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Introduction

Welcome to Pearson Edexcel A Level Physics Student’s Book. The text is illustrated with many contextual examples, and places an emphasis on practical work and lots and lots of questions for you to try. The Pearson Edexcel specification has been developed from the best of the Pearson Edexcel concept-led and the Salters Horners context-led approaches. Although the book has been specifically written to cover the concept approach to the specification, the contextual examples and practice questions make it a most valuable resource for the context approach as well. The authors have vast experience of teaching, examining and writing about physics. All three have examined for Edexcel at a senior level for over 30 years and served as Chief Examiners.

This book is designed as a resource for both the first and second year of the A level course.

A key aspect of the text is the emphasis on practical work. Although you do not have a practical examination as such, questions based on practical work pervade all the A level papers, particularly Paper 3, which comprises practical-based and synoptic questions. There is also an internally assessed Practical Endorsement at A level, for which you should have started a portfolio of work in Year 1. The sixteen Core Practicals in the specification are described in detail and in such a way that students can carry out the experiments in a laboratory environment. Each experiment has a set of data for you to work through, followed by questions similar to those you will be asked in the examination. Questions within written examination papers will aim to assess the knowledge and understanding that students gain while carrying out practical activities, both within the context of the sixteen core practical activities and in novel practical scenarios. In addition, the completion of the sixteen core practical activities can provide evidence of competence for the Science Practical Endorsement. The core practicals are also intended to provide students with opportunities to undertake investigative work; therefore the core practical experiments described in this book must be considered as examples of the sort of activity that could be undertaken.

Many other experiments – under the heading of Activities – are also described, together with data and questions. Chapter 34 – Further practical skills – is a reminder of the key practical skills that should be developed through teaching and learning and will form the basis of practical assessment in the written examination. Before carrying out any practical activity, teachers must identify any hazards and assess any risks. This can be done by consulting a model (generic) risk assessment such as that provided by CLEAPSS to subscribing authorities.

Emphasis is also placed on answering practice questions. The text is abundantly illustrated by Examples, which are accompanied by answers to enable you to check your progress. There are then Test yourself questions for you to try, and at the end of each chapter there are Exam practice questions. These are graded in terms of difficulty ([image: ] = A level Grade E, [image: ] = A level Grade C and [image: ] = A level Grade A/A*). In the exam practice questions, the mark allocation for each part is shown, as it would be in the examination. The answers give an indication of how the marks might be awarded but not in the same detail that there would be in an actual mark scheme. In addition, some of the exam practice questions are examples of ‘Quality of extended response’ questions; these are indicated by an asterisk (*).

Throughout the book there are Key Terms highlighted in the margin that you need to learn. There are also numerous Tips. These may be reminders, for example, to use SI units, warnings to avoid common errors, or hints about short cuts in performing calculations.

At the end of the book, Chapter 35 (Preparing for the exams) is a valuable guide on revision and exam technique. As you need to put these principles into practice from day one, you are strongly advised to read through this before you start your course (although you probably won’t be able to attempt the questions). You should then revisit Chapter 35 from time to time. The same goes for Chapter 33 (Maths in physics) where you will find an outline of the mathematical requirements for A level physics, together with lots of simple (and not so simple!) examples for you to try.

The authors have enjoyed writing this book – we hope you enjoy reading it and find it, along with the supporting material, a valuable resource to help you with your studies. Good luck!


Get the most from this book

Welcome to the Pearson Edexcel A level Physics Student’s Book! This book covers all content for the Year 1 and Year 2 of the Pearson Edexcel A level Physics specification.

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

This is a short list of topics that you should be familiar with before starting a chapter. The questions will help to test your understanding.
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Test yourself questions

These short questions, found throughout each chapter, are useful for checking your understanding as you progress through a topic.
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Tips

These highlight important facts, common misconceptions and signpost you towards other relevant topics.
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Key terms and formulae

These are highlighted in the text and definitions are given in the margin to help you pick out and learn these important concepts.
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Examples

Examples of questions and calculations feature full workings and sample answers.
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Exam practice questions

You will find Exam practice questions at the end of every chapter. These follow the style of the different types of questions you might see in your examination, including multiple-choice questions, and are colour coded to highlight the level of difficulty. Test your understanding even further, with Maths questions and Stretch and challenge questions.
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Activities and Core practicals

These practical-based activities will help consolidate your learning and test your practical skills. Pearson Edexcel’s Core practicals are clearly highlighted.
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Dedicated chapters for developing your Maths and Practical skills and Preparing for your exam are also included in this book.
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1 Quantities and units
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Prior knowledge

In this chapter you will need to:


•  use common measures and simple compound measures such as speed

•  substitute values into formulae and equations using appropriate units and rearrange equations in order to change the subject.



The key facts that will be useful are:


•  mass, length and time are examples of measurable physical quantities

•  kilogram (kg), metre (m) and second (s) are units of mass, length and time

•  speed is the distance covered per unit time and is measured in metres per second (m s −1)

•  vector quantities have both size and direction.
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Test yourself on prior knowledge


1  A man walks 1.6 km in 20 minutes. Calculate his average speed.

2  A sprinter runs 200 m at an average speed of 8.0 m s −1. Calculate the time taken for her to complete the distance.

3  Acceleration can be calculated by dividing a change in speed by the time taken. State the unit of acceleration.

4  Speed is a scalar quantity and velocity is a vector. Explain the difference between the two.
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1.1 Physical quantities, base and derived units

An elderly physicist was asked how much he had in the bank.

‘How much of what?’ he responded.

‘Money, of course!’

‘Fifteen million, three hundred thousand, one hundred and four,’ he replied.

The physicist was not a rich man. He had quoted his balance in Turkish Lira which, at that time, had an exchange rate of 2.6 million to the pound (1.4 million to the American dollar).

The story has relevance to measurements in physics. It is meaningless to state that the size of a wire is 10; we must state the quantity that is measured (in this case, the length of the wire) and the unit (such as cm). In this chapter, and throughout this book, you will identify and use a number of base quantities (and their units) that are fundamental to all physical measurements. You will develop and use derived units for quantities for a wide range of physical properties.


[image: ]

Tip

Many students lose marks in examinations by failing to include the unit of a derived quantity! Always show the unit for all calculated quantities.

[image: ]



All measurements taken in physics are described as physical quantities. There are seven quantities fundamental to physics. These are mass, length, time, temperature, current, amount of substance and luminous intensity. All other quantities are derived from these base quantities – for example, speed is distance (length) divided by time.

SI units

A system of measurement is needed so that a comparison of the sizes can be made with the values of other people. Over the years, many different systems of units have been used. In the UK and US, pounds and ounces, degrees Fahrenheit and miles are still common measurements of mass, temperature and length, respectively. Scientists have devised an international system that uses agreed base units for the seven base quantities. These are termed SI units (abbreviated from the French Système International d’Unités).

The base units needed for A level examinations are defined in Table 1.1.

Table 1.1 Base quantities and units.



	Base quantity
	Base unit
	Symbol
	Definition



	length
	metre
	m
	the distance travelled by electromagnetic radiation through a vacuum in a time of [image: ] second



	mass
	kilogram
	kg
	the mass of a standard platinum–iridium cylinder held in Sèvres, France



	time
	second
	s
	9 192 631 770 periods of the radiation emitted from an excited caesium-133 atom



	current
	ampere
	A
	the current that, when flowing in two infinitely long parallel wires placed one metre apart in a vacuum, produces a force per unit length of 2 × 10−7 N m−1



	temperature interval
	kelvin
	K
	[image: ] of the thermodynamic temperature difference between absolute zero and the triple point of water



	amount of substance
	mole
	mol
	the amount of substance that contains the same number of elementary particles as there are atoms in 12 grams of carbon-12





[image: ]

Tip

Remember the convention that for quantities the symbols are italicised, and those for units are written in plain font. This convention is used throughout this book A level examinations

[image: ]



Derived units

Many physical quantities are defined in terms of two or more base quantities. Some examples you may be familiar with are area, which is the product of two lengths, speed, which is the distance (length) divided by time, and density, which equals mass divided by volume (length cubed).

Table 1.2 includes some of the derived quantities and units that will be used in this book. Expanded definitions will be given in later chapters.

Table 1.2 Derived units.



	Quantity
	Definition
	Derived unit
	Base units



	speed
	[image: ]
	 
	m s −1



	acceleration
	[image: ]
	 
	m s −2



	force
	F = m × a
	newton (N)
	kg m s −2



	pressure
	[image: ]
	pascal (Pa)
	kg m−1 s−2



	work (energy)
	W = F × x
	joule (J)
	kg m2 s−2



	power
	[image: ]
	watt (W)
	kg m2 s−3



	charge
	Q = I × t
	coulomb (C)
	A s



	potential difference
	[image: ]
	volt (V)
	kg m2 A−1 s−3



	resistance
	[image: ]
	ohm (Ω)
	kg m2 A−2 s−3





[image: ]

Tip

The Greek letter delta, Δ, is used to show a change in a quantity. So Δvelocity represents a change in velocity.

[image: ]
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Example

Use the definitions from Table 1.2 to show that the pascal can be represented in base units as kg m−1 s−2.

Answer


[image: ]
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Prefixes

Many measurements are very much larger or smaller than the SI base unit. The thickness of a human hair may be a few millionths of a metre and the voltage across an X-ray tube hundreds of thousands of volts. It is often useful to write these as multiples or sub-multiples of the base unit. You will probably be familiar with the kilometre (1 km = 1000 m) and the millimetre (1 mm = 0.001 m). Table 1.3 gives the prefixes commonly used in the A level course.

Table 1.3 Standard prefixes.



