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Getting the most from this book


Welcome to the Edexcel International GCSE (9–1) Physics Student Book. This book has been divided into eight Sections, following the structure and order of the Edexcel Specification, which you can find on the Edexcel website for reference.


Each Section has been divided into a number of smaller Chapters to help you manage your learning.


The following features have been included to help you get the most from this book.
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At the start of each Section you will find the learning objectives for that section.
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DISCUSS • CALCULATE


Try the activity before you start, and then have a look at it again once you have completed the Section to see if your responses are different before and after learning more about the topics.
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PRACTICAL


Practical boxes highlight the practical work covered in the book. They provide hints on key things to remember, or alternative practical work that you can do to help you learn more about that topic.
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TIP


Tips throughout the book will guide you in your learning process.
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STUDY QUESTIONS


At the end of each Chapter you will find Study Questions. Work through these in class or on your own for homework. Answers are available online.
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You will find Exam-style questions at the end of each Section covering the content of that Section and the different types of questions you will find in an examination.
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Formulae and laws have been highlighted so that you can easily find them as you work through the book. Remember that in your exam you will be given some formulae; others you have to memorise.
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Before you try the exam-style questions, look at the sample answers and expert’s comments to see how marks are awarded and common mistakes to avoid.
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EXTEND AND CHALLENGE


When you have completed all the Exam-style questions for the Section, try the Extend and Challenge questions.


[image: ]







[image: ]


ANSWERS


Answers for all questions and activities in this book can be found online at www.hoddereducation.co.uk/igcsephysics


[image: ]







Acknowledgments


The Publisher would like to thank the following for permission to reproduce copyright photographs:


p.1 © Philippe Devanne / Fotolia; p.2 © OLIVIER MORIN / Staff/ Getty Images; p.5 t © Carolina K Smith MD - Fotolia.com, b © jpmatz - Fotolia.com; p.8 © GUSTOIMAGES/SCIENCE PHOTO LIBRARY; p.11 t © Daniel Vorley / Stringer / Getty Images, b © Toutenphoton - Fotolia.com; p.15 © NASA; p.18 © Look and Learn / The Bridgeman Art Library; p.19 © Anton Podoshvin / 123RF; p.20 © Stephen Finn – Fotolia; p.22 © MSPhotographic – Fotolia; p.26 © bytesurfer - Fotolia.com; p.27 © Volvo Car UK Ltd; p.28 © Peter Ginter / Peter Ginter / Superstock; p.29 © SondraP/ iStockphoto.com; p.33 © baranq - Fotolia.com; p.36 © Wally Stemberger; p.49 © Larry Brownstein/ Getty Images; p.50 t © SeanPavonePhoto - Fotolia.com, b © nikkytok - Fotolia.com; p.51 t © photobyjimshme - Fotloia.com, c © ermess - Fotolia.com, b © Aaron Kohr - Fotolia.com; p.52 © Nicky Rhodes - Fotolia.com; p.53 t © Reidos - Fotolia.com, b © Sanguis - Fotolia.com; p.54 © ia_64 - Fotolia.com; p.56 © Dariusz Kopestynski - Fotolia.com; p.58 © TREVOR CLIFFORD PHOTOGRAPHY/SCIENCE PHOTO LIBRARY; p.62 © Calek - Fotolia.com; p.66 © adisa - Fotolia.com; p.69 l © xalanx - Fotolia.com, r © Ricardo Reitmeyer / 123RF; p.75 ©TopFoto/ImageWorks; p.79 © JEAN-LOUP CHARMET/SCIENCE PHOTO LIBRARY; p.85 l © lucielang - Fotolia.com, r © Bondarau - Fotolia.com; p.92 © pljvv / 123RF; p.93 t © Junjie - Fotolia.com, b © MARTIN DOHRN/SCIENCE PHOTO LIBRARY; p.94 © Art Konovalov / Shutterstock; p.101 © Freefly - Fotolia.com; p.102 t © BABAK TAFRESHI/SCIENCE PHOTO LIBRARY, b © Jinx Photography Animals / Alamy; p.103 t © EUROPEAN SPACE AGENCY/SCIENCE PHOTO LIBRARY, c © FRANCK FIFE / Staff / Getty Images, b © Csák István - Fotolia.com; p.105 © Flying Colours Ltd / Getty Images; p.107 © GIPhotoStock/SCIENCE PHOTO LIBRARY; p.109 © Nick England; p.110 © Igor Kali - Fotolia.com; p.112 © BSIP SA / Alamy; p.115 © Grafvision - Fotolia.com; p.126 © ASHLEY COOPER/SCIENCE PHOTO LIBRARY; p.127 t © Zoe - Fotolia.com, b © pixeldigits / istock; p.131 t © Rob Wilkinson / Alamy Stock Photo, b © Alexander Erdbeer - Fotolia.com; p.134 © Nick England; p.136 © nevodka / 123RF; p.138 © AVAVA - Fotolia.com; p.141 t © Image Source Plus / Alamy, c © MGrushin / Megapixl.com, b © Stefan Scheer / Creative Commons; p.142 © Lovrencg - Fotolia.com; p.143 © Mikael Damkier - Fotolia.com; p.147 © Nigel Hicks / Alamy; p.148 © China photos / Contributor / Getty Images; p.149 t © Laurence Gaugh - Fotolia.com, b © Stephen Hill / 123RF; p.150 t © Saskia Massink / 123RF, b © kilukilu /Shutterstock; p.158 © Fotonanny - Fotolia.com; p.159 © DigiMagic Editorial / Alamy; p.160 © ISO400 - Fotolia.com; p.162 tr © Valuykin S. - Fotolia.com, tl © azure / Shutterstock, l © Minik - Fotolia.com, br © Nick England, bl © Gina Sanders - Fotolia.com; p.164 © frantisek hojdysz – Fotolia; p.167 l © Bradford Calkins / 123RF, c © Richard Lindie / 123RF, r © Dmitry Pichugin / 123RF; p.171 © OJPHOTOS / Alamy Live News; p.175 © Wajan - Fotolia.com; p.187 © Jay Pasachoff / Getty Images; p.188 © Stockbyte / Getty Images; p.189 © ALFRED PASIEKA/SCIENCE PHOTO LIBRARY; p.192 © Science and Society Picture Library / Getty; p.193 © sciencephotos / Alamy; p.195 l © Leslie Garland Picture Library / Alamy, r © Martin Bond/Science Photo Library; p.196 © SCIENCE PHOTO LIBRARY; p.197 © Nick England; p.199 © mario beauregard – Fotolia; p.201 YVES SOULABAILLE/LOOK AT SCIENCES/SCIENCE PHOTO LIBRARY; p.204 © Artem Merzlenko – Fotolia; p.207 © TebNad – Fotolia; p.218 © Mark Clifford / Barcroft Media / Getty Images; p.219 © Jack C. Schultz; p.221 © ullsteinbild / TopFoto; p.224 © Science Photo Library; p.226 © NASA / Harrison Schmitt; p.227 © Pamela Maxwell / 123RF; p.228 t © James King-Holmes/Science Photo Library, b © Ton Keone/Visuals Unlimited/Science Photo Library; p.230 t © Centre Oscar Lambret / Phanie / Rex Features, b © Martyn F. Chillmaid/Science Photo Library; p.232 © PUBLIC HEALTH ENGLAND/SCIENCE PHOTO LIBRARY; p.235 © Tim Wright/Getty; p.238 © EFDA-JET/SCIENCE PHOTO LIBRARY; p.248 © neutronman – Fotolia; p.249 t © Dieter Willasch / NASA, b © Galaxy Picture Library / Alamy Stock Photo; p.250 l © David Brewster/Minneapolis Star Tribune/ZumaPress/Corbis, c © NASA / ESA / Hubble Heritage Team, r © NASA, b © Royal Observatory, Edinburgh/AATB/Science Photo Library; p.251 © Brent Hofacker – Fotolia; p.253 © European Southern Observatory (ESO) / Science Photo Library; p.255 © EUROPEAN SOUTHERN OBSERVATORY/Science Photo Library; p.256 l © European Southern Observatory (ESO), c © NASA / ESA, r © NASA; p.258 © NASA, ESA, J. Hester, A. Loll (ASU); p.259 © NASA/ESA/STScI/HUBBLE SM4 ERO TEAM/SCIENCE PHOTO LIBRARY; p.262 © NASA/ESA/STSCI/N.BENITEZ, JHU/ SCIENCE PHOTO LIBRARY, b © NASA / Bjarn Hindler; p.263 t © NASA, c © NASA / ESA & Hubble Heritage Team, b © NASA / ESA & Hubble Heritage Team; p.264 © HALE OBSERVATORIES/SCIENCE PHOTO LIBRARY; p.274 NASA / ESA & Hubble Heritage Team





