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Introduction


About this book


Science for Common Entrance: Physics covers the Physics component of Science at Key Stage 3 and is part of an ISEB-approved course leading to 13+ Common Entrance.


In this book you will explore and investigate the physical processes that affect your everyday life. You will learn about the many forms of energy and how energy is transferred and conserved. You will continue your exploration of forces, learning about motion and speed, about rotation and simple machines and about pressure. You will also learn about waves – and discover more about the properties of light and sound. You will take a closer look at electricity, circuits and magnetism. Finally, you will learn a bit more about the movement of the Earth and how this gives us day and night and our seasons. You will learn about the Universe and about our exploration of our Solar System.


This book is part of a Science for Common Entrance series, which also includes Biology and Chemistry.





•  Biology: In this book you will continue your exploration and investigations into the lives of plants and animals. You will learn something about the ways in which different living organisms, including ourselves, all depend on one another for survival; about how different organisms get their differences, and how they are passed on from generation to generation.



•  Chemistry: In this book you will explore and investigate the properties of different materials. You will see that many of these properties are explained by the fact that materials are made of tiny particles.
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Of course, scientists from the different areas of science work together so don’t be surprised if you are asked to think about some Chemistry as you study Physics, or some Biology as you study Chemistry!


What do we mean by science?


As you go through this book you will continue to build on the scientific knowledge you have already gained. Remember that asking questions about the world around you is the first step to becoming a scientist. Carrying out experiments is a good way for scientists to start finding things out and to begin to answer some of the more challenging questions we have. You will already have got to grips with the idea of conducting fair tests when carrying out experiments and in this book we will give you the opportunity to do many more. You will also see some of the things we have found out from the results of experiments carried out by other scientists.


Notes on features in this book


Words printed in blue bold are keywords. All keywords are defined in the Glossary at the end of the book.


Sometimes you will see the heading ‘Preliminary knowledge’. The material in these sections is a reminder of facts or concepts that you should have learned at primary school. If any of this material is not familiar, take time to ask your teacher or read about the subject in books or online, before moving on.
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Useful rules and reminders and additional notes, looking like this, are scattered throughout the book.
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Did you know?


In these boxes you will learn interesting and often surprising facts about the natural world to inform your understanding of each topic. Sometimes you will find a brief biography of an important scientist. You are not expected to learn these facts for your exam.
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Working Scientifically


Working scientifically is an important part of learning science. When you see this mark you will be reading about the skills and attitudes you need to be a good scientist. You will find out:





•  why we carry out experiments



•  how to plan and carry out experiments



•  how to evaluate risks



•  how we ensure our findings are accurate and precise



•  what we mean by the word ‘variable’



•  how to identify the independent, dependent and control variables



•  how we measure variables



•  what we mean by a fair test



•  how to properly record and display results and observations



•  how to spot patterns and draw conclusions



•  how to calculate results, analyse data and use simple statistical techniques



•  how scientific methods and theories develop as scientists modify explanations to take into account new evidence and ideas



•  about the power and limitations of science and potential ethical issues.
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Investigation


When we think like a scientist we might try to give some sort of explanation for what we observe. We might think that some mice are bigger than others because of what they eat.


In an investigation you will see a brief overview of how to carry out an experiment and how to record and interpret your observations in order to check out an explanation. Sometimes sample data is provided so that you can practise data analysis techniques, presenting data in graphs and charts and interpreting results and drawing conclusions.


The investigations given in this book are not intended as step-by-step instructions – your teacher or technician should provide these and carry out their own risk assessment if you are to carry out the investigation in the classroom. Do not try any of these investigations outside of the classroom without teacher supervision.
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Exercise


Exercises of varying lengths are provided to give you plenty of opportunities to practise what you have learned. Answers are provided in the separate resource, Science for Common Entrance: Physics Answers.
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Go further


When you see this heading, this highlights information that is beyond the requirements of the ISEB 13+ Common Entrance exam. You therefore do not need to remember the detail of this information for your exam, but it is helpful to understand the principles and applications of science described, in order to fully support your understanding of the subject area.
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What is physics?


One dictionary definition of physics is ‘the study of matter and energy, and the interaction between them’. Physics describes many forms of energy – such as kinetic energy, electrical energy, and mass; and the way energy can change from one form to another. Everything surrounding us is made of matter and physics explains matter as combinations of fundamental particles that are interacting through fundamental forces.


Physicists ask really big questions like:





•  How did the Universe begin?



