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Examiner tips


Advice from the examiner on key points in the text to help you learn and recall unit 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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Summary




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



This guide is one of a series covering the Edexcel specification for AS and A2 physics. It offers advice for the effective study of Unit 4: Physics on the Move. Its aim is to help you understand the physics — it is not intended as a shopping list that enables you to cram for the examination. The guide has two sections:




•  Content Guidance — this section is not intended to be a detailed textbook. It offers guidance on the main areas of the content of Unit 4, with an emphasis on worked examples. The examples illustrate the types of question that you are likely to come across in the examination.


•  Questions and Answers — this comprises two unit tests, presented in a format close to that of an actual Edexcel examination and using questions similar to those in recent past papers, to give the widest possible coverage of the unit content. Answers are provided; in some cases, distinction is made between responses that might have been written by an A-grade candidate and those typical of a C-grade candidate. Common errors made by candidates are also highlighted so that you, hopefully, do not make the same mistakes.





A deep understanding of physics can develop only with experience, which means time spent thinking about physics, working with it and solving problems. This book provides you with a platform for doing this. If you try all the worked examples and the unit tests before looking at the answers, you will begin to think for yourself and develop the necessary techniques for answering examination questions effectively. In addition, you will need to learn the all basic formulae, definitions and experiments. Thus prepared, you will be able to approach the examination with confidence.


The specification outlines the physics that will be examined in the unit tests 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 purpose of this book is to help you with Unit Test 4, following the specification; but don’t forget that what you are doing is learning physics, therefore you should also consult a standard textbook for more information. Physics is a logical discipline and, to truly understand it, you need to have a feeling for how the concepts you are dealing with fit into the broader picture of the subject.


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





Content Guidance


Further mechanics


From Unit 1 you should be familiar with:




•  velocity and acceleration as vectors with magnitude and direction


•  Newton’s laws of motion relating to bodies of fixed mass





This unit involves the study of:




•  momentum and the principle of conservation of momentum


•  Newton’s second law in terms of changes in momentum


•  circular motion of bodies moving with constant speed





The topics of momentum and circular motion depend heavily on knowledge and understanding of the basic mechanics covered in Unit 1. You may, therefore, find it helpful to look back over that unit to re-familiarise yourself with its contents.


Momentum


Any mass that is moving has momentum. The momentum of a body depends on the values of its mass and velocity — for example, a charging elephant has a much bigger momentum than a scurrying mouse.


Momentum is a vector quantity, with both magnitude and direction.
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Examiner tip


The electron mass and the speed of light are given in the data sheet which is included in the specification (as Appendix 7) and printed at the end of each examination paper.
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Worked example





(a) Calculate the (magnitude of the) momentum of:







    (i) a ball of mass 250 g thrown at speed 8.0 ms−1



    (ii) an electron moving at 1% of the speed of light








(b) Estimate the (magnitude of the) momentum of:







    (i) a charging elephant


    (ii) a scurrying mouse





Answer





(a) (i) p = mv = 0.250 kg × 8.0 ms−1 = 2.0 kgms−1



     (ii) p = mv = 9.11 × 10−31 kg × 3.0 × 106 ms−1 = 2.7 × 10−24 kgms−1




(b) (i) 5000 kg × 8 ms−1 = 4 × 104 kgms−1



     (ii) 0.02 kg × 1 ms−1 = 0.02 kgms−1
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Examiner tip


For estimates, any reasonable values are acceptable. Here it is assumed that an elephant has a mass of several tonnes and can charge with a speed similar to that of a sprinting athlete, whereas a mouse has a mass of less than 100 g and can run at a speed of only a few metres per second.
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The above examples illustrate the concept of momentum. The charging elephant has a large momentum, so stopping it or changing the direction of its motion would be difficult. On the other hand, it would require little effort to alter the state of the mouse’s motion.


It is important to remember that momentum is a vector quantity and, as such, requires a direction in addition to the magnitude. Often, as in the examples above, the direction is implied; however, strictly speaking the direction should always be specified — for instance, by stating that the momentum of the elephant is 4 × 104 kgms−1 due south. Information about the direction is very significant when studying problems in which moving bodies collide and changes in momentum take place.


[image: ]




Knowledge check 1


Calculate the momentum of a bullet of mass 50 g moving with a velocity of 220 ms−1.
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Worked example


A rubber ball of mass 0.15 kg is dropped and attains a speed of 5.0 ms−1 the instant it strikes the floor. It rebounds upwards with an initial speed of 4.0 ms−1. Calculate:





(a) the momentum of the ball immediately before and after the rebound



(b) the change in momentum of the ball during the time it is in contact with the floor





Answer





(a) Just before hitting the ground:





p1 = 0.15 kg × 5.0 ms−1 = 0.75 kgms−1 downwards


After the rebound:


p2 = 0.15 kg × 4.0 ms−1 = 0.60 kgms−1 upwards





(b) If we assign a positive value to the upward velocity, then the downward velocity takes a negative sign.





So change in momentum of the ball = p2 − p1


        = (0.60 kgms−1) − (−0.75 kgms−1)


        = 1.35 kgms−1
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Principle of conservation of linear momentum


The conservation of linear momentum is a fundamental law of physics.