1



Forces and motion
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When moving in a straight line at a constant speed, balanced forces must act on this surfer.
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By the end of this section you should:





•  be able to plot and explain distance-time graphs




•  know the relationship between average speed, distance and time




•  know the relationship between acceleration, change in velocity and time taken




•  be able to plot and explain velocity-time graphs, and use them to calculate an acceleration and the distance travelled




•  be able to use the relationship between final speed, initial speed, acceleration and distanced moved




•  describe the effects of forces that act on bodies




•  be able to identify different types of force




•  understand how vector quantities differ from scalar quantities




•  be able to calculate the resultant of forces that act along a line




•  know that friction is a force that opposes motion




•  know and be able to use the relationship between unbalanced force, mass and acceleration




•  know and be able to use the relationship between weight, mass and gravitational field strength




•  know that the stopping distance of a car is the sum of the thinking and braking distances




•  be able to describe the factors which affect vehicle stopping distance




•  be able to describe the forces that act on falling objects, and explain why a falling object reaches a terminal velocity




•  know Hooke’s Law and be able to describe elastic behaviour




•  know and be able to use the relationship between momentum, mass and velocity




•  be able to use the idea of momentum to explain safety features




•  be able to use the conservation of momentum to calculate mass, velocity and momentum




•  be able to use the relationship between force, change in momentum and time taken




•  understand Newton’s Third Law




•  know that moment = force × perpendicular distance from the pivot




•  know that the weight of an object acts through its centre of gravity




•  be able to use the principle of moments to analyse the forces acting in one plane.
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CONSIDER • DISCUSS





1  Can you suggest how many forces are acting on the surfer in the photograph?



2  How do they balance to keep him upright and moving forwards?
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1.1 How fast do things move?


