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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 history, 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 given 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.
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Assessment opportunities in this chapter


Some activities are formative as they allow you to practice skills that are assessed using MYP Sciences assessment criteria. Other activities can be used by you or your teachers to assess your achievement summatively against all parts of a learning 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 new hint feature in the on-screen assessment.
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You can measure your conceptual understanding using the summary problems at the end of every chapter, organized by level of difficulty.
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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 Physics to the global issues in our twenty-first century world.
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Links


Like any other subject, Physics is just one part of our bigger picture of the world. Links to other subjects are discussed.
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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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Finally, at the end of the chapter you are asked to reflect back on what you have learned with our Reflection table, and maybe to think of new questions brought to light by your learning.
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  Relationships  


  Patterns, Evidence  


  Identities and relationships  


1 How big is everything?


We understand our own relationship to the Universe when we identify patterns at different scales.
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IN THIS CHAPTER WE WILL …





•  Find out how the Universe is structured, from the very smallest observable sizes to the very largest.



•  Explore the various ideas that humanity has held at different times about the nature of the ‘stuff’ in the Universe, and how different patterns at the smallest of scales can make the biggest differences.



•  Take action to research how new materials might be able to help those in less economically developed parts of the world.





[image: ]







[image: ]


CONSIDER AND ANSWER THESE QUESTIONS:


Factual: What is the smallest thing? What is the largest thing? How do we measure them? What is the Universe made from?


Conceptual: How is the Universe structured? How are the smallest and the largest things in the Universe connected?


Debatable: What would the world look like if you were very small? Or 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 …




•  Critical-thinking skills


•  Creative-thinking skills


•  Transfer skills


•  Information literacy skills


•  Communication skills
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KEY WORDS


control


magnify


measure


observe


scale


variable
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We will reflect on this learner profile attribute …




•  Inquirers – we will explore and research new scales of observation, and new materials.
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Assessment opportunities in this chapter




•  Criterion A: Knowledge and understanding


•  Criterion B: Inquiring and designing


•  Criterion D: Reflecting on the impacts of science
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ACTIVITY: It depends on your point of view …
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ATL




•  Information literacy skills: Understand and use technology systems
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•  Explore online using some of these links to find out what the Universe looks like at different scales (apps may require Java to be installed on your computer):







      http://apod.nasa.gov/apod/ap120312.html



      http://micro.magnet.fsu.edu/primer/java/scienceopticsu/powersof10/









•  Find out what the Universe ‘looks like’:








    • at the smallest known scales. What are the smallest objects?


    • at the largest known scales. What are the largest objects?
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THE SCALE OF THINGS


We refer to the size of the objects we can observe as their scale.


Some time ago two artists – Ray and Charles Eames – made an animated film about the idea of scale. It was called Powers of Ten. To find out about the original film and to watch it, use YouTube Powers of 10. A number of websites have used and updated the Eames’ idea.



What would the world look like if you were very small? Or very large?



OBSERVATIONS AT DIFFERENT SCALES


Science is all about explaining observations, so scientists have spent a lot of time and effort inventing and improving devices for making observations at different scales. One of the most significant ‘leaps’ of understanding came with the discovery that glass could be ground and shaped to focus light from distant objects, such that they formed images that appeared larger than the objects themselves, making more detail available to the human eye. An early lens was found dating back to 700 BCE, and lenses are mentioned in plays from ancient Greece written around 400 BCE. By the 13th century CE spectacles were in common use across Europe.


In the early 17th century CE a Dutch spectacle maker had the idea of placing two lenses together, such that the second lens magnified the light gathered by the first. Shortly afterwards, the Italian philosopher and mathematician Galileo Galilei made his own version of the telescope and, for the first time, observed the four largest moons of Jupiter in orbit around the planet.
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Link: 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 purpose or the function – what something does.


•  Relationships in mathematics concerns the way that things connect together.





So, it should not surprise us that mathematics can help us work with relationships between things at different scales! When scientists are dealing with very large scales or very small scales, they have to 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. The movie Powers of Ten demonstrates how standard notation is used to help us represent size.