	Prefix
	Symbol
	Multiple
	Example



	pico
	p
	10−12
	1 pF = 10−12 F



	nano
	n
	10−9
	1 nA = 10−9 A



	micro
	μ
	10−6
	1 μV = 10−6 V



	milli
	m
	10−3
	1 mm = 10−3 m



	kilo
	k
	103
	1 kW = 103 W



	mega
	M
	106
	1 M Ω = 106 Ω



	giga
	G
	109
	1 GHz = 109 Hz



	tera
	T
	1012
	1 Tm = 1012 m





[image: ]

Examples


1  A metal sphere has a radius of 3.0 mm and a mass of 0.96 g. Calculate the volume of the sphere and determine the density of the metal.

2  The resistance of a conductor is given by the equation

[image: ]

Calculate the potential difference, V, needed for a current, I, of 25 μA to flow through a 2.2 kΩ resistor. Give your answer in mV.



Answers


1  [image: ]

2  Rearrange the equation and write the quantities in standard form.

[image: ]
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Test yourself


1  State the units of force, work and power.

2  Momentum is defined as mass × velocity.




    a)  Give the unit for momentum in base units.

    b)  Show that the unit is equivalent to N s.




3  Convert




    a)  240 mg to kg

    b)  470 pF to µF

    c)  11 GHz to Hz.




4  The frequency of a vibrating wire is given by the equation

[image: ]

where T is the tension in the wire, l is its length and µ is the mass per unit length.




    a)  Rearrange the equation with T as the subject.

    b)  Show that the unit of T is the newton, N.



[image: ]



1.2 Scalar and vector quantities

If you travel from town A to town B, it is unlikely that you will follow a direct route between the towns (Figure 1.1).

Assume that town B is 10 km due east of A and that the journey by road is 16 km. On arrival at B, you will have travelled a distance of 16 km and you will have been displaced from your starting point by 10 km due East. Distance gives only a magnitude (size) of the journey’s length, while displacement needs both magnitude and direction.

Quantities represented solely by their magnitude are called scalar quantities and those with both magnitude and direction are vector quantities.


[image: ]

Key term

Scalar quantities have magnitude only; vector quantities have both magnitude and direction.

[image: ]



If the journey takes two hours, the average speed [image: ] is 8 km h−1, whereas the average velocity [image: ] is 5 km h−1 due East.


[image: ]
Figure 1.1 Distance and displacement.



When adding scalar quantities, normal arithmetic is applied. In the example above, the total distance travelled after returning to town A will be 16 km + 16 km, which equals 32 km. However, you would be back at your starting point, so your displacement (10 km due East plus 10 km due West) is zero.


[image: ]

Tip

Throughout this book, quantity algebra is used in all calculations. This means that when the values of quantities are substituted into an equation, the appropriate unit is also included. In later examples, where several quantities are given as a multiple or sub-multiple of the SI unit, it can be useful in ensuring that the final answer has the correct magnitude. Although this is a recommended practice, it is not a requirement in the examinations.

[image: ]
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Example

An aeroplane flies a distance of 1150 km from London to Oslo in 1 hour and 30 minutes. The return journey follows a different flight path and covers a distance of 1300 km in 2 hours. Calculate:


a)  the average speed of the aircraft

b)  its average velocity over the two trips.



Answer


a)  [image: ]

b)  [image: ]



[image: ]
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Tip

Vectors are usually differentiated from scalars by putting an arrow above the symbol, but they are usually represented as vector diagrams in most physics exams.

[image: ]



Addition of vectors requires direction to be considered. It can be achieved with the help of scale drawings. If, after travelling to town B, you move 10 km due North to town C, your resultant displacement will be 14 km at an angle of 45° to AB (Figure 1.2).


[image: ]
Figure 1.2 Vector addition.
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Example

An oarsman rows a boat across a river with a velocity of 4.0 m s −1 at right angles to the bank. The river flows parallel to the bank at 3.0 m s −1. Draw a scale diagram to determine the resultant velocity of the boat.

Answer


[image: ]
Figure 1.3 The resultant velocity is 5 m s −1 at 53° to the bank.
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Table 1.4 Scalars and vectors.



	Scalar
	Vector



	distance
	displacement



	speed
	velocity



	time
	acceleration



	mass
	force



	amount of substance
	weight



	temperature
	momentum



	charge
	magnetic flux density



	energy
	electric field strength



	potential difference
	 



	resistance
	 




For the addition of two vectors at right angles, the laws of Pythagoras and trigonometry can be used to determine the resultant vector.

In the above example, the magnitude of the resultant velocity, v, is given by the expression:

[image: ]

and the direction is found using the expression:

[image: ]

These methods will be used in Chapter 5 to add forces and in Chapter 23 to combine magnetic fields.

Table 1.4 gives a list of some scalar and vector quantities.

1.3 Vector addition and the resolution of vectors

Imagine a child is pulling a toy cart. The child exerts a force at an angle, θ, to the ground, as shown in Figure 1.4.


[image: ]
Figure 1.4



Part of the force can be thought to be pulling the cart horizontally and part can be thought to be lifting it vertically. We have seen that two vectors at right angles to each other can be added together to give a single resultant vector. It therefore follows that a single vector has the same effect as two components at right angles to each other.

The force exerted by the child has a horizontal component of FH and a vertical component of FV. Using trigonometry:

[image: ]

and

[image: ]

⇒ the horizontal component of the force, FH = Fcos θ and the vertical component, FV = Fsin θ.


[image: ]

Tip

The component adjacent to θ is always Fcos θ. You may find it easier to use the cosine function for both components – for example, if θ = 30°, the horizontal component will be Fcos 30° and the vertical component Fcos 60°.

[image: ]




[image: ]

Example

The Earth’s magnetic field has a flux density of about 5.0 × 10−5 T in the UK and enters the Earth at about 70° to the surface. Calculate the horizontal and vertical components of the field.

Answer

[image: ]

[image: ]




[image: ]
Figure 1.5



The study of projectiles in Chapter 3 is simplified by taking horizontal and vertical components of the initial velocity of the projectile. The vertical and horizontal motions can then be treated separately.


[image: ]

Test yourself


5  Make a list of four scalar quantities and four vector quantities.

6  A girl cycles 5.0 km due East and then 12 km due North. Calculate:




    a)  the total distance she has travelled

    b)  her displacement from the starting position.




She then cycles a further 10 km 30° South of West (W 30° S).




    c)  Draw a scale diagram to determine the displacement from her original position.




7  A stone is thrown with a velocity of 18 m s –1 at an angle of 25° to the horizontal. Calculate:




    a)  the initial horizontal component of the velocity

    b)  the initial vertical component of the velocity.



[image: ]
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Exam practice questions


[image: ]

1  a)  Which of the following is a base quantity?




         A  Length

         B  Metre

         C  Second

         D  Speed



[Total 1 Mark]


    b)  Which of the following is a derived unit?




         A  Force

         B  Metre

         C  Newton

         D  Second



[Total 1 Mark]


    c)  Which of the following is a scalar quantity?




         A  Acceleration

         B  Force

         C  Metre

         D  Speed



[Total 1 Mark]


    d)  Which of the following is a vector quantity?




         A  Distance

         B  Mass

         C  Time

         D  Velocity



[Total 1 Mark]


[image: ]

2  Calculate the force applied to a surface of area 220 mm2 to create a pressure of 10 MPa. Give your answer in kN.

[Total 2 Marks]

[image: ]

3  An aeroplane takes off with a velocity of 120 m s −1 at an angle of 30° to the runway. Calculate the horizontal and vertical components of the velocity.

[Total 2 Marks]

[image: ]

4  The capacitance, C, of a capacitor is defined by the equation:

[image: ]

where Q is the charge stored and V is the potential difference across the capacitor.

Use Table 1.2 to show that the unit of capacitance – the farad, F – may be represented as kg−1 m−2 A2 s4 in base units.

[Total 3 Marks]

[image: ]

5  A hiker walks 5 km due East and then 10 km due South.




    a)  Draw a scale diagram to calculate the displacement of the hiker from the starting position.

[2]

    b)  Calculate the average speed and the average velocity of the hiker if the complete journey took 5 hours.



[2]

[Total 4 Marks]


[image: ]

6  An oarsman rows a boat across a river aiming for a point on the other bank directly opposite his starting point and 40 m away. He rows at a velocity of 2.0 m s −1 towards this point, but finds that he reaches the other bank 10 m downstream from the intended target. Sketch a vector diagram for his journey, and calculate the velocity of the boat between the start and finishing points.

[Total 3 Marks]

[image: ]

7  The rate of flow of a fluid (volume per second) through a pipe is given by the equation

[image: ]

p is the pressure difference across the pipe, l is the length of the pipe, r its radius and η is a property of the fluid known as its viscosity. Rearrange the equation with η as the subject and show that the unit of viscosity may be given as Pa s.

[Total 2 Marks]

[image: ]

8  Two forces, F1 and F2, act on an object. F1 is 6.6 N acting vertically down and the resultant force (the sum of F1 and F2) on the object is a horizontal force of 4.7 N. Calculate the value of F2.

[Total 2 Marks]



[image: ]




2 Practical skills

2.1 Introduction

Physics is a very practical subject, and experimental work should form a significant part of your A level Physics course. It is commonly acknowledged that it is easier to learn and remember things if you have actually done them rather than having read about them or been told about them. That is why this book is illustrated throughout by experiments, usually with a set of data for you to work through and questions to answer.

Nothing is like the ‘real thing’, however, so you should be carrying out many of these experiments for yourself in the laboratory. In particular you will need to pay careful attention to the experiments designated as Core Practicals in the Pearson Edexcel specification. These will form the basis of questions on practical work in the A level examination. You may be asked to describe these experiments in the examination and/or answer questions based on them. All sixteen Core Practicals are fully described in this Student’s Book, with a set of typical results and the sort of questions you may be asked in the examination.