Average speed


When you travel in a fast car you finish a journey in a shorter time than when you travel in a slower car. If the speed of a car is 100 kilometres per hour (100 km/h), it will travel a distance of 100 kilometres in one hour.


Often, however, we use the equation to calculate an average speed because the speed of the car changes during the journey. When you travel along a motorway, your speed does not remain exactly the same. You slow down when you get stuck behind a lorry and speed up when you pull out to overtake a car.
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The average speed of an object can be calculated using the equation:
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average speed is in metres per second, m/s


distance moved is in metres, m


time taken is in seconds, s
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Example. A train travels 440 km in 3 hours. Calculate its average speed in m/s.


To solve this problem, you need to remember that 1 km = 1000 m and that 1 hour = 3600 s.


[image: ]


Speed and velocity


The word speed is defined in the previous paragraph. When we use the word velocity we are stating a speed in a certain direction – for example a car has a velocity of 20 m/s in an easterly direction. Often you will find that speed and velocity are used interchangeably. However, in International GCSE Physics we must be careful because sometimes direction is important.
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Definition: velocity is a speed in a defined direction
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Distance–time graphs


When an object moves along a straight line, we can represent how far it has moved using a distance–time graph. Figure 1.2 is a distance–time graph for a runner. He sets off slowly and travels 20 m in the first 10 seconds. He then speeds up and travels the next 20 m in 5 seconds.
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We can calculate the speed of the runner using the gradient of the graph.


Example. Calculate the speed of the runner using the distance–time graph (Figure 1.2)




a)  over the first 10 seconds,


b)  over the time interval 10 s to 15 s.
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You can see from the graph that these speeds are the gradients of each part of the graph.


When you set off on a bicycle ride, it takes time for you to reach your top speed. You accelerate gradually.


Figure 1.3 shows a distance–time graph for a cyclist at the start of a ride. The gradient gets steeper as time increases. This tells us that her speed is increasing. So the cyclist is accelerating.
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We can calculate the speed of the cyclist at any point by drawing a tangent to the curve, and then measuring the gradient.


Example. On the graph in Figure 1.3, a gradient has been drawn at point A, 20 seconds after the start of the ride. Calculate the speed at this time.
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Investigating motion


The purpose of this experiment is for you to be able to determine the speed of an object or a person, by measuring how long it takes something (or someone) to cover a measured distance.


You can design your own experiments, or base yours on the ideas below.


Go outside and mark places at a separation of 2 m. A pupil walks slowly for 10 m, then walks quickly or runs for 10 m. His motion is recorded by ten students with stopwatches; they start their watches as the walker starts, and they record the time that the walker passes.
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TIP


You should be familiar with an experiment to investigate the motion of everyday objects.
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1  Plot a graph of distance against time, draw the best straight lines through the points.



2  Which student was slow to react as the walker passed?



3  Use the graph to determine the walker’s speed:







    a)  over the first 10 m


    b)  over the second 10 m.








4  Explain the significance of the gradient of the graph.
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STUDY QUESTIONS





1  A helicopter flies from London to Paris in 2 hours, covering a distance of 300 km. Calculate the helicopter’s speed in km/h.



2  Curtis cycles to school. Figure 1.5 shows the distance–time graph for his journey.
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    a)  How long did Curtis stop at the traffic lights?


    b)  During which part of the journey was Curtis travelling fastest?








3  A car travels 100 m in a time of 5 s at a constant speed. Sketch a distance–time graph to show the motion of the car.



4  The table below shows average speeds and times recorded by top male athletes in several track events. Copy and complete the table.
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5  Ravi, Paul and Tina enter a 30 km road race. Figure 1.6 shows Ravi’s and Paul’s progress through the race.
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    a)  Which runner ran at a constant speed? Explain your answer.


    b)  Calculate Paul’s average speed for the 30 km run.


    c)  What happened to Paul’s speed after 2 hours?





Tina was one hour late starting the race. During the race she ran at a constant speed of 15 km/h.




    d)  Copy the graph and add to it a line to show how Tina ran.


    e)  Determine how far Tina had run when she overtook Paul.








6  Sketch a graph of distance travelled (y-axis) against time (x-axis) for a train coming into a station. The train stops for a while at the station and then starts again.



7  Determine which of the answers below is the closest to the speed at point B of Figure 1.3.







    a)  4 m/s


    b)  10 m/s


    c)  15 m/s
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1.2 Acceleration


Starting from the grid, a Formula 1 car reaches a speed of 30 m/s after 2 s. A flea can reach a speed of 1 m/s after 0.001 s. Which accelerates faster?
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Speeding up and slowing down


When a car is speeding up, we say it is accelerating. When it is slowing down we say it is decelerating.


A car that accelerates rapidly reaches a high speed in a short time. For example, a car might speed up to 12.5 m/s in 5 seconds. A van could take twice as long, 10 s, to reach the same speed. So the acceleration of the car is twice as big as the van’s acceleration.


You can calculate the acceleration of an object using the equation:
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where acceleration, a, is in metres per second squared, m/s2


change in velocity (v − u) is in metres per second, m/s


v is the final velocity after something has accelerated and u is the velocity before the acceleration.


time, t, taken is in seconds, s
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TIP


The units of acceleration are m/s2
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Velocity–time graphs



It can be helpful to plot graphs of velocity against time.