In standard notation:




•  101 is said ‘ten to the power of one’ = 10


•  102 is said ‘ten to the power of two’ [image: ]


•  103 is said ‘ten to the power of three’ [image: ]





and so on …


For small numbers we have to go the other way, making the power of ten smaller and smaller. We have to use negative powers of ten to do this:




•  10−1 is said ‘ten to the power of minus one’
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•  10−2 is said ‘ten to the power of minus two’
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•  10−3 is said ‘ten to the power of minus three’
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Equally, the same system of lenses could be used to observe very small objects that were very close to the lens. The first microscope is attributed to Zacharias Jansen in the 1590s. Shortly afterwards, in 1665, the first systematic observations using a microscope were published by the English ‘natural philosopher’ Robert Hooke.


Observations have benefitted from improvements in magnification and resolution ever since. The magnification of an instrument is the increase in apparent size of an image relative to the object’s size, while the resolution is the smallest distance between two points that can be distinguished using the instrument.
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You can browse Hooke’s drawings in the e-book at Project Gutenburg: www.gutenberg.org
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While we now have instruments that work with information other than that carried by visible light, the aim of all instruments is the same: to make that which is invisible to the human eye available to our understanding (Table 1.1).


Table 1.1






	Observation instruments

	
Magnification
(how much bigger the image is than the object)


	
Resolution
(smallest distance clearly visible)







	Hubble space telescope

	        × 8000 (estimated)

	        0.05 arcseconds






	magnifying glass

	        × 2

	        10−5 m






	scanning electron microscope

	        × 500 000

	        10−10 m






	laboratory microscope

	        × 1500

	        10−7 m






	astronomical telescope

	        × 300

	        2 arcseconds






	human eye

	        × 1

	        0.5 × 10−3 m
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EXTENSION


Explore further! Did you notice that the resolution for telescopes is given as ‘arcseconds’, while for microscopes it is given as a distance in metres? Why do you think this might be? For a clue, read about telescope resolution here: http://hubblesite.org/the_telescope/


Select Nuts and bolts then resolution 101.


See Chapter 12 for more on optical instruments and observations of space.
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What is the smallest thing? What is the largest thing? How do we measure them?



A RULER FOR THE UNIVERSE


Since scientists have to use large and small numbers so often, it would be quite tedious to write out the dimensions of objects in metres all the time, along with the necessary powers of ten. For this reason, the Système International d’Unités or S.I. unit 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 (Table 1.2).


Table 1.2






	Power of ten

	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







WHAT IS THE UNIVERSE MADE FROM?


Humans all over the world, at many different times, have tried to figure out what makes everything. What is the Universe of ‘stuff’ we see around us? What makes it the way it is? Even before we had instruments that enable us to see down to the tiniest scales, people had ideas about it.


A society that gave this some consideration was a civilization located around the Mediterranean sea – in the countries we now call Greece, Turkey, and the Balkans. We call these people the Greeks, because the only written records that we have come largely from that region, especially from the city of Athens (in fact, the Greek Empire, at one stage, went as far east as India and as far south as Egypt).
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ACTIVITY: A ruler for the Universe
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ATL




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


•  Communication skills: Use a variety of media to communicate with a range of audiences
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Taking inspiration from the Powers of Ten film and other websites that you researched, make a large display, model or diorama to show others the scale of the known Universe.
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Links: Communication and design


How will you communicate the idea of different scales using your model? Research and suggest ways in which your design will do this. For example, if you have a museum or science exhibition nearby, look at the ways in which the exhibits communicate ideas in science in different ways:




•  www.sciencemuseum.org.uk/


•  www.huffingtonpost.com/2013/07/08/best-science-museums-in-the-us-ranked-mensa_n_3536208.html
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Assessment opportunities


In this task you have practised skills that can be assessed using Criterion D: Reflecting on the impacts of science.




•  apply scientific language effectively


•  document the work of others and sources of information used.





