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How to use this book


To make your study of Physics for Cambridge O Level as rewarding and successful as possible, this textbook, endorsed by Cambridge Assessment International Education, offers the following important features:


FOCUS POINTS

Each topic starts with a bullet point summary of what you will encounter within each topic.




This is followed by a short outline of the topic so that you know what to expect over the next few pages.




Test yourself

These questions appear regularly throughout the topic so you can check your understanding as you progress.




Revision checklist

At the end of each topic, a revision checklist will allow you to recap what you have learnt in each topic and double check that you understand the key concepts before moving on.




Exam-style questions

Each topic is followed by exam-style questions to help familiarise you with the style of questions you may see in your examinations. These will prove useful in consolidating your learning.
Past paper questions are also provided in the back of the book.



As well as these features, you will also see additional support throughout the topic in the form of:


Key definitions

These provide explanations of the meanings of key words as required by the syllabus.




Practical work

These boxes identify the key practical skills you need to be able to understand and apply as part of completing the course.




Worked example

These boxes give step-by-step guidance on how to approach different sorts of calculations, with follow-up questions so you can practise these skills.




Going further

These boxes take your learning further than is required by the Cambridge syllabus so that you have the opportunity to stretch yourself.



A Mathematics for physics section is provided for reference. This covers many of the key mathematical skills you will need as you progress through your course. If you feel you would benefit from further explanation and practice on a particular mathematical skill within this book, the Mathematics for physics section should be a useful resource.

Answers are provided online at www.hoddereducation.com/cambridgeextras





Using scientific skills


During your course you will have to carry out a few experiments and investigations. These will help you to develop some of the skills and abilities that scientists use to solve real-life problems.

Simple experiments may be designed to learn how to measure, for example, the temperature of a liquid or the electric current in a circuit. Longer investigations may be designed to find or verify a relationship between two or more physical quantities. Your teacher will give you instructions to carry out some experiments, or describe the question that you need to investigate. You may have your own ideas for questions to investigate. These longer investigations may take one hour of laboratory time, but often longer.

An investigation has several stages.



	Selecting and safely using suitable techniques, apparatus and materials – your choice of both apparatus and techniques will depend on what you’re investigating. However, you must always do a risk assessment of your investigation before you start. Your teacher should help identify all potential hazards and how you can work safely when carrying out physics experiments in the laboratory.

	Planning your experiment – you need to think about how you are going to find answers to the questions you are investigating. This will involve:


	Making predictions and hypotheses (informed guesses). This could help you think about what measurements you need to make.

	Identifying the variables in the investigation and deciding which ones you will try to keep constant (controlled) so that they do not affect the experimental results. The variable you change is the independent variable and the variable you will measure is the dependent variable. To discover the relationship between variables, you should change only one variable at a time.

	Deciding on the range of values you will use for the independent variable, how you will record your results, and how you will analyse your results

	Choosing the most suitable apparatus for the measurements you will take. Think about the precision you need for the measurement. For example if you need to measure the thickness of a wire, a ruler will not give a very accurate measurement because the smallest division on a metre ruler is 1 mm. Even if you estimate the reading to half a scale division, the measurement will have a precision of about 0.5 mm. It would be better to use a micrometer screw gauge, which has a precision of 0.01 mm.

	Explaining your experimental procedure. A clearly labelled diagram will be helpful here. Any precautions taken to achieve accurate measurements should also be mentioned.






	Making and recording observations and measurements – before you start taking measurements, make sure you know how to use the apparatus safely and accurately.


	Record your observations and readings in a table of results. Use the column headings, or start of rows, to name the measurement and state its unit; for example ‘Mass of load/kg’. Repeat the measurement of each observation if possible; if repeat measurements for the same quantity are very different (anomalous), take a third reading. Record each value in your table, then calculate an average (mean) value. Do not include an anomalous value when calculating your mean. Numerical values should be given to the number of significant figures appropriate to the measuring device.

	If you have decided to plot a graph of your results you will need at least six data points taken over as large a range as possible; be sure to label each axis of a graph with the name and unit of the quantity being plotted.

	Do not dismantle the equipment until you have completed your analysis and you are sure you do not need to repeat any of the measurements!







	Interpreting and evaluating the observations and data – this is important to allow you to find relationships between quantities.


	You may need to calculate values from the measurements or plot a graph of your results, then draw a line of best fit and calculate a gradient. Suggest a reason for any anomalous results you obtained and how you dealt with them. Comment on any graph drawn, its shape and whether the graph points are close to the line of best fit; mention any trend (pattern) you notice in the data.

