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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 MYP Sciences, 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.
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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 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 new Hint feature in the on-screen assessment.
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Information boxes are included to give more detail and explanation.
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EXTENSION


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




•  Guidance is given throughout the book about how to apply your knowledge of the scientific process to real-life situations. While the book provides many opportunities to apply the knowledge you have learned in practical ways, you must be an active part in this process. Activities help you explain the ways in which science can be applied and used, and also to discuss and evaluate the implications of using scientific principles to address specific issues. This should give you a better understanding of the issues facing scientists in the twenty-first century. By engaging in these activities, you will also learn the value of consistently applying scientific language to communicate understanding clearly and precisely.
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You are prompted to consider your conceptual understanding in a variety of activities throughout each chapter.
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Links to:


Like any other subject, MYP Sciences 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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Finally, at the end of the chapter you are asked to reflect back on what you have learned with our Reflection table, maybe to think of new questions brought to light by your learning.




[image: ]






  Change  


  Energy, Movement  


  Scientific and technical innovation



1 How do we make it work?


Machines have revolutionized life by making it easier to change energy from stored forms to movement and back again.
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IN THIS CHAPTER, WE WILL …





•  Find out how energy changes form and type, but is never created or destroyed, and how work is done when energy changes.



•  Explore simple machines for doing work and how they make work more efficient, the use of energy resources globally, and some of the problems with global dependency on fossil fuels.



•  Take action to increase access to a simple machine that can make a real difference to people’s lives – a water pump.
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CONSIDER THESE QUESTIONS:


Factual: What is a machine? What do we mean by ‘energy’? How do we measure energetic change? What is efficiency? What kinds of machines are there? What are fuels?


Conceptual: How do energy changes determine chemical change? Will energy ever run out?


Debatable: What have been the good and the bad consequences of using machines to do work?


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 will be useful…




•  Communication skills


•  Collaboration skills


•  Organization skills


•  Information literacy skills


•  Media literacy skills


•  Critical-thinking skills


•  Creative-thinking skills
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KEY WORDS


extract


exploit


mechanism


resource


transform
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We will reflect on this learner profile attribute…


Thinkers – in this chapter, we will think critically and creatively to evaluate different points of view and data.
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Assessment opportunities in this chapter…




•  Criterion A: Knowing and understanding


•  Criterion B: Inquiring and designing


•  Criterion C: Processing and evaluating


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


Theo Jansen is an artist from the Netherlands who makes amazing machines like the one in Figure 1.1. Look at the image, and some of Theo’s other machines at www.strandbeest.com.





•  What do you see?



•  What does it make you think?



•  What does it make you wonder?





Want to find out more? Watch Theo’s TED talk at www.ted.com and search for Theo Jansen.
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What is a machine?
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WHAT MAKES YOU SAY THAT?


On your own: Look at the images in Figure 1.2 and Figure 1.3.


As a class: Answer the following questions with reference to the pictures.





•  What is happening in the images? What is being done?



•  What do the images have in common? What makes them different?



•  What do you see that makes you say that?
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For most of human history, we have relied on nature to directly provide us with energy to do the work we need to do. What couldn’t be done by the power of human muscles had to be done by the power of animals – for example, oxen, horses, donkeys, mules, elephants, yaks … whatever ‘beast of burden’ was available. Like all living things, animals require regular inputs of energy in the form of food. They also require rest after a day of work has been extracted from them. So important were these working animals that their human users often gave them a place to live that was at least as good as their own! Of course, restless humans wanted to improve on what nature has to offer, and dreamt of a ‘beast of burden’ that needed no rest, and whose energy input gave more and more work. The first technological solution to this problem was the steam locomotive.


Machines don’t have to be as complicated as a steam engine or a solar power plant. The very first machines were made by the earliest humans in the form of tools to make the everyday work of survival more efficient. In fact, non-human animals such as higher primates like chimpanzees or bonobos use sticks and other natural implements to help them to do their work.