Figure 2.3 shows the velocity–time graph for a cyclist as she goes on a short journey.
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•  In the first 8 seconds, she accelerates up to a speed of 12 m/s (section AB of the graph).



•  For the next 8 seconds, she cycles at a constant speed (section BC of the graph).



•  Then for the last 4 seconds of the journey, she decelerates to a stop (section CD of the graph).





The gradient of the graph gives us the acceleration. In section AB she increases her speed by 12 m/s in 8 seconds.
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You can also work out the distance travelled by calculating the area under the velocity–time graph. The area under section BC gives the distance travelled because:
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TIP


The area under a velocity-time graph is the distance travelled.
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The distance travelled in the first 8 seconds, the region AB, is calculated using the formula:
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TIP


The gradient of a velocity-time graph is the acceleration.
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STUDY QUESTIONS





1  Which is the correct unit for acceleration?
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2  Explain the meaning of the words:







    a)  acceleration


    b)  deceleration.








3  a)  Write down the equation which links acceleration to a change of velocity and time.


    b)  Use the information at the top of page 5 to calculate the acceleration of:







          i)   the F1 car


          ii)  the flea








4  This question refers to the journey shown in Figure 2.3.







    a)  Calculate the cyclist’s deceleration over region CD of the graph.


    b)  Use the area under the graph to calculate the distance covered during the whole journey.


    c)  Calculate the average speed over the whole journey.








5  The table shows how the speed, in m/s, of a Formula 1 racing car changes as it accelerates away from the starting grid at the beginning of a Grand Prix.







    a)  Plot a graph of speed (y-axis) against time (x-axis).


    b)  Use your graph to calculate the acceleration of the car at:







          i)   16 s


          ii)  1 s.







    c)  Calculate how far the car has travelled after 16 s.
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6  Drag cars are designed to cover distances of 400 m in about 6 seconds. During this time the cars accelerate very rapidly from a standing start. At the end of 6 seconds, a drag car reaches a speed of 150 m/s.







    a)  Calculate the drag car’s average speed.


    b)  Calculate its average acceleration.








7  Copy the table and fill in the missing values.
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1.3 Observing and calculating motion
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An athlete’s trainer used to watch them and time their motion with a stopwatch. Now motion can be tracked with a GPS tracker in great detail. Movement can also be analysed by high speed multiframed photography.


The following practicals show two further ways of analysing motion.



Light gates


The speed of a moving object can also be measured using light gates. Figure 3.2 shows an experiment to determine the acceleration of a rolling ball as it passes between two light gates. When the ball passes through a light gate, it cuts a beam of light. This allows the computer to measure the time taken by the ball to pass through the gate. By knowing the diameter of the ball, the speed of the ball at each gate can be calculated. You can tell if the ball is accelerating if it speeds up between light gates A and B. Follow the questions below to show how the gates can be programmed to do the work for you. The measurements taken in an experiment are shown here.
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1  Explain why it is important to adjust the light gates to the correct height.



2  Calculate the speed of the ball as it goes through:







    a)  gate A


    b)  gate B.








3  Calculate the ball’s acceleration as it moves from gate A to gate B.






Ticker timer


Changing speeds and accelerations of objects in the laboratory can be measured directly using light gates, data loggers and computers. However, motion is still studied using the ticker timer (Figure 3.3), because it collects data in a clear way, which can be usefully analysed. A ticker timer has a small hammer that vibrates up and down 50 times per second. The hammer hits a piece of carbon paper, which leaves a mark on a length of tape.
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Figure 3.4 shows you a tape that has been pulled through the timer. You can see that the dots are close together over the region PQ. Then the dots get further apart, so the object moved faster over QR. The movement slowed down again over the last part of the tape, RS. Since the timer produces 50 dots per second, the time between dots is 1/50 s or 0.02 s. So we can work out the speed:
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1  Work out the speed of the tape in the region QR.



2  Which is the closest to the speed in the region RS?
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Equation of Motion


When an object accelerates in a straight line, the final speed, initial speed, the acceleration and the distance travelled may be connected by the following equation.
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	where  

	
v is the final velocity in metres per second, m/s






	 

	
u is the initial (starting) velocity in metres per second, m/s






	 

	
a is the acceleration in metres per second squared, m/s2







	 

	
s is the distance in metres, m.







Provided the value of three of the quantities is known, the equation can be rearranged to calculate the unknown quantity.


Example. The second stage of a rocket accelerates at 3 m/s2. This causes the velocity of the rocket to increase from 450 m/s to 750 m/s. Calculate the distance the rocket travels while it is accelerating.


Answer.
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STUDY QUESTIONS





1  A model car is rolled down a slope in a laboratory. Describe apparatus and explain how you would use that apparatus to show that the car is accelerating.



2  The graph shows how the velocity of a jet aircraft increases as it takes off from the deck of an aircraft carrier.
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Calculate its acceleration




    a)  during the first second


    b)  between 3 and 4 seconds.








3  An aeroplane can accelerate at a rate of 2.5 m/s2. The plane takes off when it speed reaches 60 m/s. Calculate the minimum length of runway that the plane needs to take off.
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1.4 Introducing forces


A force is a push or a pull. The shot putter pushes the shot and the archer pulls the string on the bow. Forces are measured in newtons, N. Where does the name come from?
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What is a force?