It is important that you fully understand the meaning of the expression ‘system of interacting bodies’ in the statement. It is evident that if two snooker balls collide and one of the balls is slowed down while the other speeds up, the momentum of each of the balls will change. However, the vector sum of the momentums of the balls after the collision will be the same as that immediately before the interaction.
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Examiner tip


It is useful to sketch a simple diagram showing the masses and velocities of the bodies before and after the interaction. Remember that momentum is a vector. If you assign positive values to left-to-right motion, the velocities and momentum in the right-to-left direction must be negative.
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The ‘system’ for the bouncing ball in the previous example is more difficult to imagine. The Earth is the second body in the system, but it is so massive compared to the ball that the change in its momentum due to the interaction will be imperceptible; nonetheless, the principle of conservation of momentum still applies.
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Worked example




[image: ]

Figure 1





Two gliders moving towards each other on an air track collide and then bounce apart, as shown in Figure 1. Initially the 400 g glider travels from left to right with a velocity of 0.80 ms−1 and the 200 g glider moves in the opposite direction at 0.40 ms−1. After the collision the smaller glider changes direction and moves back with a velocity of 0.80 ms−1.





(a) Calculate the velocity of the larger glider after the collision.



(b) If the gliders stuck together on impact, calculate the velocity of the combination.





Answer





(a) Let the rightward direction correspond to positive values, and let v denote the velocity of the larger glider after the collision. Then, for this system:
initial momentum = 0.400 kg × 0.80 ms−1 + 0.200 kg × (−0.40 ms−1) = 0.240 kgms−1
final momentum = 0.400 kg × v + 0.200 kg × 0.80 ms−1
Conservation of momentum gives
      0.240 kgms−1 = 0.400 kg × v + 0.200 kg × 0.80 ms−1
so v = +0.20 ms−1
Thus the larger glider moves with a velocity of 0.20 ms−1 to the right.



(b) 0.240 kgms−1 = (0.400 kg + 0.200 kg) × vcomb
      vcomb = +0.40 ms−1
The combination of two gliders moves with a velocity of 0.40 ms−1 to the right.
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Knowledge check 2


Determine the components of the momentum of a ball of mass 0.50 kg travelling at a velocity of 12 ms−1, (a) in the direction of the motion, (b) at an angle of 60° to the direction of motion and (c) at right angles to the direction of motion.
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For oblique collisions in which the masses approach or separate along different lines, the principle of conservation of momentum can be applied to the components of the momentum in any direction. (Components of vectors are covered in Unit 1.)
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Worked example
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Figure 2





A snooker ball travelling at 4.0 ms−1 strikes a stationary ball of identical mass, causing it to move with speed 2.0 ms−1 at an angle of 60° to the direction of the incident ball, as shown in Figure 2. Calculate the velocity of the incident ball after the collision, given that it is deviated by 30° from its original path.


Answer


Let m kg be the mass of each ball.


Taking components along the direction in which the snooker ball travels before the collision:


initial momentum = m kg × 4.0 ms−1 + m kg × 0 ms−1 = 4.0m kgms−1


final momentum = m kg × v cos 30° + m kg × 2.0 ms−1 cos 60°


As momentum is conserved, we have


4.0m kgms−1 = mv cos 30° kg + 2.0m cos 60° kgms−1


The masses m cancel, giving v = 3.5 ms−1
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Examiner tip


The same result can be achieved by taking components of the momentum at right angles to the direction of the incident ball, so that the total momentum is zero. Trying this would be a worthwhile exercise.
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Newton’s second law of motion


In Unit 1 you learned a version of Newton’s second law of motion that applies only to the special case where a resultant force acts upon a body of fixed mass and causes the body to accelerate. The law can be stated more generally in terms of the change in momentum that ensues when a resultant force is applied to a body.


In symbols:
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(if consistent SI units are used).


This statement of Newton’s second law encompasses situations in which the mass is indeterminate (e.g. interactions involving neutrinos) or continually changing (e.g. a stream of water striking a surface). However, in the unit test, Newton’s second law will be applied only in situations where the mass is constant.


For a fixed mass:
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The above calculation confirms the validity of the equation used to represent Newton’s second law in Unit 1 when the force is applied to a fixed mass.
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Examiner tip


Sometimes there are several forces acting on an object. It is essential that the resultant force on the body is determined before using the law.
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Impulse


An impulse refers to a change in momentum; usually a change that takes place over a short interval of time.


Rearranging the expression for Newton’s second law in the fixed-mass case, we get:
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It follows that an impulse can also be defined as the product (ΣF)Δt, i.e. resultant force × time duration, and has the unit Ns (newton seconds).
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Knowledge check 3


Show that the unit of impulse, Ns, is consistent with the unit for change in momentum, kgms−1.
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If a graph of force against time is drawn for a short interaction such as a golf ball being struck by the face of a golf club, the impulse can be estimated from the area under the curve in Figure 3.
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Figure 3
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Worked example


In an experiment to investigate Newton’s second law, a glider is pulled along an air track by a falling mass, as shown in Figure 4.
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Figure 4





The time taken for the interrupter card to pass through each light gate is recorded, together with the time taken for the glider to travel between the gates. The results of one set of measurements are:






	    Mass of glider

	400 g






	    Length of interrupter card

	20.0 cm






	    Time to cross first gate

	0.316 s






	    Time to cross second gate

	0.224 s






	    Time between gates

	0.524 s







Use these results to calculate:
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