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About this book


This guide covers the practical assessment for OCR specifications A and B for AS and A-level physics. It offers advice for the effective development of practical skills. Its aim is to help you understand and put into practice the physics — it is not intended as a replacement for carrying out practical work. The guide has four sections:





•  The Maths and Units section incorporates the mathematical skills that you need for the AS and A-level examination, together with a reminder of the importance of units. For A-level you need more advanced mathematical skills, which are highlighted in bold. This section provides the basis of all calculations that you will be required to undertake and that is why it is the first section in the book. Without these mathematical skills, you will not be able to analyse your data and subsequently draw conclusions about your experiment. You are advised to work through this section to remind yourself of the essential mathematics and put your knowledge to the test by attempting the questions as you go along. You may also find it useful to refer back to this section when you are trying questions later in the book.



•  The Practical Skills section identifies the essential skills needed for successful practical work, based on the practical criteria set out in the specification. It will help you become a confident practical physicist, able to use a variety of apparatus and techniques to collect data, which can then be analysed and used to draw valid conclusions.



•  The Practical Activity Groups (PAGs) section reflects the OCR requirement that you should acquire competence and confidence in a variety of practical, mathematical and problem-solving skills and in handling apparatus competently and safely. Each of the PAGs is discussed in detail, focusing on one practical identified in the specification, with worked examples based on experimental data. You may have also used other practical activities linked to each PAG, and other possible activities will be highlighted for each PAG. For the AS examination, you need only be familiar with PAGs 1–6.



•  The Questions & Answers section pulls together the other three sections through a range of practice questions based on the type of question that will be asked in examination papers to test practical knowledge, particularly in Paper 3. It does not in itself replicate a complete examination paper, as it contains only questions that test practical skills. Answers are provided, and common errors made by students are also highlighted so that you, hopefully, do not make the same mistakes.





If you are reading this, you are clearly determined to do well in your examinations! If you try all the knowledge check questions, the worked examples and the questions at the end before looking at the answers, you will begin to think for yourself and develop the necessary techniques for answering examination questions. As the answers to the worked examples are an integral part of the learning process, they appear immediately after the questions. You are recommended to cover up the answers before attempting the question — this will improve your ability to answer similar questions in future. If you ‘cheat’ by looking up the answers first, you are only cheating yourself.


Thus prepared, you will be able to approach the examination with confidence. Good luck, and remember that physics is fun!





Content Guidance


Maths and units


Throughout your AS or A-level course, you will make use of a range of mathematical knowledge and techniques. Some of these, such as basic algebra, will be used regularly in many different topics. Others, such as logarithms, will only be needed in a few topics. In this section, we shall cover the range of mathematical skills required during your course, with a particular focus on how they are used in practical work. Those statements in bold will be assessed in the full A-level course only.



Arithmetic and units


Correctly interpreting numerical information is an important first step in many practical calculations in physics.


Throughout your studies you will need to:





•  recognise and make use of appropriate units in calculations



•  recognise and use expressions in decimal and standard form



•  use ratios, fractions and percentages



•  estimate results



•  use calculators to find and use power functions, exponential and logarithmic functions




•  use calculators to handle sin x, cos x and tan x when x is expressed in degrees or radians
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Exam tip


Always look carefully at the units in any numerical data. It is often helpful to convert units into standard units such as metres (m), rather than leave them as millimetres (mm).
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Physical measurements are expressed in standard (SI) units. These have been agreed internationally so that the same value and unit for each is used in different countries. Table 1 shows some examples of SI units.




Table 1 SI units






	Quantity

	Unit

	Symbol






	Length

	metre

	m






	Mass

	kilogram

	kg






	Time

	second

	s






	Electric current

	ampere

	A






	Temperature

	kelvin

	K






	Amount of substance

	mole

	mol
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These base SI units are combined to give units for other quantities. The units of many commonly used quantities are given their own names. For example, force is measured in newtons (N), but this can be expressed as kg m s−2; pressure is measured in pascals (Pa), which is the same as kg m−1 s−2.
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Knowledge check 1


Give the following units in terms of base SI units:





a  joule, J



b  coulomb, C



c  ohm, Ω



d  watt, W
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For very small or very large measurements, prefixes are used. Table 2 gives some of the common prefixes used in physics.
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Knowledge check 2


