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Knowledge check answers
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About this book



This student guide covers the practical assessment for the CCEA specifications for AS and A2 physics. It offers advice for the effective development of practical skills. It is not intended as a replacement for carrying out practical work. The guide has four sections:




	
•  Mathematical content


	
•  Practical skills


	
•  Practical activities


	
•  Questions & Answers





The Mathematical content section incorporates the mathematical skills that you need for the AS and A2 examination, together with a reminder of the importance of units. For A2, you need the advanced mathematical skills highlighted in bold type.


This section provides the basis of all calculations that you will be required to undertake. 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 and put your knowledge to the test by attempting the questions as you go along.


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 activities section reflects the CCEA 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 activities is discussed in detail, focusing on one practical identified in the specification, with worked examples based on experimental data.


You should remember also that the knowledge, understanding and skills on which you will be assessed in Unit 3A are exactly the same as those that you will have met when carrying out practical activities referred to in the specification. It is for that reason that these practicals are all covered in this section.


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 Unit 3B. 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.


The key to doing well in any examination is preparation. The knowledge check questions are there to encourage you to reflect on your learning and to reinforce the ideas and concepts you are encountering in your course. Do study the worked examples and attempt all the questions. They are there to show you good practice and are pitched at the level you can expect in your exam. After doing each question, check your answer with that given later in the book. If you have made an error, learn from your mistake, so that you are less likely to make the same slip in the exam.


A-level physics is a course that demands much of the student. It is challenging and rigorous and it makes you think. But it is also fun. I wish you well in your studies.












Content Guidance






Mathematical content


To do well in AS or A2 physics, you will need to be familiar with the units in which physics measurements are made and how they are combined mathematically. Perhaps more than in any other GCE science, the development of your mathematical skills in physics is vital if you are to achieve the highest grades.


The mathematical material with which you are expected to be familiar is identified in Appendix 1 of the specification. It is worth examining it closely, particularly as you prepare for your AS and A2 examinations. This chapter will help you to focus on how these skills are used in your practical work.





Arithmetic and numerical computation


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





Physicists use the SI system (Système Internationale) of measurement. This system is based on seven fundamental base units, of which you are required to know the six shown in Table 1.




Table 1 SI base units





	Measurement

	Unit

	Abbreviation










	Mass

	kilogram

	kg






	Length

	metre

	m






	Time

	second

	s






	Current

	ampere

	A






	Temperature

	kelvin

	K






	Amount of substance

	mole

	mol









All other SI units are combinations of the base units and are called derived units. Some of the more common derived units are listed in Table 2.
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Knowledge check 1


State the derived unit in which you would measure the following physical quantities: (a) resistivity, (b) stress, (c) strain, (d) Young modulus.
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Decimal and standard form


Physicists measure quantities as large as the size of the universe and as small as the mass of an electron. Prefixes are used for very small or very large measurements. Table 3 gives some of the common prefixes used in physics.


Table 3 Submultiple and multiple units in A-level physics
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It is sometimes necessary to change from one unit to another. For example, the density of ethanol is 790 kg m−3. What is that in g cm−3? To answer this question, we must convert kg to g and m3 to cm3. Now 1 kg is 1000 g and 1 m3 is (100 cm × 100 cm × 100 cm) or 1 000 000 cm3. So 1 kg m−3 = 1000 g/(1 000 000) cm3 = 0.001 g cm−3.


Hence 790 kg m−3 = (790 × 0.001) g cm−3 = 0.79 g cm−3.
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Knowledge check 2


The radius of the hydrogen atom is about 53 pm and the electron orbiting its nucleus does so at a speed of about 22 Mm s−1. Express these values in m and m s−1 in standard form.
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Ratios, fractions and percentages



The use of ratios, fractions and percentages is no more demanding in A-level physics than you experienced in GCSE mathematics. However, it is worth looking at the knowledge checks opposite to confirm your understanding.
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Exam tip


Always check whether the values you are given in an exam question have prefixes. Convert these into standard form before you attempt to answer the question.
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Trigonometrical ratios


These are the familiar sin x, cos x and tan x. At AS, you first come across them in resolving and adding vectors. At A2, you meet them at various parts of the course, but especially when dealing with refraction and diffraction.