A force is a push or a pull. Whenever you push or pull something you are exerting a force on it. The forces that you exert can cause three things:





•  You can change the shape of an object. You can stretch or squash a spring. You can bend or break a ruler.



•  You can change the speed of an object. You can increase the speed of a ball when you throw it. You decrease its speed when you catch it.



•  A force can also change the direction in which something is travelling. We use a steering wheel to turn a car.
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The forces described so far are called contact forces. Your hand touches something to exert a force. There are also non-contact forces. Gravitational, magnetic and electric forces are non-contact forces. These forces can act over large distances without two objects touching. The Earth pulls you down whether or not your feet are on the ground. Although the Earth is 150 million km away from the Sun, the Sun’s gravitational pull keeps us in orbit around it. Magnets also exert forces on each other without coming into contact. Electrostatic forces act between charged objects.


The size of forces


The unit we use to measure force is the newton (N). The box in the margin will help you to get the feel of the size of several forces.


Large forces can be measured in kilonewtons, kN.
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TIP


The size of some forces




•  The pull of gravity on a fly = 0.001 N


•  The pull of gravity on an apple = 1 N


•  The frictional force slowing a rolling football = 2 N


•  The force required to squash an egg = 50 N


•  The pull of gravity on a 50 kg student = 500 N


•  The tension in a rope, towing a car = 1000 N


•  The braking force on a car = 5000 N
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Vectors and scalars


Vector quantities have both size and direction. Scalar quantities only have size. Speed is a scalar because we only define how fast something is moving. Velocity is a vector quantity because we should define both a size and a direction. Figure 4.3 shows the importance of direction: a helicopter can fly at 150 km/h, it can reach one of three cities in two hours, depending on the direction of travel. When the helicopter flies to Brussels from London, its velocity is 150 km/h on a bearing of 110°.


Force is an example of a vector quantity. Vector quantities have both size and direction. Other examples of vectors are: velocity (the wind blows at 50 km/h from the North); displacement (a car travels 20 km due East). A quantity that has only size is a scalar quantity. Some examples of scalar quantities are: mass (3 kg of potatoes); temperature (20 °C); energy (100 joules).
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Some important forces


Weight is the name that we give to the pull of gravity on an object. Near the Earth’s surface the pull of gravity is approximately 10 N on each kilogram.


Tension is the name given to a force that acts through a stretched rope; when two teams pull on a rope it is under tension.


Friction is the contact force that slows down moving things. Friction can also prevent stationary things from starting to move when other forces act on them.


Drawing forces


Figure 4.4 shows two examples of forces acting on Michael: (a) his weight (the pull of gravity on him) is 800 N; (b) a rope with a tension of 150 N pulls him forwards.
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It is usual for more than one force to act on something. Then we must show all the forces acting. When Michael is pulled by the rope (Figure 4.5), his weight still acts on him, and the floor supports him too – if the floor did not exert an upwards force on him equal to his weight, he would be falling downwards. The force is called the floor’s normal contact force, R. The floor will also exert a frictional force on him, in the opposite direction to that in which he is moving. All these forces are shown together in Figure 4.5.
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Adding forces



When two forces act in the same direction, they add up to give a larger resultant force. In Figure 4.6, for example, two people each push the car with a force of 300 N. The resultant force acting on the car is now 600 N.
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If forces act in opposite directions they may cancel each other out. In Figure 4.5 Michael’s weight, which pulls him downwards, is balanced by the upwards force from the floor. The resultant force is zero; 800 N − 800 N. We say that these forces are balanced. Michael therefore stays on the floor.


There are other forces that act on Michael; the pull from the rope to the right is 150 N, but the frictional force to the left is 50 N. The resultant horizontal force on Michael is therefore 150 N − 50 N = 100 N, to the right.


Resultant force and state of motion


The diagrams in Figure 4.7 show two more examples of how forces add up along a line. In Figure 4.7(a) the dolphin has adjusted his buoyancy so that the upthrust from the water balances his weight; he can now stay at the same depth. In Figure 4.7(b), a car is moving forwards and increases its speed. The push from the engine (900 N) is greater than the wind resistance (700 N), so there is an unbalanced force of 200 N forwards. The car accelerates forwards.
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STUDY QUESTIONS





1  a)  Give three examples of forces that are pulls, and three examples that are pushes.


    b)  For each of the examples of forces you have given, state an approximate value for the size of the force.








2  A fisherman has caught a large fish and has to use two balances to weigh it. Look at the diagram to calculate its weight.
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3  A golf ball is hit off its tee, 200 m down the fairway. Draw diagrams to show all the forces acting on the ball:







    a)  when the ball rests on the tee


    b)  while the club strikes the ball on the tee


    c)  as the ball is in flight.








4  For each of the diagrams state the size and direction of the resultant force.







          i)
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          ii)
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          iii)
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          iv)
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5  Frank’s weight is 800 N and his bike’s weight is 2500 N. Determine the upwards force exerted by the road on his rear wheel.
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6  Calculate the resultant force on this rocket.
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1.5 Forces, acceleration and Newton’s laws of motion


Newton’s laws of motion allowed scientists to calculate how to land a spacecraft on the Moon.


Can you state three equations that they used in their calculations?