A machine is really any device or mechanism for helping us to do work more efficiently, by using the least amount of energy to do the most amount of work.
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What do we mean by ‘energy’?



In MYP Sciences by Concept 1, Chapter 4, we inquired into what we mean by energy. Energy is an important concept in science, because it helps us to make sense of changes such a movement or transformation in nature – and we can see how these changes are very closely related. Because energy is an important concept, the word appears in many different contexts – and these changing contexts can make it difficult to have a clear picture of what, exactly, we mean by energy. In researching the concept of ‘energy’ you will discover that energy is often categorized in terms of the form in which it appears. The energy stored in a stretched spring and the energy held in the chemical bonds in a food are both forms of energy. The energy is not ‘different’ as such – energy is energy – the forms are just handy ways for us to visualize what is taking place and how the energy might make itself available to do work.


Energy changes form when it does work. In doing so, it will often change from a ‘stored’ state to an ‘active’ state – that is, it is ‘released’ from a system to cause a change of motion or form. This gives us another way to categorize or think about energy types: as ‘stored’ or potential energy, or as ‘active’ or kinetic energy.


Often it isn’t apparent that something contains energy until the energy changes form. When we eat rice, the chemical energy stored in the rice is released through the chemical reactions of digestion and then cellular respiration to provide us with energy for movement, to keep our bodies working, and as heat. A battery is pretty boring until you connect it to something which releases the energy stored inside (in a chemical form) to make other things happen! All changes are caused by energy – or, to put it differently, all energy is potential or active change.




[image: ]


ACTIVITY: Making sense of energy
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ATL




•  Communication skills: Negotiate ideas and knowledge with peers; Organize and depict information logically
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In this activity you will work individually to research uses of the word ‘energy’, and then work collaboratively to organize your findings according to different applications of energy as a concept.


You will need:





•  A device with an internet connection



•  Large poster paper



•  Marker pens








1  Taster: to get a quick overview of the concept of energy, watch these videos:


    http://ed.ted.com/lessons/a-guide-to-the-energy-of-the-earth-joshua-m-sneideman



    http://energy.gov/eere/education/downloads/energy-literacy-videos




2  In the middle of your poster paper, write the word ENERGY. Choose an icon (image) to represent what you understand by the concept and draw it in the centre.



3  Brainstorm in pairs all the phrases you know containing the word ‘energy’. Tell each other what the phrases are and discuss what you think they mean. Write the ideas down around the middle of the paper. If you think that some of them might be connected or belong together, then write them next to each other in a cluster.



4  Read the energy categories below. Define what you think these categories mean. If you need clarification, search online for definitions.
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	energy types    

	energy forms        

	energy sources






	energy laws

	energy impacts
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5  Choose an icon to represent each of the different categories. Along the edges of your poster, draw your icons and then write down short sentences that summarize what you understand by the categories.



6  Classify and organize the energy phrases into groups by drawing your icons next to them on the energy word cluster you have created.
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Brainstorms, mindmaps and visual Venns


Brainstorming is a way to think creatively, whether individually or in groups. The idea is that you start with a key concept or idea and then write down anything that occurs to you in relation to that concept or idea. The only rules are: don’t keep ideas to yourself, and don’t ‘block’ or judge other people’s ideas. Collaborative brainstorming works well when you know and trust the people you are working with – although it is sometimes equally important that you have quite different points of view! For more information, try online resources such as www.mindtools.com/brainstm.html.


Visual Venns are an adaptation of Venn diagrams, as used in logic and mathematics. Venn diagrams are a visual representation of the way that items are grouped by shared characteristics. Where items in a group share some properties with items in another group, the Venn circles overlap (see MYP Sciences by Concept 1, Chapter 6, for an example). Visual Venns can help you sort and organize ideas, without necessarily structuring them.