A2 students are expected to be familiar with the use of radians as a measure of angles. While it is important to know that the conversion formula from radians to degrees is π radians = 180 degrees, it is essential that you are familiar with the operation of your calculator in both measures. Most scientific calculators allow you to select the unit required using the <Shift> <Mode> buttons.
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Worked example


The angle of refraction in a square block of glass of side 20 cm and refractive index 1.50 is 19°. Calculate a the angle of incidence and b the length of the path taken by the ray of light in the glass.


Answer




	
a  From Snell’s law, r = sin−1 (n × sin r) = sin−1 (1.5 × sin 19) = sin−1 (0.488) = 29.2°


	
b  [image: ]
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Knowledge check 3


A metal alloy is made of iron, manganese and chromium in the ratio 7 : 2 : 1.




	
a  What fraction of the alloy is made of chromium?


	
b  What percentage of the alloy is made of non-ferrous metals?


	
c  What is the ratio of iron : other metals?
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Knowledge check 4


The refractive index of a material is the ratio of the speed of light in air to the speed of light in that material. If the refractive index of glass is 1.50 and the refractive index of water is 1.33, calculate the ratio speed of light in water : speed of light in glass.
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Exponentials and natural logarithms


AS students do not usually have to use exponentials and natural logarithms. At A2, 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


(A2 only) The activity of a radioisotope falls from 1200 Bq to 800 Bq in 40 minutes. Find the decay constant and the half-life of the radioisotope.


Answer


From the law of radioactive decay: A = A0e−λt


Taking natural logs of both sides: ln A = ln A0 − λt


Rearranging: [image: ]


Substituting: [image: ]


λ = 10.137 × 10−3 min−1


From half-life equation:




[image: ]




T½ = 68.4 minutes


[image: ]
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Knowledge check 5


Find the angle for which tan is 1.500, giving your answer in degrees and in radians.
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Exam tip


A-level students have about 2 years to learn their way around a calculator. Get to know it well. Do not buy a calculator with which you are not familiar a few weeks before your exam.
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Handling data


Throughout your studies you will need to:




	
•  make order-of-magnitude calculations


	
•  use an appropriate number of significant figures (sf)


	
•  find arithmetic means







Estimation and orders of magnitude


Part of the skill set of an experimental physicist is the ability to make estimates. Physicists sometimes talk about an estimate ‘to within an order of magnitude’. The order of magnitude is the index when a quantity is expressed in standard form. The charge on an electron is 1.6 × 10−19 C. So, the order of magnitude is 10−19. When physicists refer to ‘within an order of magnitude for the electron charge’, they mean between 10−18 C and 10−20 C.


The key to making estimates is to work to 1 or 2 significant figures only. For example, the volume of a typical school laboratory is about 10 m × 10 m × 3 m or 300 m3. It is a good approximation to take π as 3 or 3.1.
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Worked example


Estimate the density of steel.


Answer


We already know that the density will be greater than 1 g cm−3 because a steel ball bearing will sink in water.


From experience a small steel ball bearing has a mass of about 5 g (this estimate means its mass lies between 0.5 g and 50 g — correct to within an order of magnitude).


Its radius is certainly less than 1 cm, say 0.5 cm.


So its volume [image: ].


Its density is therefore about [image: ], which is around 10 g cm−3.


This compares well with the actual density of steel, which is around 8 g cm−3.
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Significant figures



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.


Giving the correct number of significant figures in calculations is important because it signifies the degree of precision.
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Exam tip


In general, when you are doing a calculation, the number of significant figures in the answer should be the same as that number with the minimum number of sf in the question. This means that intermediate numbers should always be to a higher number of sf.
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Suppose we measure a mass on a balance capable of reading to the nearest 10 g and we get a reading of 5170 g. This tells us the mass (M) can be estimated as 5165 g ≤ M < 5175 g. For all masses between 1000 g and 9990 g this balance would give us a reading to 3 sf (the 5, 1 and 7), and the units digit would always be zero.
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Worked example


A trolley of mass 585 g has an acceleration down a runway of 24 cm s−2. Calculate the size of the resultant force.