	Draw conclusions from the evidence that are justified by the data. These can take the form of a numerical value (and unit), the statement of a known law, a relationship between two quantities or a statement related to the aim of the experiment (sometimes experiments do not achieve the intended objective).

	Comment on the quality of the data and whether repeated results are equal within the limits of the accuracy of the experiment. Compare outcomes with those expected.







	Evaluating methods and suggesting possible improvements – sometimes things could have been done better. You should:


	Identify possible sources of error in the experiment which could have affected the accuracy of your results. These could include random and systematic errors.

	Mention any apparatus that turned out to be unsuitable for the experiment. You should also record any difficulties you had using the apparatus, for example if it was difficult to record the time taken for a very fast change.

	Discuss how the experiment might be modified to give more accurate results, for example in an electrical experiment by using an ammeter with a more appropriate range.

	Suggest possible improvements to the experiment and say how the change would make the experiment better. For example, efforts to reduce thermal energy losses to the environment or minimise changes in a control variable (such as temperature) in an experiment.











Suggestions for investigations

Some suggested investigations for practical work are listed below:



	Stretching of a rubber band (Topic 1.5.1).

	Stretching of a copper wire – wear eye protection (Topic 1.5.1).

	Toppling (Topic 1.5.1).

	Friction – factors affecting (Topic 1.5.1).

	Model wind turbine design (Topic 1.7.3).

	Speed of a bicycle and its stopping distance (Topic 1.7.1).

	Cooling and evaporation (Topic 2.2.3).

	Energy transfer using different insulating materials (Topic 2.3.1).

	Pitch of a note from a vibrating wire (Topic 3.4).

	Variation of the resistance of a thermistor with temperature (Topic 4.2.4).

	Variation of the resistance of a wire with length (Topic 4.2.4).

	Heating effect of an electric current (Topic 4.2.2).

	Strength of an electromagnet (Topic 4.1).

	Efficiency of an electric motor (Topic 4.2.5).





Ideas and evidence in science

In some of the investigations you carry out in the school laboratory, you may find that you do not interpret your data in the same way as your friends do; perhaps you will argue with them as to the best way to explain your results and try to convince them that your interpretation is right. Scientific controversy can occur when people interpret evidence differently. Scientific ideas can also change as more evidence is collected.

Observations of the heavens led the ancient Greek philosophers to believe that the Earth was at the centre of the planetary system, but a complex system of rotation was needed to make this idea match observations of the apparent movement of the planets across the sky. In 1543, Nicolaus Copernicus made the radical suggestion that the evidence could also be explained if the planets revolved not around the Earth but around the Sun.(His book On the Revolutions of the Celestial Spheres gave us the modern usage of the word ‘revolution’.) It took time for his ideas to be accepted. The careful astronomical observations of planetary motion documented by Tycho Brahe were studied by Johannes Kepler, who realised that the data could be explained much better if the scientific model was modified so the planets moved in elliptical paths (not circular) with the Sun at one focus.

Galileo’s observations of the moons of Jupiter with the newly invented telescope provided further evidence to support this ‘Copernican view’. However the Christian religious authorities did not support the Copernican view, and after Galileo wrote about his discoveries, he was put on trial in 1633 and his books were banned. About 50 years later, Isaac Newton introduced the idea of gravitational forces. Using this idea he was able to explain the motion of all bodies, whether on Earth or in the heavens, which led to full acceptance of the Copernican model. Newton’s mechanics were refined further at the beginning of the twentieth century when Einstein developed his theories of relativity. Even today, data from the Hubble Space Telescope is providing new evidence which confirms Einstein’s ideas.

Many other scientific theories have had to wait for new data or technological inventions for them to become accepted. For example, because cancer takes a long time to develop, it was several years before people recognised that X-rays and radiation from radioactive materials could be dangerous (Topic 3.3), and even longer before scientists had enough knowledge of cells and genes to understand how ionising radiation causes cell mutations.

Today there are often new claims of possible health risks from new technologies, and these risks are publicised on social media and on television. Although scientists can provide evidence, assess the strength of the evidence and give a balanced view of the advantages and disadvantages, there may still be some controversy and the public and manufacturers may reject scientific findings or support a different interpretation of the evidence. Economic factors can be powerful and influence people’s opinions on scientific issues. This is most clearly shown today in the issue of global warming.
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