of an element. But why focus on understanding something so small we cannot see it and that we will never come across in our everyday lives? Nothing we use and no living things are made of a single atom. To connect the properties of materials we encounter every day, we need to consider the ways in which atoms can form groups, such as those that form the copper wire we need for the conduction of electricity, or those that form the genetic material in our cells. Understanding the structure of an atom and the properties of the sub-atomic particles is fundamental to explaining how and why atoms bond to each other and the types of bonds they form. It is these bonds, formed at the atomic level, that allow structures to build up from single individual atoms to the billions and billions of atoms that comprise the everyday objects we use and that make up the parts of living organisms.
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ACTIVITY: Unfolding the mystery of the atom




[image: ]


ATL




•  Information literacy skills: Present information in a variety of formats and platforms


•  Communication skills: Read critically and for comprehension


•  Reflection skills: Consider content
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As a class, brainstorm what a storyboard is. Come up with ideas as to what it should look like and what features would make a storyboard successful.


In this task you will create a cartoon storyboard explaining how scientists came to discover the structure of the atom. Choose the information that you want to include in the text box part of the storyboard carefully; it needs to be concise but detailed enough to convey the key points. Annotate your picture; this is how you can include extra information other than what is in the text box. Your storyboard will focus on the following scientists:





•  Democritus



•  Dalton



•  Thomson



•  Rutherford



•  Bohr



•  Chadwick.







[image: ]


Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion A: Knowing and understanding.
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To what extent does our everyday experience limit our understanding of the very small and the very large?
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As atoms are so small, it means that even tiny bits of matter are made up of a huge number of atoms. Rather than deal with these massive numbers, chemists use the term mole as a counting unit. One mole of a substance always has a specific number of atoms or molecules in it – specifically 6.02 × 1023, known as Avogadro’s constant (after the Italian scientist Amedeo Avogadro). So 1 mole of hydrogen atoms, for example, consists of 6.02 × 1023 hydrogen atoms.


Let’s focus on a gold ring. An average gold ring has a mass of 10 g. One mole of gold has a mass of 197 g, which means that there are 6.02 × 1023 atoms in 197 g of gold. So how many atoms are there in a 10 g gold ring? Approximately 3 × 1022 atoms (or 30 sextillion atoms). Now that’s a big number, but do we really understand how big?
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ACTIVITY: Getting rich!
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ATL




•  Creative-thinking skills: Make guesses, ask ‘what if’ questions and generate testable hypotheses; Make unexpected or unusual connections between objects and/or ideas; Generate metaphors and analogies
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We’ve just worked out that there are approximately 3 × 1022 gold atoms in a gold ring. Now imagine that instead of having 3 × 1022 atoms, you have 3 × 1022 one-cent coins. Now imagine that you are going to distribute these evenly to every person on Earth (assume the Earth’s population is 7 billion). How much money do you think each person will end up with?





•  Make an approximate prediction: will each person get hundreds, thousands, millions, billions of dollars? More or less than these numbers?



•  Now calculate how much money each person would get.



•  Comment on how close your prediction was to the calculated value.



•  Identify other contexts where you use very large or very small numbers and discuss how this activity has changed your perception of the size of these numbers.



•  Reflect on the extent to which your everyday experience helps and/or hinders your understanding of numbers such as Avogadro’s constant.





There are many different contexts in which Avogadro’s constant can be presented to try to provide a better understanding of its size. Search for Avogadro number analogies; find another analogy in a context that you find useful and share this with a peer.
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion C: Processing and evaluating
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What building blocks do scientists use to describe non-living matter?
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WHAT MAKES YOU SAY THAT?


Look at the images in Figure 2.20 and read their captions.


Individually, think: what is going on in these images?


In pairs, discuss: what makes you say that?
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Your reaction to the images in Figure 2.20 might have been that they were works of abstract art; in fact, both these images have been used as artworks! But to a scientist their meaning is quite specific.


