LECTURE 2
· The Principia
-Newton wanted to express a law of gravity, and explain the observations made by Kepler
-The Principia is split into 3 parts: Definitions, Scholium, and Laws. 

DEFINITIONS: 
1. Quantity of matter
· Density will change as space does, but mass will stay the same
2. Quantity of motion
· Motion of the whole is the sum of its parts (momentum, force, acceleration)
3. Power of resisting (inertia)
· Objects continue in motion in a straight line at a constant speed until altered
4. Force
· You can’t retain force, it’s instantaneous. If I’m pushing you somewhere the force stops once I stop pushing you
5. Centripetal force
· Everything in orbit is trying to go straight, but is being pulled into what it’s orbiting around
6. Acceleration
· Dependent upon the mass of the object and its angular velocity 
7. Scholium time
· Absolute time flows without regard to external forces, it exists separate from us
· Absolute space can’t be moved and doesn’t regard anything external, is all encompassing
· Relative space is measured relative to movable bodies, and is a quantity of absolute space
8. Scholium place
· A part of space which a body takes up (absolute or relative)
· If it can be moved then it’s relative (a human conception of a place)
· If it can’t be moved then it’s absolute (the mathematical point)
9. Scholium motion
· Absolute motion is the translation of a body from one absolute place to another
10. Linearity of time
· Time proceeds linearity without regard to anything. It’s a physical thing, but it isn’t a human construct

· Kepler’s 3 Laws of Planetary Motion
1. The orbit of each of the planets are ellipses, with the sun at one of the 2 focal points
2. A line joining the planet and the sun sweeps out an equal area in an equal period of time
3. The time it takes a planet to go around the sun, and it’s distance from the sun are related
· These observations were entirely phenomenological
LECTURE 3

Newton’s Laws: 
BOOK 1, AXIOMS OR LAWS OF MOTION
1. A body at rest stays at rest
2. If you impress a force on an object it’ll change its velocity
3. For every object pressed upon there is an equal reaction forced on what is doing the pressing, in the opposite direction
SUMMARY OF NEWTON:
· Space and time are regular, immobile, and can’t be reordered
· Forces, and only forces, change the motion of masses
· Space and time have the same properties everywhere

LECTURE 4
The Corpuscular Theory of Light
· Described in Newton’s Optics (1704)
· Proposed that light was composed of tiny particles, which travel in straight lines, at finite velocity. These particles are subject to forces as they pass through media (glass, water, etc)
Disproved by: Young’s Double Slit Experiment
· Stating that light behaves as a wave, not a particle
James Clark Maxwell
· Summarized the forces of electromagnetic fields in 4 equations, called “Maxwell’s Equations”. 
· The wave equation for light
1. Electric fields exist
2. Magnetic fields exist, but magnetic charges do not
3. A change in the magnetic field produces an electric field
4. A change in the electric field produces a magnetic field

· Discovered two problems with electromagnetism:
1. Magnetic force law contains a contradiction
-Magnetic force law says that a charge will have a force on it and so it will move
-But someone looking at the same system, but moving with the same velocity as the charge is moving, the charge will seem stationary. 
-It can’t be both! 
2. Maxwell’s Equations say that light is a wave, but then what does it move through? 

SUMMARY OF MAXWELL
· Produced a set of equations which seem to govern all electromagnetic phenomena 
· There are two problems with those equations, one being that two observers looking at the same system will see it behave in two different ways, and the other being that if light is a wave it needs a medium to travel through
· How magnetic fields produce force is velocity dependent 

LECTURE 5
The Doppler Effect
· This is a general effect, for waves which travel in a medium
· Ex. SOUND: A police siren travelling by you in the silence of the night. In the direction that it’s moving the waves bunch up (higher frequency), and in the direction that it’s moving away from, the waves spread out (lower frequency). In regards to sound, if the police siren was travelling towards you, it would start at a high pitch, and go off to a lower pitch. 
· Ex. LIGHT: A star moving towards you. A change in frequency for visible light will change its colour. Higher frequency (moving towards us) light will look bluer, and lower frequency (moving away from us) will look redder. CALLED REDSHIFT. 
LECTURE 6
The Michaelson-Morley experiment 
· Combined Young’s Double Slit Experiment with the Doppler Effect
· Wanted to detect the standard of rest of aether 
· The MM experiment used an interferometer, turned a certain way so that it does/doesn’t move relative to the earth
· Using a coherent light source (a single wavelength) they would turn the interferometer around in space, and this should produce a fringe shift. But no fringe shift appeared
· If the aether existed then the MM experiment would have measured the velocity of the medium that the light waves travelled in, but the fringe didn’t shift

LECTURE 7
Special Relativity
· A.E. Lorentz originally created the formulas to explain the relations between electrical and magnetic fields- they were largely phenomenological at the time
· Einstein realized that these formulas emerge if you adopt 2 assumptions
1. The laws of physics are the same in all inertial reference frames
2. The speed of light is the same in all inertial reference frames
Time dilation
· The closer that (for example) a spaceship will travel to the speed of light, the slower time will flow in that spaceship. But no matter how fast the spaceship travels, the person inside the ship will never notice time slowing down. Everything is slower by the exact same amount, including the person’s thoughts, so time will appear to them to be the same. 
· The person inside the ship will see that the universe is moving outside of her window, so she will see everyone else moving slowly
· Time flows at a different rate for observers moving at different velocities
Length contraction
· The closer that an object gets to the speed of light, the shorter that it will become to an observer looking at it pass them horizontally 

SUMMARY OF SPECIAL RELATIVITY
· Special Relativity shows that the rate at which time flows depends on the reference frame the observer occupies
· THUS, watches move more slowly if they pass by you in a spaceship
· Velocity addition= nothing can travel faster than the speed of light

LECTURE 8
· The Galilean/Newtonian model for velocities: they add together. NOT THE WAY THAT THE UNIVERSE WORKS 
· [bookmark: _GoBack]Light doesn’t obey the velocity addition rule, the speed of light is the same for all observers

