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How to get the most from this book


Transition


The blue ‘Transition’ pages cover the required knowledge you need from earlier study. If you are not confident with the content in the ‘Core’ spreads, or need more help to get started, spend time reading this material and have a go at answering the questions.


Core


The white ‘Core’ pages deliver the content of the AQA KS3 syllabus for each topic. These pages form the majority of the book and you should spend most of your time studying these pages.


Extend


The green ‘Extend’ pages go into extra depth about the material you have studied on the ‘Core’ pages. Have a look at these pages to extend your knowledge and develop deeper understanding of the topic.


Enquiry


The yellow ‘Enquiry’ spreads are in-depth scenarios and activities to complete in class or at home. They will help you to present data, justify your ideas, devise useful questions and so on.





Features you will see


Key words and key facts are highlighted throughout the book.


Common errors highlight areas where students commonly have misconceptions or make mistakes when answering questions.


Before you start answering the questions, study the Worked example.


The Know questions will test your factual recall.


The Apply questions ask you to explain what you have just learnt or use it in unfamiliar scenarios.


The Extend questions are more challenging and allow you to show you really understand the topic and the ideas it covers.


Enquiry questions are short tasks that can be completed in class or at home. They help you to investigate and process data.





Your Learning objectives


On these pages we have included what are called ‘Mastery Goals’ from the AQA Syllabus. These are clear statements of what you need to know and how you should be able to apply the content of your course.


At the start of each major section we have created Learning objectives from the Mastery Goals. The Learning objectives are listed under the headings of Knowledge, Application and Extension.





•  Knowledge: these objectives include important skills that need to be practised for you to become fluent; specific facts that you need to remember, and the important concepts and scientific terms.



•  Application: these objectives are about more than remembering something or repeating a skill that you have mastered. Application is about using your knowledge and skills and being able to apply them to something new.



•  Extension: going beyond Knowledge and Application, Extension provides more-challenging Learning objectives. You may need to analyse how two examples are different (or similar); judge if some information is reasonable; or use what you already know to predict what might happen in a new situation.





There are copies of these Learning objectives on our website that you can print off and use as revision checklists.


You will also find the Knowledge Learning objectives at the start of each chapter, to help you see what you will be learning about.


Of course you should always check with your teacher to make sure that you are working with the most up-to-date copy of the AQA KS3 Science Syllabus and the Learning objectives that you are working towards.







Forces





 





Learning objectives
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1 Speed
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Your knowledge objectives


In this chapter you will learn:





•  about the effect of a resultant force on the motion of an object





See page 7 for the full learning objectives.
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Transition: On the move


Look around and you will see lots of different things moving. Cars and buses on the road. People walking down the street. Runners in a race. The International Space Station orbiting overhead.
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To measure speed we need to know how far the object has moved, and how long it took to travel that distance.
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Key word


Speed How much distance is covered in a certain time.
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A speed camera takes two photos of a moving car, with 0.5 s between the photos. The marks on the road allow measurement of the distance the car has travelled.


Comparing speeds


The speed of an object tells you how fast it is going. The faster an object is moving, the quicker it will travel a certain distance. Most people can walk about 5 km in 1 hour. Snails have been measured travelling a distance of about 1 m in 1 hour. People can walk 5000 times faster than snails. Sometimes we need to use different timescales to measure movement. Geologists measured the speed of the Fox Glacier in Antarctica. The glacier only moved a distance of 2 km in 1 year.
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Forces and motion



If there are no forces acting on a moving object it will keep moving until a force is applied. Objects will only change their motion when there is an unbalanced force acting on them.


In ice hockey, once an ice hockey puck is moving, it will keep going at a steady speed until a force is applied. The force might be due to the puck bouncing off the side wall of the ice rink, or being hit by a hockey stick.
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•  You can read more about forces in Pupil’s Book 2, Chapter 1.
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Key facts





•  The higher the speed of an object, the shorter the time taken for a journey.