Many other experiments are also described in detail. Some are included to illustrate and give you a better understanding of the theory, while some are particularly designed to help you develop your practical skills.

The Pearson Edexcel specification identifies particular key practical skills that should be developed through teaching and learning and that will form the basis of practical assessment:


•  independent thinking

•  use and application of scientific methods and practices

•  numeracy and the application of mathematical concepts in a practical context

•  instruments and equipment.



Full details of the requirements for practical work, including a comprehensive appendix on Uncertainties and practical work, can be found in the specification posted on the Pearson Edexcel website: https://qualifications.pearson.com.

Before we look at these aspects of practical work, however, we need to be clear about certain terminology used in physics, particularly precision, accuracy and errors.

In the following sections, the bulleted lists in orange indicate in more detail the skills that will be assessed in the examinations.

2.2 Errors: accuracy and precision

The Pearson Edexcel specification emphasises that it is important that the words used have a precise and scientific meaning as distinct from their everyday usage. Pearson Edexcel has used the terminology adopted by the Association for Science Education, full details of which can be found in the specification. In the following text, these key terms are expressed in italics.

In everyday English, accuracy and precision have similar meanings, but in physics this is not the case. Their meanings are not the same and the difference must be understood.

An error is the difference between a measured result and the true value, i.e. the value that would have been obtained in an ideal measurement. With the exception of a fundamental constant, the true value is considered unknowable. An error can be due to random or systematic effects and an error of unknown size is a source of uncertainty.

When you repeat a measurement you often get different results. There is an uncertainty in the measurement you have taken. It is important to be able to determine the uncertainty in measurements so that its effect can be taken into consideration when drawing conclusions about experimental results.

A measured value is considered to be accurate if it is judged to be close to the true value – it cannot be quantified and is influenced by random and systematic errors.

The term precision denotes the consistency between values obtained by repeated measurements – a measurement is precise if the values ‘cluster’ together. Precision is influenced only by random errors and can be quantified by measures such as standard deviation. This is best illustrated by considering an archer shooting arrows at a target. In this situation, precision means getting all the shots close together and accuracy means getting them where they should be (the bull’s eye!).


[image: ]
Figure 2.1 Precision and accuracy.




[image: ]
Figure 2.2 Random and systematic errors.



A good archer may achieve high precision, but if the sights of the bow are not adjusted properly, the accuracy will be poor. This gives rise to a systematic error. A poor archer with correctly adjusted sights will scatter the arrows around the bull or, in terms of physics, will make random errors.

In physics experiments:


•  systematic errors can be minimised by taking sensible precautions, such as checking for zero errors and avoiding parallax errors, and by drawing a suitable graph

•  random errors can be minimised by taking the average of a number of repeat measurements and by drawing a graph that, in effect, averages a range of values.



Consider a mechanical micrometer screw gauge. Such an instrument has high resolution as it can measure to a very small interval – it can be read to 0.01 mm – which is the source of uncertainty in a single reading.

Furthermore, with careful use, it can make measurements with high precision – the measurements are repeatable, i.e. very similar when several readings are taken. However, its accuracy will depend on how uniformly the pitch of the screw has been manufactured and whether or not there is a zero error. You cannot do much about the former, although misuse, such as over tightening, can damage the thread. You should always check for zero error before using any instrument and make allowance for it if any is present. This is particularly true for digital instruments, which we often assume will be accurate and thus do not bother to check for any zero error. You should also understand that the accuracy of digital instruments is determined by the quality of the electronics used by the manufacturer.


[image: ]

Tip

An uncertainty for a single reading, or repeated readings that are the same, will be the resolution of the instrument. For repeated readings that are different, the uncertainty can be taken as being half the range of the readings.

[image: ]




[image: ]

Example

A student investigates the motion of a tennis ball rolling down a slope between two metre rules using the arrangement shown in Figure 2.3.


[image: ]
Figure 2.3



The student uses a digital stopwatch to find the time, t, that it takes for the ball to roll a distance, s, down the slope. She devises a technique in which she releases the ball from different markings on the metre rule and times how long it takes for the ball to roll down the slope and hit the block at the bottom. She records the results as shown in the table.


[image: ]

Tip

You will need to be able to rearrange an equation into the linear form

[image: ]

For the proposed relationship, [image: ], it is important to understand that s and t are the variables and that a is a constant.

A graph of s on the y-axis against t 2 on the x-axis should produce a linear graph of gradient [image: ]. In this case, c = 0, so the graph goes through the origin.

It is conventional to plot the controlled variable (s in this example) on the x-axis and so this is why the student decides to plot a graph of t 2 on the y-axis against s on the x-axis rather than the other way around.

[image: ]





	s/m
	0.200
	0.400
	0.600
	0.800
	1.000



	t/s
	0.70
	1.11
	1.35
	1.57
	1.77



	t2/s2
	 
	 
	 
	 
	 




The student thinks that s and t are related by the equation of motion:

[image: ]

where a is the acceleration of the ball down the slope, which she assumes to be uniform. To test her hypothesis, she decides to plot a graph of t 2 against s.


1  Complete the table by adding values for t 2 and then plot a graph of t 2 against s.

2  Discuss the extent to which the graph confirms the student’s hypothesis.

3  Determine the gradient of the graph and hence calculate a value for the acceleration of the ball down the slope.

4  Explain how the graph reduces the effects of random and systematic errors in the experiment.

5  Suggest the possible causes of these errors.



Answer


1  You should obtain a graph like that shown in Figure 2.4. Note that a large but convenient scale has been chosen for each axis and that the axes have been labelled with a forward slash between the physical quantity being plotted and its unit. This is a convention that you should adopt.

2  The equation of the line should be:

[image: ]

If this is correct, the graph should be a straight line of gradient[image: ] passing through the origin. The graph is a straight line, but it does not go through the origin. This could be because there is an additional constant term in the equation or because there may be a small systematic error in the readings. The latter would suggest a value for s of about 0.04 m (4 cm) when t = 0 (see Question 5).


[image: ]
Figure 2.4



3  Using a large triangle, and remembering that the graph does not pass through the origin, you should find the gradient to be about 3.25 (s2 m −1).

The gradient is equal to [image: ], so the acceleration is [image: ].

Note that the answer is given to two significant figures. Although the timings are recorded to the resolution of the stopwatch, giving three significant figures for all except the first reading, the third figure (0.01 s) is over optimistic in view of likely human error in the timing in the order of 0.1 s. A final value stated to two significant figures is therefore more realistic. You will see that there is further justification for this when errors are discussed in more detail in Section 2.4.

4  The graph reduces the effect of random errors by using the straight line of best fit through the points to average out the five values. The gradient will still be equal to [image: ] even if there is a systematic error, so drawing a graph both indicates whether there is a systematic error and enables allowances to be made for it.

5  The scatter of the points suggests a random error, particularly for the smaller values. This is probably due to timing errors, which are more apparent when the times are short (e.g. only about 1 s for the first two values).

The intercept of about 4 cm when t = 0 is caused by a systematic error by the student. She wrongly assumes that if she releases the bottom of the ball from, for example, the 20-cm mark on the rule, it will travel 20 cm before hitting the block. In reality, the ball travels about 4 cm less than this (see Figure 2.6 on page 17).




[image: ]

Tip

The number of significant figures used depends on the resolution of the measuring instruments. A final value should usually be stated to the same number of significant figures as the instrument with the fewest significant figures in its reading.

[image: ]
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2.3 Planning, making measurements and recording data

You will be expected to:


•  identify and control significant quantitative variables and plan approaches to take account of variables that cannot readily be controlled

•  select appropriate equipment and measurement strategies in order to ensure suitably accurate results.



In the tennis ball experiment, the student identified the distance s and the time t as the two variables and measured them appropriately with a metre rule and digital stopwatch, respectively. She identified the acceleration, a, as being constant. To control this, she should ensure that the angle of the slope is constant – for example, by making sure that the runway does not ‘bow’ in the middle.

You will also be expected to:


•  obtain accurate, precise and sufficient data

•  record these data methodically using appropriate units and conventions

•  present data in an appropriate scientific way

•  plot and interpret graphs.




[image: ]

Tip

Always express measurements, whether in tables or on the axes of graphs, in the form quantity/unit, for example t 2/s 2.

[image: ]



The student sensibly presented her data in a table and then plotted a suitable graph. The data were recorded with appropriate units, expressed in the conventional way, i.e. the symbol of the quantity being measured, followed by a forward slash and then the unit. For example t/s means the time, measured in seconds. The graph enabled an appropriate value for the acceleration to be determined by averaging several values, thereby reducing random error. We could also interpret from the graph that there appeared to be a systematic error in the measurements.

Mathematically, the forward slash means ‘divided by’. Thus t/s actually means the time (in seconds) divided by seconds and so results in a number. The quantities in the table are therefore just numbers. The same convention is used when plotting graphs, so she has correctly labelled the axes as t 2/s 2 and s/m.


[image: ]

Tip

You should understand the difference in meaning between italic s for the distance (a physical quantity) and upright s for seconds (a unit).

[image: ]



Unfortunately the student neither measured the distances correctly (which gave rise to a systematic error) nor took repeat readings (which would have improved the precision of her data). She also gave no indication that she had checked the stopwatch for zero error. In an experiment such as this, several repeat readings are essential as the times are very short and subject to human error in starting and stopping the stopwatch. The student should also have gone back and taken timings for extra values of s as five points are not really enough for a graph.

In general, measurements should be repeated, if practically possible, to provide a check against a misreading and to allow reductions in random errors by averaging two or more values. For example, when finding the diameter of a length of wire, the micrometer (or digital calipers) should first be checked for zero error. The diameter should then be measured at each end of the wire and at the centre (to check for taper), taking readings at right angles to each other at each point (to check for uniformity of cross-section). This is shown in Figure 2.5.


