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HOW TO GET THE MOST FROM THIS BOOK



Welcome to the CCEA GCSE Physics Student Book.


This book covers all of the Foundation and Higher-tier content for the 2017 CCEA GCSE Physics specification.


The following features have been included to help you get the most from this book.


Specification points


Check that you are covering all the required content for your course, with specification references and a brief overview of each chapter.
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Tip


These highlight important facts, common misconceptions and signpost you towards other relevant chapters. They also offer useful ideas for remembering difficult topics.
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Show you can


Complete the Show you can tasks to prove that you are confident in your understanding of each topic.
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Test yourself


These short questions, found throughout each chapter, allow you to check your understanding as you progress through a topic.
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Answers


Answers for all questions in this book can be found online at:


www.hoddereducation.co.uk/cceagcsephysics
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Examples


Examples of questions and calculations that feature full workings and sample answers.
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Practicals


These practical tasks contain full instructions on apparatus, method and results analysis and will help develop your practical skills.


CCEA’s prescribed practicals are clearly highlighted.
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Practice questions


You will find Practice questions at the end of every chapter. These follow the style of the different types of questions you might see in your examination and have marks allocated to each question part.
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Level coding


If you are taking GCSE Double Award Foundation-tier you need to study only the material with no bars.


If you are taking GCSE Double Award Higher-tier you need to study the material with no bars, plus: the material with the purple H bar and the material with the orange bar.


If you are taking GCSE Physics Foundation-tier you need to study the material with no bars, plus: the material with the light purple F bar and the material with the orange bar.


If you are taking GCSE Physics Higher-tier you need to study all material in the book, including the material marked with the light purple H bar.
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UNIT 1



1 Motion
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Specification points


This chapter covers sections 1.1.1 to 1.1.7 of the GCSE Physics specification and 1.1.1 to 1.1.6 of the Double Award specification. The relationships between distance, average speed, time and rate of change of speed through practical work are covered. It also introduces graphical methods of describing motion. At the higher tier, students are introduced to the concept of vectors and scalars, and they learn about the terms displacement, velocity and acceleration.
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Distance and displacement


Distance is the separation between two points. For example, the distance between Belfast and Coleraine is 75 km (see Figure 1.1).


We define displacement as distance in a specified direction. The displacement of Belfast from Coleraine is 75 km south-east. Displacement is represented by an arrow – the length of the arrow is proportional to the distance, and the direction of the arrow is in the same direction as the displacement (see Figure 1.2).
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The return journey from Coleraine to Belfast and then back again is a distance of 150 km, but the displacement is 0 km.


The addition of +75 km to –75 km = 0 km (see Figure 1.3).
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We say that distance is a scalar quantity – a quantity with size only – whereas displacement is a vector quantity because it has size and direction.
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Speed



If a car travels between two points on a road, its speed can be calculated using the formula:


[image: ]


If distance is measured in metres (m) and time in seconds (s), speed is measured in metres per second (m/s).


For example, if a car travels from Coleraine to Belfast in 2 hours, its speed is:
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It is unlikely that the car travelled at exactly 37.5 km/h for the whole journey, so this is instead the average speed. The formula for average speed is:


[image: ]


To find the actual (or instantaneous) speed at a particular moment in time, we would need to know the distance travelled in a very short interval of time.
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Test yourself





1  A car travels 800 m in 40 s.







    a)  What is its average speed?


    b)  Why is its actual speed usually different from its average speed?








2  A car has a steady speed of 10 m/s.







    a)  How far does the car travel in 9 s?


    b)  How long does it take the car to travel 220 m?








3  Calculate the average speed of each of the objects shown in Figure 1.5.




[image: ]









    a)  a runner who travels 400 m in 44 s


    b)  a car that travels 210 km in 3 hours


    c)  a shuttle that travels 43 750 km in 2.5 hours.





[image: ]







[image: ]


Example





1  Find the speed of a car that travels 60 m in 3 s (Figure 1.4).





Answer
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It is also possible to calculate the average speed using the following formula:
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2  A car’s speed is increased from 14 m/s to 24 m/s. Calculate the average speed of the car.