•  How does the Sun keep on shining?



•  What are the basic building blocks of matter?



•  Are matter and energy interchangeable?
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Many physicists work trying to find answers to these types of question and the answers they come up with often lead to unexpected technological applications. For example, much of the technology we take for granted today, including games consoles, smartphones, laptops and DVDs, is based on a theoretical understanding of electrons that was developed around the turn of the 20th century.


Physics doesn’t just deal with theoretical concepts. It’s applied in every sphere of human activity, including:





•  Development of clean and environmentally friendly forms of energy generation. In addition, physicists investigate the most efficient ways of transmitting energy (from a power station to the laptop on your desk, for example).



•  Maintaining health: radiotherapy in treating cancer, diagnosis of life-threatening medical conditions through various types of imaging and laser treatment of eye defects are all based on physics.



•  Developing consumer electronics. The list is very long – plasma TV screens, touch-screen tablets, computer processors, portable media cards for digital cameras and laser reading of DVDs, for example.



•  Construction of buildings, roads and bridges. Physics applies to building design and architecture in a number of ways. Firstly, it helps determine the entire basic structure of a building because physics helps to predict the best way to support weight and maintain stability. Secondly, physics helps us understand which materials are most affected by heat, light, and water. By studying how vibrations affect different structures, engineers are able to design buildings that can withstand natural disasters like earthquakes and hurricanes and also be maintained with the minimum expenditure of energy.



•  Design and manufacture of sports equipment. It is no surprise that Dave Brailsford, the extremely successful manager of the Sky cycling team, employs physicists and engineers to study how to make the lightest, most efficient bicycles. Similarly, Lizzy Yarnold, a gold medalist at the Winter Olympics, has to have a team that understands how to produce a skeleton bob that is strong and will slide rapidly over ice.
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•  The exploration of space. The NASA expeditions to the Moon, and the recent journey of the spacecraft Rosetta leading to the landing of Philae on a comet are certainly applications of physics. So too has been the development of astronomical telescopes to provide us with information about the space beyond the Earth.





So, the applications of physics are everywhere: Physics is amazing!




Investigations in science


Before we launch into this book it is worth pausing and taking some time to go over some of the rules we need to follow in order that we can carry out experiments in a reliable way. These rules apply whether you are studying biology, chemistry or physics.


What is an experiment?


Every day we make hundreds of observations; for example ‘more sugar dissolves in warm water’, ‘that car is moving faster than the other one’, ‘that tree looks bigger today’ or ‘some of the pet mice are bigger than the others’.


When we think like a scientist we might try to give some sort of explanation for what we observe. We might think that some mice are bigger than others because of what they eat. We might think that one sunflower is taller than the one next to it because it is getting more sunshine. Before it is proven, we call this explanation a hypothesis.


An experiment is a way of collecting information to see whether our hypothesis is correct. Before a scientist begins an experiment, he or she will have a definite purpose or aim. The aim of an experiment is a way of stating carefully what you are trying to find out. For example, ‘My aim is to investigate the effect of voltage on current flowing through an electrical component’. Not just, ‘Studying current flow’ or ‘Changing the voltage in a circuit’.


What about variables?


An experiment has the aim of investigating the effect of one factor (voltage applied to an electrical component, for example) on another factor (current flow, for example). These factors can have different values, and so are called variables. In our experiment we can change the values of these variables, so we might apply a greater voltage to one component than we apply to another. Anything that we can measure is a variable.


The experiment must be a fair test


Here are the steps you should follow before conducting an experiment:






	Step 1:

	Write down your hypothesis and identify the variables. (Variables are factors that might affect the results.)






	Step 2:

	Choose which variable you will change. This is called the independent (input) variable.






	Step 3:

	Choose the variable that you think will be affected by changing the independent (input) variable. This is called the dependent (outcome) variable.






	Step 4:

	Decide what equipment you will need to measure any changes. Then go ahead and carry out your experiment.







You are trying to find out whether the change in the independent variable causes a change in the dependent variable.


An experiment will not be a fair test if you change more than one variable at a time. To make sure that the experiment is a fair test, you will need to check that none of the other possible variables is changing.


For example, in the experiment investigating the current flow through a component, it is possible that the current flow might be affected by any of the following factors:





•  the temperature



•  how thick the connecting wires are



•  the size of the component



•  how long the connecting wires are.





These are the variables. If you want to investigate how voltage affects the current flow, voltage is your independent (input) variable, current is you dependent (outcome) variable and all of the other variables must stay the same. These are called the control variables.


