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Examiner tips


Advice from the examiner on key points in the text to help you learn and recall unit content, avoid pitfalls, and polish your exam technique in order to boost your grade.
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Knowledge check


Rapid-fire questions throughout the Content Guidance section to check your understanding.
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Knowledge check answers


Turn to the back of the book for the Knowledge check answers.
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Summary




• Each core topic is rounded off by a bullet-list summary for quick-check reference of what you need to know.








[image: ]





Questions & Answers
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About this book



This guide is one of a series covering the CCEA specification for AS and A2 physics. It offers advice for the effective revision of Unit AS 2: Waves, Photons and Medical Physics. Its aim is to help you understand the physics and give you guidance on the core aspects of the subject. The guide has two sections:




• Content Guidance — this section is not intended to be a detailed textbook. It offers guidance on the main areas of the content of Unit AS 2 and includes worked examples. These examples illustrate the types of question that you are likely to come across in the examination.


• Questions and Answers — this comprises two self-assessment tests. Answers are provided and there is an indication of the specific points for which marks are awarded.





Physics is not an easy subject, but by committing time and effort to understanding the key elements of the discipline you can maximise your performance in the examination. The development of an understanding of physics can only evolve with experience and practice. This guide will facilitate your progress by focusing on the essential components and providing examples for you to attempt before learning from the answers.


The specification


The CCEA specification is a detailed statement of the physics that is required for the unit assessments, and describes the format of the assessments. It can be obtained from the CCEA website at www.rewardinglearning.org.uk.


Your teacher may have introduced you to concepts outside the specification to further develop your physics. The purpose of this book is to help you prepare for the Unit AS 2 examination.





Content Guidance


Waves




• A wave is a disturbance that propagates through a medium.


• Waves carry energy.


• There are many ways to classify waves.





Progressive and standing waves


Progressive waves transfer energy from one place to another. They are sometimes called travelling waves as they appear to move. Examples of progressive waves are electromagnetic waves travelling from the Sun to Earth or a sound wave travelling from a loudspeaker to an ear.


Standing waves do not involve the transmission of energy, as the wave energy is stored in the system. They are sometimes called stationary waves as they do not appear to move. Examples of standing waves are the vibrations in a violin string or air vibrating inside a flute.


Mechanical and electromagnetic waves


Mechanical waves are produced by a disturbance in a material and are transmitted by the oscillating particles of the material. Examples of mechanical waves are water waves or waves on a slinky spring


Electromagnetic waves consist of oscillating electric and magnetic fields. Examples include any member of the electromagnetic spectrum.


Transverse and longitudinal waves


A transverse wave is one in which the vibrations of the particles are at right angles to the direction in which the wave travels. Examples are water waves or electromagnetic waves.
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Examiner tip


Learn the exact definitions of transverse and longitudinal waves. These definitions are often asked for.
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Knowledge check 1


Distinguish between the nature of the vibrations in transverse and longitudinal waves and give two examples of each type of wave.
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A longitudinal wave is one in which the direction of the vibrations is parallel to the direction in which the wave travels. Examples include sound waves. The back-and-forth oscillations of the air particles form regions of high and low pressure called compressions and rarefactions respectively.


Longitudinal and transverse waves can be demonstrated using a slinky spring (Figure 1).


Longitudinal and transverse waves can be represented on graphs. For a longitudinal wave (Figure 2a) it is necessary to look at how the molecules of the medium are disturbed. For a transverse wave (Figure 2b) the graph looks very similar to the actual wave.
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Figure 1
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Figure 2(a)
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Figure 2(b)






Wave properties



The oscillating particles of a wave can be represented on two types of graph. The displacement–time graph for a single particle within the wave shows how the displacement of this particle from its equilibrium position varies with time (Figure 3).
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Figure 3
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Examiner tip


It is easy to confuse these graphs. Always check which graph you are using by looking carefully at the labels on the axes.
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Knowledge check 2


How can frequency be determined from a displacement–time graph? Can frequency be determined from a displacement–distance graph?
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A displacement–distance graph shows the position of all the particles in a section of the wave at a single instant (Figure 4).
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Figure 4
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Examiner tips


Care should be taken to distinguish between displacement and amplitude. Amplitude is the maximum displacement.


 


Periodic time and frequency are related. A frequency of 10 Hz means 10 oscillations per second or one oscillation is completed in [image: ] second. So the periodic time of this oscillation is 0.1 s.
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Definitions




• The displacement, x, of a particle on a wave is its distance from the mid-point of the oscillation. The unit of displacement is the metre (m).


