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Get the most from this book





Everyone has to decide his or her own revision strategy, but it is essential to review your work, learn it and test your understanding. This Study and Revision Guide will help you to do that in a planned way, topic by topic. Use this book as the cornerstone of your revision and don’t hesitate to write in it – personalise your notes and check your progress by ticking off each section as you revise.




Tick to track your progress


Use the revision planner on page 4 to plan your revision, topic by topic. Tick each box when you have:




	
•  revised and understood a topic


	
•  tested yourself


	
•  practised the exam-style questions and gone online to check your answers





You can also keep track of your revision by ticking off each topic heading in the book. You may find it helpful to add your own notes as you work through each topic.







Features to help you succeed






[image: ]


STUDY TIPS


Tips are given throughout the book to help you polish your exam technique to help maximise your achievement in the exam.
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KEY TERMS AND DEFINITIONS


Clear, concise definitions of essential key terms are provided where they first appear and in the glossary.
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REVISION ACTIVITIES


Activities to help you understand each topic in an interactive way.
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NOW TEST YOURSELF


Short, knowledge-based questions provide the first step in testing your learning. Go to www.hoddereducation.com/cambridgeextras for the answers.
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WORKED EXAMPLES


Working through examples of calculations will help to improve your maths skills and develop your confidence and competence.
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PRACTICAL SKILLS


These encourage an investigative approach to the practical work required for your course.
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END OF CHAPTER CHECK


Quick-check bullet lists for each topic.
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EXAM-STYLE QUESTIONS


Guidance on preparing for examination is followed by example AS questions and A Level questions at the end of each section. Each question has sample answers and comments indicating how the answers could be improved – available at www.hoddereducation.com/cambridgeextras.
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My revision planner





Countdown to my exams


Introduction


AS LEVEL


1    Physical quantities and units


2    Kinematics


3    Dynamics


4    Forces, density and pressure


5    Work, energy and power


6    Deformation of solids


7    Waves


8    Superposition


9    Electricity


10  D.C. circuits


11  Particle physics


AS Level experimental skills and investigations


AS exam-style questions


A LEVEL


12  Motion in a circle


13  Gravitational fields


14  Temperature


15  Ideal gases


16  Thermodynamics


17  Oscillations


18  Electric fields


19  Capacitance


20  Magnetic fields


21  Alternating currents


22  Quantum physics


23  Nuclear physics


24  Medical physics


25  Astronomy and cosmology


A Level experimental skills and investigations


A Level exam-style questions


Glossary












Countdown to my exams







6–8 weeks to go




	
•  Start by looking at the syllabus – make sure you know exactly what material you need to revise and the style of the examination. Use the revision planner on page 4 to familiarise yourself with the topics.


	
•  Organise your notes, making sure you have covered everything on the syllabus. The revision planner will help you to group your notes into topics.


	
•  Work out a realistic revision plan that will allow you time for relaxation. Set aside days and times for all the subjects that you need to study, and stick to your timetable.


	
•  Set yourself sensible targets. Break your revision down into focused sessions of around 40 minutes, divided by breaks. This Study and Revision Guide organises the basic facts into short, memorable sections to make revising easier.










2–5 weeks to go




	
•  Read through the relevant sections of this book and refer to the study tips, key terms and end of chapter checks. Tick off the topics as you feel confident about them. Highlight those topics you find difficult and look at them again in detail.


	
•  Test your understanding of each topic by working through the ‘Now test yourself’ questions. Look up the answers at www.hoddereducation.com/cambridgeextras.


	
•  Make a note of any problem areas as you revise, and ask your teacher to go over these in class.


	
•  Look at past papers. They are one of the best ways to revise and practise your exam skills. Check your answers with your teacher. Write or prepare planned answers to the exam-style questions provided in this book and then check your answers against the sample answers and comments at www.hoddereducation.com/cambridgeextras.


	
•  Use the revision activities to try different revision methods. For example, you can make notes using mind maps, spider diagrams or flash cards.


	
•  Track your progress using the revision planner and give yourself a reward when you have achieved your target.










1 week to go




	
•  Try to fit in at least one more timed practice of an entire past paper and seek feedback from your teacher, comparing your work closely with the mark scheme.


	
•  Check the revision planner to make sure you haven’t missed out any topics. Brush up on any areas of difficulty by talking them over with a friend or getting help from your teacher.


	
•  Attend any revision classes put on by your teacher. Remember, teachers are experts at preparing people for examinations.










The day before the examination




	
•  Flick through this Study and Revision Guide for useful reminders, for example the study tips, key terms and end of chapter checks.


	
•  Check the time and place of your examination.


	
•  Make sure you have everything you need – extra pens and pencils, tissues, a watch, bottled water, sweets.


	
•  Allow some time to relax and have an early night to ensure you are fresh and alert for the examination.










My exams


Paper 1






	Date:

	Time:






	Location:

	 







Paper 2






	Date:

	Time:






	Location:

	 







Paper 3






	Date:

	Time:






	Location:

	 







Paper 4






	Date:

	Time:






	Location:

	 







Paper 5






	Date:

	Time:






	Location:

	 




















Introduction





This revision guide is written to support students following the Cambridge International AS & A Level Physics 9702 course. The assessment of the AS Level is based on examination papers 1 to 3, while at A Level the results from the AS papers are combined with two further papers, Papers 4 and 5. Details of each examination are set out below.




AS Level


Paper 1      1 hour 15 minutes      40 marks




	
•  40 multiple-choice questions based on the AS Level syllabus content


	
•  31% of the AS Level, 15.5% of the A Level


	
•  Half the questions test knowledge and understanding; the remainder test handling, applying and evaluating information.





