Special Relativity
Questions to think about:

· Are the laws of physics the same on a plane/train/car as they are for someone standing still?

· What is the speed of light coming from a headlight on a moving car measured by a stationary observer?

Two Postulates of Special Relativity:

1) Laws of physics are the same for all inertial reference frames. (inertial means non-accelerating).

2) Speed of light in empty space is the same in each reference frame 

1st Postulate Implies:

(There is no absolute motion. 
(Everything is relative. 
-Suppose two people are alone in space and traveling towards one another (as measured by the Doppler shift!): 
- 
Which one is moving? 
-
They can't tell! 
2nd Postulate implies that Galilean physics isn’t consistent.
Thought experiment:

Q: Person is on a train, and turns on a flashlight. What is the speed of light as measured by an observer?

Galilean physics: Velocity adds linearly:

Speed of train, vtrain; Speed of light c (=300,000km/s)

Vtotal = vtrain + c 

 (But this is wrong, wrong wrong!!!!
 Experimentally we measure that the speed of light is still c.

How is this possible? – velocity addition works on slower moving objects, but why not light and objects near light speed?

(Galilean/Newtonian physics is not complete and it must be altered to account for fast moving objects.

Simultaneity

1st postulate destroys the idea that events are simultaneous for all observers.

Ex: Stationary (wrt Earth) observer sees two explosions occur at the same time. 

Person moving wrt stationary observer sees explosions occurring at different times. 

Time Dilation

Albert watches Henri on a train move past him at constant speed v. On this train, Henri has a special clock consisting of a light pulse bouncing back and forth.  Albert sees Henri move a distance v in a time t’. 

Albert observes the light pulse moving d’

Henri observes the light pulse moving d or ct. 

Using Pythagorean theorem, we can figure out how far the pulse traveled by assuming the 2nd postulate.
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The "clock" on the train appears to run slower to the person outside!!! 
But even weirder is that Henri would see that a clock is moving slowly in Albert’s frame. How?

Length Contraction

Objects traveling at speeds close to the speed of light measure distances differently.

Ex. A parked train car has a length L0 measured at rest. A train is moving at speed v (close to c). An observer on the station platform measures a length L of the passing train car. 

Let’s also suppose that a passenger on the train measures the length of their car as L0 by multiplying the speed times the interval of time for both ends of the car to pass a marker at the station:


L0 = v *t’

The stationary observer can also relate the length L of the car to the time, t, it takes for the train to move past the same marker on the platform


L = v*t

Because the platform is moving wrt the train, the time interval measured on the train is: 


t’ = t/(1-v2/c2)1/2


L0 = v*t/(
1-v2/c2)1/2
or  :    L0 =L/(
1-v2/c2)1/2
· Observationally: 

· When objects go near the speed of light, weird stuff happens – Clocks slow down, lengths contract, life spans increase. Real phenomena!
  What is physically happening?

Is the train car getting squished?

 (No! But motion is effecting the measurements made.

Note: Special Relativity only works with constant speeds.

acceleration ( General Relativity.

Twin Paradox:

· One twin travels away from the Earth at high speed for a long time. 
· Returning to Earth she finds herself much younger than her brother! 
· How? 
· Both twins think each other's clock slows down, so what is going on? 
· Why does the twin on the spaceship age slower and not the twin on Earth? 
Einstein’s Famous Equation:

E = mc2
Energy and mass are completely exchangeable.

Ex: Fusion in the Sun gives light.

4 Hydrogen atoms come together and form a Helium atom via fusion.

Difference in mass of 4 Hydrogen atoms and final Helium atom is converted to electromagnetic radiation – Light!
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solving for t*

ct'andd = ct