Answer
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Show you can


Explain the difference between:





a) distance and displacement



b) speed and velocity.
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Prescribed practical


Investigating how the average speed of an object moving down a runway depends on the slope of the runway


Aims





•  to measure average speed



•  to investigate how average speed varies with the height of the slope





Apparatus





•  Steel ball-bearing



•  runway



•  metre ruler



•  stopwatch
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Method





1  Prepare a table for your results similar to Table 1.1.



2  Measure the length of the slope using the metre ruler.



3  Position the runway so that the ball-bearing is a vertical distance of 20 cm from the desk.



4  Release the ball-bearing and, using a stopwatch, measure the time taken for the ball to travel the length of the slope.



5  Record your result in your table to 2 d.p. in the column headed ‘1’.



6  Repeat this measurement and record your new result in the column headed ‘2’.



7  Repeat this process for slope heights of 30 cm, 40 cm and 50 cm.



8  Record all your times in the appropriate column in Table 1.1 to 2 d.p.



9  Calculate an average time and speed for each slope height.





Results
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Conclusion


Comment on the relationship between the height of the slope and the average speed of the ball-bearing.
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Rate of change of speed



If the speed changes over a period of time (t) it is possible to calculate the rate of change of speed with respect to time, using the formula:
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This rate of change of speed is a scalar quantity and its units are m/s2.
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Example


A car moves from 10 m/s to 30 m/s in a time of 5 seconds. Calculate its rate of change of speed.


Answer
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Velocity


Whereas speed is the distance travelled in unit time, velocity is the distance travelled in unit time in a specified direction.
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Show you can


Prove that 72 km/h is equivalent to 20 m/s.
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In Figure 1.7, car A has the same speed as car B, but a different velocity. Car A’s velocity is 30 m/s due west, while car B has a velocity of 30 m/s due east.


Speed is a scalar quantity but velocity is a vector quantity.


Since displacement is the distance travelled in a specified direction, we can rewrite the formula for velocity as:
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The units for speed and velocity are the same, metres per second (m/s). Occasionally, you will see the units of kilometres per hour (km/h).


The car in Figure 1.8 is moving at a steady, or constant, speed of 20 m/s as it goes around a bend.
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The speed of the car at A, B and C is 20 m/s, but the velocity changes as it travels from A to B to C. This is because velocity is a vector quantity, and although the size of the velocity may be constant at 20 m/s, its direction is constantly changing, so its velocity is constantly changing.


Another formula for average velocity is:
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Example


A stone is thrown vertically downwards so that its velocity increases from 2 m/s to 24 m/s. Calculate the average velocity of the stone.


Answer
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Acceleration



When the velocity of a body increases or decreases, we say it accelerates. Consider the example in Figure 1.9.
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The car starts from rest (initial velocity = 0 m/s), but after 1 second its velocity has increased to 3 m /s. After 2 seconds its velocity has increased by 3 m/s to 6 m/s. We say that the car’s velocity increases by 3 m/s in 1 second due east – i.e. its acceleration is 3 m/s2 due east.


We can define acceleration as the change in velocity in unit time:


[image: ]


Acceleration is measured in metres per second squared, written as m/s2. Since acceleration is a vector quantity, it can be shown using an arrow of appropriate length and direction.


Most importantly, a ‘+’ or ‘–’ sign can be used to indicate whether the velocity is increasing or decreasing. For example:


+3 m /s2 (velocity increasing by 3 m/s every second)


–3 m /s2 (velocity decreasing by 3 m/s every second)


A negative acceleration is called a deceleration.


A uniform acceleration means a constant (steady) acceleration.


If v = final velocity, u = initial velocity, and t = time taken, then v – u = change in velocity.


So acceleration, a, can be found using [image: ], which rearranges to give v = u + at.
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Example





1  A car starts from rest. After 10 seconds, it is moving with a velocity of 15 m/s. Calculate its acceleration.





Answer
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2  A ball is dropped and accelerates downwards at a rate of 10 m/s2 for 5 seconds. By how much will the ball’s velocity increase?





Answer
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Show you can





a) A train has an acceleration of 3 m/s2. What does this tell you about the velocity of the train?



b) A bus has a deceleration of 2 m/s2. What does this tell you about the velocity of the bus?
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Test yourself





4  A car takes 8 s to increase its velocity from 3 m/s to 30 m/s. What is its acceleration?



5  A motorbike, travelling at 25 m/s, takes 5 s to come to a halt. What is its deceleration?



6  An aircraft on take-off has a uniform acceleration of 4 m/s2.







    a)  What velocity does the aircraft gain in 5 s?


    b)  If the aircraft passes a point on the runway at a velocity of 28 m/s, what will its velocity be 8 s later?








