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Outline 

ωGeneral Relativity @100 
 

ς the dynamical, strong-field regime 
 

ω In the wake of GW150914 
 

ςwhy this was such a remarkable event 
 

ςconsequences for fundamental physics 
 

ςBriefly mention consequences for astrophysics 
 

ωConclusions  



General Relativity 

ω9ƛƴǎǘŜƛƴΩǎ DŜƴŜǊŀƭ wŜƭŀǘƛǾƛǘȅΣ ǇǳōƭƛǎƘŜŘ ƛƴ 
1915, is a theory about the nature of space 
and time, claiming it can be described as a 
dynamical, 4-dimensional geometry 

 

ςcurvature in the geometry is responsible for what 
we think of as the force of gravity  

 

ςmatter/energy is responsible for producing 
curvature 

 



General Relativity 

ω.ŜȅƻƴŘ ǘƘŜ ƴǳƳŜǊƻǳǎ άŎƻǊǊŜŎǘƛƻƴǎέ ǘƻ 
Newtonian gravity, general relativity predicts 
three profoundly different class of solutions 

 

ςGravitational waves 
 

ςBlack holes 
 

ςSolutions describing the large scale structure and 
evolution of the cosmos 



Gravitational Waves 

ωDǊŀǾƛǘŀǘƛƻƴŀƭ ǿŀǾŜǎ ŀǊŜ ƭƻŎŀƭƛȊŜŘ άŘƛǎǘǳǊōŀƴŎŜǎέ ƛƴ ǘƘŜ 
spacetime geometry that propagate at the speed of 
light 

 

ωAsymmetric, bulk accelerations of dense concentrations 
of matter/energy produce gravitational waves that may 
be strong enough to detect 

 
ςwhen observed gravitational waves are a weak-field 

phenomenon,  but the most promising sources for the 
advanced LIGO generation of detectors emit in strong field 



Weak field nature of gravitational waves 
ω Far from the source, the effect of a gravitational wave is to cause 

distortions in distance transverse to the direction of propagation 
 

ω Two linearly independent polarizations (+ and x) 
 

ς schematic effect of a wave, traveling into the slide, on the distances between 
an initially circular ring of particles: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ς this basic property of gravitational waves underlies all direct detection efforts 
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