(Note, however, that the level you achieve will not represent your overall level of achievement in Criterion D, because there are another two strands to complete!)
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Greek thinkers were interested to find out whether the Universe had an ‘essential’ or ‘basic’ nature – and, if it did, whether it was possible for us to know anything about that fundamental nature. Was there a ‘stuff’ that makes up everything? Two Greek thinkers had two very different ideas about this. Read their thoughts in Figures 1.4 and 1.5.
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ACTIVITY: Thinking about stuff


Think-pair-share the theories of Parmenides and Democritus.
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ATL




•  Critical-thinking skills: Recognize and evaluate propositions; Evaluate evidence and arguments; Consider ideas from multiple perspectives
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Compare the theories to what we learned earlier about the nature of the Universe at the smallest scales known. Think about how matter ‘looks’ at different scales, and consider whether it looks ‘continuous’ (as Parmenides thought) or ‘made of pieces’ (as Democritus thought).


Organize your ideas using a table like the one below.






	Evidence that might support Parmenides’ idea

	Evidence that might support Democritus’ idea






	 

	 






	What you think
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A key skill in science is to decide on the quality of the evidence available to support an idea. The quality of scientific evidence is often measured in terms of its validity and its reliability. Use search terms validity and reliability to find out what these words mean.
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How is the Universe structured?
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The way the Universe looks depends on the scale we use. At each scale, we see that the ‘stuff’ that makes things up is itself made from smaller and smaller bits of ‘stuff’. This is one pattern we can be sure about! Nobody is really sure whether Parmenides or Democritus was correct; scientific theories about the nature of matter have changed from one view to the other over the two millennia since! Of course, we have a big advantage over Parmenides and Democritus: that advantage is called science. 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 old experience or observation will do. Our observations must be carefully controlled so that we can determine the exact relationships between things – in other words, we must do an experiment.
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Link: 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 exactly the same as the word for ‘experience’.
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EXTENSION


Explore further! 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/
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Galileo Galilei 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 experimentally investigate a relationship.
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ACTIVITY: Thinking about experimental inquiry


Imagine an experimental inquiry to be like a sort of machine. The controls of the machine determine the outcomes that we can measure.


Here is an example:
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ATL




•  Critical-thinking skills: Gather and organize relevant information to formulate an argument
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THINK-PAIR-SHARE


What responses do you have to these questions? Think about them on your own, then share with your partner. Then discuss as a class to achieve a class consensus.





•  What other variables might affect the temperature of the lunch?



•  How can the experiment be designed so that we can account for the effects of these other variables?
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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; we can modify our diagram accordingly.
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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 listed, choose variables from the box that might be important to control by changing, control by keeping the same or to measure.
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Variables


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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EXTENSION


Explore further! Can you think of any other experimental inquiries you could do using these variables?
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How are the smallest and the largest things in the Universe connected?



MAPPING MATTER


We have improved our knowledge of matter a great deal since Parmenides’ and Democritus’ time. Today we know of the existence of atoms with some certainty. We also know that atoms themselves consist of smaller parts, and it is generally held by scientists that some of those parts (the nucleons, meaning the protons and the neutrons) consist of smaller parts called quarks … and then what?


The French aristocrat Antoine Lavoisier was one of the first people to suggest that all matter is made from only a certain number of ‘building blocks’, or elements – fundamental substances that consist of atoms of only one kind and that, singly or in combination, constitute all matter. In the late 18th century CE he managed to prove that water was made from hydrogen and oxygen. He also wrote one of the first lists of elements.
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The way that the elements behave – their properties – depends on the parts in each atom. For example, their mass (or ‘atomic weight’) depends on how many nucleons they have (because electrons are almost without mass, as they are very, very small compared to nucleons). However, the way the atoms interact with other atoms depends on the number and configuration of their electrons.


The first person to notice that the elements could be ‘grouped’ according to their properties was the Russian, Dmitri Mendeleev. It is said that Mendeleev had a dream in which he ‘saw’ the pattern that became the Periodic Table! Mendeleev noticed a pattern in the way the elements reacted with other elements. In 1869, he published his ‘periodic table’ and predicted the properties of an element that seemed to be missing from the pattern. In 1875, the element was discovered and named Gallium: its properties turned out to be just as Mendeleev had predicted.
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EXTENSION


Explore further! For more information about the modern periodic table of the elements, try these interactive versions online:





•  http://www.ptable.com/




•  http://www.infoplease.com/periodictable.php
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What is the relationship between atoms and the things atoms make?