7  A ball is thrown vertically upwards in the air, leaving the hand at 30 m/s. The acceleration due to gravity is 10 m/s2. Figure 1.10 shows the positions of the ball over time and a data table.
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Draw a graph to show the motion of the ball. Plot velocity on the y-axis and time on the x-axis.
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Graphs and motion


Graphs are a very useful way of displaying the motion of objects. There are two main types of graphs used:





•  distance–time graph



•  speed–time graph.





Distance–time graphs


A distance–time graph is a plot of distance on the y-axis versus time on the x-axis.


The simplest type of distance–time graph is shown in Figure 1.11.
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This graph illustrates that although the time increases steadily, the distance travelled does not change. The body must be stationary.


A horizontal line on a distance–time graph means that the body is stationary.
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In contrast, the graph in Figure 1.12 shows that the distance is increasing by 5 m every second, i.e. the body is travelling with uniform speed, covering an equal distance in equal units of time.


The slope or gradient of a distance–time graph represents the speed.


The speed of the body in Figure 1.12 is 5 m/s.


[image: ]


When the speed is changing, the slope of the distance–time graph changes. In Figure 1.13, the slope is increasing, which means that the body is accelerating.
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Speed–time graphs


A speed–time graph is a plot of speed on the y-axis versus time on the x-axis.


An example of a speed–time graph for a bicycle is shown in Figure 1.14.
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In the first 4 seconds of its motion, the speed of the bicycle increases steadily. The gradient of the line OA is the rate of change of speed.


[image: ]


From time t = 4 seconds to time t = 10 seconds, the speed of the bicycle remains constant (steady) at 8 m/s. There is no rate of change of speed for the bicycle. The area under a speed–time graph represents the distance travelled.


For example, in Figure 1.14 from time t = 4 s to time t = 10 s:


[image: ]


The distance travelled by the bicycle during this time is 48 m.
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Show you can


Calculate the distance travelled in the first 4 seconds of the motion of the bicycle.
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Displacement–time graphs



A displacement–time graph is a plot of displacement on the y-axis versus time on the x-axis.


This type of graph is very similar to a distance–time graph. The similarity is that a horizontal line on a displacement–time graph means that the body is stationary.


In contrast, the slope or gradient of a displacement–time graph represents velocity and not speed.


Consider Figure 1.15, which represents the movement of a toy car.
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From time t = 0 s to time t = 20 s, the displacement of the toy car increases steadily at a rate of 25 cm in 20 s, which is 1.25 cm/s. The velocity is 1.25 cm/s.


From time t = 20 s onwards, the displacement is 25 cm. The toy car is stationary during this time.


Velocity–time graphs


A velocity–time graph is a plot of velocity on the y-axis versus time on the x-axis.


The simplest type of velocity–time graph is shown in Figure 1.16.


This graph illustrates that while time is increasing, the velocity remains at a constant (steady) 30 m/s. The car is not accelerating.


In addition, the area under a velocity–time graph represents the displacement travelled.
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Tips


As soon as you see a velocity–time graph, two thoughts should spring to mind:





•  The gradient is the acceleration.



•  The area between the line and the time axis is the displacement.
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For example, in Figure 1.16:
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The displacement travelled by the car is 160 m in a specified direction.


In Figure 1.17, OD is the velocity–time graph for a body accelerating uniformly from rest.
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The slope or gradient represents the acceleration of the body.


Furthermore, the area of the triangle OCD gives the displacement travelled.
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Test yourself





8  Copy and complete this table.
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Practice questions




  1  Paul and Jim set off at the same time from their separate houses to travel to a nearby shop.
This table shows the distances travelled by Paul to the shop.
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      a)  Draw a graph of distance against time for Paul’s journey.


(3 marks)





The table below shows the distances travelled by Jim to the same shop.
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      b)  Draw a graph of distance against time for Jim’s journey on the same axes.


(3 marks)


      c)  Use the graphs to answer the following questions.







            i)  Which person is going faster?