•  Forces change the motion of an object. An applied force can speed up or slow down the object, or change the direction the object is moving in.
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Common error


In everyday life, moving objects often slow down and stop. Some people think there are no forces acting on them. However, there is a force due to friction. That is why the motion we see changes.
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Common error


When comparing the speed of two objects, sometimes people only look at the number. To correctly work out which object is moving faster, the unit is also important. To compare objects you need to use the same units for speed for them both.
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Worked example
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Ali can walk 5000 m in 30 minutes. If her speed stays the same, how far can she walk in 1 hour?
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The time Ali is walking for has doubled, so the distance must also double. She will walk 10 000 m.


Apply





1  Put the objects in the picture in order of how fast they move, with the slowest first.



2  Two lorry drivers are making a delivery. They both have to drive 48 km to a town. Sam travels at an average speed of 40 km per hour and Marie travels at an average speed of 50 km per hour. Who will get there first? Explain why.



3  An eagle flies 120 m in 10 s. How far will it fly in:







    a)  20 s?


    b)  100 s?


    c)  5 s?
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4  Ali can jog twice as fast as she walks. If she can walk 5000 m in 30 minutes, how long will it take her to jog 5000 m?
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Core: Calculating speed



To work out the average speed something is moving, we need to know how far it has travelled, and how long it took to travel that distance.
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Key word


Average speed The overall distance travelled divided by overall time for a journey.
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We can use the equation:
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Worked example
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A pigeon can fly 60 m in 3 s. What is the average speed of the flying pigeon?
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The units for speed depend on the units used for distance and time. If the distance is in metres (m) and the time in seconds (s) then the speed is measured in metres per second (m/s).


For slower speeds, we can use units of metres per hour (m/hour) or even metres per year (m/year). If you’re travelling in a car, you might use miles per hour (mph).
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Finding speed from a graph


For some journeys the speed might be different at different times. Average speed doesn’t show this.


We can use a graph to tell the ‘story’ of a journey and show the different speeds at different times. Distance travelled is plotted on the vertical axis, and the time it took to travel this distance is plotted on the horizontal axis.
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Amal leaves home and walks for 480 s to reach the nearest post box, which is 1200 m away. She then meets up with her friend and continues to walk for 720 s to the local park, which is 1080 m away. They find a bench and sit and talk for 1200 s. The graph represents Amal’s journey.
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The gradient of a distance–time graph can also be used to calculate an object’s speed.
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A car is driving above the speed limit. The driver notices a speed camera by the side of the road ahead and puts the brakes on. She slows down to below the speed limit. The distance–time graph for her journey is shown in the graph below.
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In this graph the line is curved, and the gradient decreases. The speed of the object is changing and getting slower. The object is moving less distance in the same amount of time.
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Key facts





•  A horizontal line on a distance–time graphs shows that the object is not moving at that point in time.



•  A straight diagonal line on a distance–time graph shows that the object is moving at a steady speed.



•  The gradient (or slope) of a graph shows how steep the line is. It is calculated by dividing the change in the y-axis value by the matching change in the x-axis value.
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Worked example
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The graph shows the distance–time graph for the car that is being pushed by Teresa and Salim.




(a)  Describe what is happening to the speed of the car between 0 and 4 s.


(b)  Calculate the speed of the car between 5 and 10 s.


(c)  Calculate the average speed of the car.


(d)  Explain why your answers to (b) and (c) are different.
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(a)  The speed of the car is increasing, because it moves a bigger distance every second.


(b) [image: ]


(c) [image: ]


(d)  Between 0 and 5 s the car starts from 0 m/s and slowly increases in speed. This makes the average speed lower than the steady speed between 5 and 10 s.





Know




  1  What two quantities do you need to know to calculate the average speed of a cyclist?


  2  Beth has found out that bamboo plants can grow at 10 cm per day. The willow tree in her garden grows 1.8 m in 4 months. How can Beth compare the growth rate of the two types of plant?


  3  How does a distance–time graph show:







      a)  a steady speed?


      b)  an object that is not moving?





Apply




  4  A robin flies 80 m in 10 s. What is the robin’s average speed?


  5  The two hot air balloons shown both set off at the same time. One balloon travels 32 km in 2 hours before landing. The other balloon travels 11 km in 1 hour. Calculate the average speed for each balloon.


