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Getting the most from this book
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Exam tips


Advice on key points in the text to help you learn and recall content, avoid pitfalls, and polish your exam technique in order to boost your grade.
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Knowledge check


Rapid-fire questions throughout the Content Guidance section to check your understanding.
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Knowledge check answers


Turn to the back of the book for the Knowledge check answers.
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Summaries





•  Each core topic is rounded off by a bullet-list summary for quick-check reference of what you need to know.





[image: ]







[image: ]







About this book


This guide is one of a series covering the Edexcel specification for AS and A-level physics. It offers advice for the effective study of Topics 2 and 3 (Mechanics and Electric circuits). Its aim is to help you understand the physics — it is not intended as a shopping list, enabling you to cram for the examination. The guide has two sections:





•  The Content Guidance is not intended to be a detailed textbook. It offers guidance on the main areas of the content of the topics, with an emphasis on worked examples. These examples illustrate the types of question that you are likely to come across in the examinations.



•  The Questions & Answers section comprises two sample tests — one with the structure and style of the AS paper 1 examination, the other with the structure of an A-level paper 1. Both tests are restricted to the content of this guide. Answers are provided and, in some cases, distinction is made between responses that might have been given by an A-grade student and those of a typical grade-C student. Common errors made by students are also highlighted so that you, hopefully, do not make the same mistakes.





The purpose of this book is to help you with the AS paper 1 and A-level paper 1 and synoptic paper 3 examinations, but don’t forget that what you are doing is learning physics. The development of an understanding of physics can only evolve with experience, which means time spent thinking about physics, working with it and solving problems. This book provides you with the platform to do this.


If you try all the worked examples and the tests before looking at the answers, you will begin to think for yourself as well as develop the necessary technique for answering examination questions. In addition, you will need to learn the basic formulae, definitions and experiments. Thus prepared, you will be able to approach the examination with confidence.


The specification states the physics that will be examined in the AS and A-level examinations and describes the format of those tests. This is not necessarily the same as what teachers might choose to teach (or what you might choose to learn).


The specification can be obtained from Edexcel, either as a printed document or from the web at www.edexcel.com.





Content Guidance


Mechanics



Rectilinear motion


This section covers the motion of objects in a given direction when they are either moving with a constant speed in that direction (i.e. constant velocity), or accelerating at a constant rate.



Equations of motion (suvat equations)


The relevant quantities needed to represent the motion of an object in one dimension are:






	




•  displacement, s






	m






	




•  initial velocity, u






	m s−1







	




•  final velocity, v






	m s−1







	




•  acceleration, a






	m s−2







	




•  time, t






	s







Using these symbols the definitions become:


average velocity [image: ]


acceleration [image: ]


Combining the above definitions leads to a set of equations where, if any three of the quantities is known, the other two may be calculated. These are sometimes referred to as the ‘suvat’ equations and they are reproduced at the end of the examination in the formulae section.
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Exam tip


These equations can only be used for bodies moving in a straight line with uniform acceleration.
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Worked example


An athlete starts from rest and accelerates uniformly for 4.0 s when she has reached a velocity of 8.0 m s–1. Calculate:





a  her acceleration



b  the distance she has travelled during this time





Answer





a  [image: ]




b  [image: ]
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Exam tip


When using the ‘suvat’ equations it is useful to write down all the quantities with the given values, in this case:


u = 0 m s–1, v = 8.0 m s–1, t = 4.0 s; a and s are to be found.


Therefore use the equation v = u + at to find a and then use v2 = u2+ 2as or [image: ] to find s.
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Acceleration due to gravity


In the late sixteenth century, Galileo Galilei performed his famous experiment, dropping a variety of different sized balls (of different mass) from the Leaning Tower of Pisa. The balls, when released simultaneously, hit the ground at the same time, showing that the acceleration due to gravity is independent of the mass of free-falling objects. Later experiments showed that a coin and a feather in an evacuated glass tube fell at the same rate, and the Apollo 15 astronaut David Scott performed a similar test on the Moon using a hammer and a feather (Figure 1).


The value of the acceleration due to gravity has been accurately measured on the Earth’s surface and, although there are small variations around the globe, the accepted value is usually given as 9.81 m s−2. For the purposes of this guide all calculations use 9.8 m s−2 and if estimates are needed 10 m s−2 is adequate. This acceleration is usually referred to as ‘little g’.
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Knowledge check 1


State the difference between instantaneous and average velocity.
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The value of g can be found by timing an object falling freely from rest through a measured distance, and then using the appropriate equation of motion. In practice, because the distances, and hence the times, are usually relatively small, sensitive timing devices are required. A simple arrangement is shown in Figure 2, where a switch de-energises an electromagnet and simultaneously starts an electronic timer. A steel sphere is released from the magnet and falls onto a ‘trap-door switch’ that opens to switch off the timer.