(1 mark)


            ii) How long does it take Paul and Jim to travel 11 m?


(1 mark)


            iii) How far apart are Paul and Jim after 2.5 s?


(2 marks)


            iv) Is Paul’s speed steady?


(1 mark)


            v) What is Jim’s average speed?


(3 marks)







  2  Study the velocity–time graph (Figure 1.18) and describe in words the motion of the object.


(6 marks)
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  3  Figure 1.19 shows a velocity–time graph for a car accelerating away from a junction. Calculate:







      a)  the acceleration during the first 5 s


(3 marks)


      b)  the total displacement.


(4 marks)
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  4  The graph in Figure 1.20 represents a journey in a lift in a hospital.
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      a)  Briefly describe the motion represented by







            i)  OA


            ii) AB


            iii) BC.


(3 marks)







      b)  Use the graph to calculate:







            i)  the initial acceleration of the lift


(3 marks)


            ii) the total distance travelled by the lift


(4 marks)


            iii) the average speed of the lift for the whole journey.


(3 marks)





Use a graphical method or formula to answer questions 5–11.




  5  A car accelerates at 3 m/s2 for 10 seconds. It started with a velocity of 20 m/s. Calculate its final velocity.


(3 marks)


  6  An ice-skater moves off from rest (this means that u = 0 m/s) with a uniform acceleration of 3.0 m/s2. What is her speed and distance travelled after 10 s?


(5 marks)


  7  A stone is thrown vertically upwards with a velocity of 20 m/s. Find how high it will go and the time taken to reach this height (assume a = −10 m/s2).


(6 marks)


  8  A stone is dropped down an empty mine shaft. It takes 3 seconds to reach the bottom. Assuming that the stone falls from rest and accelerates at 10 m/s2, calculate:







      a)  the maximum speed reached by the stone before hitting the bottom


(3 marks)


      b)  the average speed of the stone in flight


(3 marks)


      c)  the depth of the mine shaft.


(3 marks)







  9  A helicopter at a height of 500 m drops a package which falls to the ground in a time of 10 s. Neglecting air resistance and assuming the acceleration is constant and equal to 10 m/s2, calculate:







      a)  the time taken for the package to reach the ground


(3 marks)


      b)  the average velocity of the package.


(3 marks)








10  A ball is thrown vertically upwards into the air with a velocity of 50 m/s. Neglecting air resistance and assuming the acceleration is constant and equal to –10 m/s2, calculate:







      a)  the time taken to reach maximum height


(3 marks)


      b)  the maximum height reached by the ball.


(3 marks)








11  A cyclist accelerates from rest at 3 m/s2.







      a)  What is his speed after 5 s?


(3 marks)





He then decelerates at 0.5 m/s2.




      b)  How long will it take for his speed to reach zero?


(3 marks)


      c)  Draw a velocity–time graph for this motion.


(3 marks)








12   John makes a return journey to his local shop to buy a newspaper. In Figure 1.21, Graph A is the distance–time graph and Graph B is the displacement–time graph for the journey.







      a)  Copy and complete Graph B.


(1 mark)


      b)  What is the average velocity for John’s journey?


(1 mark)
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13  A sponge ball is allowed to drop from rest and hits the ground after 3.0 seconds. It rebounds to a new height after a further 1.5 seconds.
The velocity–time graph of the motion is shown in Figure 1.22.
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The part of the graph AB represents the ball rebounding.




      a)  Why is this part of the graph drawn below the time axis?


(1 mark)


      b)  Use the graph to find the height of the rebound.


(3 marks)


      c)  When a ball falls freely under the force of gravity, its acceleration is known as the acceleration of free fall. Use the graph to calculate the acceleration of free fall.


(3 marks)
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2 Forces
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Specification points


This chapter covers sections 1.2.1 to 1.2.12 of the GCSE Physics specification (and 1.2.1 to 1.2.11 in the Double Award specification). It introduces the idea of forces between objects existing as pairs. You will learn about the unit of force and the concept of a resultant force. You will investigate Newton’s first and second laws through practical investigation or computer simulation, carry out calculations based on the second law, and establish the difference between mass and weight.
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Balanced and unbalanced forces


A force has both size and direction. It is another example of a vector quantity. The size of the force is measured in newtons (N). When drawing force diagrams, we represent the direction of the force with an arrow and the size of the force by drawing the length of the arrow to scale. By convention, forces acting to the right are positive, and forces acting to the left are negative.