  6  Usain Bolt ran 100 m in 9.58 s. Calculate his average speed.
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  7  Holly cycles to Luke’s house. She waits until Luke is ready, and then they cycle to school together. This is the distance–time graph for their journey.
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      a)  Calculate Holly’s speed as she cycles to Luke’s house.


      b)  How long does Holly wait for Luke?


      c)  Calculate Holly and Luke’s speed as they cycle to school.


      d)  Calculate Holly’s average speed for the whole journey.





Extend




  8  André was in a bike race. His average speed was 11.5 m/s. He finished the race in 9788 s. Calculate the distance André cycled during the race.


  9  UK speed limits are usually given in miles per hour (mph). 1 mile is equal to 1609 m. An ambulance is driving on a motorway at 85 mph. What is this speed expressed in m/s?



10  Every autumn, Gray whales travel about 11 000 km so that they can have their young in warmer waters. Gray whales can swim at an average speed of 2 m/s. Calculate how long it takes the whales to travel to the warmer waters.



11  Sketch distance–time graphs to show the following:







      a)  a runner travelling at a steady speed


      b)  two race horses that start from the same place, but one is moving faster


      c)  a child walking from their house to a local shop, waiting at the shop for a while, and then jogging home.


      d)  a car slowing down over a speed bump, and then speeding up again.





Enquiry





12  A sports scientist measured the effect of wind on how fast athletes could run a 100 m race. She measured the time it took to run 100 m when the athlete was running into the wind. This table shows five different wind speeds (in m/s).
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      a)  Plot a graph of race time (on y axis) against wind speed (on x axis).


      b)  Describe the pattern shown by your graph.


      c)  Use your graph to estimate how long the athlete would take to run 100 m if the wind speed was 0 m/s (i.e. no wind).
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Core: Relative speed


If you are standing by the side of a road, a car travelling at 70 mph goes past very quickly. However, if you’re sitting on a train travelling at 100 mph going past the same car, then you will overtake it. It will appear to move backwards.
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The International Space Station (ISS) orbits the Earth at over 7600 m/s. There are usually three or six people living on the ISS at any one time. Every few months, new supplies are flown to the ISS by uncrewed spacecraft such as Dragon.
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To safely dock and connect, the ISS and the spacecraft have to travel at the same speed. This means that their relative motion is zero.
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Key word


Relative motion Different observers judge speeds differently if they are in motion too. An object’s speed is relative to the observer’s speed.
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The relative speed of objects depends on their relative motion. Calculating relative speed depends on whether objects are moving in the same direction or in opposite directions.
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Acceleration


If we measured Libby’s speed on the slide, every second she would go a little bit faster than before. Her acceleration shows how quickly her speed increases.
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Key word


Acceleration How quickly an object’s speed increases or decreases.
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When a driver presses the brakes in a car, the car’s speed will reduce every second until it stops. This is often called deceleration.
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Worked example
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Two lorries are travelling on a motorway. The yellow lorry is travelling at 55 mph. The red lorry is travelling at 58 mph. Calculate the relative speed of the red and yellow lorries.
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The two lorries are moving in the same direction therefore:
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Apply





1  Libby is on a slide that is 8 m long, and it takes her 5 seconds to reach the bottom. Calculate Libby’s average speed as she goes down the slide.



2  This is the distance–time graph for Josh’s cycle to school. Which section of the graph, A, B, C or D, shows where Josh was:







    a)  travelling at a high steady speed?


    b)  travelling at a low steady speed?


    c)  accelerating?
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3  Asha and Desiree are running a 4 × 100 m relay race. Asha has the baton and is running at 9.6 m/s. How fast should Desiree run so that the relative speed between her and Asha is 0 m/s?



4  Rhiannon and Areti are running a marathon. They both pass a checkpoint at the same time. As they go past, Rhiannon is running at 2.3 m/s and Areti is running at 2.5 m/s. Calculate the relative speed of the two runners to each other.



5  Pavel is throwing a ball for his dog. He throws the ball at a speed of 15 m/s. The dog runs after the ball at a speed of 20 m/s. Calculate how fast the ball is moving relative to the dog?



