	5.4 Module 2863 
	Component 01: Rise and fall of the Clockwork Universe

	 
	C3.1a C3.3; N3.1 N3.2 N3.3; IT3.2 IT3.3


	Content
	In
	Comments

	5.4.1 Models and rules
	  
	  

	5.4.1.1 Creating models
	  
	  

	Learning outcomes
Candidates should demonstrate evidence of:
	  
	  

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

	( capacitance as the ratio C =Q/V
	4.15
	  

	( the energy on a capacitor E = 1/2 QV
	4.18
	  

	( the exponential form of the decay of charge on a capacitor as due to the rate of removal of charge being proportional to the charge remaining;
the use of finite difference numerical or graphical methods is acceptable and is encouraged here and for other decay and growth processes
	4.16
	Formal derivation from calculus 4.17.

	( the exponential form of radioactive decay as depending on a fixed probability of decay;
	  
	  

	( simple harmonic motion of a mass with a restoring force proportional to displacement such that
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use of iterative finite differences or of graphical methods is encouraged
	3.32, 3.33, 3.34
	Nature of oscillators. Characteristics of SHM. Link to circular motion. Equations of SHM.

	( kinetic and potential energy changes in simple harmonic motion;
	3.35
	KE, PE and damping.

	( free and forced vibrations, damping and resonance;
qualitative treatment only.
	3.35
	Forced oscillations and resonance.

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

	( in the context of a capacitor: half-life, time constant;
	4.16
	  

	( in the context of radioactive decay: random, probability, half-life;
	  
	  

	( simple harmonic motion, resonance.
by expressing in words and vice-versa:
	3.35
	Graph of amplitude of forced oscillator versus driving frequency.

	( relationships of the form dx/dy = - kx where rate of change is proportional to amount present (y will often be time t).
	4.17
	  

	by sketching, plotting from data and interpreting:
	  
	  

	( decay curves, plotted directly or logarithmically;
	8.12, 8.13
	Radioactive decay curves.

	( energy of capacitor as area below Q– V graph;
	4.18
	  

	( v-t and a-t graphs of simple harmonic motion including their relative phases;
qualitative effects of damping in each of these cases
	3.33
	  

	( amplitude of a resonator against driving frequency.
	3.35
	  

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

	( calculating half life of a radioactive source from data;
	8.12, 8.13, 8.16
	  

	( calculating time constant ( of a capacitor circuit from data;
	4.16
	  

	( C = Q/V, 
I = (Q/(t, 
( = RC, 
E=1/2QV , E = 1/2 CV2
	4.15

4.1

4.16

4.18
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and analogous equations such as that for the simple pendulum
	3.34
	Mass-spring oscillator.

	( F = kx ;
( x = A sin 2pft or x = A cosp2ft;
( d2 x/dt2 = a = -(k/m)x ;
	3.34
	Force law and equations for SHM.
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	3.35
	  

	5.4.1.2 Out into space
	  
	  

	Learning outcomes
Candidates should demonstrate evidence of:
	  
	  

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

	( force as rate of change of momentum;
	3.22
	Newton’s 2nd law in terms of rate of change of linear momentum.

	( work done, including cases where the force is not along the line of motion;
	3.12
	  

	( conservation of momentum;
	3.23, 3.24
	Interactions and collisions. Newton’s 3rd law. Elastic and inelastic collisions.

	( changes of gravitational and kinetic energy;
	3.13
	  

	( motion in a uniform gravitational field;
	3.9, 3.10
	Free fall in 1D and 2D. Terminal velocity.

	( the gravitational field and potential of a point mass;
	  
	  

	( motion in a horizontal circle and in a circular gravitational orbit.
	3.28, 3.29, 3.30
	Angular velocity. Circular motion. Centripetal acceleration and force. Examples of circular motion.