The equation [image: ] is applied with s representing the distance fallen by the sphere. As the ball falls from rest, u equals zero and so the acceleration is found by rearranging the equation to give:


[image: ]


There are several variations of this experiment. Using light gates with a computer interface, strobe photography and video-frame analysis are examples, but in all cases g is calculated from the time taken for a free-falling object to move through a measured distance.
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Core practical 1


Acceleration of a freely falling object


Core practical 1 requires you to determine the acceleration of free fall of a small object by measuring the time for the object to fall from a range of heights. Full details of how the measurements are taken, the precautions taken and how the acceleration is found using a graphical method may be required for the examinations.
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Worked example


A stone is dropped into a well. The splash as it enters the water is timed as 1.8 s after release. Calculate:





a  the depth of the well



b  the velocity of the stone when it strikes the surface of the water





Answer


[image: ]


s (depth) and v are to be found.





a  [image: ]




b  [image: ]
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Exam tip


For all free-falling objects the acceleration will be 9.8 m s–2 assuming that the effects of air resistance are negligible.
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Horizontal and vertical motion


When a skydiver jumps from a moving aeroplane, he will start to accelerate downwards but will also be moving horizontally at the speed of the aircraft. To explain the trajectory of the diver it is possible to consider the vertical and horizontal motions independently (Figure 3).




[image: ]




If air resistance is ignored, the skydiver will accelerate downwards with a velocity of 9.8 m s−2 while at the same time continuing to move horizontally at the speed at which he left the plane. Figure 3 illustrates the subsequent parabolic motion. It is possible to calculate the horizontal distance covered by a falling object by applying the equations of motion in the vertical plane to find the time in free fall, and calculating the horizontal distance covered in this time when travelling at constant speed.
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Knowledge check 2


Why does a ball projected horizontally from a height, h, take the same time to reach the floor as a similar ball dropped vertically from the same height?
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Worked example


A sea-eagle, carrying a fish in its talons, is flying horizontally with a velocity of 5.0 m s−1 at a height of 12 m above the sea. The fish wriggles free and falls back into the water. Calculate:





a  the time taken for the fish to reach the sea



b  the horizontal displacement of the fish during this time





Answer





a  For the vertical motion: u = 0 m s−1    a = 9.8 m s−2    s = 12 m


  [image: ]




b  For the horizontal motion: s = ut = 5.0 m s−1 × 1.6 s = 8.0 m







    (or 7.8 m if data are kept in your calculator)
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Exam tip


The independence of the vertical and horizontal motion of bodies in free fall is an important concept. It allows you to use the equations of motion separately for each direction.
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Displacement–time and velocity–time graphs


It is often useful to represent the motion of objects by plotting graphs of their displacement or velocities against time. In addition to illustrating the nature of the motion it is possible to calculate the values of displacement, velocity and acceleration from the graphs.


Displacement–time graphs


Figure 4 represents the displacement–time graph for an object moving at constant velocity.
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In Figure 5 the gradient of the line is increasing with time. This means that the velocity is increasing and so the object is accelerating. The value of the velocity at any instant can be found by measuring the gradient of a tangent drawn at that instant.
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Velocity–time graphs
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The graphs in Figure 6 represent an object moving at constant speed and another with uniform acceleration.


[image: ]


The first line has zero gradient, so the velocity is constant, i.e. the acceleration is zero.


The gradient of the second line is constant, so the line represents uniform acceleration. A curve with increasing gradient, like Figure 5, but for a velocity–time graph will indicate an acceleration that is increasing.
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Exam tip


When analysing displacement–time and velocity–time graphs always observe how the gradient is changing to visualise the change in velocity.
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In the section on the equations for uniform motion we saw that:


[image: ]


The graphs show that the area under the line of each graph represents the displacement of the object during that period. This is also true for non-uniform motion, when the displacement can be found by estimating the area under the curve.


Acceleration–time graphs


In most cases of rectilinear motion studied at AS and A-level the acceleration of objects is uniform. There are, however, a few instances when the acceleration changes and an acceleration-time graph would be useful for describing the motion of an object.
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Figure 7(a) represents the motion of a bouncing ball. Between bounces the ball is in free fall and is accelerating downwards at (−) 9.8 m s−2 (even when it is moving upwards, the acceleration due to gravity continues). The velocity changes rapidly from downward to upward when the ball is in contact with the floor. This change from a downward velocity to an upward velocity in a short time results in a large (upward) acceleration.




Knowledge check 3


What quantities are represented by the gradients of displacement–time graphs and velocity–time graphs?
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Figure 7(b) represents the motion of an object, starting from rest, falling through a viscous medium. As the object falls its velocity increases. This produces an increasing upward resistive force and so reduces the resultant downward force and hence the acceleration of the object. Eventually the resistive forces equal the weight of the object and it moves with a constant velocity (terminal velocity). This will be looked at later in the fluids section.


It should be emphasised that when the acceleration is zero, the object will be moving at a constant velocity.
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Knowledge check 4


How is the displacement of a moving body determined from a velocity–time graph?
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Knowledge check 5


Sketch acceleration-time graphs for (a) a steel ball in free-fall close to the Earth’s surface, and (b) a similar ball moving at constant velocity.
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Worked examples
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The velocity–time graph in Figure 8 represents the motion of a train as it travels from station A to station D. Describe the changes in the motion of the train, and calculate:





a  the acceleration from A to B



b  the acceleration from C to D



c  the total displacement from A to D





Answer


The train accelerates uniformly from A to B, continues to travel at 20 m s–1
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