Module 2          Waves and Nuclear Physics
	Content
	In
	Comments

	11.1 Waves
	  
	  

	Origin of waves
Knowledge that mechanical waves originate from a vibration and that complex sounds are the addition of numerous sinusoidal waves.
	6.2
	Includes seismic waves.

	Speed, wavelength, frequency, amplitude and phase
Recall and use of v = f(.
	6.1
	Table of wave terminology.

	Principles of measurement of speed of waves and pulses
Candidates should know a laboratory method of measurement of the speed of sound in free air.
	6.14
	Speed of mechanical waves and methods for speed of sound.

	Transverse and longitudinal waves
Characteristics and examples of each type of wave.
	6.1
	  

	Qualitative treatment of polarisation
Appreciation that polarisation is a property of transverse waves.
Consideration of aerial alignment for transmitter and receiver.
	6.19
	  

	Reflection, refraction and absorption
Candidates should know the laws of reflection, have a qualitative understanding of refraction and its effects, appreciate that energy is partially transmitted and reflected at an interface, and that energy is absorbed by a transmitting medium.
	6.5 – 6.7
	Includes fibre-optics and their applications.

	The relevance to ultrasound, X-ray and other waves in medical diagnosis should be appreciated (links with Section 11.6).
	6.2

6.3
	6.2 covers ultrasound.

6.3 covers EM waves.

	11.2 Diffraction and Interference
Appreciation that the angle at which intensity falls to a minimum increases for increasing wavelength and decreasing aperture size.
Minimum occurs when sin ( = (/b (no proof required). Relevance to satellite dishes and loudspeakers.
	6.9
	Single slit diffraction.

	Diffraction as factor which limits resolution of two objects. Effect of aperture and wavelength on resolution
Awareness that resolution is worse with increasing wavelength and decreasing aperture size.
Relevance to use of radio telescopes when gathering information in astronomy (links with Section 11.6).
Appreciation of the advantages of using short wavelength when using ultrasound for imaging.
	6.10
	Rayleigh criteria. Polar diagrams.

	Concept of path difference of waves from two sources
	  
	  

	Phase and coherence
Candidates should be able to express phase difference in degrees.
Use of radian measure is not required.
	6.7, 6.8
	Coherence. Path and phase diagrams..

	Quantitative treatment of superposition of waves from two sources
Fringe spacing = (D/d.
Experimental work should include work with light, sound or ultrasound, and radio or microwaves. Lasers could be useful in experimental work here, but the principle of operation of lasers is studied in Module 4.
Interference between waves partially reflected from two parallel reflectors.
	6.7, 6.8
	Two-source/slit interferance

	Diffraction grating
Use of formula d sin d= ( = n( without proof.
Use to produce spectra.
	6.11
	Analysis of diffraction pattern from a grating. Also spectrometer set-up.

	Inverse square law for intensity at a distance from a point source of energy
Appreciation that energy is spread over a surface area = 4(r2.
	6.1
	Inverse-square law.

	Intensity proportional to (amplitude of the resultant wave)2
	  
	  

	Stationary waves
Conditions for a stationary wave to be produced.
	6.15
	Basic ideas about standing waves including strings.

	Graphical treatment of standing waves
Diagrams of possible modes of vibration for a stretched string.
Idea of electron standing waves in atoms may be introduced at this stage. It is studied in Module 4.
	6.16 – 6.17
	Standing waves in air columns and musical instruments. Also 2D and 3D cones. Electron orbits as standing waves.

	Nodes and antinodes
Appreciation of direction of vibration of particles at positions other than the nodes.
	6.15 – 6.17
	  

	Stationary waves in strings
Relation between the length and possible wavelengths of modes of vibrations for strings.
	6.15
	  

	Factors affecting the frequency of the fundamental
Candidates should investigate the factors affecting frequency of the fundamental for strings.
	6.15
	  

	11.3 Spectra
	  
	  

	Types of spectra and their origin: line, band and continuous spectra; emission and absorption spectra
Appreciation of information gained from studying spectra in atomic and nuclear Physics and astronomy.
	6.12
	Emission and absorption spectra. Band spectra. Continuous spectra.