So, how does the smallest stuff affect the largest? And what relationship is there between atoms and the larger things that are made from them?


Let’s take one atom as an example. Carbon is a very important element to us. The great majority of our body is built from molecules that contain carbon. A molecule is the smallest particle of a substance that retains all the properties of the substance and is composed of one or more atoms.


Carbon has some interesting properties. Carbon atoms can arrange themselves in different ways to make different molecules with very different properties.


If carbon atoms arrange themselves in a ‘tetrahedral’ shape, like in Figure 1.19, then the material looks like Figure 1.20.
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ACTIVITY: Putting carbon to work
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ATL




•  Information literacy skills: Access information to be informed and inform others
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Search online for some of the uses of diamond, and uses of graphite (sometimes used as carbon fibre). What property of each material makes it so useful?


Table 1.3






	Uses of diamond

	Property that makes diamond useful for this






	 

	 






	Uses of graphite

	Property that makes graphite useful for this
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In this arrangement carbon forms diamond – one of the hardest materials known to humanity; it’s also transparent and reflective (shiny).


On the other hand, carbon can also arrange itself in flat layers, as in Figure 1.21, and the material then looks like Figure 1.22.
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This material is called graphite. It is very soft, an opaque (solid) black colour, and it conducts electricity somewhat.
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ACTIVITY: Physical properties investigation
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ATL




•  Critical-thinking skills: Propose and evaluate a variety of solutions


•  Creative-thinking skills: Make guesses, ask ‘what if’ questions and generate testable hypotheses
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Look again at the molecular structures of diamond and of graphite. What is different about their structures?


Figure 1.23 shows some two-dimensional (flat) structural shapes found in molecules.
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We have seen that simply changing the arrangement of the atoms that constitute a molecule can completely change the properties of a material.


What properties of materials are there? Look at the properties in the box below. If you are unsure what any of these mean, find out.
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Some physical properties of materials


hardness


melting point


viscosity


elasticity


freezing point


plasticity
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We can visualize the process of an experiment as a cycle because, at the end, we return to the question better informed, and so ask better questions next time. Many of our Approaches to Learning can be visualized in this way. Use the experiment investigation cycle (Figure 1.24) to help you design and carry out an investigation into the properties of materials.
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Safety: Make sure you check your design with your teacher for safety before starting.
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Assessment opportunities


This activity can be assessed using Criterion B: Inquiring and designing.
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In 2003, a physics professor at the University of Manchester in the United Kingdom gave one of his students a challenge: to make the thinnest piece of graphite he could. The student did quite well, using normal tools to slice the graphite thinner and thinner, and he made a piece of graphite that was between 100 and 1000 carbon atoms thick.


But the physics professor had a better idea – and it was very simple. Instead of cutting the carbon, he used sticky tape to peel away layers of graphite. With a lot of care – and a certain amount of scientific research – Professor Andre Geim managed to produce layers that were less than 10 atoms thick!


These layers formed an amazing new material, now called graphene. Graphene is the thinnest and lightest material ever made – yet it is 300 times stronger than steel and harder than diamond! Graphene is transparent, bendable, and conducts electricity – so one of its first uses will be for touch-screens on portable devices like mobile ‘phones or tablets.


For their amazing discovery, Professor Geim and his colleague Konstantin Novosolev were awarded the 2010 Nobel Prize for Physics.
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The uses of graphene are still being worked out, so watch out for it in the news. To find out more, try these links:




•  www.graphene.manchester.ac.uk/


•  http://gigaom.com/2013/07/15/what-is-graphene-heres-what-you-need-to-know-about-a-material-that-could-be-the-next-silicon/





And for an interesting short video: http://youtu.be/dTSnnlITsVg
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ACTIVITY: Graphene, super-material for the future?
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ATL




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




•  Study graphene: carbon super-material for the future!
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Can you think of an application of graphene that might be able to help those who live in the less economically developed parts of the world?


Design an information leaflet or an internet ‘infomercial’ to campaign for investment in the use of graphene to help others.


In your leaflet or infomercial:





•  Describe and explain the science behind the development of graphene as a material.