Paper 2      1 hour 15 minutes      60 marks




	
•  Structured questions (usually 7 or 8) based on the AS Level syllabus content


	
•  46% of AS Level, 23% of A Level





Paper 3      2 hours      40 marks




	
•  Advanced practical skills


	
•  Practical work and structured questions


	
•  There are two questions based on the experimental skills outlined in the practical assessment section of the syllabus.


	
•  23% of the AS Level, 11.5% of the A Level










A Level


Paper 4      2 hours      100 marks




	
•  Structured questions (usually 12) based on the A Level syllabus content; knowledge of material from AS Level will be required.


	
•  38.5% of the A Level





Paper 5      1 hour 15 minutes      30 marks




	
•  Planning, analysis and evaluation


	
•  There are two questions based on the experimental skills outlined in the practical assessment section of the syllabus.


	
•  11.5% of the A Level





Papers 1, 2 and 4 have a data page and a formulae page at the beginning.







Strategies for answering multiple-choice questions




	
•  Read the stem of the question carefully so that you are clear about what the question is asking.


	
•  Read each alternative answer fully, do not just scan for key words.


	
•  Eliminate those answers that you are certain are definitely wrong. This strategy limits the range of answers to select from.


	
•  Link the content of the answer to the key elements in the stem of the question.


	
•  Do not rush. There are 75 minutes to answer 40 questions – it is better to answer 30 questions correctly by using time sensibly rather than 40 questions incorrectly because you have rushed.


	
•  Do not spend too much time on a single question – if you find that you are struggling with a question, move on to the next one and return to the unanswered one later.


	
•  Answer all questions, even those where you are unsure what the answer should be – in these cases use your best judgement to select an answer.


	
•  Practise timed questions – use past paper questions to practise your timing.










Answering structured questions


Each question will be subdivided into several parts based around a common theme. At A Level, the subsections may test objectives from different sections of the syllabus. In many structured questions, a value or information found in one part is used in subsequent parts. Half the questions test knowledge and understanding, while the remainder test handling, applying and evaluating information. For example, the first part of a question may require you to state a definition or write an equation. This will be followed by a description, often with some data. At AS Level, you will be expected to use the data along with the definition or equation from the first part of the question. At A Level, you might be required to make short written statements including descriptions or explanations, carry out calculations, sketch a graph or draw a simple diagram.







AS Level practical assessment


There are two questions of 1 hour each. For each question, there will be some apparatus available and instructions about how the apparatus is to be put together, followed by instructions about what readings to take.


The mark distribution for each skill tested varies according to the question:








	Skill

	Question 1

	Question 2










	Manipulation, measurement and observation

	7

	5






	Presentation of data and observations

	6

	2






	Analysis, conclusions and evaluation

	4

	10









In each case, the examiner will allocate the remaining 3 marks across the skills. The paper will not test your knowledge and understanding of any of the subject content. See pages 101–108 for further details.







A Level practical assessment


There are two questions in paper 5, each worth 15 marks (see also pages 223–229). The first question requires you to plan an experiment to investigate an aspect of physics given in the question. In the second question, you will be given data to analyse and evaluate. Each question is designed to test different practical skills:








	Skill

	Question 1

	Question 2










	Planning

	15

	–






	Analysis, conclusions and evaluation

	–

	15














Command words


Command words are used in examination questions to help you understand what is expected in the answer. Check your syllabus and make sure you know what each command word requires you to do. The syllabus is available on the Cambridge International website at www.cambridgeinternational.org.















AS LEVEL




1 Physical quantities and units







SI units




Base quantities


All quantities in science consist of a numerical magnitude and a unit. SI units are based on the units of seven SI base quantities, of which you need to be familiar with five:




	
•  mass – kilogram (kg)


	
•  length – metre (m)


	
•  time – second (s)


	
•  temperature – kelvin (K)


	
•  electric current – ampere (A)









[image: ]


KEY TERMS


SI units (Système International d’Unités) are carefully defined units that are used throughout the scientific world for measuring all quantities.


Base quantities are fundamental quantities whose units are used to derive all other units.


[image: ]








Although it is not formally an SI unit, the degree Celsius (°C) is often used as a measure of temperature.


Each of these units has a precise definition. You do not need to remember the details of these definitions.







Derived units




	
•  The units of all other quantities are derived from the base units.


	
•  For example, speed is found by dividing the distance travelled by the time taken. Therefore, the unit of speed is metres (m) divided by seconds (s).


	
•  At O Level or IGCSE, you will probably have written this unit as m/s. Now that you are taking your studies a stage further, you should write it as m s−1.
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KEY TERMS


Base units are the units of the base quantities.


Derived units are combinations of base units.
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WORKED EXAMPLE


The unit of force is the newton. What is this in base SI units?


Answer


The newton is defined from the equation:


force = mass × acceleration


unit of mass = kg


unit of acceleration = ms−2


Insert into the defining equation:


units of newton = kg × m × s−2 or kg ms−2


[image: ]
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NOW TEST YOURSELF




	
1  The quantity power is a derived quantity and its unit, the watt (W), is a derived unit. Express watts in base units.


	
2  Which of the following are base quantities?

time, speed, volume, energy




	
3  Which of the following are base units?

kilogram, metre squared, joule, kelvin
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STUDY TIP


To break watts down into base units, use the format J s−1; then substitute in for J and continue using positive and negative indices.
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Homogeneity of equations


If you are not sure whether an equation is correct, you can use the units of the different quantities to check it. The units on both sides of the equation must be the same.






[image: ]


WORKED EXAMPLE


When an object falls in a vacuum, all its gravitational potential energy is converted into kinetic energy. By comparing units, show that the equation mgΔh = ½mv2 is a possible solution to this problem.


Answer


Write down the units of the quantities on each side of the equation.


