


•The proper distance between the            
particles varies with time:

•Waves are very weak, so have:

•Fractional change in distance (strain) given 
by:

What do GWs do?
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What do gravitational 
waves do?

•Alternatively stretch and 
shrink the distance 
between two points



•Propagate at the speed of light

•Transverse (                 )

•Two polarizations (+ and X)

•Carry energy

•Affect the relative separation of test 
particles

Properties of GWs

hzz = 0



•Quadrupole formula gives the total             
power radiated in gravitational waves:

where           is the quadrupole moment tensor

Luminosity of GW sources:
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Where do gravitational 
waves come from?

•Essentially everything generates 
gravitational waves

•Essentially all sources of gravitational 
waves are staggeringly weak

•To produce strong GWs need large masses 
(e.g., the mass of the Sun) moving very 
fast (e.g., near the speed of light)



Strong sources of 
gravitational waves
•Two black holes (or 

neutron stars) crash 
into each other

•A star falls into a big 
black hole

•A supernova explodes 
(asymmetrically)

•Big bang/inflation (maybe)



•Two black holes each of                                      
mass      , separated by 

•Solve quadrupole formula:

•Plug in Kepler’s law:

GWs from binary black holes
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•Assume GW emission plus Kepler’s laws:

•This gives the full time evolution/waveform

GWs from binary black holes
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