	(b) comprehension of the language and representations of physics:
	  
	  

	by making appropriate use of the terms:
	  
	  

	( kinetic and potential energy, momentum, gravitational field, gravitational potential.
	1.2, 5.1, 5.3, 5.4
	  

	by sketching and interpreting:
	  
	  

	( graphs showing gravitational potential as area under the gravitational field versus distance graph;
( graphs showing force as related to the tangent of a graph of gravitational potential energy versus distance;
( diagrams of gravitational fields and the corresponding equipotential surfaces.
	5.4,, 5.3
	  

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

	( gravitational potential energy change mgh;
	3.13
	KE = ½mv2 and (GPE = mgh.

extended in 5.4

	( energy exchange, work done, (E = F(s ; no work done when the force is perpendicular to the velocity;
	3.12
	  

	( momentum, p = mv, F = (mv/(t;
	3.14
	Also includes efficiency.
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	3.22
	Newton’s 2nd Law in terms of momentum. 3.23 – 27 include examples.
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	3.29

5.3, 5.4
	  

	( gravitational potential energy [image: image6.png]


;
	5.3, 5.4
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	5.3, 5.4
	  

	5.4.1.3 Our place in the Universe
	  
	  

	Learning outcomes
Candidates should demonstrate evidence of:
	  
	  

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

	( the use of radar-type measurements to determine distances within the Solar system; how distance is measured and defined in units of time;
	12.6

12.9
	12.6 covers exploring the solar system.

12.9 deals with working out distances to the stars.

	( how distant objects are observed at earlier times;
	  
	  

	( the measurement of relative velocities by radar observation;
simple arguments using two successive pulses are sufficient
	  
	  

	( evidence of a ‘hot big bang’ origin of the Universe from:
	  
	  

	( cosmological red-shifts (Hubble’s law)
	12.18, 12.19
	Red shifts leading to the expanding universe.

	( cosmological micro-wave background.
	12.23
	Overview of Big Bang / exploding universe and discussion of evidence.

	(a) comprehension of the language and representations of physics by sketching and interpreting:
	  
	  

	( logarithmic scales of magnitudes of quantities: distance, size, mass, energy, power, brightness.
	  
	  

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

	( distances and ages of astronomical objects;
	8.22
	Radioactive rock dating leading to age of Earth and solar system.

	( distances and relative velocities from radar-type measurements.
	12.19
	Estimating the age of the universe from Hubble’s constant.

	5.4.2 Matter in extremes
	  
	  

	5.4.2.1 Matter: very simple
	  
	  

	Learning outcomes
Candidates should demonstrate evidence of:
	  
	  

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

	( energy transfer producing a change in temperature;
	7.3

7.8
	  

	( the behaviour of ideal gases;
	7.4
	  

	( the kinetic theory of ideal gases;
	7.6
	  

	( temperature as proportional to average energy per particle; average energy (kT as a useful approximation.
	  
	  

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

	( ideal gas, root mean square speed, absolute temperature, internal energy.
	7.4

7.7

7.3

7.2
	7.4 for ideal gas

7.7 for root mean square speed

7.3 for absolute temperature

7.2 for internal energy

	by sketching and interpreting:
	  
	  

	( relationships between V p, and T for an ideal gas.
	7.4
	  

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

	( temperature and energy change using (E = mc(
	7.9
	  

	( pV = nRT
	7.4
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	7.6
	  

	5.4.2.2 Matter: hot or cold
	  
	  

	Learning outcomes
Candidates should demonstrate evidence of:
	  
	  

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

	( ratios of numbers of particles in states of different energy, at different temperatures;
Classical approximation only
	  
	  

	( qualitative effects of temperature in processes with an activation energy;
for example: changes of state, thermionic emission, ionisation, conduction in semiconductors
	  
	  

	(b) comprehension of the language and representations of physics by sketching and interpreting:
( graphs showing the variation of the Boltzmann factor with energy and temperature.
	7.13
	  

	(c) quantitative and mathematical skills, knowledge and understanding by making calculations and estimates involving:
( Ratios of characteristic energies to the energy kT ;
( Boltzmann factor, [image: image9.png]



	7.13
	  