Left-hand side: unit of m = kg; unit of g = m s−2; unit of h = m


Right-hand side: unit of ½ = none; unit of m = kg; unit of v = m s−1


Compare the two sides:


units of mgΔh = kg × m s−2 × m = kg m2 s−2


units of ½mv2 = kg × (m s−1)2 = kg m2 s−2


Both sides of the equation are identical.
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STUDY TIP


Try to work through the worked examples before reading the answer and then compare your answer with the one supplied.
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NOW TEST YOURSELF




	
4  The pressure exerted beneath the surface of a liquid is given by the equation:

Δp = ρgΔh


where p is pressure, h is depth below the surface, ρ is density of the liquid and g is the acceleration due to gravity. Show that the equation is homogeneous.




	
5  When a sphere falls through a liquid, there is a drag force on it. Stokes’ law states that the drag force F is given by the formula:

F = 6πηrv


where F is force (N), η is viscosity of the fluid (kg m−1 s−1), r is radius of the sphere (m) and v is relative velocity between the fluid and sphere (m s−1). Show that the units in this formula are homogeneous.
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Using standard form


One way to deal with very large or very small quantities is to use standard form. Here, the numerical part of a quantity is written as a single digit followed by a decimal point, and as many digits after the decimal point as are justified; this is then multiplied by 10 to the required power.






[image: ]


WORKED EXAMPLE




	
a  The output from a power station is 5 600 000 000 W. Express this in watts, using standard form.


	
b  The charge on an electron is 0.000 000 000 000 000 000 16 C. Express this in standard form.





Answer




	
a  5 600 000 000 W = 5.6 × 109 W


	
b  0.000 000 000 000 000 000 16 C = 1.6 × 10−19 C

‘× 10−19’ means that the number, in this case 1.6, is divided by 1019.
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STUDY TIP


Mistakes are often made when dividing by numbers in standard form. If you are dividing by a quantity like 1.6 × 10−19, remember that [image: ].


[image: ]








An added advantage of using standard form is that it indicates the degree of precision to which a quantity is measured. This will be looked at in more detail in ‘AS Level experimental skills and investigations’ on pp. 101–108.







Multiples and submultiples of base units


Sometimes, the base unit is either too large or too small. Prefixes are used to alter the size of the unit. Table 1.1 shows the prefixes that you need to know.


Table 1.1








	Prefix

	Symbol

	Meaning










	pico

	p

	÷ 1 000 000 000 000

	× 10−12







	nano

	n

	÷ 1 000 000 000

	× 10−9







	micro

	µ

	÷ 1 000 000

	× 10−6







	milli

	m

	÷ 1000

	× 10−3







	centi

	c

	÷ 100

	× 10–2







	deci

	d

	÷ 10

	× 10–1







	kilo

	k

	× 1000

	× 103







	mega

	M

	× 1 000 000

	× 106







	giga

	G

	× 1 000 000 000

	× 109







	tera

	T

	× 1 000 000 000 000

	× 1012










These are the recognised SI prefixes. The deci- (d) prefix is often used in measuring volume – decimetre cubed (dm3) is particularly useful.






[image: ]


STUDY TIP


Remember that 1 dm3 is [image: ] (not [image: ]) of 1 m3. It is really (dm)3.


Hence, it is [image: ].
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NOW TEST YOURSELF




	
6  The distance from the Earth to the Sun is 150 Gm. Express this distance in metres using standard form.


	
7  The wavelength of violet light is about 4 × 10−7 m. Express this wavelength in nanometres.


	
8  Calculate the number of micrograms in a kilogram. Give your answer in standard form.
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Making estimates of physical quantities


There are a number of physical quantities where you should be aware of the rough values, for example, the speed of sound in air (≈ 300 m s−1). Lists of such values are given in appropriate parts of this study and revision guide – an example is Table 7.2 on p. 62.










Errors and uncertainties




Errors


An error is a mistake in a reading caused by either faulty apparatus or poor technique. Errors and repeated readings are discussed in more detail on p. 106.








Accuracy, precision and uncertainty


Accuracy and precision are terms that often cause confusion.


Consider a rod of ‘true’ diameter 52.8012 mm. Suppose that you use a ruler and measure it to be 53 mm. This is accurate, but it is not very precise. If your friend uses a micrometer screw gauge and measures it as 52.81 mm, this is more precise, even though the final figure is not totally accurate.


No measurement can be made to absolute precision – there is always some uncertainty.


If a result is recorded as 84.5 s, this implies that there is an uncertainty of at least 0.1 s, perhaps more. You might see such a reading written as 84.5 ± 0.2 s. The 0.2 s in this reading is called the absolute uncertainty.


It is often convenient to express an uncertainty as a percentage of the reading. This is known as the percentage uncertainty.


[image: ]
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KEY TERMS


Accuracy is how close to the ‘real value’ a measurement is.


Precision is the part of accuracy that the experimenter controls by the choice of measuring instrument and the skill with which it is used. It refers to how close a set of measured values are to each other.


Uncertainty is the range of values in which a measurement can fall.
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WORKED EXAMPLE


A technician records the length of a rod as 84.5 ± 0.2 m. Determine the percentage uncertainty in this measurement.


Answer


[image: ]
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Precision of measurement




	
•  When making a static measurement (for example, the length of a pendulum) you should normally measure to the nearest division on the instrument.


	
•  If the divisions are 1 millimetre or more apart, you need to judge to the nearest half division or better.


	
•  When making a dynamic measurement (for example, the height to which a ball bounces), then other considerations come into play – the ball is moving, so you have to judge when it is at its maximum height. This is a much more difficult task. You can probably only measure this to the nearest 5 millimetres.


	
•  Many digital stopwatches measure to 1/100 of a second. However, the uncertainties in the reaction times of manually starting and stopping a stopwatch are much greater than this. The best you can manage is to measure to the nearest 1/10 of a second.


	
•  Until 1977, world records for running events were given to a precision of 0.1 s.


	
•  It was only with the advent of electronic timing that it became possible to record race times to 1/100 of a second.