6  Oliver is standing at the top of a down-escalator. Amy is standing at the bottom of an up-escalator. Both escalators are moving at 0.75 m/s. Calculate the relative speed of Oliver and Amy as they pass each other.





Extend





7  Joe is walking at a speed of 1 m/s along a moving walkway at the airport. The surface of the walkway is moving at a speed of 0.5 m/s in the same direction Joe is walking. Kylie is standing still by the moving walkway. Calculate how fast Joe appears to be moving from Kylie’s point of view.



8  A 5 m long tractor is driving on a dual carriage way at 40 km/hr. A motorcaravan starts to overtake the tractor at a speed of 42 km/hr. The motorcaravan needs to travel a distance of 24 m past the tractor before it can safely pull in front. Calculate how many seconds it takes the motorcaravan to overtake the tractor and pull in.





Enquiry





9  Alex is rolling a ball down a ramp. Alex thinks that if the height of the ramp is increased, the ball will be moving faster as it reaches the bottom of the ramp. Describe the measurements Alex would need to take to test his hypothesis. Identify the independent and dependant variables in the experiment.
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Key word


Hypothesis An explanation you can test which includes a reason and a ‘science idea’.
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Extend: Bloodhound SSC



Bloodhound SSC is a supersonic car which is designed and built to set a world land speed record of 1000 mph (447 m/s). The land speed record of 763 mph was set in 1997.
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The Bloodhound project started in 2008, and many different people have been involved with the design of the car. Some of the different types of careers in the project include:





•  materials scientist



•  aeronautical engineer



•  design engineer



•  electrical engineer



•  computer scientist and programmer



•  journalist



•  racing driver



•  graphic designer.
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•  You can find out more about Bloodhound SSC on their website: www.bloodhoundssc.com
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Tasks





1  Use a careers website to research one of the careers involved in the Bloodhound project. Explain why someone with the career you have researched would be needed in the project.





Computer scientists have used computer models to calculate the motion of the car. The table shows a simplified set of data for one run of the car.


Using computer models lets the engineers test different variables to see how they might affect the motion of the car.





2  Suggest why the Bloodhound engineers are using computer models to help them design the car.



3  Plot a graph of distance (on the y axis) against time (on the x axis).



4  Calculate the average speed of Bloodhound over the whole journey time.



5  To break the land speed record, Bloodhound will have to travel at 447 m/s for at least 1 km of the journey. Use your graph to evaluate if the car would break the land speed record using this model of its motion.
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The Bloodhound team, with the help of a geographer, also had to find the right place for the record run to take place. They used Google Earth to search the world for a large area that could be used as the record run track.


There are a number of factors that the team looked for:




    •  perfectly flat and smooth area


    •  at least 19 km long and 5 km wide


    •  no plants or trees nearby


    •  dry weather for a large part of the year


    •  accessible for large trucks.
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6  Suggest why the team have chosen a desert as the run location.
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7  This is a map of Hakskeen pan.







    a)  Use the scale bar to measure the size of Hakskeen pan.


    b)  Use your answer to (a) to decide if Hakskeen pan is big enough to be the record run track.
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Enquiry:


What affects the speed of a toy car on a slope?


Child’s play


If you put a toy car at the top of a slope, it will start to move down the slope. This effect can be used to make the toy shown on the left. The toddler puts the car at the top of the ramps, and it moves along. At the end of each ramp, the car ‘jumps’ onto the next one. The car speeds up as it goes down each ramp. This is quite exciting when you’re two.
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The angle of the slope will change the speed of the car on the ramp. This will affect how much fun the toy is to play with. If the slope is too shallow, the car moves slowly and isn’t much fun. If the slope is too steep, the car moves too fast at the end and can ‘overshoot’ the next ramp.
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1  Name two other factors that might affect the speed of a toy car at the end of a slope.
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Measuring speed


We can use a simplified model of the ramp racer toy to investigate how the angle of the slope affects the speed of the car.




[image: ]




Method 1: Using average speed.


A stop watch is started as the toy car is released at the top of the ramp. When the car passes a point a known distance down the ramp the timer is stopped. The average speed is equal to distance/time.


Method 2: Using speed at the bottom of the ramp.