Finally, remember to work safely.





•  Always wash your hands after touching plants or animals.



•  Carry equipment carefully.



•  Don’t run in the laboratory.



•  Wear suitable clothing.





How we measure variables


Scientists like you need special equipment to measure any changes in variables. Some of these pieces of equipment, and what you would use them for, are described here.


Measuring length using a ruler


A ruler can be made of wood, metal or plastic. Along the length of the ruler is a numbered scale. One of the benefits of a plastic ruler is that it is usually transparent, so the object to be measured can be seen through it. The following diagram reminds you how to use a ruler.
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Measuring volume using a beaker or a measuring cylinder


Beakers and measuring cylinders can be made out of glass or plastic. Scientists now often use plastic because it is less likely to break and so is safer. However, plastic beakers can’t be used to boil liquids because they would melt and become distorted and useless.


The following diagram shows you how to use a measuring cylinder and a beaker.
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Is it cm3 or ml? Some equipment is scaled in cm3 and some in ml. It really doesn’t matter − 1 cm3 has exactly the same volume as 1 ml.
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Measuring other things


There are other things that scientists want to measure. These include temperature, force and mass. Measuring force is described in Chapter 3. Measuring current flow is also described in this book – see Chapter 9.


Measuring mass using a balance


Mass is the name scientists give to the amount of a substance. You can use a balance (also called a weighing machine or scales) to measure the mass of something. It is very important to remember that if you are weighing liquid in a container, you must subtract the weight of the container. You can do this as follows:






	Step 1:

	Weigh the empty beaker. Note down its mass.






	Step 2:

	Add the liquid and weigh the beaker again. Note down this mass.






	Step 3:

	Subtract the mass of the empty beaker (Step 1) from the mass of the beaker containing liquid (Step 2).







Measuring temperature using a thermometer


Temperature is a measure of thermal energy or heat. Temperature is measured using a thermometer. Traditional thermometers have a thin glass or plastic tube that is filled with a liquid (liquid mercury or more often now a coloured alcohol). These liquids expand when heated and contract when cooled. Numbers are placed alongside the tube that mark the temperature when the liquid is at that level. Today we also have very accurate digital thermometers – see Chapter 1 for more information about how these work.
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Measuring temperature is described in more detail in Chapter 1.


The table gives you a summary of measuring equipment and their uses:
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Exercise 1: Made to measure


Measuring cylinders and beakers are made from either glass or plastic.





1  Give two reasons why glass and plastic are useful materials.



2  Give one reason why glass is more useful than plastic when making measuring equipment.



3  Give one reason why plastic is more useful than glass when making measuring equipment.





Extension questions





4  Look at these diagrams. A scientist has measured the mass and the volume of some water and some alcohol. What can you tell from the measurements?
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5  Minnie is going on a four-hour journey and she wants to take some water. She has a water container that weighs 120 g. She doesn’t want to carry more than 260 g altogether. She would normally drink about 200 ml in four hours.







    (a) What is the maximum mass of water she should take with her?


    (b) What volume of water will this be? Will she have enough for her journey?
Hint: 1 ml of water weighs 1 g.
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Making a record of our results


Results (or observations) are a record of the measurements you have taken during an experiment. There are certain rules about the way you should show these results. They should be recorded in a table, like the one shown below:
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When you look at your results, you may see a certain pattern. It might seem that the greater the voltage that is applied, for example, the larger the current flow.


Your results will be more reliable if you carry out each test more than once, and then take an average (mean) of the results. Why? You might just have chosen one component that doesn’t work in a normal way. If you do the experiment with ten of the same components and work out the average weight, the results will be more reliable.


The mean is calculated by adding together all your results and dividing by the number of repeats. For example, the mean of 3, 2 and 4 is:
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If one or two of the results don’t fit the pattern, the first thing to do is check your measurement. If your measurement was accurate, and you have the time, you can repeat the test to check the ‘odd’ result.


Displaying your results


Sometimes you can see a pattern in your results from the table you have made, but this is not always the case. It often helps to present your results in a different way. Charts and graphs display your results like pictures and they can make it very easy to see patterns, but only if they are drawn in the correct way. There are rules for drawing graphs and charts, just as there are rules for putting results into tables.





•  First of all, look at the variables you measured. If both of the variables have numbers as their values, you should draw (sometimes we say ‘plot’) a line graph. If one of the variables isn’t measured in numbers, you should choose a bar chart.