	
•  The current world record for the men’s 100 m is 9.58 s. This suggests an absolute uncertainty of ±0.01 s, and a percentage uncertainty of approximately 0.1%.


	
•  The knock-on effect is that, for a world record to be valid, the track length must also be measured to a precision of 0.1% or better, which is an absolute uncertainty of 10 cm.











Repeat readings




	
•  Precision can also be estimated from taking repeat readings.


	
•  For example, when five readings are taken of the time for a ball to run down a track, it is acceptable to give the uncertainty as half the range of the readings.
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WORKED EXAMPLE


The time of flight for a projectile is measured by five technicians. The readings are:


5.2 s, 5.2 s, 5.4 s, 5.0 s, 5.1 s


Calculate the absolute uncertainty in these readings.


Answer


The range is the difference between the largest and smallest values (5.4 − 5.0 = 0.4 s).


The absolute uncertainty is ± [image: ]


[image: ]
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NOW TEST YOURSELF




	
  9  What is the realistic absolute uncertainty of a time measured using a hand-held stopwatch?


	
10  A cylinder is machined to a diameter of 40.24 mm. Four apprentices are asked to measure the diameter of the cylinder using different instruments. The results are shown in Table 1.2.

Which apprentice gives:




	
a  the most precise result


	
b  the most accurate result?









Table 1.2








	Apprentice

	Diameter










	A

	4 cm






	B

	40 mm






	C

	40.01 mm






	D

	40.2 mm
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Combining uncertainties


To find the uncertainty of a combination of variables, the rules are as follows:




	
•  For quantities that are added or subtracted, the absolute uncertainties are added.


	
•  For quantities that are multiplied together or divided, the percentage (or fractional) uncertainties are added.


	
•  For a quantity that is raised to a power, to calculate a final uncertainty, the percentage uncertainty is multiplied by the power and the result is treated as a positive uncertainty.
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WORKED EXAMPLE


The currents coming into a junction are I1 and I2. The current coming out of the junction is I. In an experiment, the values of I1 and I2 are measured as 2.0 ± 0.1 A and 1.5 ± 0.2 A, respectively.


Write down the value of I with its uncertainty.


Answer


I = I1 + I2 = (2.0 ± 0.1) + (1.5 ± 0.2)


The quantities are being added so to find the uncertainty, the uncertainties of the original quantities are added.


Hence:


I = 3.5 ± 0.3 A


[image: ]
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WORKED EXAMPLE


The acceleration of free fall g is determined by measuring the period of oscillation T of a simple pendulum of length L. The relationship between g, T and L is given by the formula:


[image: ]


In the experiment, L was measured as 0.55 ± 0.02 m and T as 1.50 ± 0.02 s.


Find the value of g and its uncertainty.


Answer


[image: ]


To find the uncertainties, the second and third rules are applied.


percentage uncertainty in L = ([image: ]) × 100 = 3.6%


percentage uncertainty in T = ([image: ]) × 100 = 1.3%


percentage uncertainty in T–2 = 2 × 1.3 = 2.6%


percentage uncertainty in g = percentage uncertainty in L + percentage uncertainty in T–2 = 3.6 + 2.6 = 6.2%


absolute uncertainty in g = 9.7 × [image: ] = 0.6


Thus:


g = 9.7 ± 0.6 m s–2


[image: ]
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PRACTICAL SKILL


It is also worth noting that it is poor experimental practice to take only one reading and to try to find a value of g from that. You should take a series of readings of T for different lengths L, and then plot a graph of T2against L. The gradient of this graph would be equal to 4π2/g. For further information about graphs see ‘Rules for plotting graphs’ on pp. 103–104.
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It is worth noting that in this example the question is asking for the absolute uncertainty, not the percentage uncertainty. If you take the short cut and leave your answer as 9.7 ± 6.2%, you will lose credit.










Scalars and vectors




Scalar quantities and vector quantities




	
•  A scalar quantity has magnitude only. Examples are mass, volume and energy.


	
•  A vector quantity has magnitude and direction. Examples are force, velocity and acceleration.







Adding scalars




	
•  Consider two masses of 2.4 kg and 5.2 kg.


	
•  The total mass is 7.6 kg. This total is simply the arithmetic total.










Adding vectors




	
•  When vectors are added, their directions must be taken into account.


	
•  Two forces of 3 N and 5 N acting in the same direction would give a total force of 8 N.


	
•  If two forces of 3 N and 5 N act in opposite directions, the total force is (5 − 3) N = 2 N, in the direction of the 5 N force.


	
•  If the two forces act at any other angle to each other, a vector diagram, known as the vector triangle is used (see p. 14).


	
•  If there are more than two vectors, these can be added in a similar manner using a polygon rather than a triangle, provided that all the vectors are coplanar, which means that they all lie in the same plane.









[image: ]


KEY TERMS


A set of vectors are said to be coplanar if all the vectors in the set lie in the same plane.
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Constructing a vector diagram




	
•  In a vector diagram, each vector is represented by a line.


	
•  The magnitude of the vector is represented by the length of the line and its direction is represented by the direction of the line.


	
•  If two vectors act at a point, their resultant can be found by drawing a vector triangle.









[image: ]


STUDY TIP


The larger the scale you choose, the greater precision you should achieve in your answer. It is good practice to include your scale on the diagram. When measuring distances, use a ruler and when measuring angles, use a protractor.


[image: ]








The following rules will help you to draw a vector triangle (Figure 1.1):




	
1  Choose a suitable scale. Draw a line to represent the first vector (V1) in both magnitude and direction.


	
2  Draw a second line, starting from the tip of the first line, to represent the second vector (V2) in both magnitude and direction.


	
3  Draw a line from the beginning of the first vector to the end of the second vector to complete a triangle.


	
4  The resultant vector is represented by the length of this line and its direction.







[image: ]



Figure 1.1 Drawing a vector triangle
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WORKED EXAMPLE


A light aircraft is flying due north with a velocity relative to the air of 200 km h−1. A wind from 30° north of west starts to blow at 80 km h–1 (Figure 1.2). Calculate the velocity of the aircraft relative to the ground.




