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Topic: The Special Theory of Relativity
· Newton’s Laws of Motion are considered Fundamental Laws of Nature
· The Galilean Coordinate Transformations
· Newton’s Law of Motion are invariant with respect to these (same form)
· If something is invariant with respect to the Galilean Coordinate Transformations it is considered a Fundamental Law of Nature
· The Galilean Velocity Transformations

· Derived from the Galilean Coordinate Transformations
· Example 1:

· Guy in a train

· Train moves at 10m/sec

· Guy fires a bullet in the train at 100m/sec the same direction the train is moving

· How fast is the bullet going relative to someone standing on the ground? Answer: 110m/sec

· Example 2:

· Guy in a train

· Train moves at 10m/sec

· Another guy on the ground fires a bullet at 100m/sec the same direction the train is moving

· How fast is the bullet going relative to the guy on the train? Answer: 90m/sec
· The Maxwell Equations

· Completely summarize all of classical electricity and magnetism
· Tell us what light is (electromagnetic wave, which always moves at the same speed c, 300,000,000m/sec)

· Not a Fundamental Law of Nature

· Because it says that the speed of light is always the same speed
· Speed of light depends on your speed and direction relative to the light (which is why the Maxwell Equations are not Fundamental Laws of Nature)
· Albert Einstein sucked at math and physics

· Einstein said that the Galilean Coordinate Transformations and the Lorentz Coordinate Transformations are right (aka Einstein’s Special Theory of Relativity)

· Einstein explained:
· Time Dilation

· Moving clocks run slow!
· If something moves faster, it lives longer because its clock has run slower

· Length contraction

· Moving rods contract!
· Moving things SQUISH

· Simultaneity
· Simultaneous events are not really simultaneous (different frames of reference)
· As something moves faster, it becomes more massive (has more mass)

· Speed of light is the speed limit of the Universe

· As a object approaches the speed of light, the object is becoming infinitely more massive, so it gets so heavy that you need infinitely more energy to push the object
· An object that is not at the speed of light cannot ever reach the speed of light, UNLESS it was already moving at the speed of light

· Nuclear reaction (another other reactions): Mass of the product is less than the mass of the reactions

· Minkowski Spacetime

· Space and time are mixed (“spacetime”)

· Interval – Mixing of distances and durations of time (4-dimensional)
· Intervals in spacetime are flat
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