Answer


F = ma = 0.585 kg × 0.24 m s−2 = 0.1404 N


The data in the question are given to 2 sf and 3 sf. The answer should therefore be given to just 2 sf. In this case, the answer should be given as 0.14 N.
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Exam tip


You can often check in your head whether your answer to a calculation is reasonable by converting all the numbers to 1 sf and carrying out the necessary mental arithmetic.
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Arithmetic mean


The arithmetic mean is simply the value obtained by dividing the sum of a set of terms by the number of terms. Means are used extensively in practical physics to reduce random error. For example, if four different measurements of a given mass are 65 g, 66 g, 64 g and 65 g, then their mean value is (65 + 66 + 64 + 65)/4 = 65 g.
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Knowledge check 6


A current of 34 mA flows through a conductor when the voltage across it is 2.55 V. Calculate the resistance of the wire, giving your answer to an appropriate number of significant figures.
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Algebra


A working knowledge of basic algebra and an ability to manipulate equations are essential tools for A-level physics students.


Throughout your studies you will need to:




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


	
•  change the subject of an equation


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


	
•  solve simple algebraic equations
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Knowledge check 7


Can you think of any four-digit number which is the same to 1, 2, 3 or 4 significant figures?
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Symbols


Symbols are a useful shorthand to express mathematical relationships. You will probably be familiar with those given in Table 4 from your earlier studies in mathematics.





Table 4 Required mathematical symbols






	Symbol

	Meaning










	<

	is less than






	<<

	is much less than






	>

	is greater than






	>>

	is much greater than






	∝

	is directly proportional to






	≈

	is approximately equal to
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Knowledge check 8


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




	
a  The angle of incidence in air is greater than the angle of refraction in glass.


	
b  The mass of an electron is very much less than the mass of a proton.


	
c  The speed of a photon in air is approximately equal to that of light in a vacuum.
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Sometimes these symbols are put together. For example, 5 < S < 10 means that ‘5 is less than S, and S is less than 10’. This is just a short way of writing S lies between 5 and 10, but is not equal to either 5 or 10.







Changing the subject of an equation


Almost all physics definitions and physical laws can be reduced to an algebraic equation. You can immediately think of the definitions for density, pressure, uniform acceleration and so on. The letter to the immediate left of the equals sign is called the subject. For example, one of the energy equations with which you are familiar is Ek = ½mv2. In this equation, Ek is the subject. If you need to calculate Ek, substitute numbers for m and v and carry out the arithmetic on a calculator (if necessary).


Suppose you know Ek and m, but you need to find v. Then you need to make v the subject of the equation. The worked example shows how you might do this.






[image: ]


Worked example


The kinetic energy of a proton of mass 1.66 × 10−27 kg is 5.312 × 10−20 J. Calculate its speed in km s−1.


Answer


From the definition of kinetic energy: [image: ]


Multiply both sides of the equation by [image: ]


Divide both sides of the equation by [image: ]


Cancel m on the right-hand side: [image: ]


Take the square root of both sides of the equation: [image: ]


Make v the subject: [image: ]


Make the substitutions for Ek and [image: ]


Use a calculator to carry out the arithmetic: v = 8000 m s−1


Convert to the correct unit (km s−1): v = 8.00 km s−1


Note that the answer is given to 3 sf because the numbers in the question were to 3 sf and 4 sf.


[image: ]
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Exam tip


Always show your full working for calculations. By doing so you may pick up marks for a correct method even if your final answer is incorrect.
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Knowledge check 9


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


If, in numerical problems, you find equations are too time-consuming to rearrange, make the substitutions immediately and then you have only numbers and the unknown letter to work with. But be aware that there are situations, such as mapping an equation to that for a straight line, where there is no alternative but to rearrange. This topic is dealt with in the next section on graphs.


[image: ]
















Graphs


Physics is all about relationships between quantities that can be measured. To find such relationships, graphs are an invaluable tool. They allow us to see visually a relationship that is much more difficult to see simply by looking at the numbers in a table.


Throughout your course 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


	
•  draw and use the slope of a tangent to a curve as a measure of 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 measure it by counting squares, as appropriate


	
•  use logarithmic plots to test exponential and power law variations



	
•  sketch simple functions including:
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Exam tip


In physics it is customary to plot the dependent variable on the y-axis and the independent variable on the x-axis. But that is not always the case. There is no rigid rule. For example, it is usual to plot time on the x-axis, irrespective of whether it is the dependent or independent variable. You need to look carefully at the axes and ask yourself what message is being conveyed by the graph.


[image: ]










Straight-line graphs


All straight-line graphs have the form y = mx + c, where m is the gradient of the graph (sometimes called the slope) and c is a constant. Notice from the equation y = mx + c that, when x = 0, the value of y is equal to c. This tells us that the coordinates of the point where the graph crosses the y-axis are (0, c). The point (0, c) is called the y-axis intercept. Often this is simply written ‘c is the intercept’.


