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	Content
	In
	Comments

	5.2.1 Waves and Quantum Behaviour
	  
	  

	Learning outcomes
Candidates should demonstrate evidence of:
	  
	  

	(a) knowledge and understanding of phenomena, concepts and relationships by describing and explaining:
	  
	See 1.3 for an elementary introduction.

	( production of standing waves by waves travelling in opposite directions;
	6.15
	Including fundamental and harmonics for a stringed instrument. 6.16 and 6.17 deal with standing waves in air columns and musical instruments. Also 2D and 3D.

	( interference of waves from two slits;
	6.7, 6.8
	Ideas of coherence leading to two source interferences and Young’s slit experiment.

	( diffraction of waves passing through a narrow aperture;
	6.9
	Single slit diffraction. 6.10 deals with resolving power.

	( diffraction by a grating;
	6.11
	Including the spectrometer.

	( evidence that photons exchange energy in quanta E = hf;
for example light emitting diodes, photoelectric effect or line spectra
	8.4, 8.5, 8.10
	8.4 deals with early quantum theory – Black-Blody Radiation and the Photoelectric Effect.

8.5 deals with LEDs used to measure Planck’s constant.

8.10 deals with atomic spectra – the hydrogen spectrum.

	( quantum behaviour: quanta have a certain probability of arrival; the probability is obtained by combining amplitude and phase for all possible paths;
	8.7
	‘Wave-particle duality’ and the Copenhagen Interpretation.

	( evidence from electron diffraction that electrons show quantum behaviour;
In this section where waveforms, amplitudes and phases need to be combined, graphical methods are sufficient.
	8.6
	  

	(b) comprehension of the language and representations of physics by making appropriate use of the terms:
	  
	  

	( phase, phasor, amplitude, probability, interference, diffraction, superposition, coherence, path difference, intensity.
	6.1 – 6.9
	  

	(c) quantitative and mathematical skills, knowledge and understanding by making calculations and estimates involving:
	  
	  

	( wavelength of standing waves;
end corrections not required
	6.15 – 6.18
	  

	( path differences for double slits and diffraction grating, for constructive interference n( = d sin(; both limited to case of distant screen
	6.7

6.8
	Young’s slits experiment.

	( the energy carried by photons across the spectrum, E = hf.
	6.3
	EM spectrum.

	(d) initiative and independence in learning: by giving and explaining their own example of:
	  
	  

	( a superposition effect; for example, standing waves, interference, diffraction, for any kind of wave
	6.7
	  

	( a phenomenon in which quantum effects are significant; for example, photoelectric effect, spectra, electron diffraction.
	8.4 – 8.7
	  

	5.2.2 Space, Time and Motion
	  
	  

	Learning outcomes
Candidates should demonstrate evidence of:
	  
	  

	(a) knowledge and understanding of phenomena, concepts and relationships by describing and explaining
	  
	  

	( the use of vectors to represent displacement, velocity and acceleration;
	3.3
	Scalars and vectors – adding and resolving vectors.

	( the trajectory of a body moving under constant acceleration, in one or two dimensions; 
	3.2

3.9

3.10
	3.2 covers suvat equations for motion under constant acceleration.

3.9 covers free-fall in 1D including terminal velocity.

3.10 covers projectile motion.

	use of graphical addition of vectors and/or of computational methods is encouraged
	3.3
	  

	( the independent effect of perpendicular components of a force;
	3.4
	includes free-body diagrams

	( calculation of work done, including cases where the force is not parallel to the velocity;
	3.12
	deals with work done – also derives equations for elastic strain energy

	( power as rate of transfer of energy.
	  
	  

	(b) comprehension of the language and representations of physics: by making appropriate use of the terms:
	  
	  

	( displacement, speed, velocity, acceleration, force, mass, vector, scalar, power.
	3.2
	  

	by sketching and interpreting:
( graphs of accelerated motion, including slope and area below the graph; 
	3.1, 3.2
	3.1 deals with links between s-t, v-t and a-t graphs

	displacement-time and velocity-time graphs; acceleration not necessarily constant
	3.9
	Graphs for a bouncing ball.

	( graphical representation of addition of vectors and changes in vector magnitude and direction.
	3.3
	  

	(c) quantitative and mathematical skills, knowledge and understanding by making calculations and estimates involving:
	  
	  

	( the resolution of a vector into two components at right angles to each other;
	3.3
	  

	( the addition of two vectors, graphically and algebraically; algebraic calculation restricted to two perpendicular vectors
	3.3, 3.4
	  

	( the kinematic equations v = u + at, s = ut + ½ at2 , v2 = u2 + 2as;
	3.2
	  

	( the equation F = ma where the mass is constant;
	3.21
	3.20 gives motion when F = O and Newton’s 1st Law.

	( kinetic energy = ½mv2; work done (E = F(S;
	3.13
	KE = ½mv2 and ( gravitational PE = mgh derived from work done.

	( force, energy and power: power = (E/t, power = Fv;
	  
	  

	( one and two dimensional motion under a constant force.
methods based on discrete time intervals are acceptable where appropriate
	3.2
	  

	(d) initiative and independence in learning: by giving and explaining their own example of:
( a method of measuring the distance of a remote object.
	  
	  