What important device do you use every day that was developed as a result of the NASA space programme?
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Newton’s first law: balanced forces



When the resultant force acting on an object is zero, the forces are balanced and the object does not accelerate. It remains stationary, or continues to move in a straight line at a constant speed.


Figure 5.2 and 5.3 show some examples where the resultant force is zero.





•  A person is standing still. Two forces act on him: his weight downwards and the normal contact force from the floor upwards. The forces balance; he remains stationary.



•  A car moves along the road. The forwards push from the road on the car is balanced by the air resistance on the car. The forces are balanced and so the car moves with a constant speed in a straight line.



•  A spacecraft is in outer space, so far away from any star that the gravitational force is zero. There are no frictional forces. So the resultant force is zero. The spacecraft is either at rest or moving in a straight line at a constant speed.





The speed and/or direction of an object will only change if a resultant force acts on the object.
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Newton’s second law: unbalanced forces


When an unbalanced force acts on an object it accelerates. The object could speed up, slow down or change direction. Figure 5.4 shows two examples of unbalanced forces acting on a body.





•  The spacecraft has turned its engine on. There is a force pushing the craft forwards, so it accelerates.



•  The driver has taken his foot off the accelerator while the car is moving forwards. There is an air resistance force that acts to decelerate the car.
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Force, mass and acceleration


You may have seen people pushing a car with a flat battery. When one person tries to push a car, the acceleration is very slow. When three people give the car a push, it accelerates more quickly.


You will know from experience that large objects are difficult to get moving. When you throw a ball you can accelerate your arm more quickly if the ball has a small mass. You can throw a tennis ball much faster than you put a shot. A shot has a mass of about 7 kg so your arm cannot apply a force large enough to accelerate it as rapidly as a tennis ball.


Newton’s second law states that
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•  acceleration is proportional to the resultant force
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•  acceleration is inversely proportional to the mass
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This can be written as an equation:


               [image: ]


resultant force = mass × acceleration


where force is in newtons, N


       mass is in kilograms, kg


       acceleration is in metres per second squared, m/s2
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TIP


When using F = ma, F means resultant force.
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Example. The mass of the car in Figure 5.5 is 1200 kg. Calculate the acceleration.
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Note





•  First we had to work out the resultant force.



•  The acceleration is in the same direction as the resultant force, so the car speeds up or accelerates.
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TIP


When you use the equation F = ma, the force must be in N, the mass in kg and the acceleration in m/s2
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STUDY QUESTIONS





1  a)  A car is stationary on some ice on a road. Explain why the car might have difficulty starting to move on ice.







    b)  A sprinter fixes blocks into the ground to help him get a good start. Explain how these assist him.








2  You leave a parcel on the seat of a car. When you brake suddenly, the parcel falls onto the floor. Explain why.



3  The diagram shows the direction of a force on a model car. Which of the following is a possible state of motion for the car? Explain your answers.







    a)  Staying at rest.


    b)  Beginning to move backwards.


    c)  Moving backwards at a constant speed.


    d)  Slowing down while moving forwards.
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4  Draw all the forces that act on a plane







    a)  just after take off


    b)  while flying at a constant speed at a constant height.








5  Trains accelerate slowly out of stations. Why is their acceleration slower than that of a car?



6  You are in a spacecraft in a region where there is no gravitational pull. You have two biscuit tins, one of which has no biscuits (because you have eaten them) and the other is full. How can you tell which is full, without opening the lid?








7  a)  Calculate the acceleration of a mass of 3 kg, which experiences a resultant force of 15 N.


    b)  Calculate the mass of an object that experiences an acceleration of 4 m/s2 when a resultant force of 10 N acts on it.








8  The figure shows an experimental arrangement for measuring the acceleration of a trolley and then investigating how the acceleration depends on the applied force.
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    a)  The slope of the table is adjusted to compensate for friction. How is this done? Explain why this is important.





In the diagram, the trolley has a mass of 0.7 kg and the three masses each have a mass of 0.1 kg.




    b)  i)   State the accelerating force on the trolley and masses on the string.


          ii)  State the total mass being accelerated by that force.


          iii) Calculate the acceleration you would be expect the masses and the trolley to have when released.





When a student accelerates the trolley, she uses a ticker tape to analyse its motion. She discovers that the trolley accelerates over a distance of 29.4 cm in a time of 0.44 s.




    c)  i)   Calculate the average speed of the trolley over the distance travelled.


          ii)  State the final speed of the trolley after it has travelled 29.4 cm. Why is this twice the average speed?


          iii) Now calculate the acceleration of the trolley.


    d)  i)   Explain how you would use the weights on the trolley to vary the accelerating force, while keeping the mass accelerated constant.


          ii)  Design a second experiment to investigate how the mass of an object affects its acceleration for a constant applied force.
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1.6 Applying forces


When you drop something it accelerates downwards, moving faster and faster until it hits the ground. In 1589 Galileo demonstrated to the crowds in Pisa that objects of different masses fall to the ground at the same rate. He dropped a large iron cannon ball and a small one. Both balls hit the ground at the same time. They accelerated at the same rate of about 10 m/s2. Aristotle, the Greek philosopher, had previously taught that heavier objects fall more quickly.
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Weight and mass


The size of the Earth’s gravitational pull on an object is proportional to its mass. The Earth pulls a 1 kg mass with a force of 10 N and a 2 kg mass with a force of 20 N. We say that the strength of the Earth’s gravitational field, g, is 10 N/kg.