If a straight-line graph also goes through the origin, it demonstrates direct proportion. You will have come across many such graphs in your study of physics. Examples include extension and force for a spring (Hooke’s law), current and voltage for a metal wire at constant temperature (Ohm’s law), resultant force and acceleration for a moving object (Newton’s second law). The list is almost endless.


Often the goal of practical physics is to rearrange the equation describing the relationship into linear form. Such rearrangements are called ‘mapping to a linear form’. Being able to carry out such transformations is an essential skill for the experimental physicist.
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Exam tip


Choose scales on each axis with care. Usually there are 5 or 10 small squares between each of the main grid lines. Choosing 5 or 10 small squares to represent 1, 2, 4, 5 or 10 units is fine. Choosing it to mean 3 units is not because it makes interpolation difficult, for example when working out the meaning of 7 small squares. The issue is important because examiners will penalise the choice of an inappropriate scale.
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Worked example


Inspect the graphs in Figure 1 and then state, with a reason:




	
a  which show a linear relationship


	
b  which show direct proportion







[image: ]




Answer




	
a  All are straight lines, so all show a linear relationship.


	
b  Only C shows a straight line through the origin, so only C shows direct proportion.
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Simple mappings


You will be aware that an object starting from rest with an acceleration a reaches a speed v after travelling a distance S. The equation describing this motion is:


v2 = 2aS


If you were to plot experimentally determined values of v against S, the graph you would obtain is a curve of decreasing gradient that passes through the origin. The relationship is non-linear. However, with a suitable mapping, you could obtain a straight-line graph.


Consider what the graph of v2 against S would look like by mapping directly to y = mx + c.


v2 = 2a S


y = mx + c


We are plotting: v2 on the vertical axis, so v2 corresponds to y


S on the horizontal axis, so S corresponds to x


Comparing shows 2a corresponds to the gradient.


There is nothing that corresponds to c, so the graph of v2 against S passes through (0, 0) (Figure 2).


We have now mapped the quadratic equation to a linear form.


A graph of v against S shows a curve, but a graph of v2 against S is a straight line through (0, 0).


However, this linear graph is now very useful.




	
•  If we measure the gradient and halve it, we have found the acceleration a. To find the acceleration is much more difficult with a curve.


	
•  We have also demonstrated that v2 is directly proportional to S.
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Measuring the gradient


To measure the gradient of a straight-line graph:




	
•  Draw a large right-angled triangle using the part of the line of best fit as the hypotenuse.


	
•  Determine the rise (on the vertical axis) and the run on the horizontal axis, by reading and subtracting the relevant numbers on each.


	
•  Calculate the gradient as the ratio rise/run.


	
•  Determine the unit by dividing the unit on the y-axis by the unit on the x-axis.





This process is illustrated in Figure 3.




[image: ]
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Knowledge check 10


The terminal voltage across a battery, V, is related to the current drawn from it, I, according to the equation E = V + rI, where E is the e.m.f. of the battery and r is its internal resistance. Both E and r are constants.




	
a  What straight-line graph could a student plot in order to verify this relationship?


	
b  How could E and r be found from this graph?





[image: ]








To measure the gradient of a curve:


The gradient of a curve changes at every point along its path. The first task therefore is to select the point of interest and, using a ruler, draw a tangent there. We then find the gradient of this straight-line tangent. Drawing the tangent is illustrated in Figure 4.







Significance of the gradient


The gradient of a graph always represents a rate of change. The gradient of the curve in Figure 4 represents the rate of change of velocity with time, that is, acceleration. The horizontal axis need not always be time. For example, the gradient of the graph of resistance against current for a thermistor is the rate of change of resistance with current.
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Worked example


A student measures the activity A of a short half-life radioisotope as it decays over time.




	
a  Map the decay equation to that for a straight line.


	
b  What does the student have to plot to obtain a straight-line graph?


	
c  How might the student determine from this the decay constant λ and half-life of the radioisotope T½?


	
d  What is represented by the intercept of the graph?
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Figure 2 Motion graphs.
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Figure 1 Straight line graphs
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Figure 4 Finding the
gradient at a point on a
.
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Figure 3 Finding the gradient of a straight-line graph
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