[image: ]
Figure 2.5 Measuring the diameter of a wire.



In some experiments, such as finding the current–voltage characteristics of a filament lamp, it would be completely wrong to take repeat readings, as the lamp will heat up over time and its characteristics will change. In such a situation you should plan for this by making sure that you take a sufficient number of readings the first time around.

You will further be expected to:


•  consider margins of error, accuracy and precision of data

•  evaluate results and draw conclusions with reference to measurement uncertainties and errors.



In the tennis ball experiment, the uncertainty in the length s is likely to be the accuracy with which the ball can be placed on the scale reading of the metre rule. This will be governed by the resolution of the scale (calibrated in mm) and the human error locating the point at which the ball touches the rule. The uncertainty is probably ±2 mm. The uncertainty in the timing is most definitely not the resolution of the stopwatch (0.01 s). The uncertainty is governed by the human reaction time in starting and stopping the stopwatch. Although these effects tend to cancel out to some extent, the uncertainty would still be considered to be in the order of 0.1 s.

The accuracy of an experiment can be assessed best by expressing the uncertainties as percentages. In the tennis ball experiment, the percentage uncertainty in the measurement of, say, the mid-distance s = 0.600 m would be:

[image: ]

The percentage uncertainty in the corresponding time, t = 1.35 s, would be:

[image: ]

As t 2 is being used, the percentage uncertainty is actually 2 × 7.4% = 14.8%.

As [image: ], the percentage uncertainty in a is found by adding the percentage uncertainties in s and t 2: 0.3% + 14.8% = 15.1%. We would probably round this and say 15%, which is a relatively large percentage uncertainty.


[image: ]

Tip

The percentage uncertainty for a product (xy) or a quotient [image: ] is found by adding the individual percentage uncertainties of x and y. As, for example, x 3 is x × x × x, the percentage uncertainty in x 3 will be three times the percentage uncertainty in x.
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However, even taking as few as five readings and then plotting a graph reduces the uncertainty considerably. A rigorous treatment would be to draw the points on the graph with error bars and draw the steepest and shallowest best-fit straight lines. For simplicity, as there is not very much scatter of the plots on the graph, let us assume the percentage uncertainty in the value for the acceleration is in the order of 5%.

The uncertainty in the value of a can be found by taking 5% of its value, i.e. [image: ]

We can therefore write the value for the acceleration as 0.62 ± 0.03 m s −2.

Other skills that you may be assessed on include:


•  correctly following instructions to carry out experimental techniques or procedures

•  carrying out techniques or procedures methodically, in sequence and in combination, identifying practical issues and making adjustments when necessary

•  using appropriate analogue apparatus and interpolating between scale markings

•  safely using a range of practical equipment and materials, identifying safety issues and making adjustments when necessary.



These points are illustrated in the next two examples.


[image: ]

Example

When the student shows her teacher the results of the tennis ball experiment, he suggests that she develops the investigation further by comparing her value for the acceleration, a, with the theoretical value. He tells her that this is:

[image: ]

where θ is the angle between the slope and the horizontal bench top.


1  Show that the angle should be about 6°.

2  Estimate the percentage uncertainty in attempting to measure this angle with a protractor and comment on your answer.

3  Draw a diagram to show how you could use a trigonometric method to determine sin θ and comment on the advantage of this technique.



Answers


1  [image: ]

2  Using a protractor, the angle could probably not be measured to better than an uncertainty of ±1°, which gives a percentage uncertainty of:

[image: ]

This is a large uncertainty, which suggests that using a protractor is not a suitable technique.

3  Figure 2.6 shows how a trigonometric technique could be used. It also shows why the student’s measurements for s have a systematic error of about 4 cm.


[image: ]
Figure 2.6



Using the technique adopted in Figure 2.6 to determine the value of s would enable readings to be taken methodically, quickly and accurately and would also allow several repeats of each value to be taken.

In the arrangement shown in Figure 2.6, the distance l was 1.000 m and the height h was 103 mm. These measurements give a value for tan θ of:

[image: ]

and hence a value for sin θ of 0.102. This has been determined to three significant figures compared with a mere one significant figure using a protractor.

The advantage of this trigonometric method is that it involves two longish lengths, which can each be measured to an uncertainty of ±2 mm or better. This reduces the percentage uncertainty for sin θ to about 1% or 2% at most.

There are no real safety issues associated with this experiment, although a possible hazard would arise if the tennis ball were allowed to bounce around the laboratory. The ball should therefore be caught at the end of each run and not allowed to fall off the bench.
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Tip

You should always illustrate your work with diagrams. These should be drawn carefully, preferably in pencil, using a rule for straight lines. Distances should be marked precisely and any special techniques should be shown. In this case, for example, the use of a set square to ensure that the half-metre rule is vertical.

[image: ]
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Example

A student planned to investigate a property of a prism. He wanted to find how the deviation, δ, produced by the prism depends on the angle of incidence, i, of a laser beam striking the prism.

The student placed the prism on a sheet of white paper and drew around it. He removed the prism and drew lines at angles of incidence of 30°, 40°, 50°, 60°, 70° and 80° using a protractor. He then replaced the prism and shone the laser beam along each of the lines in turn, taking particular care not to look directly into the laser beam. For each angle of incidence, he marked the direction of the emerging beam and determined the respective deviation. He recorded the data as shown in the table.


[image: ]
Figure 2.7





	i/°
	30.0
	40.0
	50.0
	60.0
	70.0
	80.0



	δ/°
	47.0
	39.0
	38.0
	39.5
	42.0
	49.5




Note that the student took his measurements methodically by initially drawing angles of incidence at 10° intervals and recorded them in a suitable table with units. He attempted to measure the angles to a precision of 0.5° by interpolating between divisions on the protractor. This is reflected in the table by the student giving all of the angles to an appropriate number of significant figures.


[image: ]

Tip

Wherever realistically possible, try to interpolate between scale divisions, for example, 0.5 mm on a millimeter scale, 0.5° for a protractor and 0.5°C or better on a mercury thermometer calibrated in degrees.
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1  Plot a graph of the deviation, δ, against the angle of incidence, i.

2  Use your graph to determine the angle of minimum deviation, δ min.

3  Suggest extra readings that could be taken to improve the graph.

4  The student looked in a book on optics and found that the refractive index, n, of the material of the prism is given by the equation:

[image: ]

where A is the angle of the prism. The student measured A and found it to be 60.0°. Use this information to find a value for the refractive index.



Answers


1  Your graph should look like that in Figure 2.8.

2  The minimum deviation is 37.9°.

3  The angle of minimum deviation could be determined with more certainty if extra readings were taken for i = 45° and i = 55°.

4  [image: ]




[image: ]
Figure 2.8
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You should always take an appropriate number of measurements over as wide a range as possible. In the prism example, this is achieved by taking readings between 30° and 80° (readings with i less than about 30° are not achievable as total internal reflection occurs) and by subsequently taking extra readings at i = 45° and i = 55°.

In consideration of safety, you should note that the student took particular care not to look directly into the laser beam. Even a laser pointer is a very hazardous device and could cause serious eye damage. It is not advisable to use lasers in a darkened room as your eye irises will be dilated. The utmost care should always be taken when working with lasers.

You always need to be aware of the potential dangers of the apparatus with which you are working and act accordingly. In particular, you will be doing a number of electrical experiments. Electricity should always be treated with the greatest respect – even at the low voltages with which you will be working.

2.4 Analysis and evaluation

You are required to develop and use a range of mathematical skills, details of which you can find on the Pearson Edexcel website. Your attention is also drawn to Chapter 33 of this book.

You will be expected to:


•  process and analyse data using appropriate mathematical skills as exemplified in the mathematical appendix of the specification

•  evaluate results and draw conclusions with reference to measurement uncertainties and errors.



It goes without saying that you should be able to produce a graph with sensible scales and with appropriately labelled axes, including correct units, and then plot points correctly and draw the straight line, or smooth curve, of best fit.

The graph in Figure 2.8 is an example of when the most suitable scale can be achieved by not starting the axes at the origin. You should always choose a scale that occupies at least half the graph paper in both the x and y directions (or else the scale could be doubled!) and one that avoids awkward scales such as scales having multiples of 3.

Points should be plotted accurately, with interpolation between the scale divisions, and marked with a neat cross or a small dot with a ring round it. In more advanced work the plots should be plotted as error bars. The length of the bars should reflect the uncertainty of a value in the region of the middle of the recorded measurements. When drawing the line of best fit, you should remember that not all functions in physics are linear. If your points clearly lie on a curve, you must draw a smooth curve through them. Furthermore, not every straight line will necessarily pass through the origin, even though you may be expecting it to (as in Figure 2.4 on page 13). If this is the case, you need to discuss possible reasons as to why the line does not pass through the origin.


[image: ]

Tip

First plot your points in pencil. If they look right, with no apparent anomalies, ink them in. Then draw your line in pencil. If you are not happy with your line, you can easily rub it out and have another go without also rubbing out the plotted points.
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In the tennis ball experiment on page 12, we expected to get a straight line through the origin, but we found that there was a small intercept. We then discussed the possible reasons for this and came to the conclusion that a systematic error had arisen as the distance s had not been measured correctly.

In the second tennis ball experiment on page 16, we considered, quantitatively, the error likely to occur if a protractor was used to measure the angle of the slope. We concluded that an uncertainty of around 17% was unacceptable, so we improved the experiment by using a trigonometric method.

For the tennis ball experiment, we can conclude from the measurement of the angle of the slope that:

[image: ]

The experimental value found for the acceleration was 0.62 m s −2. The two values differ by:

[image: ]

This is a very acceptable experimental error and so we can conclude that, within experimental error, the acceleration of a tennis ball rolling down a slope is given by the formula [image: ].

