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Class 3 :  
The Theory of General Relativity 

  Einstein’s tower 
  The equivalence principle 
  The Theory of General Relativity 
  Tests of GR 

I : Light and gravity 
(Einstein’s Tower Experiment) 
  Another classic thought 

experiment… suppose 
that light is not 
affected by gravity. 

  Consider a tower on 
Earth 
  Send a photon from 

bottom to top 
  When photon gets to 

top, turn its energy into 
mass. 

  Then drop mass to 
bottom of tower. 

  Then turn it back into a 
photon 

  Let’s think about this 
carefully… 
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  So… 
  Suppose original photon energy E 
  By assumption, it is not affected by gravity so it has 

energy E once it reaches top 
  Thus, mass created at top is m=E/c2 
  Then drop mass… at bottom of tower, it has picked 

up speed due to the conversion of gravitational 
potential energy (Egrav=mgh) 

  When we convert it back into energy, we have 

  We have made energy!   We’re rich!!!! 

  Clearly something is wrong with our assumptions… 
  Only way we can conserve energy is to suppose that light 

is affected by gravity… 
  We need the photon to lose energy as it climbs upwards… 

at top of tower, we must have 

  This is known as gravitational redshift 
  The profound nature of gravitational redshift… 

  Imagine a clock based on the frequency of light 
  Place the clock at the base of the tower… observe it from 

the top. 
  Photons lose energy… so they decrease frequency 
  Thus, we see the clock running slowly! 
  Time passes at a slower rate in a gravitational field! 
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  But… gravitational redshift is not 
part of Maxwell’s theory of e/m 
fields 
  Maxwell’s equations cannot hold in 

the reference frame of the Earth’s 
surface 

  Earth’s surface is not an inertial 
reference frame! 

  Turns out that free-falling (FF) 
observers sees light ray travel 
unaffected by gravity. 
  Earth-centric viewpoint… Doppler 

shift due to free-fall exactly 
balances gravitational redshift 

  So… free falling observers are in 
inertial reference 

II : The Equivalence Principle 

  There is no way of telling the difference between a free-
falling frame in a gravitational field and an inertial 
frame in no gravitational field… the two are equivalent. 
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Light falls! 

  Astronaut in inertial frame with flash light 
  Inertial frame, so light goes in straight lines 

  What if we now look at the same light path from an 
accelerating reference frame? 
  Light beam will bend – it appears to fall 
  Important conclusion – light “falls” due to gravity! 
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III : Where has gravity gone? 

  Can we really “get rid of gravity” by 
simply transforming into the free-falling 
frame of reference?  [Discussion] 

IV : The General Theory of Relativity 

  After a monumental effort, Einstein figured out 
a new theory of gravity which 
  Reduced to Special Relativity in absence of gravity 
  Reduced to Newton’s theory for slow moving objects 

with weak and slowly varying gravitational fields 
  Incorporates the Equivalence Principle (hence 

gravitational redshifting) 
  This is General Relativity 

  This is a mathematically complicated theory, 
but the essentials are… 
  Tidal forces are related to the curvature of spacetime 
  The curvature of spacetime tells matter how to move 
  The distribution of matter/energy tells spacetime 

how to curve 



6 

  Spacetime curvature tells matter how to move… 
  Particles under influence of gravity alone move on geodesics 

(straight lines) through curved spacetime 

  Matter tells spacetime how to curve… 

  The Einstein curvature tensor “G” is mathematical object 
describing curvature of 4-D space-time. 

  The Stress-Energy tensor “T” is mathematical object describing 
distribution of mass/energy 

  Newton’s constant of gravitation “G” and the speed of light “c” 
appear as fundamental constants in this equation.  

  This is actually a horrendous set of 10 coupled non-linear partial 
differential equations!! 

  For weak gravitational fields, it approximates to Newton’s Law of 
Gravitation 
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V : Classic tests of General Relativity 

  Deflection of light in a gravitational field 
(Eddington 1919) 
  Observed stars close to Sun during eclipse… found 

that they shifted position by exactly right amount 
(about 1 arcsec) as light was bent by Sun 

  Anomalous precession of Mercury’s orbit 
  Mercury’s orbit precesses 
  Even accounting for a bunch of Newtonian effects 

(oblateness of Sun etc.), 43 arcsec/century of 
precessions is unexplained. 

  GR precisely explains this as due to deviations in the 
force-law away from Newtonian gravity 

  Binary pulsar… more later! 