Mindmapping is a tool for structuring ideas. Again, start with a central concept or idea – it often works best to represent this as an icon or image of some kind. Then use ‘branches’ out from the central idea to introduce related concepts or ideas that are perhaps subsidiary to (less important, but related to) the central idea. You can then break these branches down again into ‘twigs’. Mindmapping takes you from a big picture to details in a structured way and can be a good way to organize arguments. Find out more by searching mindmapping online.
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ACTIVITY: Stored and active energy
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ATL




•  Information literacy skills: Make connections between various sources of information
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Individually or in pairs: In this activity you will describe different forms in which energy appears, identify real-life objects in which energy is stored or active, and so classify energy as potential or kinetic.


(You may find it useful to review the activity Energy learn and tell, in MYP Sciences by Concept 1, Chapter 4.)





1  Search online or use your own ideas to write descriptions of these different forms of energy. (The first example has been done for you.)









	Energy form

	Description






	Mechanical energy

	Energy held in the physical bonds that hold a material together






	Chemical energy

	 






	Thermal energy

	 






	Electrical energy

	 






	Magnetic energy

	 






	Nuclear energy

	 






	Electromagnetic energy

	 










2  Now identify and connect the objects shown in Figure 1.9 with the energy form(s) they suggest. You may need to connect more than one image with some energy forms. When you have done this, classify the energy forms according to whether they are potential or kinetic in the examples shown.
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Discuss: Was it difficult to decide on the energy form for any of the images? Why?
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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: Energy change matrices
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ATL




•  Communication skills: Organize and depict information logically
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Individually: In this activity you will identify some machines in terms of energy changes.


We can represent energy changes using a simple matrix like the one below. One example has been completed to give you the idea. A light bulb is a device for changing electrical energy to light energy, so we begin with the row for ‘electrical’ energy and then move across to the column for ‘light’ energy, and write ‘light bulb’ in the corresponding square.


Notice the arrow in the top left corner of the matrix. This tells us the direction of the energy change.


The diagonal cells from top left are filled in, since no energy change would be achieved by objects in those boxes.





1  Identify and complete the table by writing energy changers in the empty cells.
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2  Explain why it would have been incorrect to write ‘light bulb’ in the first box of the second row.



3  Does the matrix enable us to show all the energy changes taking place in these machines or processes? Explain your answer. Identify and state what other energy changes might be taking place in each of the machines or processes you have selected.







[image: ]


Hint


What do you feel if you put your hand near to (not on!) a light bulb that has been switched on for a while?
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4  Now design your own matrix using three different energy forms. Test your friends by asking them to identify the energy changes and complete your matrix!
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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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How do we measure energetic change?



To make better machines, we need to understand better how energy is changed – and how to measure it. Two people who researched a solution to these problems were James Joule and James Watt – both from Scotland (UK), and both living in the nineteenth century. As perhaps you realized in the Energy change matrices activity, wherever energy is being changed we often feel heat being produced. Joule realized that heat must be a sort of energy. If only he could figure out a way to ‘capture’ the energy in heat, he thought, then surely there must be a way to put that energy to work. In the past, energy was measured in a unit called the calorie – for a clue as to why, find out what the word-stem calor means in Latin, or in languages that derive from Latin such as Spanish. In the science of nutrition, the energy content of food is still sometimes given in calories (see Chapter 3 for more on this). Now we measure quantity of energy in a unit called the joule.


James Joule was interested in understanding better how thermal energy could be used to do useful work, because for some years previously engineers had been devising machines that could turn the heat released from burning coal into work. James Watt and his partner Matthew Boulton had improved the design of steam engines so that they could be used reliably to drive the machinery in factories and mills. They were interested in maximizing the amount of energy that could be gained from a machine in a certain amount of time. This is known as the power of a machine, and Watt’s research in this area of science is acknowledged in the name of the unit for power – the watt.
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The power of a machine is related to the energy we gain from it by this equation:
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or
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where power is measured in watts (W), energy changed in joules (J) and time in seconds (s).