[image: ]



Figure 1.2








Answer


Draw a vector diagram to a scale of 1.0 cm:40 km h–1 (Figure 1.3).




[image: ]



Figure 1.3








length of the resultant = 4.35 cm


Multiply by the scaling:


velocity = 4.35 × 40 km h–1 = 174 km h–1


Measure the angle θ, using a protractor:


θ = 23°, so the direction is 23° east of north


[image: ]
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STUDY TIP


Compare the layout of your answer with Figure 1.3. Is your layout clear? Can the examiner see what you have tried to do? This is important in calculations, where some credit will be given even if an arithmetic error leads to you giving the wrong answer.


[image: ]








You will observe that the directions of the original two vectors go round the triangle in the same direction (in this example clockwise). The direction of the resultant goes in the opposite direction (anticlockwise).








Components at right angles: resolving vectors


Just as it is useful to be able to combine vectors, it is also useful to be able to resolve vectors into components at right angles to each other.


Figure 1.4 shows a vector, V, acting at an angle θ to the horizontal.


The vector triangle in Figure 1.4(a) shows that this vector can be considered to be made up from a vertical component (Vv) and a horizontal component (Vh). It is sometimes easier to use a diagram similar to Figure 1.4(b) when resolving vectors – this emphasises that the vectors are acting at the same point.




[image: ]



Figure 1.4








By inspection you can see that cos θ = Vh/V. Therefore:


Vh = V cos θ


Similarly:


Vv = V sin θ






[image: ]


WORKED EXAMPLE


A box of weight 20 N lies at rest on a slope, which is at 30° to the horizontal. Calculate the frictional force on the box up the slope.


Answer


Resolve the weight (20 N) into components parallel to and perpendicular to the slope (Figure 1.5).




[image: ]



Figure 1.5








The frictional force, F, is equal to the component of the weight down the slope:


F = 20 sin 30 = 10 N


[image: ]
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NOW TEST YOURSELF




	
11  Two forces, one of magnitude 1200 N and the other of 1000 N, are applied to an object. The angle between the forces is 40°.

Draw a vector diagram and determine the magnitude of the resultant force and the angle it makes with the 1200 N force.




	
12  A rope is pulled so that it makes an angle of 20° with the vertical. The tension in the rope is 500 N. Resolve the tension force into vertical and horizontal components.
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REVISION ACTIVITY


Work with a partner. One person gives a key term from this chapter and the other gives an explanation of the term. Change roles until all the key terms have been covered. Do this at the end of every chapter.
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END OF CHAPTER CHECK


In this chapter, you have learnt:




	
•  that all physical quantities consist of a numerical magnitude and a unit

[image: ]




	
•  to recall the SI base quantities and their units: mass (kg), length (m), time (s), current (A) and temperature (K)

[image: ]




	
•  to express derived units as products or quotients of the base units

[image: ]




	
•  to use the named units listed in the syllabus as appropriate

[image: ]




	
•  to use SI units to check the homogeneity of physical equations

[image: ]




	
•  to understand and use standard form

[image: ]




	
•  to recall and use the prefixes and their symbols to indicate decimal submultiples and multiples of base and derived units: pico (p), nano (n), micro (μ), milli (m), centi (c), deci (d), kilo (k), mega (M), giga (G), tera (T)

[image: ]




	
•  to make reasonable estimates of physical quantities included in the syllabus

[image: ]




	
•  to understand and explain the effects of systematic errors (including zero errors) and random errors in measurements

[image: ]




	
•  to understand the distinction between precision and accuracy

[image: ]




	
•  to assess the uncertainty in a derived quantity by simple addition of absolute or percentage uncertainties

[image: ]




	
•  to understand the difference between vector and scalar quantities

[image: ]




	
•  to give examples of scalars and vectors

[image: ]




	
•  to construct vector diagrams and determine unknown vectors from the diagrams

[image: ]




	
•  to understand that coplanar vectors are sets of vectors in which all the vectors lie in the same plane

[image: ]




	
•  to add and subtract coplanar vectors

[image: ]




	
•  to represent a vector as two perpendicular components

[image: ]
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2 Kinematics







Equations of motion




Definitions of quantities


You should know the definitions of the terms distance, displacement, speed, velocity and acceleration.






[image: ]


KEY TERMS


Distance is the length between two points measured along a straight line joining the two points.


Displacement is the distance of an object from a fixed reference point in a specified direction.


Speed is the distance travelled per unit time.


Velocity is the change in displacement per unit time.


Acceleration is the rate of change of velocity.


[image: ]










	
•  Distance is a scalar quantity. It has magnitude only.


	
•  Displacement is a vector quantity. It has both magnitude and direction.


	
•  Speed is a scalar quantity. It refers to the total distance travelled.


	
•  Velocity is a vector quantity, being derived from displacement – not the total distance travelled.


	
•  Acceleration is a vector quantity. Acceleration in the direction in which an object is travelling will increase its velocity. Acceleration in the opposite direction from which an object is travelling will decrease its velocity. Acceleration at an angle of 90° to the direction an object is travelling in will change the direction of the velocity but will not change the magnitude of the velocity.










Equations linking the quantities


[image: ]


where v is the velocity and ∆s is the change of displacement in time ∆t.


[image: ]
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STUDY TIP


In general, the symbol Δ means ‘change of’, so Δs is the change in displacement and Δt is the change in time.


[image: ]








where a is the acceleration and ∆v is the change in velocity in time ∆t.




Units


Speed and velocity are measured in metres per second (m s−1).


Acceleration is the change in velocity per unit time. Velocity is measured in metres per second (m s−1) and time is measured in seconds (s), which means that acceleration is measured in metres per second every second (m s−1 per s) which is written as m s−2.