As you know it is barely possible to ‘see’ direct evidence of whole atoms using scanning tunnelling microscopes. In Figure 2.20 we are again observing only indirect evidence of the existence of two very strange particles. The images show the tracks produced in devices called cloud chambers or bubble chambers. The chambers contain gas or liquid that is at the very edge of a change of state. The introduction of any impurity, such as a particle, results in a trail of some kind. In cloud chambers, the trail is made from condensed vapour, like the con-trails left behind by jet aircraft high in the atmosphere. In bubble chambers, the trails consist of vapour formed by the particles as they travel through a superheated liquid – often liquid hydrogen.


Scientists place the chambers inside electromagnetic fields. This means that any particle carrying an electric charge which passes through the chamber will be affected; for example, it will be attracted to and repelled by one or other side of the chamber. The direction of the trail and the rate at which the particle is deflected gives information about the momentum the particle has (see Chapter 7).
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In Figure 2.20a, the particle trail can be seen as a curve passing vertically across the chamber just to the left of centre. In 1932 US physicist Carl D. Anderson (1905–91) deduced from the trail that it had all the properties produced by a beta particle, which is an electron moving very fast through space, except for one: it had a positive electrical charge. In 1928 British physicist Paul Dirac (1902–84) had hypothesized using Einstein’s theory of relativity that all particles of matter might have associated antimatter particles, with the same mass but the opposite electrical charge. Anderson had shown that this strange idea was a reality and in 1936 he was awarded the Nobel Prize for his discovery of an antimatter particle, the positron.


The complicated tangle of trails in Figure 2.20b is produced when a particle called a meson decays (changes) into other particles. Mesons were known at this point to have many of the properties of nucleons such as protons and neutrons, but the particles they changed into suggested that they themselves consisted of smaller particles of matter and antimatter joined together.


By the middle of the twentieth century, scientists felt that experimental evidence meant they were confronted with a ‘zoo’ of particles, all with different properties of charge and mass, and now even a whole new type of exotic antimatter. In this situation, scientists try to determine underlying patterns that suggest relationships between the particles.


If we are to make sense of this, we need to do a little fundamental physics ourselves. You may wish to refer to Chapter 4 of MYP Sciences by Concept 3 to refresh your memories.


What holds matter together?
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ACTIVITY: Feel the force – gravitation
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ATL




•  Critical-thinking skills: Interpret data; Draw reasonable conclusions and generalizations
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Method


You will need:





•  masses of known quantity (for example 10 g, 50 g, 100 g)



•  a force meter.





Use the newton meter to find the gravitational force produced by different masses. In your experiment plan, clearly identify the variables that are:





•  controlled (changed, and kept the same)



•  measured.





Record your results clearly in a table, showing the units of measurement in the heading.


Analysis


Show your results on a graph with the independent variable on the x-axis and the dependent variable on the y-axis. (Unsure which variable is which? See Chapter 1.)


The points on your graph should appear to be in a straight line, although the line might ‘wiggle’ somewhat due to scatter in the points. What might have caused the scatter in the measurements?


Since the points appear to be so close to a straight line, we can probably make the assumption that the relationship between mass and force is linear – that is, each mass gives the same increase in force. We can then draw a ‘best-fit’ line through as many of the points as possible, or as close to them as possible.


Conclusion


State the relationship between mass and gravitational force.


Evaluation


Evaluate your results. How sure are you that your experimental data gave a reliable result (clue: what about that ‘wiggle’ and ‘scatter’)? How could you improve the reliability of the data?
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion C: Processing and evaluating.
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THINK–PAIR–SHARE


Think about everything you know about the fundamental forces of gravitation, electricity and magnetism. Note the ideas down on a piece of paper as they occur to you.


In pairs, compare your ideas. Share with the class anything new you learnt from your partner.
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Finding the rate of change


Finding the slope or gradient of a straight line is a key skill in mathematics and enables us to deduce the equation of the line.


Using this straight line, we can now figure out the relationship between the mass and the force – that is, how much the force increases for each additional mass. We can do this by finding the gradient or slope of the line on the graph:
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One way to do this is to draw a right-angled triangle on the graph, as large as possible so that it encompasses the greatest possible range of results:




[image: ]




Use your graph to calculate the gradient of your line.
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ACTIVITY: Feel the force – magnetism
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ATL




•  Critical-thinking skills: Interpret data; Draw reasonable conclusions and generalizations
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In this experiment you will measure the variation of force with distance between two magnets.