The weight, W, of an object is the force that gravity exerts on it, which is equal to the object’s mass × the pull of gravity on each kilogram.




[image: ]


[image: ]


[image: ]





The value of g is roughly the same everywhere on the Earth, but away from the Earth it has different values. The Moon is smaller than the Earth and pulls things towards it less strongly. On the Moon’s surface the value of g is 1.6 N/kg. In space, far away from all stars and planets, there are no gravitational pulls, so g is zero, and therefore everything is weightless.


Example. Calculate the weight of a 70 kg man on the Moon.
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The size of g also gives us the gravitational acceleration, because:
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The difference between mass and weight


Weight is the pull of gravity on an object. Weight is a force measured in newtons, N. The weight of an object depends on the gravitational field strength of a planet.


The mass of an object is always the same anywhere and is not affected by a planet’s gravitational pull; it depends on the amount of matter in the object. Mass is measured in kilograms, kg.


Mass is also a measure of how difficult it is to accelerate an object.


Since acceleration [image: ] a large mass accelerates more slowly than a small mass, when the same force is applied to each.


Falling and parachuting


You have read above that everything accelerates towards the ground at the same rate. But that is only true if the effects of air resistance are small. If you drop a feather you know that it will flutter slowly towards the ground. That is because the size of the air resistance on the feather is only slightly less than the downwards pull of gravity.


The size of the air resistance on an object depends on the area of the object and its speed:





•  The larger the area, the larger the air resistance.



•  The larger the speed, the larger the air resistance.
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Figure 6.2 shows the effect of air resistance on two balls, which are the same size and shape, but the red ball has a mass of 0.1 kg and the blue ball a mass of 1 kg. The balls are moving at the same speed, so the air resistance is the same, 1 N, on each. The pull of gravity on the red ball is balanced by air resistance, so it now moves at a constant speed. It will not go any faster and we say it has reached terminal velocity. For the blue ball, however, the pull of gravity is greater than the air resistance so it continues to accelerate.


Figure 6.4 shows how the speed of a sky diver changes as she falls towards the ground. The graph has five distinct parts:





1  OA. She accelerates at about 10 m/s2 just after leaving the aeroplane.



2  AB. The effects of air resistance mean that her acceleration gets less as there is now a force acting in the opposite direction to her weight.



3  BC. The air resistance force is the same as her weight. She now moves at a constant speed because the resultant force acting on her is zero.



4  CD. She opens her parachute at C. There is now a very large air resistance force so she decelerates rapidly.



5  DE. The air resistance force on her parachute is the same size as her weight, so she falls at constant speed until she hits the ground at E.
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Driving safely – 1



When you learn to drive, the most important thing you must understand is not how to start, but how to stop. Coming to a halt safely is vital for your own and others’ well-being.


Stopping distance


When you are driving you should be aware of your stopping distance for a particular speed. The stopping distance is the sum of your thinking distance and braking distance. The thinking distance is the distance the car travels while you react to a hazard ahead – it takes time for you to take your foot off the accelerator and apply the brake.
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If you are travelling at 13 m/s, which is just less than 50 km/h (a typical speed in a city) and your reaction time is 0.7 s, your thinking distance will be:
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You will have travelled about 9 m before you begin to brake.


What affects your reaction time?


You will react more slowly if you are tired, so you should take a break from driving every few hours. Some medicines might make you drowsy, so you should not drive if you are taking these medicines. It is illegal to drive under the influence of alcohol or drugs, both of which slow your reactions and impair your judgement. Your reaction time is longer if you are distracted by using your phone or changing your music.


Braking distance


Your braking distance depends on your speed. Table 1 shows typical braking distances for a saloon car. There is a gap in the second column, which you will be able to fill in when you answer Study Question 7.
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Certain factors can increase your braking distance:





•  Icy or wet roads can reduce the grip on the tyres.



•  Gravel, mud or oil on the road can reduce the grip on the tyres.



•  Worn tyres can reduce their grip on the road.



•  Worn brake pads can reduce the braking force.



•  A heavily laden car means there is more mass to slow, so the deceleration is less and the braking distance increased.



•  Your braking distance will be longer if you are going downhill, as gravity is pulling the car forwards.





Visibility


It is dangerous to drive fast when the visibility is restricted by heavy rain, or mist or fog. You need to make sure that you are able to stop within the distance you can see ahead.
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STUDY QUESTIONS





1  A student wrote ‘my weight is 67 kg’. What is wrong with this statement, and what do you think his weight really is?



2  A hammer has a mass of 1 kg. What is its weight a) on Earth, b) on the Moon, c) in outer space?



3  Explain this observation: ‘when a sheet of paper is dropped it flutters down to the ground, but when the same sheet of paper is screwed up into a ball it accelerates rapidly downwards when dropped’.



4  Refer to Figure 6.2 and explain the following.







    a)  Why is the red ball falling at a constant speed?


    b)  Why does the blue ball fall with an acceleration of 9 m/s2?








5  This question refers to the speed–time graph in Figure 6.4.







    a)  Determine the speed of the sky diver when she hit the ground.


    b)  Why is her acceleration over the part AB less than it was at the beginning of her fall?


    c)  Use the graph to estimate roughly how far she fell during her dive. Was it nearer 100 m, 1000 m, or 10 000 m?


    d)  Use the information in the graph at point E to make a rough estimate of the acceleration on landing.