•  Discuss and evaluate the implications of graphene for commercial use, and consider what other effects graphene might have on our world.



•  Be sure to use scientific terminology accurately and document all your sources using a recognized referencing and citation standard.
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Assessment opportunities


This activity can be assessed using Criterion D: Reflecting on the impacts of science.
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SOME SUMMATIVE PROBLEMS TO TRY



Use these problems to apply and extend your learning in this chapter. The problems are designed so that you can evaluate your learning at different levels of achievement in Criterion A: Knowledge and understanding.
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THIS PROBLEM CAN BE USED TO EVALUATE YOUR LEARNING IN CRITERION A TO LEVEL 1–2





1  a Interpret Robert Hooke’s diagram and the scale given to estimate the length of the flea’s hind leg.
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    b If your eye has a resolution of 0.5 × 10−3 m, calculate the magnification of lens needed to be able to clearly see the flea’s leg.


    c State a suitable instrument to use for this.
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THIS PROBLEM CAN BE USED TO EVALUATE YOUR LEARNING IN CRITERION A TO LEVEL 5–6





2  Describe how you would make observations of each of the objects below.
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Using Powers of Ten or one of the other websites from earlier in this chapter, estimate the powers of ten for measurements in the table below (the first one is done for you).






	Object

	Diameter (m)






	nucleus

	10−15







	atom

	 






	Sun

	 






	Solar System

	 






	edge of Milky Way galaxy

	 







Estimate how many atoms can fit, end to end, in a piece of material 1 mm long.


Estimate the volume of a sphere of the same material, and so deduce how many atoms would fit inside the sphere.


A scientist makes the following proposal: ‘The scale of things in the Universe follows a regular pattern. For example, the ratio of the size of an atom compared to the size of its nucleus is about the same order of magnitude as the ratio of the size of the Solar System to the size of the Sun.’ Analyse and interpret the data in the table and so state whether you think the scientist is correct, or not.
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THIS PROBLEM CAN BE USED TO EVALUATE YOUR LEARNING IN CRITERION A TO LEVEL 7–8





3  The diagrams in Figure 1.29 all show arrangements of carbon atoms.
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     a Analyse the diagrams to suggest patterns that they have in common, and any differences you can see between the different arrangements.


            The first diagram shows the structure of diamond. The last diagram shows the structure of graphite. Compare the following physical properties of diamond and of graphite: hardness, malleability (flexibility), strength.



     b Explain the differences in the physical properties of diamond and that of graphite in terms of the arrangements of atoms shown.


            The second diagram shows a molecule known as buckminster-fullerene.


            Suggest what properties you think this substance will have, in comparison to diamond and graphite. Explain your reasoning.


            Graphene is a form of carbon that consists of very thin layers fewer than 10 atoms thick.


            Estimate the average thickness of a layer of graphene.


     c Artists’ pencils often use graphite. If a pencil line is 10−4 m thick, calculate how many layers of graphite there are on the paper.


     d Both graphite and graphene are semiconductors, which means they can conduct electricity, although their resistance is relatively high when compared to conductors like metals. Diamond is not a conductor of electricity (it is an insulator). Electrical conduction occurs where movable electrons are available to carry electric charge.


            With reference to the differences in the molecular structures given above, explain the differences in conductivity of these different forms of carbon.
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Reflection


In this chapter we have explored ways in which we have extended the range of observations that we can make using instruments such as microscopes and telescopes. We have seen how new observations at different scales have revealed patterns and structures in the way forces and matter work together at all scales. We have discussed how humanity elaborates special techniques for isolating variables with a scientific method, and we have used those techniques to relate the properties of materials to their underlying structure.
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  Relationships  


  Interactions  


  Identities and relationships  


2 How do forces and matter interact?


Through identifying relationships of similarity and difference, we understand how force and matter interact.
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IN THIS CHAPTER, WE WILL …





•  Find out how observations of nature have led us to identify fundamental forces that interact with matter in different ways.



•  Explore three kinds of force closely: gravitation, electrical and magnetic forces, and analyse how these forces affect the matter around them.



