Astrophysics Outline—Option E
E.1  
Introduction to the Universe

	Assessment Statement
	Obj

	The Solar System and Beyond

	E.1.1
	Outline the general structure of the solar system.
	2

	E.1.2
	Distinguish between a stellar cluster and a constellation.
	2

	E.1.3
	Define the light year.
	1

	E.1.4
	Compare the relative distances between stars within a galaxy and between galaxies, in terms of order of magnitude.
	3

	E.1.5
	Describe the apparent motion of the stars/constellations over a period of a night and over a period of a year, and explain these observations in terms of the rotation and revolution of the Earth
	3


E.2  
Stellar Radiation and Stellar types

	Assessment Statement
	Obj

	Energy Source

	E.2.1
	State that fusion is the main energy source of stars.
	1

	E.2.2
	Explain that, in a stable star (for example, our Sun), there is an equilibrium  between radiation pressure and gravitational pressure.
	3

	Luminosity

	E.2.3
	Define the luminosity of a star.
	1

	E.2.4
	Define apparent brightness and state how it is measured.
	1

	Wien’s law and the Stefan-Boltzmann law

	E.2.5
	Apply the Stefan–Boltzmann law to compare the luminosities of different stars.
	2

	E.2.6
	State Wien’s (displacement) law and apply it to explain the connection between the colour and temperature of stars.
	2

	Stellar Spectra

	E.2.7
	Explain how atomic spectra may be used to deduce chemical and physical data for stars.
	3

	E.2.8
	Describe the overall classification system of spectral classes.
	2

	Types of Stars

	E.2.9
	Describe the different types of star.
	2

	E.2.10
	Discuss the characteristics of spectroscopic and eclipsing binary stars.
	3

	The Hertzsprung-Russell diagram

	E.2.11
	Identify the general regions of star types on a Hertzsprung–Russell (HR) diagram.
	2


E.3  
Stellar Distances 
	Assessment Statement
	Obj

	Parallax method

	E.3.1
	Define the parsec.
	1

	E.3.2
	Describe the stellar parallax method of determining the distance to a star.
	2

	E.3.3
	Explain why the method of stellar parallax is limited to measuring stellar distances less than several hundred parsecs
	3

	E.3.4
	Solve problems involving stellar parallax.
	3

	Absolute and apparent magnitudes

	E.3.5
	Describe the apparent magnitude scale
	2

	E.3.6
	Define absolute magnitude
	1

	E.3.7
	Solve problems involving apparent magnitude, absolute magnitude and distance
	3

	E.3.8
	Solve problems involving apparent brightness and apparent magnitude
	3

	Spectroscopic Parallax

	E.3.9
	State that the luminosity of a star may be estimated from its spectrum.
	1

	E.3.10
	Explain how stellar distance may be determined using apparent brightness and luminosity.
	3

	E.3.11
	State that the method of spectroscopic parallax is limited to measuring stellar distances less than about 10 Mpc.
	1

	E.3.12
	Solve problems involving stellar distances, apparent brightness and luminosity.
	3

	Cepheid variables

	E.3.13
	Outline the nature of a Cepheid variable
	2

	E.3.14
	State the relationship between period and absolute magnitude for Cepheid variables
	1

	E.3.15
	Explain hoe Cepheid variables may be used as “standard candles”
	3

	E.3.16
	Determine the distance to a Cepheid variable using the luminosity-period relationship
	3


E.4
Cosmology
	Assessment Statement
	Obj

	Olbers’ paradox

	E.4.1
	Describe Newton’s model of the universe
	2

	E.4.2
	Explain Olbers’ paradox
	3

	The Big Bang model

	E.4.3
	Suggest that the red-shift of light from galaxies indicates that the universe is expanding
	3

	E.4.4
	Describe both space and time as originating with the Big Bang
	2

	E.4.5
	Describe the discovery of cosmic microwave background (CMB) radiation by Penzias and Wilson
	2

	E.4.6
	Explain how cosmic radiation in the microwave region is consistent with the Big Bang model
	3

	E.4.7
	Suggest how the Big Bang model provides a resolution to Olbers’ paradox
	3

	The development of the universe

	E.4.8
	Distinguish between the terms open, flat and closed when used to describe the development of the universe.
	2

	E.4.9
	Define the term critical density by reference to a flat model of the development of the universe
	1

	E.4.10
	Discuss how the density of the universe determines the development of the universe
	3

	E.4.11
	Discuss problems associated with determining the density of the universe
	3

	E.4.12
	State that current scientific evidence suggests that the universe is open
	1

	E.4.13
	Discuss an example of the international nature of recent astrophysics research
	3

	E.4.14
	Evaluate arguments related to investing significant resources into researching the nature of the universe
	3


Additional Astrophysics topics for HL ONLY
E.5
Stellar processes and stellar evolution
	Assessment Statement
	Obj

	Nucleosynthesis

	E.5.1
	Describe the conditions that initiate fusion in a star
	2

	E.5.2
	State the effect of a star’s mass on the end product of nuclear fusion
	1

	E.5.3
	Outline the changes that take place in nucleosynthesis when a star leaves the main sequence and becomes a red giant
	2

	Evolutionary paths of stars and stellar processes

	E.5.4
	Apply the mass-luminosity relation
	2

	E.5.5
	Explain how the Chandrasekhar and Oppenheimer-Volkoff limits are used to predict the fate of stars of different masses
	3

	E.5.6
	Compare the fate of a red giant and a red supergiant
	3

	E.5.7
	Draw evolutionary paths of stars on an HR diagram
	1

	E.5.8
	Outline the characteristics of pulsars
	2


E.6
Galaxies and the expanding universe
	Assessment Statement
	Obj

	Galactic Motion

	E.6.1
	Describe the distribution of galaxies in the universe
	2

	E.6.2
	Explain the red-shift of light from distant galaxies
	3

	E.6.3
	Solve problems involving red-shift and the recession speed of galaxies
	3

	Hubble’s Law

	E.6.4
	State Hubble’s Law
	1

	E.6.5
	Discuss the limitations of Hubble’s law
	3

	E.6.6
	Explain how the Hubble constant may be determined
	3

	E.6.7
	Explain how the Hubble constant may be used to estimate the age of the universe
	3

	E.6.8
	Solve problems involving Hubble’s law
	3

	E.6.9
	Explain how the expansion of the universe made possible the formation of light nuclei and atoms
	3