A 10 cm long piece of card is attached to the car. A light gate is put at the bottom of the ramp and connected to a datalogger. The datalogger starts timing when the card blocks an infrared beam of light across the light gate, and stops timing when the beam is detected again.
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2  Give one advantage and one disadvantage for each method of measuring the speed of the toy car.



3  Explain how the datalogger would use the data to calculate the speed of the car.
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Gathering data


Carol decided to use method 2. She used the equipment shown to measure the speed of a toy car at the bottom of a ramp. The data are given in the table.
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  4  Suggest what factors Carol kept constant when taking the data.


  5  Why did Carol take three measurements of speed for each angle?


  6  For the measurements at 5°, the third run speed was 63.487 cm/s. Carol did not use this result and took another measurement at the same angle. Explain why she did this.


  7  Complete the table by calculating the values for the missing mean run speeds.


  8  Plot a graph of speed (on the y axis) against ramp angle (on the x axis).


  9  The datalogger and light gate can measure the time to 1000th of a second (three decimal places). Discuss whether this is a useful number of decimal places for plotting your graph.



10  Use your graph to describe how the speed of the toy car changes as the angle of the ramp increases.
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2 Gravity
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Your knowledge objectives:


In this chapter you will learn:





•  about the difference between mass and weight



•  that every object exerts a gravitational force of attraction on every other object





See page 7 for the full learning objectives.
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Transition: Falling down


Hold a paper cup in mid-air. Let go. What happens? The cup will fall to the ground. From being very young we learn by trial and error that unsupported cups (and other objects) will fall towards the ground.


There is a force due to gravity between the cup and the Earth. It is an attractive force, so the cup is attracted to the Earth, and falls towards it.


An object falling helps us to decide what is ‘up’ or ‘down’. No matter where you stand on Earth, objects will always fall ‘down’.


It’s not just the Earth though. The force of gravity attracts every object to every other object. If you’re reading this book sitting next to someone, then there is an attractive force due to gravity between you both. However, gravity is quite a weak force, so you don’t notice the attraction normally.


Gravity is a non-contact force. An object does not have to be in contact with the Earth for its motion to be changed by the force of gravity.
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Key word


Non-contact force is a force that acts without direct contact.
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Common error


Some people think that only very big objects have a gravitational force. However, there is a force due to gravity between objects even if they are small. Every object attracts every other object.
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The strength of gravity


The force of gravity increases as the mass of an object increases. The force of gravity decreases as the distance between objects increases. The further away from the Sun a planet is, the smaller the force of gravity acting on it.


Isaac Newton was a mathematician and scientist who lived in the 17th century. In 1687 he published a book called Mathematical Principles of Natural Philosophy. In the book he wrote about a theory of gravity.
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There is a story often told that Newton created the theory of gravity while sitting under an apple tree and an apple fell on his head. The story is probably not true.


However, Newton did realise that the force that made apples fall from a tree was the same force that kept the Earth in orbit around the Sun.
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Know





1  What type of force is gravity?





Apply





2  Here is a simplified diagram of rain clouds above four places on Earth. Copy the diagram into your book.







    a)  Draw an arrow from each cloud to show the direction of gravity acting on the rain.


    b)  Explain why you have drawn the arrows in this way.
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3  Patrik puts a cup on the table. He says ‘Gravity is not acting on the cup because it is not falling.’ Explain why Patrik’s statement is wrong.



4  The Voyager 1 spacecraft is over 20 000 million km from the Sun. It has been travelling in space since 1977. Describe how the force of gravity on Voyager 1 has changed during its journey.
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Core: Mass and weight



In everyday life we use the words mass and weight to mean the same thing. In scientific terms they are not the same.


Mass is a property of the object. As long as the object doesn’t change, the mass will stay the same wherever the object is.


The weight of an object is a measure of the force due to gravity acting on the object. The weight of an object can change, even if the mass does not change. The weight depends on where an object is, and what other objects are around it.


The weight of an object can be calculated using the equation:
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Gravitational field strength depends on the mass of the planet and how close you are to it.





•  The larger the mass of the planet, the bigger the value of g.