If the forces are equal in size and opposite in direction, then the forces are balanced. Balanced forces do not change the velocity of an object.
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Figure 2.1 shows a car travelling at a steady speed of 30 km/h in a straight line under the action of two equal and opposite forces: the thrust exerted by the engine, and air resistance (drag).


If an object is stationary (not moving), it will remain stationary.


In a tug of war like that in Figure 2.2, two teams pull against each other. When both teams pull equally hard, the forces are balanced and the rope does not move. But when one team starts to pull with a larger force, the rope moves. This is how we can tell that the two forces are no longer balanced.
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Unbalanced forces will change the velocity of an object. Since velocity involves both speed and direction, unbalanced forces can make an object speed up, slow down or change direction.


Unbalanced forces applied to the handlebars will make the cyclist in Figure 2.3 change direction. This means the velocity of the cyclist will change, even though the speed may stay the same.
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An object will only accelerate when an unbalanced force acts on it. It then accelerates in the direction of the unbalanced force. In Figure 2.4, if the driving force on a car is greater than the frictional force, the car will accelerate or speed up.
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If the driver then decides to apply the brakes (Figure 2.5), the driving force will be smaller than the braking force, and the car will decelerate (or slow down).
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A car is travelling in a straight line along a motorway.


Table 2.1 shows the situations in which there is an unbalanced force on the car.
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Newton’s laws



All that we have said about forces so far is summarised by Newton’s first law:


In the absence of unbalanced forces, an object will continue to move in a straight line at constant speed (its velocity is constant).
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Practical activity


An experiment to investigate Newton’s first law


Apparatus





•  linear air track and blower



•  glider and interrupt card



•  two light gates and a data logger
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Method





1  Set the linear air track on a flat surface and adjust the feet on the air track to make sure that it is level.



2  Measure the length of the interrupt card and enter this in the data logger.



3  Connect up the light gates so that they measure the velocity of the glider at two points.



4  Give the glider a gentle push so that it passes through both light gates.



5  Confirm by looking at the results that the velocity does not change between the two positions of the light gate and so the glider is obeying Newton’s first law of motion.



6  Repeat for other velocities and positions of the light gates.
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Linking unbalanced forces, mass and acceleration


Look at Figure 2.7. It is possible for one person to push a car, but the acceleration of the car would be small. The more people pushing the car, the larger the acceleration. So, the larger the force, the larger the acceleration.
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Now look at Figure 2.8. Even four people would find it difficult to push a van, because the mass of a van is usually far larger than the mass of a car. The larger the mass, the smaller the acceleration.
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The size of the resultant or unbalanced force needed to accelerate a mass can be worked out using Newton’s second law.


resultant force (N) = mass (kg) × acceleration (m/s2)


or


[image: ]


This is a simple formula, but it contains a lot of information. You should appreciate that the acceleration is directly proportional to the resultant force, i.e. the larger the resultant force, the larger is the acceleration (for a constant mass).


Furthermore, if the size of the resultant force is constant, then the larger the mass, the smaller the acceleration. We say that the mass and the acceleration are inversely proportional to each other.


The graphs in Figure 2.9 illustrate these two concepts.
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Newton’s second law states that the acceleration of a body is directly proportional to the force applied to it, and the direction of the acceleration is parallel to the direction of the force.


This law also explains why some very large articulated lorries have long braking distances. When the stopping force is constant, the deceleration is inversely proportional to the mass of the lorry.
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Practical activity


Investigating Newton’s second law


Experiment 1: Investigating the link between acceleration versus force (at constant mass)


Apparatus





•  runway



•  trolley



•  string



•  double interrupt mask with both sections the same width



•  light gate and data logger



•  pulley masses



•  balance
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Method





1  Prepare a table for results as shown in Table 2.2.



2  Friction is always present when a trolley rolls along a runway. To compensate for friction, tilt the runway until the trolley moves with a constant speed after it is given a gentle push.



3  Fix the clamped pulley to the end of the bench (see Figure 2.10).



4  Attach a length of string to a dowel rod on the end of the trolley and make a loop in the other end to hang the masses from (the masses falling will provide a constant accelerating force). Pass this over the clamped pulley.