• The amplitude, A, of the wave is the maximum displacement of a particle from the mid-point of the oscillation. The unit is the metre (m).


• A crest is a point on the wave of maximum displacement in the positive direction.


• A trough is a point on the wave of maximum displacement in the negative direction.


• The periodic time, T, or period is the time taken for one complete oscillation of the wave. The unit is the second (s).


• The frequency, f, is the number of complete waves that pass a point in one second, or the number of oscillations per second. The unit is the hertz (Hz).


• The wavelength, λ, of the wave is the distance between consecutive points of corresponding phase. It can be measured as the distance between two adjacent crests or between two adjacent troughs. The unit is the metre (m).


• The wave speed, v, is the distance travelled by the wave each second. The unit is metres per second (m s−1).


• The wave equation relates the speed of a wave to its frequency and wavelength. A wave travels one wavelength in the time taken for one oscillation.
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Examiner tip


Equations must have the same units on both sides. This is a good check that the equation you are using is correct.
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Knowledge check 3


Calculate the frequency of a wave with a periodic time of 1 ms.





[image: ]





As speed is the distance moved per unit time,


[image: ]


The wave equation is:


velocity = frequency × wavelength


            v = fλ


where v is the speed of the wave in metres per second (m s−1), f is the frequency of the wave in hertz (Hz) and λ is the wavelength in metres (m).
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Examiner tips


Frequency and wavelength are inversely proportional. Lower-frequency waves have longer wavelengths. Higher-frequency waves have shorter wavelengths.


 


Always check that the units are correct and consistent. Speed and wavelength must use the same units of length. Questions involving the wave equation often involve units with prefixes such as MHz, kHz, µm and nm. Learn all the prefixes for multiples and sub-multiples of units and practise putting them into your calculator.
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Worked example


A girl generates a wave on a rope by moving her hand up and down, as shown in Figure 5. She generates two waves every second.
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Figure 5








(a) What types of wave is she generating?



(b) What is the amplitude of the waves?



(c) What is the frequency of the waves?



(d) What is the speed of the waves?





Answer





(a) Transverse waves, as the vibrations are at right angles to the direction of the wave.


      Mechanical waves, as the energy is transmitted by the oscillating particles of the rope.


      Progressive waves, as the energy is being transferred from one place to another.



(b) 0.4 m (amplitude is the maximum displacement from the mid-point of the wave)



(c) Frequency = 2 waves per second = 2 Hz (frequency is the number of waves per second)



(d) λ = 2 m (wavelength is the distance between two crests)


      v = f × λ = 2 × 2 = 4 m s−1
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Examiner tips


Always state units correctly using a negative index, not a slash. For example, the unit of velocity is m s–1 not m/s.


 


When answering questions involving calculations follow this four-point plan:




1 Write down the formula you are going to use.


2 Substitute the quantities into the formula, making sure you have consistent units for the quantities.


3 Calculate the answer.


4 Include the correct unit with your answer.
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Knowledge check 4


A bat emits a sound pulse of wavelength 5.0 mm and frequency 68 kHz. Calculate the speed of the emitted sound.
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Phase and phase difference


Phase describes the particular point in the cycle of a wave. It is used to compare the motion of vibrating particles in a wave or waves. Consider the motion of a single particle with the displacement–time graph in Figure 6.
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Figure 6





The points labelled 0, 1, 2, 3 and 4 represent the position of the particle at different stages of one complete cycle of the oscillation. One full cycle or one oscillation of a wave (from point 0 to point 4) is considered to be 360° or 2π radians.




• The timing of the oscillation begins at point 0 when the particle is passing up through the mid-point of the oscillation.


• At point 1, the particle is at the positive maximum displacement and has completed one quarter of the cycle of the oscillation. This stage is out of phase with point 0 as it is different by one quarter of the cycle of the oscillation. It is 90° or [image: ] radians out of phase with point 0.


• At point 2, the particle is moving down through the midpoint of the oscillation. This is the same displacement as at point 0, but not moving in the same direction. It has completed half of the oscillation. It is 180° or π radians out of phase with point 0. This is known as antiphase.


• At point 3, the particle is at the negative maximum displacement and has completed three-quarters of the oscillation. It is 270° or [image: ] out of phase with point 0.