	Candidates should appreciate that the temperatures and other information about stars can be estimated from a study of their electromagnetic spectra (links with Section 11.6).
	12.12

12.18
	12.12 covers stellar spectra.

12.18 covers red shifts in galactic spectra leading to model of an expanding universe.

	Electromagnetic spectrum
Knowledge of the orders of magnitude of the wavelengths, frequencies and photon energies for radio waves, microwaves, visible radiation and gamma radiation.
	6.3
	  

	Doppler effect
Proof of formulae is not required.
Candidates should know that for v « c the fractional change in frequency [image: image1.png]



Candidates should be aware of examples of the phenomenon in light and sound (links with Section 11.6).
Knowledge that red shift provides evidence for an expanding universe and that the red shift of radiation from galaxies provides information about their distance from the earth (links with Section 11.6).
	6.18
	Including sound, light and the relativistic case.

	The Hubble law
v = Hd where H is the Hubble constant and d is the distance.
	  
	  

	11.4 Radioactivity
	  
	  

	Background radiation
Examples of the origins should be known.
	8.15
	Radiation dose, risk assessment and safety procedures.

	Spontaneous nuclear changes: the nature of alpha, beta and gamma emissions
Momentum and energy conservation and beta spectrum as evidence for existence of the anti-neutrino. A qualitative understanding of the evidence only is expected.
	8.20

9.9
	8.20 gives detailed treatment of a typical laboratory (-source.

	Ionising nature of charged particles and gamma rays
Energy loss when passing through matter (see also penetrating power).
	8.21
	Includes inverse-square law in air and half-thickness in lead.

	Appreciation that this forms the basis of the hazard when using radiation and the principle of detection methods.
Knowledge of operation of particle detectors is not required.
	11.7
	  

	Relative penetrating powers of (, ( and ( radiations
Results of simple absorption experiments to distinguish between the types of radiation.
Experimental arrangements for investigating relative absorption should be known.
	8.18 – 8.21
	Detailed analysis of (, (, ( sources used in schools.

	Knowledge of approximately inverse square law for ( radiation including experimental verification.
	8.21
	(-ray inverse-square law.

	The random nature of the decay. Exponential decay as a process with constant half-life
Determination of half-life from a decay curve is expected, including correction of count rate for background radiation.
	8.16

8.17
	8.16 includes measurement for radon and protactinium.

8.17 considers long half-lives and includes radiocarbon dating.

	Candidates should be familiar with activity - time, number of radioactive particles - time and count rate - time graphs.
	8.11
	Defines activity.

	Candidates should appreciate that exponential changes occur because of the constant decay probability of a given nucleus.
Number decaying in given time = probability of decay ( number present.
Use of A = (N.
Note that candidates are not expected to use the exponential decay equations until Module 5.
	8.12

8.13
	8.12 treats decay curve in terms of constant decay probability.

8.13 has a more mathematical treatment in terms of exponentials.

	Understanding of nuclear nomenclature, Z and A and terms nuclide and isotope
Changes to nucleon number and proton number as a result of alpha, beta and gamma emissions.
	8.11
	Nuclear transformations.

	11.5 Physics of Particles
	  
	  

	Probing matter
Candidates should appreciate that knowledge of particles is gathered by bombarding matter with suitable particles of suitable energy.
	9.13
	deals with evidence for quarks and touches upon there iseas.

	Candidates should have a qualitative understanding of the principles involved in the interpretation of cloud chamber and bubble chamber photographs.
	9.5
	  

	Evidence for nuclear atom – alpha particle scattering
Simple qualitative treatment of the experiment.
	8.1

9.13
	8.1 covers Rutherford scattering.

	Evidence for the existence of neutrons and protons in the nucleus
Candidates should appreciate that these are not fundamental particles.
Knowledge of scattering experiments that provide evidence for substructure.
	8.1

8.26

9.13
	8.1 covers nuclear structure.

8.26 shows more advanced treatment including scattering of high energy electrons.

 r ( A 1/3
9.13 covers deep inelastic scattering.

