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Special Relativity



What caused the downfall of Classical Physics? 
                                          . . .the hunt for the elusive Aether?

Michelson Morley Experiment
After all this thought and preparation, the experiment became what might be called the most famous failed experiment to date.

What is the Aether?

Mirror #1

Mirror #2
Half Mirror

Interference of the light beams will produce either 
a bright spot the or a shadow at the center.

Aether wind

ve = 66,000 mi/hr

Light Source

Teacher’s Notes

In the late 19th century, luminiferous aether or 

ether, meaning light-bearing aether, was the term 

used to describe a medium for the propagation of 

light.[1] The word aether stems via Latin from the 

Greek αιθήρ, from a root meaning to kindle, burn, or 

shine. It signifies the substance which was thought in 

ancient times to contain the manipulative forces 

beyond control.

http://en.wikipedia.org/wiki/Aether_(classical_element)
http://en.wikipedia.org/wiki/Aether_(classical_element)
http://en.wikipedia.org/wiki/Light
http://en.wikipedia.org/wiki/Light
http://en.wikipedia.org/wiki/Latin
http://en.wikipedia.org/wiki/Latin
http://en.wikipedia.org/wiki/Greek_language
http://en.wikipedia.org/wiki/Greek_language
http://en.wikipedia.org/wiki/Aether_(classical_element)
http://en.wikipedia.org/wiki/Aether_(classical_element)
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What is the Aether?

Physics & & & & & & & & & & & & Name _________________________________

Michelson Morley 
Experiment

What is the difference in the arrival times?



Galilei GallileoGalilean Addition of Velocities

Vbt + Vtg = 15 m/s + 15 m/s = Vbg = 30 m/s 

Vbt + Vtg = 15 m/s  - 15 m/s = Vbg  = 0 m/s 

truck

truck

ball







Deriving the Time Dilation Equations
1 2

3 4



Lisa's Time Bart's Time

Find a relationship between Bart's and Lisa's time
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Teacher’s Notes

v = .1c       tm= 1.005 s
v = .2c       tm= 1.02 s
v = .3c       tm= 1.05 s
v = .4c       tm= 1.1 s
v = .5c       tm= 1.15 s
v = .6c       tm= 1.25 s
v = .7c       tm= 1.4 s
v = .8c       tm= 1.7 s
v = .9c       tm= 2.3 s
v = .95c     tm= 3.20 s
v = .97c     tm= 4.10 s

v = .1c       Lm= .999 m
v = .2c       Lm= .98 m
v = .3c       Lm= .95 m
v = .4c       Lm= .92 m
v = .5c       Lm= .87 m
v = .6c       Lm= .8 m
v = .7c       Lm= .71 m
v = .8c       Lm= .60 m
v = .9c       Lm= .44 m
v = .95c     Lm= .31 m
v = .97c     Lm= .24 m

.5

.250

.750

.375

.625

.875

.125
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v = .1c       tm= 
v = .2c       tm= 

v = .4c       tm= 
v = .6c       tm= 

v = .8c       tm= 
v = .9c       tm= 

v = .99c     tm= 
v = .999c     tm= 

v = .9999c     tm= 

v = .1c       Lm= 
v = .2c       Lm= 

v = .4c       Lm= 
v = .6c       Lm= 

v = .8c       Lm= 
v = .9c       Lm= 

v = .99c     Lm= 
v = .999c     Lm= 

v = .9999c     Lm= 



The Cosmic Particle and
Muon Problem



Mechanical Universe
Special Relativity

1. The Theory of Relativity

2. Time and Space

3. The Theory of Motion

4. A Test for Relativity

5. Breathtaking Logic



Real-World Relativity: The GPS Navigation System

People often ask me "What good is Relativity?" It is a commonplace to think of Relativity as an abstract and highly arcane mathematical theory that has no 
consequences for everyday life. This is in fact far from the truth.

The current GPS configuration consists of a network of 24 satellites in high orbits around the Earth. Each satellite in the GPS constellation orbits at an altitude of 
about 20,000 km from the ground, and has an orbital speed of about 14,000 km/hour (the orbital period is roughly 12 hours - contrary to popular belief, GPS 
satellites are not in geosynchronous or geostationary orbits). The satellite orbits are distributed so that at least 4 satellites are always visible from any point on the 
Earth at any given instant (with up to 12 visible at one time). Each satellite carries with it an atomic clock that "ticks" with an accuracy of 1 nanosecond (1 
billionth of a second). A GPS receiver in an airplane determines its current position and heading by comparing the time signals it receives from a number of the 
GPS satellites (usually 6 to 12) and triangulating on the known positions of each satellite. The precision is phenomenal: even a simple hand-held GPS receiver can 
determine your absolute position on the surface of the Earth to within 5 to 10 meters in only a few seconds (with differential techiques that compare two nearby 
receivers, precisions of order centimeters or millimeters in relative position are often obtained in under an hour or so). A GPS receiver in a car can give accurate 
readings of position, speed, and heading in real-time!

To achieve this level of precision, the clock ticks from the GPS satellites must be known to an accuracy of 20-30 nanoseconds. However, because the satellites are 
constantly moving relative to observers on the Earth, effects predicted by the Special and General theories of Relativity must be taken into account to achieve the 
desired 20-30 nanosecond accuracy.

Because an observer on the ground sees the satellites in motion relative to them, Special Relativity predicts that we should see their clocks ticking more slowly. 
Special Relativity predicts that the on-board atomic clocks on the satellites should fall behind clocks on the ground by about 7 microseconds per day because of the 
slower ticking rate due to the time dilation effect of their relative motion.

Further, the satellites are in orbits high above the Earth, where the curvature of spacetime due to the Earth's mass is less than it is at the Earth's surface. A 
prediction of General Relativity is that clocks closer to a massive object will seem to tick more slowly than those located further away (see the Black Holes 
lecture). As such, when viewed from the surface of the Earth, the clocks on the satellites appear to be ticking faster than identical clocks on the ground. A 
calculation using General Relativity predicts that the clocks in each GPS satellite should get ahead of ground-based clocks by 45 microseconds per day.

The combination of these two relativitic effects means that the clocks on-board each satellite should tick faster than identical clocks on the ground by about 38 
microseconds per day (45-7=38)! This sounds small, but the high-precision required of the GPS system requires nanosecond accuracy, and 38 microseconds is 
38,000 nanoseconds. If these effects were not properly taken into account, a navigational fix based on the GPS constellation would be false after only 2 minutes, 
and errors in global positions would continue to accumulate at a rate of about 10 kilometers each day! The whole system would be utterly worthless for navigation 
in a very short time. This kind of accumulated error is akin to measuring my location while standing on my front porch in Columbus, Ohio one day, and then 
making the same measurement a week later and having my GPS receiver tell me that my porch and I are currently about 5000 meters in the air somewhere over 
Detroit.

Relativity is not just some abstract mathematical theory: understanding it is absolutely essential for our global navigation system to work properly!

http://www.astronomy.ohio-state.edu/~pogge/Ast162/Unit5/gr.html
http://www.astronomy.ohio-state.edu/~pogge/Ast162/Unit5/gr.html
http://www.astronomy.ohio-state.edu/~pogge/Ast162/Unit3/blackholes.html
http://www.astronomy.ohio-state.edu/~pogge/Ast162/Unit3/blackholes.html
http://www.astronomy.ohio-state.edu/~pogge/Ast162/Unit3/blackholes.html
http://www.astronomy.ohio-state.edu/~pogge/Ast162/Unit3/blackholes.html