•  Take action and explore the way metals can be recycled using electromagnetic force.
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CONSIDER AND ANSWER THESE QUESTIONS:


Factual: What forces are there? How strong are different forces? What is the strongest force? What is the weakest force?


Conceptual: How do forces and matter interact? How far do forces reach? Where do forces begin and where do they end? What holds the Universe together? What stops the Universe from collapsing in on itself?


Debatable: Is any force more important than others across the Universe? Can we control natural forces?


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




•  Critical-thinking skills


•  Information literacy skills
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KEY WORDS


attract


field


repel
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We will reflect on this learner profile attribute …




•  Thinker – we will be using critical-thinking skills to analyse observations and deduce properties of force fields.
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Assessment opportunities in this chapter




•  Criterion A: Knowing and understanding


•  Criterion C: Processing and evaluating


•  Criterion D: Reflecting on the impacts of science





[image: ]








[image: ]




In each of the examples in Figure 2.2, a different force is being used to do useful work. Can you identify the forces in action?


What makes everything ‘stick’ together? This might seem like a strange question, but in the last chapter we looked at how humanity’s ideas about matter – the ‘stuff’ in the Universe – have changed, but have settled on a picture of matter that is made up of smaller and smaller pieces.


If we think about atoms for a moment, what stops atoms coming apart, like a pile of flour? Why, instead, do they stick together, like baking dough?


On the other hand, what stops everything from sticking together? If something makes atoms stick together, why don’t all atoms stick together, so that the entire Universe becomes one big lump of stuff with nothing on the outside?


For many years the answer to these questions was ‘because some matter wants to stick together, and some matter doesn’t!’ Philosophers, such as the ancient Stoics of Milesia in Greece, believed that matter was ‘alive’ and had its own ‘spirit’ or ‘will’. This idea persisted for a long time in European culture, passed down particularly in the works of Aristotle. The idea of matter having a ‘will’ or a ‘mind’ of its own was also used to explain the way things moved or slowed down – as we will see in the next chapter.


Arguably, it was the great mathematician and philosopher Galileo Galilei (1564–1642) of Pisa, in what is now Italy, who suggested that we ought to think of the Universe differently: not in terms of ‘matter with a mind of its own’, rather in terms of matter as inanimate (unmoving) ‘stuff’ with separate ‘forces’ that act on it.


All forces can be attractive or repulsive (Figure 2.3).
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But not all forces show both of these properties to the same degree!



What forces are there? How do they interact with matter?



FORCES IN ACTION


Forces act around the objects that cause them. Each of the different forces originates in a different kind of object.
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ACTIVITY: A forces smorgasbord


Try these simple experiments to investigate forces in everyday action.
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ATL




•  Critical-thinking skills: Evaluate evidence and arguments





[image: ]








1  a Take a balloon and blow it up. Tear up some tissue paper into small pieces, about 0.5 cm square. Rub the balloon on the sleeve of a jersey or coat for about a minute.


    b Predict what will happen when you bring the balloon near to, but not touching the tissue paper.


    c Observe what happens to the tissue paper.



2  a Now take a plastic drinking straw and a small (250 ml) water bottle (a full one is better, since it won’t fall over). Balance the drinking straw on top of the water bottle. Take a plastic ruler and rub it on the sleeve of a jersey or coat for about a minute.


    b Predict what will happen when you bring one end of the plastic ruler near to, but not touching, the drinking straw.


    c Observe what happens to the drinking straw.



3  a Take some grapes, and a strong magnet. (If you don’t have a ‘laboratory’ style magnet, you may find that strong refrigerator magnets will work, especially the ones in the shapes of letters or numbers!)


    b Predict what will happen when you place a grape or two on the table and move the magnet over the top.


    c Suspend one of the grapes from a lab stand using a thin piece of thread and a little tape or glue.


    d Ensure the grape is completely still and not twisting on the thread, then move the strong magnet close to it. Observe what happens to the grape.



4  a Take a lemon, and a small coin. Place the lemon on its side and try to balance the coin on top of it. Easy, isn’t it? Now put the lemon in a bowl of water.


    b Predict what will happen when you try to balance the coin on top of the lemon now.


    c Observe what happens to the coin.