This means that the power of a machine is related to the amount of energy it can change in a certain time.
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Equations are powerful tools in sciences. They help us to calculate exactly how different variables are connected, and so compare and evaluate different relationships in science.
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ACTIVITY: The broken-down car problem
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ATL




•  Critical-thinking skills: Evaluate evidence and arguments





[image: ]





Your science teacher is very fond of her old car. Unfortunately your school is at the top of a small mountain, and she has to drive her clattering old banger up that mountain to school every day! Today, the worst-case scenario actually happened: her car broke down at the bottom of the hill while you and your four friends were walking by.


Of course you volunteered to push your science teacher’s car up that hill…! But how much work will you have to do? And will you be late for school?!


For this problem, you will need to know that the mass of the car = 1.5 tonnes, the mass of your teacher = 60 kg, and the height of the hill, h, = 100 m.





1  How much work will you have to do?





To calculate the work done to push the car from the bottom to the top of the hill, we need to know the energy changed. Remember that
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where weight is a force measured in newtons (N), mass is measured in kilograms (kg) and the gravitational acceleration on Earth has the value g = 10 m s–2.


The amount of work done in using a force to move an object a certain distance is given by
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where work done is in joules (J), force is in newtons (N) and distance moved is in metres (m).


In our case, the object we are moving is the car, and the distance we are moving it is up the hill. In fact, if we make certain assumptions, the distance we are moving the car is the same as if we were lifting it vertically to the top of the hill. So:
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•  Use this equation to calculate the work done in lifting the car up the hill while your teacher is inside steering.
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Hint


Remember that all masses must be in kg. How many kg are in a tonne?
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2  How quickly can you do it?





Notice that the equation for work done above does not include the time taken. It doesn’t matter how long it takes to lift the car up the hill, the amount of energy changed will be exactly the same. The time taken to do the work does become important when we consider the power we can produce. It is also important for your science teacher, since she has half an hour before her first class is due to start! Can you help her get the car to school in time?


Rearranging our equation for power above:
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•  If the average power produced by the muscles of an adult (student) human being is 50 W, calculate the quickest (minimum) time in which you and your friends can push the car to the top of the hill.
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Hint


Remember there are five people pushing the car!
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•  Will your teacher (and you and your friends!) be on time?








3  In part 1, we made a big assumption: that the work done in pushing the car up the hill was the same as to lift it vertically. Is this true? Discuss the assumption you have made, and so evaluate the accuracy of your calculations. State whether the real values would be more or less than those you have calculated.
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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: Feel the power!




[image: ]


ATL




•  Critical-thinking skills: Draw reasonable conclusions and generalizations
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1  Interpret the information in Table 1.1 to estimate the amount of energy changed (work done) by each machine in between energy inputs.



2  State any assumptions you have made in your calculations for question 1.



3  State whether the actual work obtained from these machines would be more or less than your calculated value. Explain your answer.



4  With reference to what you know about energy changes, power and work, describe ways in which the machines have improved over time.
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Assessment opportunities




•  This activity can be assessed using Criterion A: Knowing and understanding.
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Take action! Observing energy use
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ATL




•  Information literacy skills: Process data and report results


•  Critical-thinking skills: Interpret data
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•  Have you ever been reminded by your parents to turn things off after you have used them at home? The energy we use every day has to be generated or extracted from energy resources in nature. In this activity, you will ‘audit’ the energy sources used in your home and make recommendations about how to reduce energy usage in your home.







    •  Carry out an energy audit of your home. Survey every room and write down all the devices or machines that use energy in some form (for example, electricity, gas, coal and so on).



    •  Organize your survey in a table that clearly shows the number of such devices, and the energy source that each uses.
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Hint


Take care! Some machines use energy themselves, while others might be deceptive. A hot-water radiator in a central heating system does not use energy – it is just distributing the energy produced by the central heating boiler. An electric heater in a room, however, itself uses energy.
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•  Research to find out how much power (in watts) each of the machines in your house uses. You may be able to find this out by looking at labels on the back of the devices (see Figure 1.11, for example). Now multiply the power of each machine by the number of such machines in the house. Include this value in your energy audit table.