•  The closer you are to a planet, the bigger the value of g.
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The value of gravitational field strength decreases as you get further away from the surface of the Earth. Mountain climbers would weigh less at the top of a mountain than they did at the bottom of a mountain.


There is a gravitational field around all massive objects. This is the area in which other objects will feel the force of gravity.
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Key words


Mass is the amount of stuff (matter) in an object. Mass is measured in kilograms (kg).


Weight is the force of gravity acting on an object. Weight is measured in Newtons (N).


The area in which an object feels a force is called a field.
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Know





1  Name the force that keeps the International Space Station orbiting the Earth.



2  What two things do you need to know to calculate the weight of an apple?



3  How would the gravitational field strength on the surface of the Earth change if the Earth’s mass increased?
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Common error


Many people think that there is no gravity on the International Space Station (ISS). In fact, the value of g on the ISS is only about 11% less than the value on the Earth’s surface. However, because both the ISS and the astronauts are falling around Earth at the same rate, the effective force due to gravity acting on them makes them appear weightless.
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Key facts





•  Gravitational field strength is given the symbol, g.



•  On Earth, g = 10 N/kg. On the Moon, g = 1.6 N/kg
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Worked example
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Yutu is a Chinese lunar rover. It landed on the Moon on 14 December 2013. Yutu is Chinese for ‘Jade Rabbit’.


On Earth, the mass of the rover was 140 kg.





a)  What is the weight of the rover on the Earth?



b)  What is the mass of the rover on the Moon?



c)  What is the weight of the rover on the Moon?
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    a)  Use weight = mass × gravitational field strength
On Earth g = 10 N/kg
so weight = 140 kg × 10 N/kg = 1400 N



    b)  The mass of the rover doesn’t change on the Moon. It is still 140 kg.



    c)  On the Moon g = 1.6 N/kg
so weight = 140 kg × 1.6 N/kg = 224 N






Apply




  4  Calculate the weight of a 100 g apple.


  5  A sofa weighs 400 N. What is the mass of the sofa?


  6  Georges has a mass of 54 kg. What is his weight?


  7  Suggest how you could lose weight without losing mass.


  8  Copy and complete the table to show your weight* on another planet.
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Extend




  9  The force of gravity acts between any two objects. If the mass of one of the objects is doubled, then the force of attraction due to gravity between the two objects also doubles. Predict what will happen to the force due to gravity between two objects when:







      a)  the mass of one object is increased by 4 times


      b)  the mass of one object is halved.








10  Use the information for the gravitational field strength on different planets given in the previous table to put the named planets in order of mass.





Enquiry





11  When you put ingredients into the bowl of a set of kitchen scales, the downwards force due to gravity moves the scales to show the weight of the object. The scale is marked in kg.







      a)  What is the correct unit that should be marked on the scale? Explain why.


      b)  Anne took a set of kitchen scales to the top of a mountain. She used the scales to measure out the ingredients for a meal. Explain why there may be more of each ingredient than Anne expects.
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Extend: Comparing gravity and other forces



Gravity is a non-contact force. Magnetism is another example of a non-contact force.


When we put a magnet onto a ferrous metal surface, such as a fridge, it stays where it is placed. Although there is a force due to gravity acting on the magnet, the force is not strong enough to pull the magnet to the ground.


A simple fridge magnet lets us compare the relative strength of gravitational and magnetic forces. It shows that magnetic forces are larger than gravity.


The magnetic force can be attractive or repulsive. Gravitational force is only attractive.
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Contact and non-contact forces


Non-contact forces are all due to fields. Objects in the area feel a force due to the field.


Contact forces only occur if objects are touching. Contact forces such as friction and air resistance oppose the movement of an object.


The table compares different forces that you may have already met.
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Anti-gravity and levitating frogs


Gravity is an attractive force. It always acts to pull objects together. This is different from magnetism, which can be attractive or repulsive.


The idea of anti-gravity machines is often found in science fiction. So far, science has not found a way to create a repulsive gravitational force. However, physicists have used other forces to balance the effect of gravity. This makes objects ‘levitate’.