	Antiparticles
Candidates should know of the existence of antiparticles and that a particle and its antiparticle annihilate when they meet.
	9.8
	  

	Classification of particles
This section should serve as an introduction to the topic.
	9.1
	Introduction to topic.

	Candidates should have knowledge of which particles are fundamental and which are not.
	9.1
	  

	Candidates should be introduced to the use of numbers associated with particle properties that are conserved in interactions.
	Chapter 9
	Spread throughout chapter, but see 9.2, 9.22, 9.12.

	Leptons: (fundamental particles).
Candidates should be familiar with the table of lepton numbers to describe properties of electrons, muons, taus and their neutrinos and be able to use this, for example, to check whether a given event is allowed. 
	9.1, 9.7, 9.9
	  

	Electron and positron decay should be discussed in particular (links with Section 11.4).
	9.9
	( decay is covered..

	Hadrons: (not fundamental particles).
Candidates should know that hadrons are mesons and baryons, that protons and neutrons are baryons and that the proton is the only stable baryon into which other baryons eventually decay. In particular, the decay of the neutron should be known.
	  
	  

	Quarks as the basic building blocks for hadrons
Quarks: (possibly fundamental particles).
A meson consists of a quark and an antiquark, and a baryon consists of three quarks.
	9.10
	  

	Candidates should be able to define the substructure of a proton and neutron in terms of up and down quarks and appreciate what happens to the quark structure when a neutron undergoes ( decay. For examination purposes the range of quark properties (strangeness, colour and charm) is not required.
	9.9
	diagram at bottom right hand of spread 9.14.

	11.6 Information and Communication
	  
	  

	Audio information
The nature of audio information. Candidates should know the range of human hearing. They should know that a sound is characterised by the frequencies present and the relative amplitudes of these frequencies. In particular they should consider typical human voices and the range of frequencies present in sounds from musical instruments (links with section 11.2).
Base bandwidth as the range of frequencies that are transmitted for effective transmission of information. Candidates should be aware that the bandwidth requirement for video information is much greater than that for audio.
	13.2

13.3

13.4
	  

	Concept of sampling audio signals for transmission in digital form.
Minimum sampling rate required for effective transmission.
Knowledge of electronic circuitry is not required.
	13.6
	  

	Transmission using waves
Block diagram of a "real time" communication system.
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	13.1
	  

	Candidates should know the purpose of each stage but no further detail of how the process is accomplished is required. Candidates should appreciate that the modulator uses the information to modify the amplitude or frequency of a carrier wave and appreciate that this process enables a large number of communication channels to use the same transmission path, the number depending on the bandwidth requirements of the information.
	13.2
	  

	Candidates should understand the meaning of time division multiplexing in the transmission of digital information. The idea of encoding a digital signal on to a high frequency carrier wave, eg using a flashing LED to transmit information along an optical fibre. Effect of noise in communication systems. Advantages of using digital communication systems compared with analogue systems.
	13.2, 13.6
	  

	Appreciation that at higher frequencies only line of sight transmission is possible. Typical range on Earth's surface. Appreciation that long distance communication can be achieved by diffraction around the Earth's surface using long wavelength, by using refraction and reflection of sky waves or by using satellites (links with Sections 11.1 and 11.2).
	13.4
	  

	Candidates should be aware of the slower speed of transmission along cables than in free space. Candidates should know how information is transmitted in an optical fibre. Candidates should consider how fibre optics, copper cable and satellites are used to best advantage to transmit information in different circumstances (links with Section 11.1).
	13.3
	  

	Information in waves from space
The relevant content appears in Sections 11.2 and 11.3.
	  
	  

	Information using waves in medicine and industry
The use of light, ultrasound and X rays for medical diagnosis.
	11.9, 11.11, 11.13
	  

	Discussion should include how information is displayed and a comparison of the use of ultrasound and X rays for diagnosis.
	11.13, 11.9
	  

	Appreciation of the use of fibre optics for internal investigations. The use of the Doppler effect for fluid flow measurements, for example of blood. Relevant content also appears in Sections 11.1 and 11.3.
	11.13
	  