Note in the above experiment that the two values for the acceleration are both experimental values as the value of sin θ had to be determined by taking measurements. Therefore the average value of the acceleration (0.61 m s −2) was used as the denominator.

Finally, you are expected to be able to:


•  solve problems set in practical contexts and apply scientific knowledge to practical contexts

•  identify uncertainties in measurements and use simple techniques to determine uncertainty when data are combined by addition, subtraction, multiplication, division and raising to powers.
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Tip

Remember:


•  % difference between two experimental values is given by:

[image: ]

•  % difference between an experimental value and a stated or known value is given by:

[image: ]
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These points are illustrated in the next example.


[image: ]

Example

A technician needs to make up some leads. In an online catalogue he finds some PVC-insulated copper wire having the following manufacturer’s specification:

[image: ]
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Tip

Remember to distinguish carefully between the terms mass and weight when using them in physics. Manufacturers often use the everyday word ‘weight’ when it should really be ‘mass’.
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1  Comment on the error the manufacturer has made in stating one of the quantities in the specification.

2  The technician decides to check these data. Show that a core of 1.5 mm2 would have a diameter of about 1.4 mm.

3  Concerned about this apparent discrepancy, he does some research and discovers that the core is actually made up of seven strands of copper wire each of diameter 0.52 mm arranged as shown in Figure 2.9.




    a)  Show that this gives a cross-sectional area for the copper close to the stated value of 1.5 mm2.

    b)  Suggest why the manufacturer’s statement that the diameter of the copper core is 2 mm is not unreasonable.




4  When the wire arrives he checks the diameter of the individual strands of copper wire using electronic digital vernier calipers having the following specification:

[image: ]

Explain what is meant by each of these terms.


[image: ]
Figure 2.9 Cross-section of wire (magnified approximately 10 times).



5  He obtains the following measurements for the diameter of each of the seven single strands:

[image: ]

Using these data, together with the specification of the calipers,




    a)  determine the average area of cross-section these data give for a single strand

    b)  estimate the percentage uncertainty in this value

    c)  estimate the uncertainty this would give for the area of cross-section for the seven strands

    d)  comment on whether the stated specification of 1.5 mm2 for this wire is valid.




6  The density of copper is 8930 kg m −3. Use this, with your answer to Question 5c, to calculate the mass of copper in the 10 m reel of wire.

7  To check this, the technician cuts off a 10 cm length of wire and strips off the PVC insulation. He finds that the mass of this length of copper is 1.3 g.




    a)  What value would this give him for the mass of copper in the cable?

    b)  Suggest two ways by which he could have got a more accurate value for the mass.




[image: ]

Tip

A measurement is valid if it measures what it is supposed to be measuring – this depends both on the method and the instruments.

[image: ]



Answers


1  The manufacturer has stated that the wire has a weight of 231 g when it should have been stated as a mass of 231 g. If the wire has a mass of 231 g, its weight would be

[image: ]

2  [image: ]




3  a)  For a single strand: [image: ]

For all seven strands: A = 7 × 0.212 mm2 = 1.49 mm2 ≈ 1.5 mm2

    b)  From Figure 2.9 it can be seen that the ‘diameter’ of the copper core can be considered to be three strand diameters, i.e. 3 × 0.52 mm = 1.56 mm. If the manufacturer is only stating values to the nearest millimetre (i.e. one significant figure), then a value of 2 mm is what would be quoted for the ‘diameter’ of the copper core.




4  A resolution of 0.01 mm means that this is the smallest measuring interval, i.e. the electronic readings are shown to 0.01 mm.

An accuracy of 0.02 mm means that the manufacturer cannot guarantee that the reading is any better than 0.02 mm from the true value.

A repeatability of 0.01 mm means that if you were to repeat exactly the same reading, the manufacture cannot guarantee that the readings will be the same – they could be 0.01 mm different.




5  a)  Average diameter, [image: ]

However, the manufacturer states an accuracy of 0.02 mm, so the uncertainty could be as much as (0.01 + 0.02) mm = 0.03 mm.

    b)  This gives a percentage uncertainty for d of

[image: ]

The estimated percentage % uncertainty in d 2 will therefore be 2 × 5.7% = 11%.

    c)  For a single strand: [image: ]

For all seven strands: A= 7 × 0.221 mm2 = 1.55 mm2

As d is the average diameter of seven strands and the percentage uncertainty in the area of a single strand is 11%, the percentage uncertainty in the area of the seven strands will also be 11%. Uncertainty in area of seven strands [image: ]

The area should therefore be expressed as 1.55 ± 0.17 mm2

    d)  The specification states that the area is 1.5 mm2. This value lies well within the experimental range of 1.55 ± 0.17 mm2 and so the manufacturer’s statement would appear to be valid.




6  Volume of copper,

[image: ]

(Don’t forget to convert mm2 to m2!)

Mass of copper,

[image: ]

As the % uncertainty in the area is 11%, the % uncertainty in m will also be 11% (assuming the density value is accurate).

[image: ]

The mass can therefore be taken as 138 ± 15 g.




7  a)  If 10 cm of bared copper wire has a mass of 1.3 g, then the mass of copper in a reel of length 10 m will be 100 × 1.3 g = 130 g.

    b)  He could have got a more accurate value by cutting off a longer length than 10 cm or by using a balance having a greater resolution than 0.1 g.
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In addition to three written examination papers, you will be internally assessed for a Practical Endorsement. There are no grades for this, just ‘pass’ or ‘fail’. For this endorsement you will need to show practical competency in the skills highlighted in this chapter, together with evidence of the ability to:


•  apply investigative approaches and methods to practical work

•  keep appropriate records of experimental activities

•  use appropriate software and/or tools to process data, carry out research and report findings

•  use online and offline research skills, including websites and textbooks

•  correctly cite sources of information.



Examples of these skills are included throughout the book in the Core Practicals and in the Activities. In addition, more advanced practical techniques are discussed in Chapter 34.


[image: ]

Test yourself

In Questions 1–3, you will be asked to make some simple measurements for yourself, using things that you can probably find at home. If you cannot do this, you can get the data from the first part of each answer and then work through the rest of the question.


1  You will need:




    •  an unopened 250 g packet of butter (or margarine)

    •  a mm scale, e.g. a 30 cm rule.




    a)  Take such measurements as are necessary to determine a value for the density of the 250 g pack of butter.

    b)  Estimate the percentage uncertainty in each of your measurements and hence discuss whether your value for the density would allow you to decide whether butter would float in water.




2  You will need:




    •  an unopened packet (500 sheets) of A4-sized 80 gsm printing paper (gsm is the manufacturer’s way of writing ‘grams per square metre’ – that is, g m−2)

    •  kitchen scales

    •  a mm scale, e.g. a 30 cm rule.




    a)  i)  Use the kitchen scales to find the mass of the packet of paper.

        ii)  Hence determine the mass of a single sheet of this A4 paper.

    b)  i)  Take such measurements as are necessary to determine the area of a single sheet of this A4 paper.

        ii)  Calculate an experimental value for the ‘gsm’ of the paper.

        iii)  Calculate the percentage difference between your experimental value and the value given by the manufacturer. Comment on your answer.

    c)  i)  Estimate the thickness of a single sheet of paper and hence determine a value for the density of the paper.

        ii)  Describe how you could check the thickness of a single sheet of paper using a micrometer screw gauge or digital calipers.




3  You will need:




    •  ten 1p coins (all dated 1993 onwards)

    •  a mm scale, e.g. a 30 cm rule.

(If you do not live in the UK, you should use a small coin of your own currency. You will probably be able to find its mass on the internet.




    a)  Take such measurements as are necessary to determine the average diameter, d, and thickness, t, of a 1p coin.

    b)  Calculate the volume, V, of a coin and hence the density of the material from which the coin is made given that the mass of a 1p coin is 3.56 g.

    c)  After 1992, 1p coins were made of copper-plated mild steel of density 7.8 g cm −3.




          i)  Determine the percentage difference between your value for the density and the value stated for mild steel.

        ii)  Comment on your answer with reference to the uncertainties in your measurements.




    d)  Until 1992, 1p coins were made of brass (density 8.5 g cm−3) and were 1.52 mm thick. Discuss whether your experiment would enable you to detect this difference.




4  In an experiment to find the acceleration of a mass falling freely under gravity, a student used an electronic timer to find the time, t, for a small steel sphere to fall vertically through a distance, h. The student recorded the following results:



	h/cm
	40
	60
	80
	100
	120



	t/s
	0.30
	0.38
	0.42
	0.47
	0.52




The student assumed that the relationship between h and t is [image: ].




    a)  Show that a suitable graph to plot would be a graph of t 2 against h and that the gradient of this graph is [image: ].

    b)  Tabulate values of h and t 2 and then plot a graph of t 2 against h, starting both scales at the origin.

    c)  Comment on the graph obtained.

    d)  Use your graph to determine a value for g.

    e)  Determine the percentage difference between the value you obtain for g and the accepted value of 9.81 m s −2.




     f)  i)  Comment on the way in which the student expressed the values of h.

         ii)  Suggest how the measurements could have been improved.



[image: ]




3 Rectilinear motion


[image: ]

Prior knowledge

In this chapter you will need to be able to:


•  substitute numerical values into formulae and equations using appropriate units.

•  plot and draw graphs to show how distance and speed change with time

•  determine the gradient of linear graphs.



The key facts that will be useful are:


•  Velocity, acceleration and displacement are vector quantities.

•  [image: ]

•  [image: ]

•  A body in free fall on Earth accelerates downwards at 9.81 m s −2.