•  Using your data, identify the five machines in your house that use the most energy.


•  Now write a report for your parents, explaining how you carried out your energy audit. Analyse and summarize your data and suggest how you could minimize the energy use of your house by minimizing the use of these five machines. Discuss the impact this might have on the environment and on your household finances!
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Assessment opportunities




•  This activity can be assessed using Criterion A: Knowing and understanding, and Criterion D: Reflecting on the impacts of science.
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Using spreadsheets


Use a spreadsheet to help organize your energy audit data and carry out the calculations.




1  Organize your data in columns, starting with the name of the device. You can change the width of the columns to fit the labels by dragging the borders of the columns at the top of the sheet, where you see the column labels A, B, C and so on.
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2  Type a formula in column D.


    ‘=’ tells the spreadsheet that you are about to enter a formula, not a number.
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3  With the pointer, select the cell for the first number you want to multiply: the number of devices.
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4  Type ‘*’ – this tells the spreadsheet to multiply the numbers.
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5  With the pointer, select the cell for the second number you want to multiply: the power of the device.
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6  Press enter. You should see the result of the calculation appear in the spreadsheet.
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7  Key in the data for the other devices.


8  To copy the formula for all the devices, select the cell containing the formula with the pointer and then select ‘copy’. (On a PC, press CRTL+C; on an Apple computer, use COMMAND+C.) Highlight the cells that you wish to paste into by pointing and dragging down the column (with the mouse or tracker button held). Paste the formula into these cells (using CTRL+V on a PC or COMMAND+V on an Apple computer).
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What is efficiency?
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Rube Goldberg was a cartoonist and inventor from the United States. In the early twentieth century he became famous for inventing and drawing crazy machines like that shown in Figure 1.12. Other cartoonists, such as Heath Robinson in the United Kingdom and Storm P in Denmark, became famous for similar ideas.


Find out more by searching online for Video: Rube Goldberg machine.


Why would anyone make such an unnecessarily complex machine to carry out a simple task? Of course, this is the point: Rube Goldberg makes us think about what machines are, and why we might use them – or choose not to. Because Rube Goldberg machines have so many complicated stages, they would involve many energy transformations. However, as we saw in the Energy change matrices activity above, there is always more than one energy change going on, and not all the energy that gets changed is then used to do the job we want it to do – the work.
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SEE–THINK–WONDER


Look at Figure 1.12. What do you see? What does it make you think? What does it make you wonder?
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‘Work out’ and ‘energy in’ are both measured in joules (J) – since they are really just energy. Since we are usually doing work for a certain amount of time, it is more useful to write this equation in terms of the power used and the power produced by the machine, so we can substitute in our power equation above to show that


[image: ]


Efficiency doesn’t have a unit of its own, since it is actually a ratio of the two values. However, it is usually given as a percentage:
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In MYP Sciences by Concept 1, Chapter 4, we inquired into the concepts of ‘useful’ and ‘wasted’ energy. For example, the heat produced by a light bulb is considered wasted energy, since we do not use a light bulb as a heater (although we might have to if we had no heater!). The light produced is then the useful work we require the light bulb, as a machine, to do. On the other hand, the heat produced by a heating element in an electric toaster is useful work, but the light that is produced when it glows is wasted energy, because we do not generally use a toaster to light the room. For more detail on this, see MYP Physics by Concept 4&5, Chapter 6.




[image: ]


ACTIVITY: Humans versus automobiles!
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ATL




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


•  Critical-thinking skills: Interpret data
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In this activity, you will carry out some calculations to compare the power and efficiency of human beings and automobiles (cars).


Table 1.2 shows some information about power output and efficiency of some different machines.
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•  Interpret the data in the table. Which machine has the highest efficiency? Which has the lowest? Is this what you expected?



•  Make your own copy of the table. In the columns headed ‘Form of energy’, state the form of energy input and output for each machine.