Professor André Geim and colleagues used a very strong magnetic field to make a live frog levitate. The image shows the frog floating in mid-air in the middle of a cylindrical magnet.
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Key fact





•  André Geim is the only person to have won both an Ig-Nobel prize (for his work on levitating frogs) and a Nobel prize (for his work on graphene).
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This is not really anti-gravity, because gravity is still acting on the frog. However, the force due to gravity is balanced by the force due to the magnetic field so the frog floats.
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Task





1  Draw a force diagram to show the size and direction of the two forces acting on the frog as it floats in the magnet.
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Satellites


Artificial satellites are a key part of life today. There are over 4200 satellites in space. Only about 1400 of these are still working. The rest are broken, or have been shut down.


The diagram shows two types of satellite orbit. Both types of orbits are circular.
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The table below gives details of three different satellites currently orbiting the Earth. Other satellites that orbit over the equator are used by military organisations. That means that details about the orbit and mass of the satellites aren’t available.
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Task





2  Use the information in the table to decide if the following conclusions are supported by the data. Explain your answer for each conclusion.
Conclusion 1: Communication satellites need to be close to the surface of the Earth.
Conclusion 2: The force of gravity on MetOp A will be larger than the force of gravity on Iridium.
Conclusion 3: Inmarsat-3 will have the largest force due to gravity.





[image: ]





Enquiry:


Journey to the Moon


The Apollo Program was designed to land human beings on the Moon. Between 1969 and 1972 six Apollo missions landed on the Moon.
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NASA engineers and scientists used physics to work out how fast the rockets carrying the space ships had to travel to escape the pull of Earth’s gravity. They also chose the best flight paths for the Apollo space ships as they travelled between the Earth and the Moon.


The diagram shows a simplified journey to the Moon followed by the lunar missions.
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The Apollo spaceships did not have instruments to measure gravity as they flew to the Moon. We can calculate the value of gravitational field strength, g, that the astronauts would have felt.
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1  At 190 km above the Earth’s surface, gravitational field strength is 9.2 N/kg. Wearing a space suit, an astronaut has a mass of about 160 kg.







    a)  Calculate the astronaut’s weight at 190 km above the Earth.





As the astronauts travelled away from the surface of the Earth, the gravitational field strength on the spaceship decreased. However, near the end of their journey the gravitational field strength on the spaceship started to increase again.




    b)  Explain why the gravitational field strength on the spaceship changed.


    c)  Describe how the astronauts’ weight changed as they travelled from orbit around Earth to orbit around the Moon.
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•  You can find out more about the Apollo Space Program at: http://www.nasa.gov/mission_pages/apollo
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Anti-gravity


In the film Back to the Future, hoverboards use anti-gravity to move around. Imagine if an anti-gravity hoverboard was invented.
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2  Write about the costs and benefits of anti-gravity hoverboards.
In your answer you should consider:







    •  which groups of people could benefit or be harmed by the invention of hoverboards


    •  how could they benefit or be harmed


    •  if there are financial or environmental issues involved.
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Electromagnetism





 





Learning objectives
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3 Voltage and resistance
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Your knowledge objectives:


In this chapter you will learn:





•  that voltage is an electrical push from the battery, or the amount of energy per unit of charge transferred through the electrical pathway.



•  that in a series circuit, voltage is shared between each component while in a parallel circuit voltage is the same across each loop.



•  that components with resistance reduce the current flowing and shift energy to the surroundings.



•  the definitions of the terms: potential difference (voltage), resistance, electrical conductor, electrical insulator.





See page 29 for the full learning objectives.
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Transition: Making things work


It would probably be difficult to count the electrical devices a person in Britain uses each day.


Each device seems very different because when switched on, something different happens. It might move or light up. It might make a noise or warm something up. Often it will be a combination of these. But these changes are all caused by what we call a potential difference or voltage.


Some devices only work when plugged in. Others have a battery which must be replaced or ‘recharged’.
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Key word


Potential difference is the amount of energy shifted from the cell to each unit charge, or from each unit charge to a component, in volts (V). Sometimes called voltage.


[image: ]





Building circuits


To understand potential difference, start with a simple circuit: a cell connected by wires to a lamp (light bulb).
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