[image: ]
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Test yourself on prior knowledge


1  What is meant by a vector quantity?

2  Calculate the displacement of an object that travels with an average velocity of 4.5 m s −1 for 8.0 s.

3  The velocity of a car changes from 36 km h−1 to 18 km h−1 in 8.0 s. Calculate the acceleration of the car in m s −2.

4  Calculate the velocity of a brick 2.2 s after it is accidentally dropped from the top of a building.

5  Sketch a displacement–time graph for a body moving at constant velocity.



[image: ]



3.1 Speed, velocity and acceleration

Rectilinear motion means motion along a straight path. We saw earlier that average speed is distance divided by time, and that velocity is a vector quantity defined as displacement divided by time. As all the motion to be studied in this chapter is rectilinear, it follows that velocity will be used throughout.

Average and instantaneous velocity

A sprinter accelerates for 20 metres and then maintains a uniform velocity for the remaining 80 metres of the 100-metre sprint. If the total time taken is 10.0 s, the average velocity, vav, is found using:

[image: ]

During the first 20 m the runner’s velocity is continuously increasing to a maximum of 12.0 m s −1. If the displacement for a small period of time, say 0.01 s, during the acceleration, is 0.06 m, the velocity at this instant will be:

[image: ]

The instantaneous velocity is strictly defined as the velocity at an instant, which may be much smaller than 0.01 s but, for practical purposes, measurements of velocity taken over a time that is much shorter than the time of the overall measurements will be regarded as instantaneous.

Average velocity and instantaneous velocity are sometimes represented by the equations:

[image: ]

where Δt represents an interval of time and δt represents a very small interval.

The instantaneous velocity is often given in the calculus notation [image: ] that represents the value as δt tends to zero.


[image: ]

Activity 3.1

Measuring average velocity and instantaneous velocity

A trolley is released at the top of an inclined plane and allowed to run to the bottom of the plane. The distance, Δx, travelled by the trolley down the slope is measured, and the time, Δt, is measured using a stopclock. The average velocity is found by dividing the distance moved down the plane by the time taken.

An interrupter card cuts through the light beam directed at a light sensor (a ‘light gate’), and the time is electronically recorded. The ‘instantaneous’ velocity at that position is calculated by dividing the length of the card, δx, by the time, δt, taken to cross the beam.

A sensor placed near the top of the runway can be used to find the initial velocity, u, and a lower sensor can give the final velocity, v.

A data-logging interface (such as Philip Harris’ DL+) will measure the times at each light gate and also the time interval between the gates.

[image: ]


[image: ]
Figure 3.1 Measuring velocity and acceleration (lamp and sensor supports omitted for clarity).



If the acceleration down the slope is uniform, the average velocity will be [image: ].

This can be compared with the measured average velocity:

[image: ]

The results of the experiment are shown in Figure 3.2. The time scale on the computer display has been broken to allow both timings to be observed.

Questions

The length of the interrupter card is 5.0 cm, and the distance between the sensors is 0.800 m.


[image: ]
Figure 3.2 Computer display.




1  Use Figure 3.2 to determine:




    a)  the time intervals during which the interrupter card cuts the beams at the top and the bottom of the ramp

    b)  the time taken for the trolley to travel between the sensors.

2  a)  Calculate the instantaneous velocity at the top and at the bottom of the slope.

    b)  Use the values in part (a) to determine the average velocity of the trolley.




3  Calculate the average velocity of the trolley using the total time taken between the sensors.

4  Suggest a reason why the two values for the average velocity differ.



[image: ]



Acceleration

As the trolley moves down the slope, its velocity steadily increases. Any change in velocity indicates that the trolley is accelerating. The magnitude of the acceleration is a measure of the rate at which the velocity changes:

[image: ]

The change in velocity is measured in metres per second (m s −1), so acceleration has the unit m s −1 per second, which is written as m s −2.

For uniform acceleration, as in the experiment to measure average and instantaneous velocity (in the Activity above), the acceleration is calculated using the equation:

[image: ]

Velocity and acceleration are vectors. If an object slows down, (v – u) will be negative. This means that the acceleration is in the opposite direction to the velocities and the object has a negative value of acceleration.


[image: ]

Example

In an experiment, a trolley runs down an inclined plane. An interrupter card of length 20.0 cm cuts through light gates close to the top and the bottom of the slope. The following results were recorded from such an investigation.

Time to cut the top gate, t1 = 0.30 s

Time to cut the bottom gate, t2 = 0.14 s

Time to travel between the gates, t = 0.50 s

Calculate:


a)  the velocity of the trolley at each gate

b)  the acceleration of the trolley.



Answers


a)  [image: ]

b)  [image: ]



[image: ]



Equations of motion

The motion of an object moving at constant velocity, or accelerating uniformly, can be described by a set of equations known as the equations of motion. The following symbols represent the physical quantities involved in the equations:

[image: ]

The first equation is simply the definition of acceleration rearranged so that the final velocity, v, is the subject of the equation:

[image: ]

giving

[image: ]

Average velocity is defined as total displacement divided by time. For uniform motion, the average velocity is [image: ], so:

[image: ]

giving

[image: ]

In order that any two quantities can be calculated if the other three are given, a further two equations can be obtained by combining Equations 1 and 2. The resulting expressions are:

[image: ]

You do not need to be able to perform these combinations, as Equations 3 and 4 will be included on the data sheet at the end of the AS (and A Level) examination papers.


[image: ]

Example


1  A train starts from rest at a station and accelerates at 0.2 m s −2 for one minute until it clears the platform. Calculate the velocity of the train after this time, and the length of the platform.

2  The train now accelerates at 0.4 m s −2 for the next 540 m. Calculate its final velocity and the time taken to travel this distance.



Answers


1  u = 0 m s −1, a = 0.2 m s −2, t = 60 s, v = ?, s = ?

Using Equation 1:

[image: ]

Using Equation 3:

[image: ]

2  u = 12 m s −1, a = 0.4 m s −2, s = 540 m, v = ?, t = ?

Using Equation 4:

[image: ]

giving

[image: ]

Using Equation 1:

[image: ]

giving

[image: ]



[image: ]
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Test yourself


1  Explain why the quantities u, v, a and s must be vectors for rectilinear motion.

2  Calculate the acceleration of an object that increases in velocity from 2.0 m s −1 to 5.0 m s −1 in 0.5 s.

3  How long will it take a dog running at 4.0 m s −1 to increase its velocity to 6.0 m s −1 if it accelerates at 0.8 m s −1?

4  How far will a car travel when it accelerates at 0.5 m s −2 from rest for 20 s?

5  Calculate the final velocity of a cyclist who accelerates at 0.8 m s −2 from an initial velocity of 5.0 m s −1 over a distance of 12 m.



[image: ]
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Tip

Always write down the values of s, u, v, a and t that you are given and then select the appropriate equation to obtain the unknown quantity.

[image: ]
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Core practical 1

Measuring the acceleration of a free-falling object

For an object dropped from rest, the acceleration due to gravity can be calculated using the equations of motion:

[image: ]

or

[image: ]

As u = 0 m s −1 and a = g, these equations become:

[image: ]

and

[image: ]

Method 1

A ball-bearing is held by an electromagnet at height, h, above a trapdoor switch (Figure 3.3a). When the switch is thrown (downwards in the diagram), the circuit to the electromagnet is broken and the ball begins to fall. At that instant the stopclock starts timing. When the ball strikes the trapdoor, the lower circuit is broken and the clock is stopped. The height is measured using a metre rule. The timing is repeated several times, and an average value of t is recorded.

The experiment is repeated for a range of different heights. A graph of t2 against h is plotted.

Rearranging [image: ], so the gradient of the line will be [image: ]

Method 2

A cylinder is dropped down a clear plastic tube so that it cuts through a light beam (Figure 3.3b). The length of the cylinder, l, and the height of the top of the tube, h, above the light gate are measured, and the time, t, for which the cylinder cuts the beam is recorded.


[image: ]
Figure 3.3 Two methods of measuring acceleration due to gravity.



The experiment is repeated several times, and an average value of t is obtained. The velocity, v, of the cylinder passing through the gate is calculated using [image: ].

The experiment is repeated for a range of heights, and a graph of v 2 against h is plotted. As v2 = 2gh, the gradient of the line will be 2g.

A student performing experiments 1 and 2 obtained the results in Table 3.1.

Table 3.1 Results for Methods 1 and 2.



	Method 1



	h/m
	t/s
	t2/s2



	0.400
	0.29
	 



	0.800
	0.40
	 



	1.200
	0.49
	 



	1.600
	0.57
	 



	2.000
	0.65
	 






	Method 2 (l = 0.050 m)



	h/m
	t/s
	v2/(ms−1)2



	0.200
	0.025
	 



	0.400
	0.018
	 



	0.600
	0.015
	 



	0.800
	0.013
	 



	1.000
	0.011
	 




(The values of t are the average of three readings.)

Method 3

If no specialist equipment is available, the principle of Method 1 can be used by measuring the time taken with a stopwatch for the object to be dropped over a range of heights measured with a metre rule. The times for each height should be taken several times and an average value calculated.

The data analysis is the same as for Method 2.

Questions


1  Copy and complete Table 3.1 to show the values of t 2/s2 for Method 1 and v 2/(m s −1)2 for Method 2. You may use a spreadsheet if you wish.

2  Plot a graph of t 2/s2 against h/m for Method 1. Measure the gradient and calculate a value for the acceleration due to gravity.

3  Plot a graph of v 2/(m s −1)2 against h/m for Method 2. Measure the gradient and calculate a value for the acceleration due to gravity.

4  Another student, performing Method 1, noticed that the graph did not pass through the origin, but was a straight line with a small intercept on the h axis. Suggest a reason for this.

5  Explain, with reference to the time measurements, why the uncertainty in the value of g is greater using Method 2.

6  Give one advantage of using Method 2.

7  A student using Method 3 has a manually operated stopwatch. She takes five readings for an object to fall from a height of 2.00 m into a sand tray.