A student is investigating the density of a length of wooden dowelling. She measures the diameter of the wood to be 12.7 mm and the length of the dowelling as 80.0 cm. She calculates that the area of cross-section of the dowelling is 127 mm2 and that its volume is 102 cm3. Convert these four measurements into m, m2 and m3, expressing your answers in standard form if appropriate.
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Knowledge check 3


The light from a laser has a wavelength of 643 nm and a diffraction grating has a distance between slits of 3.3 µm. Express these values in m using standard form.
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Exam tip


Always check whether the values you are given in an exam question have a prefix. Convert these into standard form before you attempt to answer the question.
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Worked example


(A-level only) A student is measuring the gravitational attraction between two masses, M and m. Estimate what happens to the gravitational force between the masses when the distance separating them is halved.


Answer


For the original force
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When the distance is halved
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But [image: ]
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Exam tip


Multiple-choice questions will often require you to make use of ratios to decide how changing one of the variables in an equation will affect another variable.
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Knowledge check 4


The refractive index of olive oil is 1.47 and the refractive index of water is 1.33. Calculate the ratio speed of light in water (cw) : speed of light in olive oil (co).
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Sometimes, when solving real-world problems in physics, you will not have all the information that you need. It is helpful to be able to make a reasonable estimate for the answer to the problem. This can be done using order-of-magnitude figures for the variables in the problem. The physicist Enrico Fermi was able to calculate the approximate strength of the first nuclear bomb detonated in 1945. Watching the fireball of the explosion from 16 km away, Fermi dropped some small pieces of paper. He watched how they fell before, during and after the explosion. He estimated that the strength of the bomb was approximately 10 kilotons. The actual value was 20 kilotons.
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Worked example


A drop of vegetable oil, 0.5 mm in diameter, is dropped onto the surface of a tray of water. The oil spreads out across the water in a circular shaped layer with a diameter of 250 mm. Assuming that the layer is one molecule thick, estimate the size of a vegetable oil molecule.


Answer


The volume of the drop of vegetable oil remains the same whether it is as a drop or as the circular layer.


For the drop volume — approximate the drop to a cube:
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For the layer volume — approximate the layer of oil on water to a square:
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where d is the thickness of one molecule.


Equating the two volumes gives:
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So d ≈ 1 × 10−9 m.


This is an estimate of the largest size that a molecule may be, because the film may be more than one molecule thick.
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Knowledge check 5





a  If X is 120, what is 40% of X?



b  If 20% of X is 60, what is X?



c  If 25% of X is 2.0 × 103, what is X?
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Knowledge check 6


A student is determining the refractive index of a transparent block. Using a protractor, the student measures the angle of incidence as 35.5° and the angle of refraction as 26.0°. Calculate the refractive index of the block.
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Knowledge check 7


What are the values of sin θ, cos θ and tan θ for the following angles? a θ = 0°; b θ = 45°; c θ = π rad; d θ = π/2 rad
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Exam tip


If a question involves angles in radians, make sure that you use your calculator in the radian or rad mode for your calculations.
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At A-level, exponentials and logarithms are mainly found in the topics of capacitance and radioactivity. Exponential growth occurs when the variable you are measuring increases by the same proportion in each equal interval of time. Exponential decay occurs when the measured variable decreases by the same proportion in each equal interval of time.
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Worked example


(A-level only) The potential difference (p.d.) V (in V) across a capacitor of capacitance C (in F) that is discharging through a resistor of resistance R (in Ω) decreases exponentially with time t (in s) according to the equation


[image: ]


where V0 is the initial p.d. at t0.


A student is using data logging equipment to investigate the discharge of a capacitor. The capacitor has a labelled capacitance of 220 µF and is charged to 8.0 V. The capacitor is discharged through a 470 kΩ resistor. Calculate the p.d. across the capacitor after 60 s.


Answer


[image: ]
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Exam tip


Always check your answer to see if it is sensible and of the right magnitude. For example, if the value for the voltage after 60 s is larger than the initial value of 8.0 V, you have probably not used the minus sign in the exponential.
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Handling data


During most practical work you will collect data of some form. You will need to process the data in a suitable way to allow you to draw conclusions about the experiment.


Throughout your studies you will need to:





•  use an appropriate number of significant figures (s.f.)