The following worked example demonstrates the difference between speed and velocity.






[image: ]


WORKED EXAMPLE


A toy train travels round one circuit of a circular track of circumference 2.4 m in 4.8 s. Calculate:




	
a  the average speed


	
b  the average velocity





Answer




	
a  If x is the distance travelled:





[image: ]




	
b  s is the displacement, which after one lap is zero. The train finishes at the same point at which it started. Hence:





[image: ]
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STUDY TIP


It is good practice to include units in your calculations, as shown in this example – it can help you to avoid mistakes with multiples of units. It can also help you to see if an equation does not balance. In most cases in this guide, in order to make the equation clear, units are only included in the final quantity.
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Here is a second worked example which demonstrates the relationships between distance, velocity and acceleration.
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WORKED EXAMPLE


A car travels 840 m along a straight, level track at a constant speed of 35 m s−1. The driver then applies the brakes and the car decelerates to rest at a constant rate in a further 7.0 s. Calculate:




	
a  the time for which the car is travelling at a constant velocity


	
b  the acceleration of the car when the brakes are applied





Answer




	
a  [image: ]



	
b  [image: ]
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STUDY TIP


The minus sign shows that the velocity decreases rather than increases. It is also worth noting that the given quantities in the question are to two significant figures. Therefore, the answer should also be recorded to two significant figures.
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NOW TEST YOURSELF




	
1  Which of the following are vector quantities?

distance, displacement, speed, velocity, acceleration




	
2  A cyclist starting from rest accelerates at a constant 1.2 m s−2. Calculate how long it will take her to reach a speed of 7.8 m s−1.


	
3  A car travelling at 15 m s−1 applies its brakes and comes to rest after 4.0 s. Calculate the acceleration of the car.
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Graphs


Graphs give a visual representation of the manner in which one variable changes with another. Looking at motion graphs can help us to see what is happening over a period of time.




Displacement–time graphs




[image: ]



Figure 2.1 Displacement–time graph for constant velocity








Figure 2.1 shows the displacement of an object that increases uniformly with time. This shows constant velocity. The magnitude of the velocity is equal to the gradient of the graph.






[image: ]


STUDY TIP


When you measure the gradient of a straight-line graph, use as much of the straight line as possible. This will reduce the percentage error in your calculation.
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Figure 2.2 Displacement–time graph for increasing velocity








Figure 2.2 shows an example of an object’s velocity steadily increasing with time. To find the velocity at a particular instant (the instantaneous velocity) we draw a tangent to the graph at the relevant point and calculate the gradient of that tangent.







Velocity–time graphs




[image: ]



Figure 2.3 Velocity–time graphs: (a) constant velocity, (b) velocity increasing at constant rate










	
•  Figure 2.3(a) shows an object moving with a constant velocity.


	
•  Figure 2.3(b) shows that the velocity of the object is increasing from rest at a constant rate – it has constant acceleration.





The gradient of a velocity–time graph is the change in velocity divided by the time taken. It is equal to the magnitude of the acceleration.


[image: ]








Displacement from a velocity–time graph


The displacement is equal to the area under a velocity–time graph. This can be clearly seen in Figure 2.3(a). The shaded area is a rectangle and its area is equal to:


height × length = velocity × time


Figure 2.3(b) shows changing velocity; the distance travelled is the average velocity multiplied by the time. For constant acceleration from zero velocity, this is half the maximum velocity multiplied by the time – the area of the shaded triangle.






[image: ]


WORKED EXAMPLE




[image: ]



Figure 2.4








Figure 2.4 shows the motion of a cyclist as he travels from one stage to the next in a race. Calculate:




	
a  the acceleration from A to B


	
b  the maximum velocity of the cyclist


	
c  the total distance the cyclist travels


	
d  the acceleration from C to D





Answer




	
a  [image: ]



	
b  The maximum velocity can be read directly from the graph. It is 10 m s−1.


	
c  distance travelled = area under the graph

= (½ × 10 × 10) + (10 × 50) + (½ × 10 × 20)


= 650 m




	
d  [image: ]
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NOW TEST YOURSELF




	
4  In a test run, a motorcyclist starts from rest and accelerates at 4.4 m s−2 for 7.5 s. She then continues at a constant velocity for 20 s before applying the brakes and coming to rest in a further 3.0 s.



	
a  Calculate the motorcyclist’s maximum velocity.


	
b  Draw a velocity–time graph of the test run.


	
c  From the graph, determine the deceleration of the motorcyclist in the last part of the journey. (Assume that the deceleration is constant.)


	
d  Use the graph to determine the total distance the motorcyclist travels.
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Deriving equations of uniformly accelerated motion


Figure 2.5 shows the motion of an object that has accelerated at a uniform rate, from an initial velocity u to a final velocity v in time t.
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Figure 2.5










Equation 1


The acceleration of the object:


[image: ]


Rearranging this equation gives:


v = u + at







Equation 2


The distance s travelled by the object can be found in two ways:


[image: ]







Equation 3


The distance s travelled is equivalent to the area under the graph:


s = area of rectangle ABDE + area of triangle BCD


s = ut + ½(v − u)t


From Equation 1:


[image: ]


Therefore:
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Equation 4


A fourth equation is needed to solve problems in which the time and one other variable are not known.


Equation 1 rearranges to:


[image: ]


Substitute this in Equation 2:


[image: ]


Rearranging gives:


v2 = u2 + 2as






[image: ]


STUDY TIP


These equations of motion can only be used if there is constant acceleration (including constant deceleration and zero acceleration) for the whole part of the journey that is being considered.
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Summary



The equations of uniformly accelerated motion are:
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Using the equations of uniformly accelerated motion


A common type of problem you might be asked to analyse is the journey of a vehicle between two fixed points.
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WORKED EXAMPLE


During the testing of a car, it is timed over a measured kilometre. In one test, it enters the timing zone at a velocity of 50 m s−1 and decelerates at a constant rate of 0.80 m s−2. Calculate:




	
a  the velocity of the car as it leaves the measured kilometre


	
b  the time it takes to cover the measured kilometre





Answer




	
a  u = 50 m s−1

s = 1.0 km = 1000 m


a = −0.80 m s−2


v = ?