The recorded values are: 0.65 s, 0.61 s, 0.70 s, 0.63 s, 0.60 s




    a)  Explain why five separate readings are taken at this height.

    b)  Calculate the average time and determine the percentage uncertainty in this measurement.

    c)  It is suggested that the experiment would be better performed from an upper storey of a tall building. Explain the advantages and disadvantages of such a change.



[image: ]



Free fall

In the absence of air resistance, all objects, whatever their mass, will fall freely with the same acceleration. Galileo Galilei tested this hypothesis by dropping different masses from the Leaning Tower of Pisa. Similarly, the astronauts on an Apollo Moon-landing mission showed that a hammer and a feather fall at the same rate on the Moon (where there is no air).

The acceleration of free fall on Earth, commonly termed the acceleration due to gravity, g, has a value of 9.8 m s −2.

When using the equations of motion for free-falling bodies, we need to be aware that displacement, velocity and acceleration are vector quantities and that the acceleration due to gravity always acts downward towards the Earth. If an object is thrown upwards, it will still be accelerating downwards at 9.8 m s −2. If the upward velocity is assigned a positive value, it follows that the acceleration must be negative. If the body was thrown downwards, its direction would be the same as that of g, so both can be given positive values.


[image: ]

Example

A ball is thrown vertically upwards with an initial velocity of 10 m s −1. Calculate the maximum height it will reach above its starting position, and the time it will take to reach this height.

Answer

At the instant the ball is at its maximum height, its velocity will be zero.

[image: ]

Using v2 = u2 + 2as:

[image: ]

Using v = u + at:

[image: ]

[image: ]
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Test yourself


6  A football is dropped from the top of a building 30 m above the road below.




    a)  Calculate the time the ball takes to reach the road.

    b)  Calculate its velocity on impact with the road.

    c)  State an assumption that you have made for these calculations.




7  A stone is thrown vertically upwards with an initial velocity of 8.0 m s −1 from a height of 1.8 m. Calculate:




    a)  the stone’s velocity after 0.50 s

    b)  the maximum height it reaches

    c)  the time taken for the stone to fall from the highest point to the ground.



[image: ]



3.2 Projectiles

Objects projected horizontally will still fall freely with a vertical downward acceleration of 9.8 m s −2.


[image: ]
Figure 3.4 Falling spheres illuminated by a strobe lamp.



Figure 3.4 shows two balls – one released from rest and the other projected horizontally – photographed while illuminated by a strobe lamp. It is clear that the vertical acceleration of the projected ball is unaffected by its horizontal motion.

The horizontal distance travelled by projectiles can be found by considering the vertical and horizontal motions separately. In the vertical plane, the object will accelerate down at 9.8 m s −2, while the horizontal velocity remains constant (in the assumed absence of air resistance). The equations of motion can be applied to the vertical motion to ascertain the time spent by the object in free fall, and then the horizontal displacement is the product of the constant horizontal velocity and this time.


[image: ]

Example

A tennis ball is volleyed horizontally at a height of 1.5 m with a speed of 20 m s −1. Calculate the time taken by the ball to hit the ground and the horizontal distance travelled by the ball.

Answer

The instant the ball is struck, in addition to moving horizontally it will begin to fall downwards due to the gravitational force acting on it. The vertical motion of the ball is identical to that of a ball dropped from rest and falling to the ground.

In the vertical plane: u = 0 m s −1, a = 9.8 m s −2, s = 1.5 m, t = ?

Using [image: ]

[image: ]

giving

t = 0.55 s

In the horizontal plane: u = 20 m s −1 (constant), t = 0.55 s, s = ?

[image: ]

[image: ]
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Activity 3.2

Monkey and hunter

A monkey hangs from the branch of a tree. A hunter aims his gun accurately at the monkey and fires. The sharp-eyed primate spots the bullet as it leaves the gun, releases its grip on the branch and falls to the ground. Does the monkey survive?

A laboratory model of the situation is shown in Figure 3.5. The ‘gun’ is clamped horizontally to the bench so that it is aimed directly at the ‘monkey’, which is held by the electromagnet 2 or 3 metres away. The ‘bullet’ is fired, breaking the circuit as it leaves the end of the barrel. The ‘monkey’ is released and falls freely to the ground.

For safety reasons all observers should be behind the ‘gun’ and protective glasses must be worn.

Question

Explain why the ‘bullet’ always hits the can, regardless of the distance from the ‘gun’.


[image: ]
Figure 3.5 The ‘monkey and hunter’ scenario.
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If an object is projected at an angle, the vertical and horizontal motion can still be treated separately by considering the components of the velocity in each plane.

Consider the motion of an object projected at an angle, θ, with an initial velocity, u.


[image: ]
Figure 3.6 Projectile motion.



In the vertical plane, the initial velocity is u sin θ (upwards) and the acceleration is 9.8 m s −2 (downwards). As both are vectors, if a positive value is assigned to the initial velocity, the acceleration and the downward velocities and displacements will have negative values.

Neglecting air resistance, the horizontal component of the initial velocity, u cos θ, will remain constant throughout the motion.


[image: ]

Example

A football is kicked with a velocity of 12 m s −1 at an angle of 30° to the ground.

Neglecting any effects of the air on the motion of the ball, calculate:


a) the vertical height reached by the ball

b) the time taken for the ball to rise to this height

c) the horizontal displacement of the ball when it falls to the ground.



Answers

In the vertical plane:


a) [image: ]

Using v 2 = u 2 + 2as:

[image: ]

b) [image: ]

Using v = u + at:

[image: ]



In the horizontal plane:


c) [image: ]



[image: ]




[image: ]

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 in each plane.

[image: ]
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Test yourself


  8  A coin is projected horizontally from a table top at the same time as an identical coin is dropped from the same point. Explain why they both strike the floor at the same time.

  9  A cannonball is fired horizontally from the top of a vertical cliff, 60 m above sea level, with a velocity of 200 m s −1.




      a)  How far from the cliff face does the cannonball enter the sea?

      b)  What assumption have you made?




10  An arrow is fired at 40° to the horizontal with velocity 40 m s −1. Calculate:




      a)  the horizontal component of this velocity

      b)  the vertical component of this velocity

      c)  the time taken to hit a target in the same horizontal plane as the release point of the arrow

      d)  the horizontal distance of the target from the archer.



[image: ]



3.3 Displacement–time and velocity–time graphs

Displacement–time graphs

Figure 3.7 shows the displacement–time graph for an object moving at constant velocity.

Constant, or uniform, velocity is calculated using the equation:

[image: ]

The velocity is represented by the gradient of a displacement–time graph.

The motion represented in Figure 3.8 is that of a trolley accelerating down an inclined plane. The gradient of the line gets steeper, which indicates an increase in velocity.

The instantaneous velocity is the gradient, [image: ], of the graph at a point on the line.

To measure the small values of δs and δt would be very difficult and this would lead to large uncertainties in the measured velocity. The instantaneous velocity is more accurately measured by drawing a tangent to the graph line at the appropriate point. The gradient of this line is calculated using the larger values Δs and Δt.


[image: ]
Figure 3.7 Displacement–time graph for constant velocity.




[image: ]
Figure 3.8 Determining the instantaneous velocity for accelerating object.




[image: ]

Activity 3.3

Measuring the displacement of a moving object

The transmitter of a motion sensor sends out pulses of ultrasound and infrared radiation that are picked up by the receiver. The distance of the transmitter from the sensor is continuously recorded. The sensor is interfaced with a computer with data-sampling software to measure the position of the trolley at fixed time intervals. The trolley may be pulled along the runway at constant velocity or allowed to accelerate down an inclined plane.

Displacement–time graphs can be drawn from the results or the graphs may be displayed on the computer.

The following readings were taken using the equipment shown in Figure 3.9.


[image: ]
Figure 3.9 Measuring displacement using a motion sensor.



Table 3.2 Experiment 1



	t/s
	0.20
	0.40
	0.60
	0.80
	1.00
	1.20



	s/m
	0.120
	0.250
	0.404
	0.538
	0.681
	0.822




Table 3.3 Experiment 2



	t/s
	0.10
	0.20
	0.30
	0.40
	0.50
	0.60



	s/m
	0.078
	0.165
	0.250
	0.332
	0.448
	0.600




Questions


1  On the same axes, plot displacement–time graphs for both experiments.

2  Describe the motion of the trolley in each experiment.

3  Use the graphs to determine the velocity of the trolley after 0.50 s in each case.



[image: ]



Velocity–time graphs

The results of the displacement–time experiment above can be used to illustrate how the velocity of the trolley changes as it moves along the runway. The gradient of the displacement–time graph is taken for a range of times, and a velocity–time graph is plotted. This is quite a tricky exercise, and one that is usually better left to the computer program.


[image: ]
Figure 3.10 Velocity–time graphs.



The graphs in Figure 3.10 represent (left) an object moving at constant velocity and (right) an object with uniform acceleration.

Acceleration is defined by the expression:

[image: ]

The acceleration of an object is therefore equal to the gradient of a velocity–time graph. If the object is slowing down, the gradient will be negative. A negative value of acceleration indicates that the vector has the opposite direction to the velocity.

Finding displacement from velocity–time graphs

Average velocity is displacement divided by time. For uniform motion in a straight line, this leads to the equation:

[image: ]

At constant velocity, the displacement is simply the product of velocity and time and will be the area under the horizontal line on the left-hand graph in Figure 3.10.

For the accelerating object (right-hand graph), the area under the line is [image: ] height of the triangle, which is the same as the expression for displacement given above (since the value of u in this case is zero.)

For any velocity–time graph, the displacement is equal to the area between the line and the time axis.


[image: ]

Example

The velocity–time graph in Figure 3.11 represents the motion of a train as it travels from station A to station D, via B and C.