5  Now organize your observations using the following design for a table. Try to suggest ‘provisional’ explanations for what you have observed. The first one has been done for you.
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Inquiry in science


Science is all about inquiry – but how do we know what questions to ask? Scientific inquiry often starts with some preliminary observations which lead us to make a hypothesis about how things work. We can then design an investigation to test the predictions we make.
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DISCUSS


Compare the different properties of the three example forces (gravitational, electrical, magnetic) using the information in Table 2.1. Organize the properties using a Venn diagram. Place forces that attract only in one circle, forces that repel only in the other circle, and any forces that both attract and repel in the intersection.


Which force is the ‘odd one out’?
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Identifying similarities and differences between things is a good way to see patterns and connections – and these help us to understand the bigger picture.
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Physicists have identified four fundamental (basic) forces at work in the Universe. In the above experiments, you have investigated the effects of two of them: gravitational force (gravity), and electromagnetic force. However, electromagnetic force can be ‘split’ and observed as separate electrical and magnetic effects.


The other two forces are a little more difficult for us to measure with simple experiments: they are the strong nuclear force and the electroweak force. These forces only affect the nuclei of atoms and sub-atomic particles. We will return to these in Chapter 11.



How far do forces go? What is the strongest force? What is the weakest force?
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We can only observe the effects of forces indirectly.


The easiest force fields to observe are magnetic fields. The element iron has a strong tendency to form magnetic dipoles and this means that iron exhibits strong magnetism in nature – this is called ferromagnetism.


The Earth itself has a magnetic field due to the presence of iron. The Earth’s magnetic north pole is the region towards which all compasses point. Interestingly, this is not in the same place as the geographic North Pole, which is where the Earth’s axis of rotation passes through the planet’s surface (see Figure 2.6).
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The existence of natural magnets has probably been known by humanity for thousands of years. In the Islamic tradition, the North Pole is often associated with Jabal Qaf, or the furthest point of the Earth – Arab sailors are known to have used primitive compasses to navigate.


If one end of a compass needle points towards the Earth’s magnetic north pole, which pole is located at that end of the needle?
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SEE-THINK-WONDER


Look at Figures 2.7 and 2.8.


What do you see? What does this image make you think? What do you wonder about it?
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ACTIVITY: Observing the form of magnetic fields
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ATL




•  Critical-thinking skills: Evaluate evidence and arguments
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1  Place a magnet under a piece of thin card, and then use a pepper-pot or shaker to ‘sprinkle’ magnetic filings over the region where the magnet is concealed.



2  Observe the patterns produced in the filings in these different cases:







    a a single bar magnet or dipole


    b two same poles close together


    c two different poles close together.








3  Summarize your observations. How does the field differ for different kinds of interaction? Use the words below and a table like the one shown in your summaries.
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attractive


repulsive


approach


avoid
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	For a single magnet

	 






	For two same poles

	 






	For two different poles
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Since iron is so strongly magnetic, small pieces of it will ‘align’ themselves with the lines of force in a nearby magnetic field. We can use this fact to observe the form of magnetic fields.


We can represent a magnetic field by using force arrows which point from North to South (Figure 2.9).
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It is rather more difficult to observe electrical fields in action since this requires quite large quantities of electrical charge. The photographs (Figures 2.11 and 2.12) show an experiment using high voltages to observe the effect of an electric field between two copper plates. Your teacher may be able to show you this in practice.


Electric fields are said to begin on regions of positive charge and end on regions of negative charge.


When the charges are not moving, the field is said to be static.
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DISCUSS


Figure 2.13 shows the field around two different charges.
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Compare the diagram for two different electric charges to your observations for magnetic dipoles in the previous activity on observing the form of magnetic fields.


Predict the appearance of the field for two same charges.


Explain why you think this.
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Sometimes the charges can move around within a particular material, without leaving the material itself. For example, consider our earlier experiment with the straw and bottle (Figure 2.14).
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Gravity is rather the ‘odd one out.’ Certainly, gravitational force travels through space and creates a force field. However, as far as we know there is only one gravitational ‘pole’ or ‘charge’ – all mass behaves in the same way gravitationally, and only attracts other mass.
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ACTIVITY: Measuring Earth’s gravitational field strength
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ATL




•  Critical-thinking skills: Interpret data; Draw reasonable conclusions and generalizations
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A force or ‘Newton’ meter – sometimes called a spring balance – uses a spring adjusted to stretch a known amount for a given gravitational force.