Small neodymium magnets are very strong. They are usually disc shaped. One side of the disc is the ‘north’ pole of the magnet and the other is the ‘south’ pole.
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Equipment


You will need:





•  lab stand, boss and clamp



•  a sensitive electronic top-pan balance



•  two small neodymium magnets



•  a block of non-magnetic material (wood, plastic or similar)



•  some sticky tack, double-sided sticky tape or similar



•  a modified Vernier micrometer or a similar screw assembly.





Method





1  The Vernier micrometer allows you to change the distance between the ‘bits’ with great accuracy. If possible, for this experiment your teacher or lab technician can remove the ‘C’-shaped part to leave just one of the bits. If not possible, you can use any other kind of screw mechanism to position the magnet accurately.



2  Set up the apparatus as shown. Stick one of the magnets to the top of the block and the other to the bottom of the micrometer or screw.



3  BEFORE placing the micrometer in position in the clamp, press the ‘TARE’ or ‘ZERO’ button on the balance. This resets the balance reading to zero, compensating for the weight of the block and magnet.



4  Adjust the distance between the magnets using the boss and clamp until you just see a change in reading on the top-pan balance. If the reading increases, then the magnets are oriented to repel. If the reading decreases, the magnets are attracting each other.



5  Now use the apparatus to make measurements of the variation of the force between the magnets with distance.







    •  What range of readings will you make?


    •  What interval between readings will you use?


(See Reading a Vernier scale on page 39.)








6  After taking one set of readings, flip one of the magnets around so that they are now interacting in the opposite way to before. Repeat your experiment, taking new readings.





Results


Organize your readings in a suitable table, clearly showing the units of measurement.


Present your readings using a graph as before. Careful! Think carefully about your independent and dependent variables.


Interpret your results. Identify the pattern in the results. (See Finding the fit on page 42 to discover how to use a spreadsheet program to help with this.)


Conclusion


Summarize your results using this starter sentence:


The force between two magnetic poles varies with distance in this way:
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion C: Processing and evaluating.
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Reading a Vernier scale


A Vernier scale is a common method for reading quite precise measurements of distance. On the micrometer you will see two different scales.
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The first (main) scale is on the barrel of the micrometer and measures in millimetres above the line, with gradations for 0.5 mm below the line. The second scale is on the rotating ‘thimble’ part and measures to an accuracy of 0.01 mm.


In the example shown in Figure 2.26, you would obtain the reading like this.




•  Read the measurement on the barrel first. The edge of the thimble indicates the first part of the measurement on this scale. We can see the 5 mm mark, and we can also just see the next half-millimetre mark below the line. So the first part of the reading is 5.0 + 0.5 = 5.5 mm.


•  Read the measurement on the barrel by looking for the gradation which is nearest to the centre line on the barrel. In this case the centre line of the barrel is closest to the line representing 0.28 mm.


•  Add these measurements together for the total reading: 5.5 + 0.28 = 5.78 mm.
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The newton gravitational force is properly known as the weight of an object.
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Notice that the gravitational field strength, g, for the Earth is actually a little less than 10 newtons for every kilogram of mass.


Of course, we are used to thinking of our ‘weight’ in kilograms, however this is a little misleading. To a physicist, kilograms are a measure of mass, the amount of material in your body, and not of the gravitational force produced on it.


The different fundamental forces we experience do seem to behave in similar ways. We know that electrical and magnetic fields are very similar because magnetic fields are produced by the arrangement of electrons in certain kinds of atom, so scientists combine these into one force called electromagnetic force. Meanwhile, gravitation seems to share some properties of the other two (it is produced by the interaction between masses and its size depends on the multiplication of the masses) and it has the same [image: ] relationship with distance as the force field fills the space around the mass. Yet gravitation does not – as far as we know – ever repel. Notice too the difference in the values of the constants in the equations. Electromagnetic forces tend to be much stronger over short ranges and gravitational forces are relatively weak; after all, it requires a mass the size of a planet to keep us down!
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® Figure 2.9 The structural organization in a leaf showing
various tissues
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® Figure 2.10 Structural organization in the human body
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B Table 2.2 What makes our organ systems?