•  You should always put the independent (input) variable on the horizontal (x) axis and the dependent (outcome) variable on the vertical (y) axis. If you don’t do this, you can easily mix up the patterns between the two variables.
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The title of this graph should be: ‘The effect of the applied voltage on the current flow through and electrical component’. The simple rule is: ‘Effect of (independent variable) on (dependent variable)’.
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In this case the title should be ‘The effect of the colour of the car on the number caught speeding.’


Using graphs


A graph can let you see a pattern between two variables. For example, as voltage increases, so does the flow of current. The graph can also let you make predictions if it shows an obvious pattern. So, you might be able to predict how much current would flow if the voltage were to be increased by a certain amount.


Just before we look at how to do this using a graph, it is worth making an important point about predictions. It can be very useful indeed to make some of your own predictions even before you get started on your experiment. If you do this, it can help you to plan much better experiments. If we take the example of looking at the effect voltage has on the flow of current, we can make a pretty good guess (a prediction) that the greater the voltage applied the larger the measured current will be. We can also start to plan what apparatus we will need and so on.
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Making conclusions


Once you have collected all of your results into a table, and perhaps drawn a graph or chart, you need to sum up what you have found out. This summing up is called a conclusion, and here are some tips:





•  Your conclusion should be related to the aim of your experiment. If your aim was to investigate the effect of voltage on current flow through an electrical component and you saw a clear pattern, then your conclusion might be that ‘the higher the voltage the larger the current flow through a component’.



•  Try to write your conclusion simply. One sentence is often enough but make sure it explains how the independent (input) variable affects the dependent (outcome) variable for your experiment.



•  Don’t just describe your results. For example, in an experiment on voltage and current the statement ‘a big voltage increases current flow’ is really giving only one of your results. A much better conclusion would be ‘the current measured is proportional to the voltage applied’.







1 Energy changes and transfers


What is energy?


Nothing can happen without energy. You use energy when you lift a mobile phone to your ear and the mobile phone uses energy to send a message. Energy is used whenever a force makes something move. The more energy that is used, the greater the force generated and the further something is moved. Energy is used to heat things up; the tiny particles that make up all matter move faster when they are given more energy. Many scientists would say that life depends on using energy. Once the body cannot use energy to keep all its molecules in the right places, then the body is dead! All these different things that energy is used for are examples of work. So, we could define energy like this:


Energy is the measure of:





•  work that has been done




•  work that is able to be done.






There are different forms of energy


Energy can take different forms, including chemical, electrical and thermal. Each is described below.


Chemical energy


The energy stored in a food (see Biology, Chapter 2), a fuel (see Chapter 2) or in an electric cell (a battery; see Chapter 9) is chemical energy. The energy is released during a chemical reaction (burning, for example – see Chemistry, Chapter 7).
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Electrical energy


Energy that is due to electrical charges moving is called electrical energy. For example, electric current in a wire.
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Electrical energy is the most convenient form of energy, because it is so easily converted into other forms, and because it can be transmitted over long distances by wires.
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Thermal energy


Energy due to fast-moving particles in hot objects is called thermal energy. For example, thermal energy is transferred from the open fire to the room and the people sitting in it.
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In addition to chemical, electrical and thermal energy, there is:
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Don’t be confused! An object only has kinetic energy when it is actually moving, not when it is ready to move.
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Force meter

What it measures

Force (and weight)

Units (symbol)
Newtons (N)
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Grams (g) and kilograms (kg)
1000g = Tkg

Stopwatch or stopclock Time Seconds (s) and minutes (min)

(analogue or digital) 60s = 1min
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1000mm = 1m

Thermometer Temperature Degrees Celsius (°C)
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Energy stored in materials
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tightly wound springs in
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can be thought of as
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There are
many
different
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Notice that
these forms of
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about because
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Gravitational (potential)
energy

=

Energy stored in materials that
have been moved upwards, so
that they can now fall down.
For example, a skier at the top
of a mountain, a diver on a high
diving board, or a hammer
about to hit a nail.

Anything luminous gives
out light energy.

Kinetic energy

Energy in objects that are
moving. For example: a
moving car, a moving ball,
amoving
pendulum.

Nuclear energy

Energy due to changes in
the nuclei of atoms. For
example, in the
radio-active fuel in a
nuclear power station.
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from 4 to 6 or 10 to12.
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Prediction: 7 volts means a current of 3.5A

®m The effect of the voltage on the current flow through an
electrical component
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m How to draw a bar chart