Method


You will need:





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



•  A force meter








1  Hang the force meter vertically from a lab stand.



2  Add masses to the force meter at regular intervals.



3  Measure the force in Newtons produced by each mass you add to the meter.
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Variables


In your experiment plan, clearly identify the variables that are:





•  controlled (those changed, and those kept the same)



•  measured.





Results


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






	Mass m (g)

	Force F (N)






	 

	 






	 

	 







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 be in more or less 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.


So, we can draw a ‘best-fit’ line through as many of the points as possible, or as close to them as possible:
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Link: Mathematics


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.
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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 find this by finding the gradient or slope of the line on the graph:


[image: ]




[image: ]


Link: Mathematics


The Greek symbol Δ or ‘delta’ is often used in equations to represent the change in a variable. For example,


Δx = x2 – x1


Where x2 and x1 are different values of the variable x.
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One way to find the gradient of a line is to draw a right-angled triangle on the graph, as large as possible, so that it encompasses the greatest possible range of results (Figure 2.17).
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Use your graph to calculate the gradient of your line.


Conclusion


State the relationship between mass in grammes and gravitational force.


Evaluation


Evaluate your results. How sure are you that your experiment 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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Remember that an evaluation is a specific thing in science. It doesn’t mean ‘work out a value’ (as in maths), nor does it mean ‘reflect on your progress’. In science, we are evaluating how well the results of our experiment (our observations) actually support the conclusions we draw from them.
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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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The Newton gravitational force is referred to as the weight of an object.


weight = mass × gravitational field strength


w (N) = m (kg) × g


where


g = 9.81 Newtons per kilogramme, N kg−1, on Earth


Notice that the gravitational field strength g for the Earth is actually a little less than 10 Newtons for every kilogramme of mass.


Of course, we are used to thinking of our ‘weight’ in kilogrammes – however, this is a bit misleading. To a physicist, kilogrammes are a measure of mass, the amount of material in your body, and not of the gravitational force produced on it.
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ACTIVITY: Analysing gravitational fields
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ATL




•  Critical-thinking skills: Interpret data; Draw reasonable conclusions and generalizations
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Look at the image from the GRACE satellite. The colours on the image show variations in gravitational field. Red regions indicate relatively high gravitational fields, yellow a moderate field, and dark blue lower gravitation.





1  Suggest how your weight would be different in the blue and the red regions.



2  State what effect the different fields would have on your mass.



3  Suggest what you think might be causing the different regions of gravitational field strength.





Using the equation for gravitational force, calculate your weight if you were standing on the surface of some different objects in our Solar System. Gravitational field strength g on each object is given in the table.






	Place

	Gravitational field strength g at surface (N kg−1)






	Moon

	1.62






	Mars

	3.73






	Jupiter

	25.94






	Asteroid Ceres

	0.26
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Assessment opportunities


In this activity you have practised skills that are assessed using Criterion A: Knowledge and understanding.
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How do forces and matter interact? How far do forces reach?
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ACTIVITY: Lift off! Analysing the variation of gravitational field strength with distance
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ATL




•  Critical-thinking skills: Use models and simulations to explore complex systems and issues; Identify trends and forecast possibilities; Interpret data, draw reasonable conclusions and generalizations
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When spacecraft leave the Earth’s surface, they have to work against the Earth’s gravitational attraction. Fortunately, the further they climb away from the Earth’s mass, the weaker that gravitational field strength becomes.
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Measuring field strength is tricky. One way to do this is to use the variation in weight of a known mass at different distances above the Earth’s surface.
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different charges are attractive: + and —
electromagnetic - electrons in groups of atoms form magnetic | magnetic dipoles interact in different ways:

magnetic groups of atoms | “cipoles with a north end (or | (. ojec e enive: N and N, or S and S
pole) and a ‘south” pole
different poles are attractive: N and S
gravity all mass matter attracts matter only attractive gravitational forces have so far

been observed
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