5  Position the light gate in such a way that the mask on top of the trolley passes through it, without hitting anything, before the masses on the end of the string hit the ground



6  Use the light gate to measure the acceleration of the trolley for various driving forces (masses on the mass hanger) from 100 g–500 g, repeating each measurement two times and taking an average. Remember, each 100 g mass is equivalent to 1 N.



7  Find the weight of the masses and record this as the value for the resultant force F.



8  Plot a graph of acceleration (y-axis) versus force (x-axis).





Results




[image: ]




Conclusion





•  The graph is a …………………………showing that the acceleration is directly proportional to the resultant force.





Is it possible to calculate the mass of the trolley?


Experiment 2: Investigating the link between acceleration and mass (at constant force)


Apparatus





•  Use the same apparatus as shown in Figure 2.10 but arrange the slotted masses as directed below.





Method





1  Prepare a table for results as shown in Table 2.3.



2  Friction is always present when a trolley rolls along a runway. To compensate for friction adjust the angle of the slope of the runway until the trolley moves with a constant speed after it is given a gentle push.



3  Fix the clamped pulley to the end of the bench.



4  Attach a length of string to the end of the trolley and make a loop in the other end to hang the masses from (the masses falling will provide a constant accelerating force). Pass this over the clamped pulley.



5  Position the light gate in such a way that the mask on top of the trolley passes through it, without hitting the light gate, before the masses on the end of the string hit the ground.



6  Choose a suitable value for the driving force provided by the falling weights, for example 500 g (5 N).



7  Use the light gate to measure the acceleration of the trolley for various masses of trolley by either adding slotted masses to the trolley or stacking trolleys on top of each other.



8  Repeat each measurement three times and take an average.



9  Plot a graph of acceleration (y-axis) versus mass of trolley (x-axis).





Results
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Conclusion


The graph is non-linear and implies that as the mass increases, the acceleration ………………
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Example





1  Calculate the force needed to give a train of mass 250 000 kg an acceleration of 0.5 m/s2.





Answer
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2  A forward thrust of 400 N exerted by a speedboat enables it to go through the water at constant velocity. The speedboat has a mass of 500 kg. Calculate the thrust required to accelerate the speedboat at 2.5 m/s2.





Answer


Note the phrase ‘at constant velocity’. This is a clue to using Newton’s first law. If the thrust exerted by the engine is 400 N, there must be an equal and opposite force of 400 N due to the drag of the water on the boat. To calculate the force to accelerate the speedboat, we should draw a force diagram (Figure 2.11).
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Summary of balanced and unbalanced forces






•  Balanced forces have no effect on the movement of an object. If it is stationary it will remain stationary; if it is moving it will carry on moving at the same speed and in the same direction.



•  Unbalanced forces will affect the movement of an object.



•  An unbalanced force on an object causes its velocity to change (the object accelerates). The greater the force, the greater the acceleration.



•  The greater the mass of an object, the greater the force needed to make it accelerate.
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Test yourself




  1  A bicycle and rider have a total mass of 90 kg and travel along a horizontal road at a steady speed. The forward force exerted by the cyclist is 40 N.







      a)  Explain why the cyclist does not accelerate.


      b)  The rider increases the forward force to 70 N. Calculate the acceleration.







  2  A car accelerates at 3.0 m/s2 along a road. The mass of the car is 1200 kg and all the resistive forces add up to 400 N. Calculate the forward thrust exerted by the car’s engine.


  3  Calculate the force of friction on a car of mass 1200 kg if it accelerates at 2 m/s2 when the engine force is 3000 N.


  4  Figure 2.12 shows the forces on a car of mass 800 kg.







      a)  In what direction will the car accelerate?


      b)  Calculate the size of the car’s acceleration.
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  5  Look at Figure 2.13. The blades of a helicopter exert an upward force of 25 000 N. The mass of the helicopter is 2000 kg.







      a)  Calculate the weight of the helicopter.


      b)  Calculate the acceleration of the helicopter.
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  6  A forward thrust of 300 N exerted by a speedboat engine enables the speedboat to go through the water at a constant speed. The speedboat has a mass of 500 kg. Calculate the thrust required to accelerate the speedboat at 2 m/s2.