•  find arithmetic means



•  understand simple probability



•  make order-of-magnitude calculations



•  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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Knowledge check 8


Do the following calculations, giving your answers in standard form to the appropriate number of significant figures.





a  [image: ]




b  430 THz × 700 nm



c  (0.50 × 6.0) + (½ × 9.8 × (6.0)2)
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Significant figures are the figures in a number that are meaningful or useful. When doing a practical, the number of significant figures recorded in your data will depend on the precision of the equipment you are using. You can find more detail about precision and uncertainties on pages 22–23.


Using experimental data to calculate other variables with your calculator will often result in an answer with a lot of decimal places. When writing out the answers, round up or down to give the answer to the same number of significant figures as the original data.
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Exam tip


How many significant figures? When carrying out a calculation using measured data with different numbers of significant figures, your result should contain the same number of significant figures as the measurement with the smallest number of significant figures (unless a detailed analysis of the uncertainties suggests otherwise).
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Worked example


A student is measuring the Young modulus of a copper wire. The following measurements of the diameter of the wire are taken at five different places along the wire using a micrometer:
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Calculate:





a  the mean diameter of the wire



b  the cross-sectional area of the wire





Give your answers to an appropriate number of significant figures.


Answer





a  [image: ]



    However, while our calculator gives us 3 s.f., our data have only 2 s.f., so the answer should be given as:


[image: ]



b  cross-sectional area = πr2 = π(½ × 3.72 × 10−4 m)2 = 1.08687 × 10−7 m2



    Again, rounding down to 2 s.f., the answer should be:
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Exam tip


How many significant figures? When carrying out a calculation using measured data with different numbers of significant figures, your result should contain the same number of significant figures as the measurement with the smallest number of significant figures (unless a detailed analysis of the uncertainties suggests otherwise).
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Exam tip


Don’t forget to halve the diameter to find the radius.
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Exam tip


You should use more significant figures in follow-on calculations than are needed in your final answer. Rounding before you reach your final answer can introduce rounding errors and result in the wrong answer.
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Worked example


A student measures the potential difference across a resistor that is being used as part of a potential divider circuit. The potential difference is measured as 8.0 V. The current in the resistor is 2.96 mA. What is the resistance of the resistor?


Answer


[image: ]


The data in the question are given to 2 s.f. and 3 s.f. The answer should therefore be given to just 2 s.f. However, that would be 2700 Ω, which could be taken to mean 2, 3 or 4 s.f. In this case, it is more useful to give the resistance as 2.7 kΩ.
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Knowledge check 9


Without using a calculator, find the order of magnitude of the following:





a  1015 × 103




b  109 ÷ 106




c  105 × 10−3




d  106 ÷ 10−3
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Probability is a measure of the likelihood of an event occurring. In physics, you will mainly meet probability in the topic of radioactive decay. The probability of a nucleus decaying in a unit time is constant, known as the decay constant, λ. This gives us the equation for the rate of decay (or activity A) as [image: ], the minus sign indicating that the activity decreases with time.



Algebra


Algebraic equations are used to clearly express the relationship between variables in a physical situation. To solve many problems in A-level physics, you will need to be able to manipulate equations.


Throughout your studies you will need to:





•  understand and use the symbols =, <, <<, >>, >, ∝, ≈, Δ



•  change the subject of an equation, including non-linear equations



•  substitute numerical values into algebraic equations using appropriate units for physical quantities



•  solve algebraic equations, including quadratic equations



•  use logarithms in relation to quantities that range over several orders of magnitude
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Knowledge check 10


Estimate the following to the nearest order of magnitude:





a  The number of pieces of popcorn it would take to fill a room.



b  The number of electrons you have in your body.



c  The number of chocolate bars you would need to eat to have sufficient energy stores to climb Mount Everest.
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Symbols are a useful form of shorthand in physics. You will be familiar with many of these symbols from earlier in your school career. Some are shown in Table 3.




Table 3 Common symbols






	Symbol

	Meaning






	<<

	much less than






	>>

	much greater than






	∝

	proportional to






	≈

	approximately equal to






	Δ

	change in
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Exam tip


You are less likely to make a mistake in calculations if you rearrange the appropriate equations before you put the numbers in.
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Worked example


(A-level only) A student is measuring the specific heat capacity of a block of aluminium. He uses a small heater to heat the block and a thermometer inserted into the block to measure the temperature rise. He obtains the following values:






	




•  Mass of block







	0.996 kg






	




•  Energy supplied







	2.6 × 104 J






	




•  Initial temperature    







	18°C






	




•  Final temperature







	48°C







Calculate the value of specific heat capacity for the block of aluminium.