6  The graph (right) shows how the force of air resistance on our sky diver’s parachute changes with her speed of fall.







    a)  State the resistive force acting on her when she is travelling at a constant speed of 5 m/s.


    b)  Explain why your answer to part a) must be the same size as her weight.


    c)  Use the graph to predict the terminal velocity of the following people using the same parachute:







          i)   a boy of weight 400 N


          ii)  a man of weight 1000 N.







    d)  Make a copy of the graph and add to it a sketch to show how you think the air resistance force would vary on a parachute with twice the area of the one used by our sky diver.
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7  List three features that affect:







    a)  The thinking distance for a driver


    b)  The breaking distance of a car.








8  Copy Table 1 and add to it two further columns headed ‘thinking distance’ and ‘stopping distance’.







    a)  Calculate the thinking distances for the speeds listed, assuming your reaction time is 0.6 s.


    b)  Now fill in the stopping distances where you can.


    c)  Plot a graph to show the stopping distances (y-axis) against the speed (x-axis).


    d)  Use your graph to predict the stopping distance for a speed of 25 m/s. Now also fill in the braking distance for a speed of 25 m/s.


    e)  Calculate the maximum safe speed if the visibility is limited to 50 m.
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1.7 Stretching


Our muscles exert forces when they are stretched. An exercise rope helps this woman stretch and tone up her muscles. On most occasions our muscles behave elastically. What does this mean? Describe what happens to a muscle when too much force is applied to it.
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If one force only is applied to an object, for example a car, then it will change speed or direction. If we want to change the shape of an object, we have to apply more than one force to it.


Figure 7.3 shows some examples of how balanced forces can change the shape of some objects. Because the forces balance, the objects remain stationary.





•  Two balanced forces can stretch a spring.



•  Two balanced forces can compress a beam.



•  Three balanced forces cause a beam to bend.
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Sometimes when an object has been stretched, it returns to its original length after the forces are removed. If this happens, the object experiences elastic deformation.


Sometimes an object that has been stretched does not return to its original length when the forces are removed. If the object remains permanently stretched, the object experiences inelastic deformation.


Elastic and inelastic deformations can be shown easily by stretching a spring in the laboratory. When small forces are applied and then removed, the spring returns to its original length and shape. When large forces are applied and then removed, the spring does not return to its original length.


You can also explore elastic and inelastic behaviour with an empty drinks can. When you squeeze the can gently, it springs back to its original shape when you remove your fingers. However, by applying larger forces you can change the can’s shape permanently.


Stretching a spring


For a spring that is elastically deformed, the force exerted on a spring and the extension of the spring are linked by the equation:
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	Where:

	force is in newtons, N






	 

	spring constant is in newtons per metre, N/m






	 

	extension is in metres, m
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The spring constant is a measure of how stiff a spring is. If k is large, the spring is stiff and difficult to stretch. When a spring has a spring constant of 180 N/m, this means that a force of 180 N must be applied to stretch the spring 1 m. The equation, F = k × e, can also be applied to the compression of a stiff spring by two forces. In this case, e is the distance by which the spring has been compressed (squashed).


Example. George uses a spring to weigh a fish he has just caught. The spring stretches 8 cm. George knows that the spring constant is 300 N/m. Calculate the weight of the fish.
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Remember: you must convert the 8 cm to 0.08 m, because the spring constant is measured in N/m.


Investigating the relationship between force and the extension of a spring


Method





1  Set up the apparatus as shown in Figure 7.4. Make sure that the ruler is vertical and close to the spring.



2  Measure the position of the bottom of the spring on the metre rule. This is l0.



3  Extend the spring by placing a 100 g mass on the bottom. This exerts a force of 1.0 N. Measure the new position of the bottom of the spring. This is l1.



4  Calculate the extension of the spring l1 − l0.



5  Now construct a suitable table to record the applied force, original length, extended length and the extension.



6  Add a further weight so that the spring is stretched by a force of 2 N. Record the new length l2, and new extension l2 − l0.



7  Repeat the procedure up to a weight of 6 N.
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Analysing the results





1  Plot a graph of the extension of the spring against the force applied to it.



2  Draw a straight line of best fit through your results.



3  What conclusion can you draw from your results?





Advisory notes





1  Before starting the experiment, check that 6 N is an appropriate force to stretch the spring.



2  Sometimes new springs are compressed. Under those circumstances begin with one weight on the spring, and use that length as l0.



3  Make sure the retort stand is clamped to the bench or weighted down so that it cannot topple over.
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PRACTICAL


Safety: during the investigation you should wear safety glasses.
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Limit of proportionality


The graph in Figure 7.5 shows some typical results as you increase the weights to stretch the spring. In this case you can see that the extension is proportional to the force up to a force of 7 N. This is called the limit of proportionality. Beyond this point there is a greater extension for each weight added to the spring.


The spring constant for the spring can be calculated from the linear section of the graph by dividing the force by the extension:
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The fact that the initial linear extension of a spring is proportional to the Force is known as Hooke’s Law.
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Figure 4.7 (a) The forces balance so the resultant force on the dolphin is zero.
(b) The resultant force on the caris 200 N to the right. This means the car increases its speed.
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