                             LIST OF EXAM TOPICS  (PHYS 340,  Dec 2012)
Platonic “forms”, and the idea of an ‘ideal world’ as opposed to a material world; arguments for and against such an idea.

Aristotelian ‘Causes’, and how they work in practice; how they compare with modern ideas about cause, about material objects, laws of Nature, etc. Aristotle’s ‘elements’, and how they combined. The theory of the ‘atomic school’ (Democritus) of material objects. 
Greek ideas about the Cosmos – planetary motion, celestial spheres, epicycle theory, etc. Greek observations and some of the things they were able to deduce (size of the earth, precession of the equinoxes).  

Some important ideas in Greek mathematics: the idea of an ‘axiomatic system’, a set of formal objects and rules for manipulating them, and how to then ‘map these’ to things in the real world (from chess games to geometry). The idea of infinitesimals, and how this addressed paradoxes like those of Zeno.

Galileo’s experiments on dynamics, and how he defined time and distance.  His observations of objects in the sky (sun, moon, Jupiter, stars), what he found, and how he interpreted them. The key differences between Aristotle and Galileo. 
The difference between the Copernican theory and the Ptolemaic theory of planetary motion. The discovery of Kepler (elliptical planetary orbits, and ‘equal area’ law). 

The dynamics of Newton – the logic of his laws of motion (how force was defined, and mass, in such a way that masses could be measured). The example of a force law he gave – the law of gravitation. How this involved action at a distance. Newton’s idea of absolute space – the rotating bucket. 

Key properties of light – travels in beams, refraction and reflection, and also diffraction (and examples of each of these). The spectrum of light, and how one shows that white light is made from different irreducible colours. The corpuscular theory of light, and how it involves light particles, the aether, and material objects, with forces between them. What it predicts for refraction and reflection; and its weaknesses. The wave theory of light, and how it involves the aether and material objects. The Huyghens construction for wave dynamics.  What it predicts for refraction and reflection. Weaknesses of this theory. How to distinguish between the 2 theories. 
Philosophical ideas and arguments connected with the reliability of perception (eg., Bacon, Descartes), and the ideas of empiricism, and “Experimental Philosophy”, espoused by Bacon, Galileo, Newton, etc.

Wave interference, and how it was verified in the 2-slit experiment on light (Thomas Young, 1803).
The electromagnetic (EM) field, and the visible manifestations of its presence as electric (E) and magnetic (B) fields, created by distortions of the underlying  EM field. The analogy with distortions of an invisible elastic medium, wherein one can have either compressional or twist distortions. The generation of E-fields by static charge, and of B-fields by moving charges. How one observes static electric and static magnetic fields in simple experiments.
Dynamics effects in EM fields. How changing E-field causes a B-field, and vice-versa. Electromagnetic induction & other experiments as examples. EM waves – how they work, how charges are the ‘source’ of them, and how they also make charges move; what they look like. The spectrum of EM waves, from gamma-rays to radio waves. Frequency and wavelength of EM waves. 

General Relativity: gravitational field as a distortion of the underlying ‘spacetime field’; as a ‘curvature’ of the spacetime field. The 2-d membrane or 3-d ‘jelly’ analogies – spacetime is the underlying ‘medium’ (ie., the membrane or the jelly), and curvature/gravitational field is a kind of ‘stretching’ or stress of these media. Source of the curvature is mass/energy, which then acts back (via the gravitational force) on the mass-energy. The idea of non-Euclidean geometries. How we can imagine all this in 2-d geometry. How to distinguish Euclidean and non-Euclidean geometries from ‘within’ the geometry.
Tests of General Relativity – light-bending, binary pulsar, gravitational lensing, gravity waves detection, perihelion motion of Mercury. The prediction of, and discovery of, the expansion of the universe and the  ‘Big Bang’. Black holes – what they are, how and why they form. Evidence for their existence coming from binary X-ray sources and supermassive bodies in centres of galaxies (quasars, etc.). 

Quantum Mechanics: superpositions of states, and examples of this (superpositions of spin states, and how they are added). The 2-slit experiment as a superposition – how this experiment works for photons or electrons. Bound states in a potential well – how energies change if we increase or decrease well size. Examples of bound states – electrons in chemical bonds, or in an atom – transition between states and how this leads to spectral lines.  Bound states of nucleons in a nucleus, quantum tunneling ( radioactive decay/nuclear fission.

Quantum Entanglement: How we can form entangled ‘pair states’ in which the properties of individual systems lose all meaning.  The question – what is a quantum state (and what is “real”). The Einstein-Podolsky-Rosen paradox. 