  7  A car and driver are travelling at 24 m/s and the driver decides to brake, bringing the car to rest in 8 seconds. The mass of the car and driver is 1200 kg.







      a)  Calculate the deceleration of the car.


      b)  Calculate the size of the unbalanced force which brings the car to rest.







  8  A cyclist and her bicycle have a combined mass of 60 kg. When she cycles with a forward force of 120 N, she moves at a steady speed. However, when she cycles with a forward force of more than 120 N, she accelerates.







      a)  Explain, in terms of forces, why the girl moves at a steady speed when the force is 120 N.


      b)  Calculate her acceleration when the forward force is 300 N.







  9  A car’s brakes are applied and the vehicle’s velocity changes from 50 m/s to zero in 5 seconds.







      a)  Calculate the acceleration of the car.


      b)  The resultant force causing this acceleration is 18 000 N. Calculate the mass of the car.








10  A car of mass 1000 kg is travelling at 20 m/s when it collides with a wall. The front of the car collapses in 0.1 seconds, by which time the car is at rest.







      a)  Calculate the deceleration of the car.


      b)  Calculate the force exerted by the wall on the car.





[image: ]






Mass and weight



In everyday life, the terms ‘mass’ and ‘weight’ are used interchangeably. In physics, however, we must be very careful to distinguish clearly between mass and weight.


What is mass?


Mass is defined as the amount of matter in a body. Mass is measured in kilograms (kg). It is a scalar quantity.
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Show you can





a)  Copy and complete this table.
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b)  What is the weight of a 70 kg man on







    i)  the Earth, where g = 10 N/kg?


    ii) the Moon where g = 1.6 N/kg?
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What is weight?


Weight is a force and is a measure of the size of the gravitational pull on an object exerted, in our case, by the Earth. Near the surface of the Earth, there is a force of 10 N on each 1 kg of mass. We say that the Earth’s gravitational field strength, g, is 10 N/kg.


The weight, W, of an object is the force that gravity exerts on it. The formula for weight is: weight/N = mass/kg × acceleration due to gravity/m/s2


or, W = m × g


Weight is measured in newtons (N). It is a vector quantity, so it has direction as well as size.


The value of g is roughly the same everywhere on the Earth’s surface. But the further you move away from the Earth, the smaller g becomes (see Figure 2.14).




[image: ]




The Moon is smaller than the Earth, and pulls objects towards it less strongly. On the Moon’s surface, the value of g is 1.6 N/kg.


In deep space, far away from the planets, there are no gravitational pulls, so g is zero, and therefore everything is weightless.


The size of g also gives the gravitational acceleration, because, from Newton’s second law:
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So an alternative set of units for g is m/s2.



Free fall



Galileo is said to have shown that two lead balls of different diameter hit the ground at the same instant when dropped from the top of the leaning tower of Pisa.


In the absence of air resistance, all bodies fall at the same rate of 10 m/s2 near the surface of the Earth. It is a common misconception to think that a more massive object falls faster than a less massive one. It is true that there is a greater force on the more massive object, but the acceleration, which is the ratio of force to mass, will be the same for both bodies.
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This means that, if there is no air resistance, the speed of a falling object will increase by 10 m/s every second, i.e. its acceleration is 10 m/s2. This is known as the acceleration of free-fall, the symbol for which is ‘g’. In a vacuum, where there is no air resistance, all falling objects accelerate at the same rate.


When the glass tube in Figure 2.15 is evacuated and then turned upside down, the penny and piece of paper fall together. Although the penny has more mass than the piece of paper, gravity will exert a larger force on the penny, giving both objects the same acceleration, i.e. the ratio of weight to mass is the same for both the penny and the piece of paper.
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In the Earth’s atmosphere, air resistance does act on a falling body. Air resistance can only be ignored if the force it exerts is very small. When a sky-diver jumps from a plane (Figure 2.17), the forces on them are unbalanced, and so the sky-diver accelerates.
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Figure 2.16 shows a speed–time graph for the motion of a sky-diver. The faster the sky-diver falls, the larger the air resistance, so the smaller the acceleration. Eventually the downward force due to gravity and the upward force due to air resistance will be balanced. The sky-diver will stop accelerating and start to fall at a constant speed. At this point, the sky-diver has reached his terminal velocity (Figure 2.18).
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