Required equation:


v2 = u2 + 2as


Substitute the relevant values and solve the equation:


v2 = 502 + 2 × (−0.80) × 1000 = 2500 − 1600 = 900


v = 30 m s−1




	
b  Required equation:

[image: ]
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STUDY TIP


It might seem tedious to write out all the quantities you know and the equation you are going to use. However, this will mean that you are less likely to make a careless error and, if you do make an arithmetic error, it helps the examiner to see where you have gone wrong, so that some marks can be awarded.
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STUDY TIP


Two common mistakes in this type of question are:




	
•  forgetting that deceleration is a negative acceleration


	
•  forgetting to convert kilometres to metres
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NOW TEST YOURSELF




	
5  An athlete starts from rest and accelerates uniformly for 3.0 s at a rate of 4.2 m s−2. Calculate the athlete’s final speed.


	
6  A car on a test run enters a measured kilometre at a velocity of 28 m s−1. It leaves the measured kilometre at a velocity of 40 m s−1. Calculate:



	
a  the time between the car entering and leaving the measured kilometre


	
b  the average acceleration of the car
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Analysing the motion of an object in a uniform gravitational field


The equations of uniformly accelerated motion can be used to analyse the motion of an object moving vertically under the influence of gravity. In this type of example, it is important to call one direction positive and the other negative and to be consistent throughout your calculation. The following worked example demonstrates this.
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WORKED EXAMPLE


A boy throws a stone vertically up into the air with a velocity of 6.0 m s−1. The stone reaches a maximum height and falls into the sea, which is 12 m below the point of release (Figure 2.6). Calculate the velocity at which the stone hits the water surface. (acceleration due to gravity = 9.81 m s−2)


Answer


u = 6.0 m s−1


a = −9.81 m s−2


s = −12 m


v = ?


Required equation:


v2 = u2 + 2as


v2 = 6.02 + [2 × (−9.81) × (−12)] = 36 + 235 = 271


v = ±16.47 m s−1


In this example, upwards has been chosen as the positive direction; hence, u is +6.0 m s−1. Consequently, the distance of the sea below the point of release (12 m) and the acceleration due to gravity (9.81 m s−2) are considered negative because they are both in the downward direction.


The final velocity of the stone is also in the downward direction. Therefore, it should be recorded as −16.47 m s−1 and rounded to –16 m s-1.


It is also worth noting that air resistance on a stone moving at these speeds is negligible and can be ignored.
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Figure 2.6
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[image: ]


PRACTICAL SKILL


When timing moving objects, readings must always be repeated and then averaged. One method of finding the uncertainty in timing is to halve the difference between the maximum and minimum readings. For further information on determining uncertainties, see ‘Evaluation’ on pp. 105–107.
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Acceleration of free fall


In the absence of air resistance, all objects near the Earth fall with the same acceleration. This is known as the acceleration of free fall. Similarly, objects near any other planet will fall with equal accelerations. However, these accelerations will be different from those near the Earth. This is explored further in the section on dynamics.





Determination of the acceleration of free fall


Figure 2.7 shows apparatus that can be used to determine the acceleration of free fall.




[image: ]



Figure 2.7 Apparatus to determine the acceleration of free fall








The stroboscopic light flashes at a fixed frequency and the shutter of the camera is held open. This results in a photograph that shows the position of the ball in successive time intervals, as in Figure 2.7. In this example, the stroboscopic light was set to flash at 20 Hz. In Table 2.1, the third column shows the distance the ball travels in each time interval and the fourth column shows the average speed during each interval.


Table 2.1








	Time/s

	Position/m

	Distance/m

	Speed/m s−1










	0.00

	0.00

	0.00

	0.0






	0.05

	0.01

	0.01

	0.2






	0.10

	0.05

	0.04

	0.8






	0.15

	0.11

	0.06

	1.2






	0.20

	0.20

	0.09

	1.8






	0.25

	0.30

	0.11

	2.2






	0.30

	0.44

	0.14

	2.8






	0.35

	0.60

	0.16

	3.2






	0.40

	0.78

	0.18

	3.6









A graph of the displacement against time is plotted (Figure 2.8). Acceleration is equal to the gradient of this graph.
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Figure 2.8








Readings from Figure 2.8: (0.45, 4.1) and (0.125, 1.0).
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NOW TEST YOURSELF




	
7  An astronaut standing on the Moon drops a hammer from a height of 1.2 m. The hammer strikes the ground 1.2 s after being released. Calculate the acceleration of free fall on the Moon.
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Motion in two dimensions


Consider an object thrown from near the Earth’s surface with an initial velocity v at an angle θ to the horizontal. The velocity v can be resolved into two components, one horizontal and one vertical, as can be seen in Figure 2.9.




[image: ]



Figure 2.9 Motion of an object in a gravitational field can be resolved into components in the vertical and horizontal directions








The two components of the motion can be analysed separately.


If air resistance is negligible, then there is zero force in the horizontal direction and this component of the velocity is constant.


The vertical component can be treated as a one-dimensional problem of an object in a gravitational field.


The path that the object follows is called a parabola.






[image: ]


WORKED EXAMPLE


A golf ball is hit so that it leaves the club at a velocity of 45 m s−1 at an angle of 40° to the horizontal. Calculate:




	
a  the horizontal component of the initial velocity


	
b  the vertical component of the initial velocity


	
c  the time taken for the ball to reach its maximum height


	
d  the horizontal distance travelled when the ball is at its maximum height





(Ignore the effects of air resistance and spin on the ball.)


