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	5.7.1 Mechanical properties and microstructure
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) distinguish between single-crystal, polycrystalline and amorphous materials.
	10.3
	  

	(b) use a simple model to describe particle packing in solids and to explain what is meant by close-packing.
	10.4

10.5
	  

	(c) explain what is meant by point defect, dislocation, grain boundary, and slip plane.
	10.4

10.5
	  

	(d) describe how the occurrence of point defects, dislocations, grain boundaries and slip planes may be illustrated in terms of appropriate models including bubble raft and ball models.
	10.4

10.5
	  

	(e) explain elastic deformation in terms of the separation of atoms in a solid material.
	10.6

10.8
	  

	(f) show an awareness that the resultant force between two atoms in a crystal is the vector sum of an attractive force and a repulsive force.
	  
	10.3 touches on this.

	(g) sketch and interpret graphical representations of the variation with separation of the resultant force between two atoms.
	  
	  

	(h) explain what is meant by equilibrium separation.
	  
	  

	(i) explain plastic deformation in terms of slip.
	10.6
	  

	(j) explain why plastic deformation occurs more readily when dislocations are present in a solid material.
	10.6
	  

	5.7.2 Electrical Properties of Materials
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) define electrical conductivity as the reciprocal of electrical resistivity.
	4.7
	  

	(b) distinguish between the r.m.s. speed and the drift velocity of an electron which forms part of an electric current in a solid.
	  
	  

	(c) derive and use I = nAve for a single-charge carrier in a solid.
	4.2
	  

	(d) appreciate that in a solid material the outer electrons of neighbouring atoms interact.
	10.14
	  

	(e) distinguish between the conduction band and the valence band.
	10.14
	  

	(f) recall that there is an energy gap between the conduction band and the valence band and that an electron cannot have a value of energy corresponding to the range of values defined by this gap.
	10.14
	  

	(g) use band theory to describe the conduction of electrons in metals.
	10.14
	  

	(h) use band theory to explain qualitatively the electrical properties of metals, insulators and intrinsic semiconductors.
	10.14
	  

	(i) describe an experiment which illustrates how the resistance of a light dependent resistor (LDR) varies with the intensity of light incident upon it.
	  
	  

	(j) describe an experiment which illustrates how the resistance of an intrinsic semiconductor varies with temperature.
	  
	  

	(k) explain why, in terms of band theory and the free-electron concentration in the conduction band, the conductivity of an intrinsic semiconductor increases with temperature.
	10.14
	  

	(l) show an appreciation of what is meant by a superconducting material.
	4.7
	  

	(m) recall that the electrical resistance of a superconducting material suddenly falls to zero at the transition temperature of that material.
	4.7
	  

	(n) outline the use of superconducting materials, for example, in strong magnets.
	  
	  

	(o) describe an experiment which illustrates the Hall effect.
(p) recall and use the equation VH = Bvd to determine the Hall voltage  VH across a current-carrying conductor or semiconductor at right angles to a magnetic field.
(q) describe how a calibrated Hall probe may be used to measure magnetic flux density.
	10.15, 10.16
	  

	5.7.3 Magnetic Properties of Materials
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) use the domain theory of magnetism to describe the macroscopic magnetic properties of ferromagnetic materials.
	10.13
	  

	(b) use the domain theory to distinguish between hard and soft ferromagnetic materials.
	10.13
	  

	(c) recall that a material which is fully magnetised has reached saturation.
	  
	  

	(d) sketch and interpret graphical representations of the variation of flux density within a material with the flux density causing the magnetisation of an initially unmagnetised material.
	  
	  

	(e) explain what is meant by magnetic hysteresis.
	10.13
	  

	(f) sketch and interpret graphical representations of magnetic hysteresis loops for both soft and hard ferromagnetic materials.
	  
	  

	(g) recall that the magnetic alignment of dipoles is completely disrupted at the Curie temperature of a given material.
	10.13
	  

	(h) use the ideas of hysteresis loops, saturation flux densities, the movement of domain walls and the presence of eddy currents, to explain how energy losses from the core of a transformer affect the efficiency of the transformer.
	  
	  

	(i) appreciate that new materials with energy-efficient microstructures have been developed for the cores of some transformers, for example metallic glass which is easy to magnetise in all directions.
	  
	  

	(j) describe an experiment which illustrates how the efficiency of a transformer varies with the frequency of the supply.
	  
	  

	(k) explain, with reference to Faraday’s law of electromagnetic induction, why energy losses caused by eddy currents in the core of a transformer depend upon the frequency of the supply.
	  
	  

	5.7.4 Optical Properties of Materials
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) use band theory to describe why insulators absorb photons with a given range of energies but fail to absorb photons with energies below this range.
	10.17
	  

	(b) explain, in terms of their failure to absorb photons with the appropriate energies, why insulators can be transparent to visible light.
	10.17
	  

	(c) recall and use E = hf to determine the energy condition for the transparency of an insulator.
	  
	  

	(d) use band theory to explain why metals are opaque to infra-red and visible light.
	10.17
	  

	(e) recall that the speed of electromagnetic radiation decreases as it passes from a medium of lower refractive index to a medium of higher refractive index.
	10.17
	  

	(f) appreciate that the transmission of light through glass may be limited by the presence of metallic impurities and their absorption of light.
	  
	  

	(g) recall that the microscopic density fluctuations in glass cause Rayleigh scattering.
	10.17
	  

	(h) recall that the amount of Rayleigh scattering is inversely proportional to the fourth power of the wavelength of the light scattered.
	10.17
	  

	(i) sketch and interpret graphical representations of the variation with wavelength of the percentage of visible and infra-red light transmitted per unit length of an optic fibre.
	  
	  

	(j) recall that the transmission of visible and infra-red light along optic fibres is affected by the absorption and scattering of photons.
	  
	  

	(k) recall that both lasers and light-emitting diodes (LEDs) may be used to produce signals for transmission along optic fibres.
	  
	  

	(l) describe the advantages and disadvantages of lasers compared with LEDs for the transmission of signals along optic fibres.
	  
	  

	(m) describe how the Planck constant may be determined by making measurements of the minimum voltages needed to produce visible photons from LEDs of different colours.
	  
	  


 