[image: ]
Figure 3.11 Velocity-time graph




1  Describe the changes in the motion of the train.

2  Calculate:




    a)  the acceleration from A to B

    b)  the acceleration from C to D

    c)  the total displacement from A to D.



Answers


1  The train accelerates uniformly from A to B, travels at 20 m s −1 until it reaches C and then decelerates, uniformly, to D.

2  a) [image: ]

    b) [image: ]

    c) [image: ]



[image: ]
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Test yourself


11  Sketch a displacement–time graph for:




      a)  a stationary object

      b)  an object moving at constant velocity

      c)  an object moving with uniform acceleration.




12  How would you determine the velocity of an object at a given time using a displacement–time graph?

13  Sketch a velocity–time graph for:




      a)  an object moving at constant velocity

      b)  an object moving with uniform acceleration.




14  How would you determine the acceleration at a given time using a velocity–time graph?

15  How would you determine the displacement of an object over a given time interval using a velocity–time graph?



[image: ]



Bouncing motion

The motion of a bouncing ball provides a good example of how motion is represented graphically.


[image: ]

Activity 3.4

Investigating the motion of a bouncing ball

An advanced motion sensor with the appropriate data logger is ideal for this investigation. The transmitter is attached to a basketball, or similar large ball, using Blu-tack. The receiver is clamped in position vertically above the transmitter, as shown in Figure 3.12. The motion sensor uses a mixture of infrared and ultrasonic signals to measure accurately the distance between the transmitter and the receiver.

The sensor is activated, and the ball is dropped and allowed to bounce two or three times. Practice is needed to ensure that the ball does not rotate and that the transmitter stays beneath the receiver throughout.


[image: ]
Figure 3.12 The set-up.



The data can be displayed as a displacement–time, a velocity–time or an acceleration–time graph. The graphs in Figure 3.13 show the variations in displacement, velocity and acceleration on a common timescale. The initial displacement (the height above the floor) is positive, as are all upward values of displacement, velocity and acceleration; all downward values will be negative.

Questions

Explain the following features of the velocity–time graph.


a) The gradient between bounces is always the same.

b) The gradient during the bounce has a large positive value.

c) The area above and below the time axis is the same for a given bounce.

d) The velocity of the ball immediately after it has bounced is always smaller than that with which it strikes the ground.




[image: ]
Figure 3.13 Bouncing ball graphs.
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[image: ]

Tip

To describe the motion represented by a graph, always look at the gradient. Check if it is constant, positive, negative or zero. For a displacement–time graph, the gradient will give you the velocity at any time; for a velocity–time graph, the gradient gives you the acceleration.

[image: ]
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Chapter summary


•   Rectilinear motion means motion along a straight path.

•   Speed is a scalar and is distance divided by time; velocity is a vector quantity defined as displacement divided by time. The instantaneous velocity is defined as the velocity at any instant.

•   Acceleration is a measure of the rate at which the velocity changes.

•   The equations of motion used to describe the motion of an object moving at constant velocity, or accelerating uniformly, are:

[image: ]

where:

s = displacement (m)

u = initial velocity (m s −1) at t = 0 s

v = final velocity (m s −1)

a = acceleration (m s −2)

t = time (s).

•   All objects in the absence of air resistance, whatever their mass, will fall freely with the same acceleration. The acceleration of free fall on Earth, commonly termed the acceleration due to gravity, g, has a value of 9.8 m s −2.

•   Objects projected horizontally will still fall freely with a vertical downward acceleration of 9.8 m s −2.

•   For objects projected at an angle to the horizontal, the vertical and horizontal motion should be treated separately by considering the components of the velocity in each plane.

•   Velocity is represented by the gradient of a displacement–time graph and the instantaneous velocity is the gradient of the graph at a point on the line found using a tangent. Displacement is represented by the area under a velocity–time graph.

•   The acceleration of an object is equal to the gradient of a velocity–time graph. If the object is slowing down, the gradient will be negative. A negative value of acceleration indicates that the vector has the opposite direction to the velocity.
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Exam practice questions


[image: ]

  1  A train accelerated from rest to a velocity of 40 m s −1 in a time of 1 minute and 20 seconds.




      a)  What was the average acceleration of the train?




          A  0.33 m s −2

          B  0.50 m s −2

          C  2.0 m s −2

          D  3.0 m s −2

[Total 1 Mark]




      b)  What was the distance travelled by the train?




          A  48 m

          B  1600 m

          C  3200 m

          D  4800 m



[Total 1 Mark]


[image: ]

  2  The gradient of a displacement–time graph represents:




          A  acceleration

          B  distance

          C  speed

          D  velocity



[Total 1 Mark]


[image: ]

  3  The area under a velocity-time graph represents:




          A  acceleration

          B  displacement

          C  speed

          D  velocity



[Total 1 Mark]


[image: ]

  4  Explain the difference between average velocity and instantaneous velocity.



[Total 4 Marks]


[image: ]

  5  Give the four equations of motion.



[Total 4 Marks]


  6  a)  Define acceleration.

[1]

      b)  The road-test information for a car states that it can travel from 0 to 60 mph in 8.0 s.

(1 mph ≈ 0.4 m s −1)




          i)  Estimate the average acceleration of the car during this time.

          ii) Explain why the acceleration is unlikely to be uniform.

[2]

[Total 3 Marks]




[image: ]

  7  A cyclist travelling at 4.0 m s −1 accelerates at a uniform rate of 0.4 m s −2 for 20 s. Calculate:




      a)  the final velocity of the cyclist

      b)  the distance travelled by the cyclist in this time.

[Total 2 Marks]




[image: ]

  8  A stone was dropped down a well. The splash was heard 2.2 s later. Calculate:




      a)  the depth of the well

      b)  the velocity of the stone when it hit the water.

[Total 4 Marks]




[image: ]

  9  A ball was thrown vertically upwards with a velocity of 12 m s −1 on release. Calculate:




      a)  the maximum height from point of release reached by the ball

      b)  the time taken for the ball to reach this height

      c)  the velocity of the ball 2.0 s after it was released.

[Total 3 Marks]




[image: ]

10  A football player kicked a ball downfield. The ball left the boot at 30° to the ground and with a velocity of 20 m s −1. Calculate:




      a)  the vertical and horizontal components of the initial velocity of the ball

      b)  the time taken for the ball to strike the ground

      c)  the horizontal distance travelled by the ball before it bounced

[Total 3 Marks]




[image: ]

11  Describe the motion of an object represented by each of the lines A, B, C and D on the graph (Figure 3.14) for:




      a)  displacement-time graph

[4]

      b)  a velocity-time graph.

[4]

[Total 8 Marks]




[image: ]
Figure 3.14
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12  The graph in Figure 3.15 shows the variation of velocity with time for a body moving in a straight line.

Calculate:




      a)  the acceleration of the body during the final minute

      b)  the total distance travelled in 3 minutes

      c)  the average velocity over this time.

[Total 5 Marks]




[image: ]
Figure 3.15
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13  a)  Describe a method of determining the acceleration due to gravity in the laboratory. Include a labelled diagram of the equipment you would use and describe all the measurements you would take.

[6]

      b)  State which of your readings is most likely to have the biggest effect on the uncertainty of the final answer and explain why.

[3]

[Total 9 Marks]




[image: ]

14  An Olympic ski-jump run has a downhill slope with a take-off ramp and a landing slope.

The ski-jumper jumps upwards to leave the ramp at an angle θ to the horizontal and lands at the ‘K-point’ 120 m down the landing slope.

The landing slope is at an angle of 36° to the horizontal with its top point 3.0 m below the take-off ramp.

The time taken between take-off and landing is 4.5 s.




[image: ]
Figure 3.16




      a)  Calculate:




          i)  the horizontal distance travelled between take-off and landing

[1]

         ii)  the horizontal component of the take-off velocity

[1]

        iii)  the vertical downward displacement of the jumper

[1]

        iv)  the vertical component of the take-off velocity

[1]

        v)  the take-off angle, θ

[1]

        vi)  the speed of take-off.

[1]




      b)  Explain why the jumper would need a take-off speed much bigger than this to achieve this distance on this slope.

[2]

[Total 8 Marks]




[image: ]

15  A friction-driven toy car, with an ultrasound emitter attached, is energised and then released on a flat bench. An ultrasound receiver, placed at the starting point, is connected to a data logger that records the displacement from that point at regular time intervals. The results in the table were displayed on a computer loaded with suitable software.




     a)  i)  Use the data in the table to plot a graph of displacement against time.

[3]

         ii)  Use your graph to determine values of the velocity of the car at 100 ms intervals.

[3]

        iii)  Plot a graph of velocity against time.

[3]

        iv)  Use your second graph to describe the motion of the car over the complete journey.

[3]




      b)  The computer program is able to use the data to display instantaneous values of the velocity at the times used in part (a). Explain how this is achieved and why it is likely to give more accurate velocity values than the graphical method.

[2]

[Total 14 Marks]





	t/ms
	s/m



	0
	0



	100
	0.082



	200
	0.240



	300
	0.538



	400
	0.903



	500
	0.981



	600
	1.000




Stretch and challenge


[image: ]

16  A tennis player returns a shot when the ball is 1.40 m from the net and 0.20 m above ground. She hits the ball at an angle of 30° to the horizontal and the ball leaves the racquet with a speed of 12 m s −1.




      a)  Show that the ball will clear the net, which is 0.90 m high.

[6]

The distance from the net to the baseline on the other side is 11.9 m. The player’s opponent allows the ball to bounce after it has crossed the net.

      b)  Determine using suitable calculations whether the ball bounced in play (short of the baseline) or out of play (beyond the baseline).

[4]

Some players apply ‘backspin’ when playing such a shot.

      c)  Describe how the trajectory of the ball is likely to be affected by such spin.

[2]

[Total 12 Marks]
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