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Class 2 :  
The Special Theory of Relativity 

  Recap of Einstein’s postulates 
  Time dilation 
  Length contraction 
  Energy and momentum 
  Causality 

0 : Einstein’s postulates of 
Special Relativity 
  Consider a group of un-accelerated observers 

(inertial reference frames)… they can move 
(with uniform velocity) relative to each other 

  Postulate 1 : All un-accelerated observers 
experience the same laws of physics 

  Postulate 2 : All un-accelerated observers 
measure the same value for the speed of light 

  Notes:  
  Postulate 2 is redundant if one includes Maxwell’s 

theory of e/m within Postulate 1. 
  In order not to run into trouble, we are going to 

ignore gravity for now… 
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I : Time and motion 

  Time is measured by clocks…  
  Any well functioning clock will do 
  Experiment shows that all clocks in an 

inertial reference frame agree 

  Thought-experiment 
  Let’s imagine a clock that uses the speed of 

light to measure time… 
  Let’s analyze the behavior of such a clock 

when it is at rest, and when it is moving 
  [See analysis on board] 

  We find a remarkable thing… 
  Consider two clocks… clock-A is at rest (with respect 

to you) and clock-B is moving at speed V. 
  Then, the time between ticks of clock-A (tA) and 

those of clock-B (tB) are related by… 

  So clock-B is running more slowly by a factor 

  γ is called the Lorentz factor 
  The phenomenon of clocks running slowly is called 

time dilation 
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  Question : suppose that you are riding 
long with clock-B… so clock-B is at rest 
and clock-A is now moving relative to 
you at speed V.   What do you see? 

  How strong is the effect? Examples… 
  Fast car; V=30 m/s 
  Jet airliner; V=300 m/s 
  Apollo mission to the Moon; V=3km/s 
  Subatomic particle in accelerator; V=0.99c 
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II : Experimental verification 
of Special Relativity 
  Classic experiment verifying time dilation was 

performed by Rossi & Hall in 1941… 
  Muons are “electron-like” particles… when at rest, 

they decay with a half-life of about 1.56µs 
  Muons are produced when cosmic rays slam into 

upper atmosphere, then rain down to Earth 
  Rossi & Hall measured the number of muons 

detected at the top of a 2000m mountain, and 
compared it to the number at sea-level…  
  Find 560 muons/hour at top of mountain 
  Even at v=c, will take 6.5µs for muon to travel 2000m 
  More than 4 half lives… less than 1/16th of particles 

should be left by the time they reach the bottom 
  BUT, they measured 422 muons/hour at bottom 
  It seems like only 0.64µs have passed in the muon’s 

frame of reference… so they are moving with γ≈10 

  Nowadays, there are countless experiments 
that have verified relativistic time dilation… 
  Atomic clocks flown on planes and spacecraft 
  Subatomic particles in particle accelerators 
  Astrophysical observations of fast jets in active 

galaxies (superluminal motion… that’s for a few 
weeks time!) 
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III : Length (Fitzgerald) contraction 

  [Discussion on the board : Think again about the Rossi 
& Hall muon experiment… but now from a muon’s 
perspective!] 

  Fitzgerald contraction… 
  A moving object contracts by a factor γ (the same Lorentz 

factor) in the direction of motion 
  This is really a contraction of space itself… the object does 

not experience forces or stresses that make it contract 
  Again, everything is relative… if someone watches you 

travel past them at high speed, you will appear to be 
contracted in the direction of motion 
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IV : Special Relativistic dynamics 

  When you work out the appropriate laws of 
mechanics, you find the following things: 

  The energy of a particle is E=γmc2 
  When V<<c, we find 

  So… there is component of energy (mc2) that is 
associated with mass… this is the rest-mass 
energy 

  As V→c, E→∞ … so we can never give a particle 
enough energy to exceed speed of light 
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  The momentum of a particle is p=γmv 
  In order to make this look like the familiar 

momentum formula, it is sometimes said that the 
mass of a particle increases with speed m’=γm 

  We find a new velocity addition law… 
  Suppose there are two spaceships approaching each 

other (in your reference frame) at speed V1 and V2.  
Then, from the point of view of an astronaut in one 
of the ships, the other is approaching at speed, 

  If either V1 or V2 is c, the result is c 

  Another consequence of Special Relativity… 
  Even putting energy and momentum aside, we must 

forbid V>c… or else, we would be able to 
communicate information back in time and the whole 
predictive nature of science would collapse! 

  The condition that V≤c is referred to as causality 