Answer




	
a  vh = v cos θ = 45 cos 40 = 34.5 m s−1



	
b  vv = v sin θ = 45 sin 40 = 28.9 m s−1



	
c  In the vertical direction, the motion can be considered to be that of a ball thrown vertically upwards, decelerating under the effect of gravity. At the top of the flight, the vertical velocity will be, momentarily, zero. Use the equation:

v = u + at


0 = 28.9 + (−9.81)t


t = 2.94 m s−1




	
d  The horizontal component of the velocity remains constant throughout the flight.

s = ut = 34.5 × 2.94 = 101 = 100 m


If the effects of air resistance and spin are ignored, the flight path would be symmetrical. This means that if the ball were hit on a level field, it would travel a total horizontal distance of 200 m before bouncing.
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STUDY TIP


In the worked example, vh, vv and t are interim values used to find the value of s. Interim values should be calculated to one more significant figure than the original data, then the final answer for s is given to 2 significant figures.
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NOW TEST YOURSELF




	
8  A bullet of mass 50 g is fired horizontally from a height of 1.2 m. The bullet leaves the gun at a speed of 280 m s−1.



	
a  Describe the path the bullet takes.


	
b  Assume the ground is level. Calculate:



	
i    the time that it takes for the bullet to hit the ground


	
ii   the distance the bullet travels before it hits the ground






	
c  State any assumptions you made in parts b i and b ii, and explain the effect they will have on your answer to part b ii.
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END OF CHAPTER CHECK


In this chapter, you have learnt to:




	
•  define and use distance, displacement, speed, velocity and acceleration

[image: ]




	
•  use graphical methods to represent distance, displacement, speed, velocity and acceleration

[image: ]




	
•  determine velocity using the gradient of a displacement–time graph

[image: ]




	
•  determine acceleration using the gradient of a velocity–time graph

[image: ]




	
•  determine displacement from the area under a velocity–time graph

[image: ]




	
•  derive, from the definitions of velocity and acceleration, the equations of uniformly accelerated motion

[image: ]




	
•  solve problems using the equations of uniformly accelerated motion

[image: ]




	
•  solve problems involving the motion of objects falling in a uniform gravitational field without air resistance

[image: ]




	
•  describe an experiment to measure the acceleration of free fall using a falling object

[image: ]




	
•  describe and explain motion due to a uniform velocity in one direction and a uniform acceleration in a perpendicular direction

[image: ]
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3 Dynamics







Momentum and Newton’s laws of motion




Concept of mass and weight


Before discussing Newton’s laws of motion in detail, you need to revise the ideas of mass and weight and introduce the concept of momentum.


Mass and weight are often confused. Weight is the gravitational pull on an object and depends on the strength of the gravitational field at the position of the object.






[image: ]


KEY TERMS


Mass is the property of an object that resists changes in motion. Mass is a base quantity and its unit, the kilogram, is a base unit.


Weight is the gravitational pull on an object. Weight is a force and, like all forces, its unit is the newton (N).


[image: ]








In general, the two quantities are connected by the equation:


W = mg


where W is weight, m is mass and g is gravitational field strength (or acceleration of free fall).




	
•  The gravitational field strength near the surface of the Earth is 9.81 N kg−1.


	
•  A mass of about 100 g (0.1 kg) has a weight of just less than 1 N (0.981 N) on the Earth’s surface.


	
•  Its weight on the Moon is only 0.16 N because the gravitational field strength on the Moon is only about [image: ] of that on Earth.










Momentum


The concept of momentum is important in order to understand Newton’s laws, which are discussed on pp. 28–30.




	
•  The unit of momentum is kg m s−1.


	
•  It is calculated by multiplying a vector (velocity) by a scalar (mass) and is, therefore, a vector itself.


	
•  For example, an object of mass 2 kg travelling at 3 m s−1 has a momentum of 6 kg m s−1.


	
•  An object of the same mass travelling at the same speed but in the opposite direction has a momentum of −6 kg m s−1.


	
•  It is important when you consider interactions between objects that you understand the vector nature of momentum.









[image: ]


KEY TERMS


Momentum (p) is defined as the product of mass and velocity:


p = mv


[image: ]












[image: ]


STUDY TIP


The unit of momentum is, in base units, kg m s−1. However, this is more usually referred to as N s.
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WORKED EXAMPLE


Calculate the momentum of a cruise liner of mass 20 000 tonnes when it is travelling at 6.0 m s−1.


(1 tonne = 1000 kg)


Answer


Convert the mass to kg:


20 000 t = 20 000 × 1000 kg = 20 000 000 kg


p = mv = 20 000 000 × 6.0 = 120 000 000 kg m s−1 = 1.2 × 108 kg m s−1


[image: ]
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NOW TEST YOURSELF




	
1  Calculate the momentum of an α-particle of mass 6.6 × 10−27 kg travelling at a speed of 7.8 × 107 m s−1.


	
2  A go-cart and driver have a total mass of 250 kg and a momentum of 5000 N s. Calculate the speed at which the go-cart is travelling.
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Newton’s first law






[image: ]


An object will remain at rest or move with constant velocity unless acted on by a resultant force.


[image: ]










	
•  The first part of this law (an object will remain at rest unless acted upon by a resultant force) is relatively straightforward; we do not expect an object to move suddenly for no reason.


	
•  The second part of the law (which refers to an object that will move with constant velocity unless it is acted upon by a resultant force) requires a little more thought.


	
•  A golf ball putted along level ground will gradually slow down, as will a glider flying at a constant height in still air.


	
•  In both these cases, frictional forces act in the opposite direction to the velocity of the object and cause it to decelerate.


	
•  The frictional force on an object in a fluid is referred to as the viscous force as the object moves through the fluid.
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