• At point 4, the particle has completed one oscillation and is at the same position and moving in the same direction as at point 0. It is in phase with point 0.





Consider the motion of the particles in a wave in the displacement–distance graph in Figure 7.
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Figure 7





Now we are comparing the motion of different particles at a single instant along a section of a wave. Particle A is in phase with particle E, as it is the same displacement from the mid-point of its oscillation and moving in the same direction. Particle B is in antiphase with particle D as it is π radians out of phase, but it is in phase with particle F.
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Examiner tip


One crest and one trough together is one whole wave. This can be described in terms of angles. One wave is 360° or 2π radians.
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We can also use phase to compare two waves with the same frequency (Figure 8). One wave is leading the other wave, or one wave is lagging behind the other.
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Figure 8
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Knowledge check 5


A wave of period 14 s lags behind another wave of the same frequency by 3.5 s. State the phase difference of the waves.
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The phase difference is calculated between any two waves of the same frequency by finding the fraction of the complete 2π radians that represents the difference in phase. The two waves are out of step by a time t. The phase difference is equal to [image: ] × 2π or [image: ] × 360°.
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Worked example


For each of the graphs in Figure 9 state the phase difference in words, in terms of wavelength, in degrees and in radians.
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Figure 9





Answer





(a) phase difference = 90° or [image: ] or [image: ] — out of phase



(b) phase difference = 180° or [image: ] or π — completely out of phase



(c) phase difference = 360° or λ or 2π — in phase








[image: ]





Polarisation


The condition for a wave to be plane-polarised is for the oscillations to be in just one plane. This phenomenon only occurs with transverse waves, for example light waves.


In normal, unpolarised light waves, such as light from a filament lamp, electric field oscillations occur in all planes perpendicular to the direction of travel of the wave. If this unpolarised light is passed through a polarising filter (called Polaroid), the oscillations in all planes but one will be absorbed. The light emerging from the filter has oscillations in one plane only and is said to be plane-polarised.


A second sheet of Polaroid can be used to confirm that the light is plane-polarised. The second sheet is called the analyser and it is held in line with the polariser. The analyser is rotated through 360° and the light intensity will alternate between maximum and minimum (extinction) light intensities every 90°. The intensity depends on whether the transmission axis of the analyser is parallel or perpendicular to the transmission axis of the polariser (Figure 10).
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Figure 10





Note: Longitudinal waves cannot be plane-polarised as the oscillations are parallel to the direction of wave travel.


Checking that a wave is polarised


An analyser is used to check if waves are polarised. An analyser produces a polarised wave itself. If the original beam is unpolarised, as the analyser is rotated it will continually polarise the waves in successive planes as it is rotated. There will always be one plane that remains. Hence the intensity remains constant (Figure 11).
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Figure 11
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Examiner tip


Learn the experimental procedure to plane-polarise waves and the procedure to check that a wave is plane-polarised.
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If the original beam is polarised, as the analyser is rotated it will vary from a maximum, when the analyser is aligned with the plane of polarisation, to a minimum when the analyser is at right angles to the plane of polarisation (Figure 12).
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Figure 12
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Examiner tips


When describing polarisation you must describe the oscillations being confined to one plane. The word ‘plane’ is a key word in the definition.


 


Ultrasound cannot be polarised as it is a longitudinal wave.
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Worked example


A microwave generator produces plane-polarised microwaves. An aerial connected to an amplifier and ammeter can be used to analyse the polarisation of the waves. When the aerial is parallel to the plane of polarisation, the maximum signal is received. As the aerial is rotated the signal intensity reduces, reaching a minimum when the aerial has rotated through 90°.





(a) What is meant by plane-polarised microwaves?



(b) Draw a labelled diagram of the apparatus you would use to demonstrate that the microwaves are plane-polarised.



(c) What does this experiment demonstrate about the nature of microwaves?



(d) Sketch a graph to show how the intensity of the signal changes as the aerial is rotated.



(e) Explain why sound waves cannot be plane-polarised.





Answer





(a) Plane-polarised microwaves are ones in which the oscillations are confined to one plane only, perpendicular to the direction of the wave travel.


(b)
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(c) As microwaves are plane-polarised the experiment shows they are transverse waves.


(d)
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(e) Sound is a longitudinal wave and longitudinal waves cannot be plane-polarised as the oscillations are parallel to the direction of wave travel.
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Knowledge check 6


Describe the variation in light intensity as an analyser is rotated through 360° while viewing polarised light.
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