•  Use the efficiency values in the table to calculate the power input, Pin, for each of the machines.



•  Suggest the forms of wasted energy for each of the machines.



•  Thus evaluate each of the machines in terms of their efficiency and the power they produce. Consider: why do we use expensive automobiles, when they are little more efficient than walking?
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Assessment opportunities




•  In this activity you have practised skills that can be assessed using Criterion A: Knowing and understanding.
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Theo Jansen’s Strandbeest (Figure 1.1) is fascinating to watch. His work draws on a long tradition of human fascination with machines. In the myths of ancient Greece, the god Hephaestus was said to have created mechanical people to work in his foundry, and there are stories of mechanical animals built during the middle ages in China and in the Middle East. In western Europe in the eighteenth and nineteenth centuries, it was fashionable for wealthy people to be entertained by very complex mechanical puppets called automata. The puppets were very life-like and led many to believe that they really were living things. The idea of creating a machine to do work for humans inspired Czech writer Karel Čapek’s 1920 play RUR, or Rossum’s Universal Robots, which introduced the word ‘robot’ into the English language. The purpose of machines is usually to make life easier for us by enabling us to do work with greater efficiency. As our statement of inquiry suggests, machines work by transforming potential energy into movement, or the reverse.
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Links to: Design


While science tries to provide answers to our questions about the universe, technology seeks to provide solutions to the problems we encounter in everyday life. A designer works out the best way to solve the problem, and engineers are the people who make those solutions a reality.
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ACTIVITY: Engineering problems
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ATL




•  Information literacy skills: Use critical-literacy skills to analyse and interpret media


•  Critical-thinking skills: Recognize and evaluate propositions
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Look again at the images of machines in Figure 1.2 and Figure 1.3. For each image, discuss and then outline the following.





•  What is the problem that the machine in the picture aims to solve?



•  How does the machine solve it?



•  What disadvantages might the machine have?



•  In what ways does the machine solve the problem better than the machines in some of the other pictures?





Summarize the ways in which the machines solve the problem of work, using energy chain diagrams.
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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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What kinds of machine are there?



So what are the simplest kinds of machine? In the following activities we will investigate some fundamental kinds of machine: wedges and knives, levers and balances, gears and pulleys.


SPREADING THE LOAD
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ACTIVITY: Under pressure?
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ATL




•  Critical-thinking skills: Interpret data; Test generalizations and conclusions


•  Creative-thinking skills: Make guesses, ask ‘what if’ questions and generate testable hypotheses
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Experiment inquiry question: How does shape affect the amount of force required to cut an object?


Background information: The pressure exerted on a surface is given by the equation
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where pressure is measured in newtons per metre squared (N m–2), also called a pascal (Pa), force is measured in newtons (N) and area is measured in metres squared (m2).





1  Design an experiment that will enable you to measure the force required to cut into some different materials with different shaped objects. You might wish to use some of the following equipment:







    •  Masses


    •  Blocks of wood of different shapes and sizes


    •  Fine sand, dry rice, modelling putty


    •  Millimetre ruler








2  Identify your independent (changed) and dependent (measured) variables. Suggest any other variables that must be controlled in order to ensure your experiment is valid.



3  Outline the expected effect of your independent variable on the dependent variable, with reference to the background information. Predict what will happen in your experiment with the equipment you have chosen to use.



4  Record your data and organize clearly using a table with suitable headings, and showing all measurement units.



5  Interpret your data. Plot a suitable graph to suggest a relationship between your independent and dependent variables, or summarize your findings with reference to your results.



6  In your conclusion, summarize the effect of changing shape (or the independent variable that you identified) on the force required to cut into the material. State whether or not your hypothesis was correct and valid.



7  Evaluate your experiment, stating any difficulties you encountered. Was the experiment valid? Suggest any improvements you could have made.
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion B: Inquiring and designing, and Criterion C: Processing and evaluating.
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