Unit 4                Moving with physics
	Content
	In
	Comments

	Transport on track (4/TRA)
	  
	  

	Learning outcomes
Students should be able to:
	  
	  

	( recall and use the expression p = mv and apply the principle of conservation of linear momentum to problems in one dimension
	3.22
	  

	( relate net force to rate of change of momentum in situations where mass is constant
	3.22
	  

	( understand and apply the principle of conservation of energy, and determine whether a collision is elastic or inelastic
	3.24
	  

	( explain qualitatively the factors affecting the emf induced in a coil when there is relative motion between the coil and a permanent magnet and when there is a change of current in a primary coil linked with it
	5.21
	  

	( understand and use the terms magnetic flux density B, flux ( and flux linkage (
	5.22
	  

	( recognise and use the expression E = – d(N()/dt and explain how it is a consequence of Faraday’s and Lenz’s Laws
	5.23
	  

	( describe the operation of an ideal transformer and recall and use the relationship Ns/Np = Vs/Vp
	5.27
	  

	( recognise and use the expression F = Bil sin (
	5.14
	  

	( recognise digital signals and describe how they can be used in situations incorporating feedback and control
	  
	  

	( recall and use the expression C = Q/V
	4.15
	  

	( recall and explain the effect that a change of resistance or capacitance has in timing circuits
	4.16, 4.17
	(uses calculus)

	( recall that the growth and decay curves for resistor– capacitor circuits are exponential, and know the significance of the time constant RC.
	4.16, 4.17
	  

	( recognise and use the expression Q = Qoe-t/RC and derive and use related expressions, for exponential discharge in RC circuits.
	4.16, 4.17
	  

	The medium is the message (4/MDM)
	  
	  

	Learning outcomes
Students should be able to:
	  
	  

	( understand and use the terms companding, quantisation and sampling
	13.6
	  

	( recall some advantages and limitations of digital and analogue transmission systems
	13.1
	  

	( understand the term modulation and be able to outline the principles of amplitude modulation (AM), frequency modulation (FM) and pulse code modulation (PCM)
	13.1, 13.4
	  

	( explain the principles of how waveforms are encoded and decoded and the need for a sampling rate greater than twice the frequency of the signal being sampled
	13.6
	  

	( explain the principles of frequency division multiplexing (FDM) and time division multiplexing (TDM) and why such techniques are needed
	9.2
	  

	( recall and use the expression C = Q/V
	4.15
	  

	( recognise and use the expression W = ½ QV for the energy stored by a capacitor, derive the expression from the area under a graph of charge stored against potential difference, and derive and use related expressions, eg W = ½ CV2
	4.18
	  

	( recall some advantages and disadvantages of optical fibre and coaxial cables
	6.6
	  

	( explain the effect of dispersion in an optical fibre and know how this can be reduced with both graded index and single mode fibres
	6.6
	  

	( recognise and use the expression I = Ioe-(x as applied to attenuation losses
	  
	  

	( plot data on a logarithmic graph and hence determine whether they change exponentially
	  
	  

	( explain what is meant by an electric field and recognise and use the expression electric field strength E = F/Q
	5.7
	  

	( recall that applying a potential difference to two parallel plates produces a uniform electric field in the central region between them, and recognise and use the expression E = V/d
	5.11
	  

	( understand and use the term magnetic flux density
	5.14, 5.22
	  

	( recognise and use the expression F = Bqv sin (
	5.14
	  

	( recall that electrons are released in the process of thermionic emission and explain how they can be accelerated by electric and magnetic fields.
	  
	  

	Probing the heart of matter (4/PRO)
	  
	  

	Learning outcomes
Students should be able to:
	  
	For some of this topic 5.19 is useful as well as the particle physics section.

	( explain the role of electric fields in particle accelerators and detectors
	9.3, 9.4, 9.5
	  

	( explain the role of magnetic fields in particle accelerators and detectors
	9.3, 9.4, 9.5
	  

	( recall and use the expression F = kQ1Q2/r2, where k = 1/4((o
	5.7
	  

	( derive and use the expression E = kQ/r2 for the electric field due to a point charge
	5.7
	  

	( describe how large-angle alpha particle scattering gives evidence for a nuclear atom
	8.1

9.13
	8.1 compares various atomic models. Includes Rutherford scattering and the nuclear atom.

	( plot data on a logarithmic graph and hence decide whether data obey a power law and, if they do, determine the exponent
	  
	  

	( recognise and use the expression (E = c2(m in situations involving the creation and annihilation of particles
	8.25
	  

	( be aware of relativistic effects and that these need to be taken into account at speeds near that of light (use of relativistic equations not required)
	8.23, 8.24, 8.25
	8.23 introduces the idea of special relativity.

8.24 includes time dilation and length construction.

8.25 deals with mass energy and momentum.

	( use the non-SI units MeV and GeV (energy) and MeV/c2 and GeV/c2 (mass), and convert between these and SI units
	8.25
	  

	( recognise and use the expression ( = h/p for the de Broglie wavelength
	8.6
	  

	( explain why high energies are required to break particles into their constituents and to see fine structure
	9.13
	  

	( derive and use the expression Ek = p2/2m for the kinetic energy of a (non-relativistic) particle
	  
	  

	( recall how to calculate the momentum of (non-relativistic) particles and be able to apply the principle of conservation of linear momentum to problems in one and two dimensions
	  
	  

	( recall and use the fact that charge, energy and momentum are always conserved in interactions between particles
	9.11
	  

	( combine any number of coplanar vectors at any angle to each other by drawing.
	3.3
	  

	( express angular displacement in radians and in degrees and be able to convert between those units
	3.28
	  

	( understand the concept of angular velocity, and recognise and use the relationships v = ( r and T = 2(/(
	3.28
	  

	( recall and use the expression for centripetal force F = mv2/r
	3.29
	  

	( derive and use the expressions for centripetal acceleration a = v2/r and a = r(2
	3.29
	Examples of rotational motion appear in 3.30.

	( recognise and use the expression r = p/BQ for a charged particle in a magnetic field
	  
	  

	( write and interpret equations using standard nuclear notation and standard particle symbols (eg (+, e– )
	  
	Various points in Chapter 9.

	( recall that in the standard quark-lepton model each particle has a corresponding antiparticle, that baryons (eg neutrons and protons) are made from three quarks and mesons (eg pions) from a quark and an antiquark and that the symmetry of the model predicted the top and bottom quark.
	9.1, 9.8, 9.13
	9.13 shows symmetry of quark model.


 

