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	5.5.1 Models of the Known Universe
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) describe the models of the Universe as proposed by Copernicus and Kepler.
	12.1

12.3
	  

	(b) describe the progress in the understanding of the Universe as a result of the work of Copernicus, Kepler and Galileo.
	12.1

12.3
	  

	(c) use Newton’s law of Gravitation to derive an expression for the radius of the circular orbit of a planet around the Sun in terms of the period of the orbit.
	12.1
	  

	(d) recall and use Kepler’s laws as applied to circular orbits.
	12.3
	  

	(e) recall how the existence of Neptune was predicted from the orbit of Uranus.
	  
	  

	(f) appreciate the significance of Kepler’s third law as evidence of Newton’s law of Gravitation.
	12.3
	  

	(g) describe the contents of the Solar System in terms of the Sun, planets, planetary satellites and comets. Details of individual planets are not required.
	12.6

12.7
	  

	(h) show awareness of the principal contents of the Universe, including stars, galaxies and radiation.
	12.7
	  

	(i) define distances measured in astronomical units (AU), parsecs (pc) and light-years.
	12.9
	  

	(j) recall the approximate magnitudes, in metres, of the AU, pc and light-year.
	12.9
	  

	(k) recall the distances involved between objects in the Universe, including distance to nearest stars, distance across a galaxy, size of observable Universe.
	12.9

12.24
	  

	(l) appreciate the range of magnitudes of the sizes and masses of objects in the Universe.
	12.9
	  

	5.5.2 Stars and Galaxies
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) describe the nuclear fusion processes taking place within the Sun.
	  
	  

	(b) calculate the energy released as a result of the fusion processes taking place within the Sun.
	  
	  

	(c) understand and use the magnitude scales for stars and galaxies.
	12.11
	  

	(d) recall and use the equation m = -2.5 lg I + constant, where m is the apparent magnitude and I is the intensity.
	  
	  

	(e) understand the concept of absolute magnitude M.
	12.11
	  

	(f) recall and use the inverse square law to derive the relation between apparent magnitude, absolute magnitude and distance: m - M = 5 lg (r/10).
	12.11
	  

	(g) recall and use the relationship m - M = 5 lg (r/10).
	12.11
	  

	(h) sketch and interpret a Hertzsprung-Russell diagram of absolute magnitude plotted against temperature in order to recognise and identify different classes of star.
	12.13
	  

	(i) describe how clouds of gas, consisting mainly of hydrogen and helium, form into young Main Sequence stars.
	12.14
	  

	(j) describe the probable evolution of the Sun into a red giant and represent this evolution on a Hertzsprung-Russell diagram.
	12.13

12.14
	  

	(k) recall that the Main Sequence stars may evolve into red giants, white dwarfs, supernovae, neutron stars or black holes.
	12.14

12.15
	  

	(l) recall and understand that the nuclear processes occurring in a star, the time it spends on the Main Sequence and its ultimate fate depends on its mass.
	12.14

12.15
	  

	(m) describe the structure of our own Galaxy and the Sun’s position in it.
	12.7
	  

	(n) explain qualitatively how other galaxies differ from our own.
	12.7
	  

	(o) recall and use Newton’s law of Gravitation to relate the mass of a galaxy to orbital speed within it.
	  
	  

	5.5.3 Structure of the Universe
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) recall Olbers’ paradox.
	12.20
	  

	(b) interpret Olbers’ paradox to explain why it suggests that the model of an infinite, static Universe is incorrect.
	12.20
	  

	(c) understand what is meant by the Cosmological principle.
	12.20
	  

	(d) recall and interpret Hubble’s law for the expansion of the Universe and the size of the observable Universe.
	12.18, 12.19
	  

	(e) convert Hubble’s ‘constant’ H0 from its conventional units (km s-1 Mpc-1 ) to SI (s-1).
	12.18, 12.19
	  

	(f) describe and interpret the significance of the 3 K microwave background radiation.
	12.23
	  

	(g) understand that the standard (big bang) model of the Universe implies a finite age for the Universe.
	12.22, 12.23
	  

	(h) recall and use the expression t ( 1/H0 to estimate the order of magnitude of the age of the Universe.
	  
	  

	5.5.4 Information from Stellar Observation
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) understand that stars and galaxies are detected by the electromagnetic radiation which they emit, whilst planets are detected by reflected sunlight.
	12.4
	  

	(b) sketch and interpret a graph to illustrate the variation with wavelength of the transparency of the Earth’s atmosphere for the electromagnetic spectrum.
	12.2
	  

	(c) explain how the composition of stellar atmospheres may be obtained from stellar spectra.
	12.12
	  

	(d) understand what is meant by the Doppler effect.
	6.18
	  

	(e) recall and use ((/( = v/c.
	  
	  

	(f) understand what is meant by red-shift and by blue-shift and appreciate simple differences between red-shift and terrestrial Doppler effects.
	12.8
	Red shift.

	5.5.5 How the Universe may evolve
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) appreciate that there is no direct experimental evidence for the physics involved at the energies prevailing during the evolution of the Universe before about l ms.
	  
	  

	(b) outline the difficulties involved in projecting the evolution of the Universe back before 0.01s.
	  
	  

	(c) describe qualitatively the evolution of the Universe from 0.01s after the big bang to the present, including the production of an excess of matter over antimatter, the formation of light nuclei, the recombination of electrons and nuclei and the formation of stars, galaxies and galactic clusters.
	12.8

12.23

12.24
	  

	(d) understand that the Universe may be ‘open’, ‘flat’, or ‘closed’, depending on the mean density of matter in the Universe.
	12.22
	  

	(e) appreciate that, until the mean density of matter in the Universe is known accurately, its age cannot be determined from the Hubble constant.
	12.19

12.22
	  

	(f) understand that the ultimate fate of the Universe depends on the mean density of matter in the Universe.
	12.22
	  

	(g) recall that it is currently believed that the mean density of matter in the Universe is close to, and possible exactly equal to, the critical density needed for a ‘flat’ cosmology.
	12.22
	  

	(h) use Newton’s law of Gravitation to derive the expression ( 0 = 3H02/8(G, and recognise that relativity is needed for a strict derivation.
	  
	  

	(i) use the expression ( 0 = 3H02/8(G.
	12.22
	  

	5.5.6 Relativity
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) recall and explain the postulates of special relativity to include the invariance of the speed of light.
(b) describe a thought experiment, involving a vehicle carrying a clock, to illustrate time dilation.
(c) outline an experiment, involving the extended half-life of muons, to illustrate time dilation.
(d) describe a thought experiment to demonstrate length contraction.

(e) use the factor ({1 - (v2/c2)} in calculations for time dilation and length contraction.
(f) appreciate that, if mass increases with speed, there is a maximum speed to which a body can be accelerated.
(g) appreciate the significance of the principle of equivalence of inertial and gravitational forces.
(h) explain the effect of gravity on time in terms of a thought experiment based on the principle of equivalence.
(i) describe a thought experiment to illustrate that light passing through an accelerating glass spacecraft appears to follow a curved path to an observer within the craft.
(j) appreciate the significance of observations made during the 1919 solar eclipse, and the measured precession of Mercury’s perihelion, in supporting the general theory of relativity.
	12.21 and 12.22
	These spreads give a general introduction to relativity.


 