Answer


[image: ]


First divide both sides by mΔθ to get:


[image: ]


Cancelling mΔθ from the right-hand side of the equation we get:


[image: ]


We can now substitute the values from the experiment into the equation:


[image: ]


The smallest number of significant figures in the data recorded by the student is two. The answer should therefore be given to 2 s.f.:
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Knowledge check 11


Write the following statements as equations using the appropriate mathematical symbols:





a  The work done in an electrical circuit is equal to the potential difference multiplied by the charge.



b  The extension of a spring is directly proportional to the applied force on the spring.



c  Magnetic flux is equal to the magnetic flux density multiplied by the area normal to the magnetic field.
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Knowledge check 12


Rearrange the following equations so that the quantity shown in square brackets after each equation is the subject of the rearranged equation.





a  [image: ]




b  p = mv [m]



c  [image: ]




d  v2 = u2 + 2as [a]



e  nλ = d sin θ [θ]




f  F = mω 2r [ω]






[image: ]
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Exam tip


Remember that a temperature difference in °C is the same as a temperature difference in K. For example, here we have (48 − 18)°C ≡ 30 K.
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Knowledge check 13





a  Use the equation


    moment = Fd



    to calculate the moment when F = 225 N and d = 7.0 cm.



b  Use the equation


    [image: ]



    to calculate L when ε = 0.1 and x = 10 cm.



c  (A-level only) Use the equation


    x = A cos ωt



    to calculate x when A = 0.040 m, ω = π/3 rad s−1 and t = 11 s.
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Quadratic equations contain squared terms. The most common quadratic equation that you will meet in AS or A-level physics is the equation of motion:
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Knowledge check 14


A ball is dropped from a height of 1.5 m. How long does it take the ball to reach the ground?
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Logarithmic scales are used to express data that have a range of several orders of magnitude. Sound is one common phenomenon that is measured using a logarithmic scale. Sound intensity is measured in W m−2. A typical person can hear very quiet (low-intensity) sounds and extremely loud (high-intensity) sounds. To make a noise sound twice as loud, the intensity has to be approximately 10× greater. It would be very difficult to use a linear scale to represent this. A special logarithmic scale, known as the decibel (dB) scale, is used. On this scale, a doubling of intensity is given by an increase of 10 dB (see Table 4).




Table 4 Examples of sound on the decibel scale






	Sound

	
Intensity/W m−2


	Intensity/dB






	Whisper

	  1 × 10−10


	  20






	Bird call

	1 × 10−8


	  40






	Normal speech

	1 × 10−6


	  60






	Traffic noise

	1 × 10−5


	  70






	Pop/rock concert

	1 × 10−1


	110






	Pain threshold

	1 × 101  

	130
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Knowledge check 15


(A-level only) Suggest another physical phenomenon that is measured using a logarithmic scale.
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Quantity algebra


Throughout this student guide use has been made of quantity algebra. This means giving every quantity in an equation its appropriate unit, for example:


[image: ]


Using quantity algebra gives a useful check for units and can often prevent silly mistakes.
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Exam tip


Get into the habit of using quantity algebra so that you can check whether your units are correct or not.
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Graphs


It has been said that a picture is worth a thousand words. This is definitely true in physics, where graphs are used to display data, to investigate relationships between variables and to calculate the magnitude of variables. Throughout your studies you will need to:





•  translate information between graphical, numerical and algebraic forms



•  plot two variables from experimental or other data



•  understand that y = mx + c represents a linear relationship



•  determine the slope and intercept of a linear graph



•  calculate rate of change from a graph showing a linear relationship



•  draw and use the slope of a tangent to a curve as a measure of rate of change



•  distinguish between instantaneous rate of change and average rate of change



•  understand the possible physical significance of the area between a curve and the x-axis and be able to calculate it or estimate it by graphical methods as appropriate



•  apply the concepts underlying calculus to solve equations involving rates of change using a graphical method or spreadsheet modelling



•  interpret logarithmic plots




•  use logarithmic plots to test exponential and power-law variations




•  sketch physical relationships that are modelled by
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