
1 

ASTR398B Black Holes (Spring 2017) 
Prof. Chris Reynolds 

Class 24 : 
The Direct Detection of 
Gravitational Waves 

RECAP 

n  Last Class 
l  Basics of gravitational waves… ripples of curvature in 

spacetime, traveling at the speed of light 
l  The binary pulsar… first time that effect of 

gravitational waves had been observed (through 
decay of orbit of two neutron stars) 
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This class 

n  Mergers of black holes 
n  Computations/predictions of GW forms 
n  Methods for direct detection of GWs 

I : Binary Black Holes 

n  Suppose that there is a binary star system 
where both stars are quite massive… 
l  The more massive star goes supernova è black hole 
l  May have an X-ray binary phase 
l  Second star goes supernova è black hole 
l  We now have a binary black hole system! 
l  Black holes orbit around common center of mass 
l  They gradually lose energy to gravitational waves 
l  Eventually, they will merge together 

n  Final gravitational wave pattern is complicated 
and needs computer simulations.  Such 
simulations have only been possible for past 
12 years! 
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https://www.youtube.com/watch?v=4m-ZVsLf070 
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II : Direct detection of 
gravitational waves 

n  How do you search for gravitational waves? 
n  Small distortions in space-time curvature show 

up as weak oscillatory tidal forces 
n  Subject pioneered by Joseph Weber (former 

UMd Professor) 
l  Thinking about binary neutron stars, he estimated 

wave frequency (10000Hz) 
l  Looked for resonant “ringing” in a metal bar caused 

by passage of gravitational wave. 
l  Weber claimed detection of waves in early 1970s 
l  Never verified – but Weber held out to the end… 
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III : LIGO 

n  Laser Interferometer Gravitational Wave 
Observatory (LIGO) 
l  Two L-shaped 4km interferometers 

§  Hanford, Washington 
§  Livington, Louisiana 
§  (currently exploring a third site in India) 

l  Essentially the same as the Michelson-Morley expt 
§  Looks for small changes in the length of the arms as a 

gravitational wave passes by 
l  Needs to be extremely sensitive… 

§  Expected signal is 1 part in 1022 

§  So over 4km length, looking for changes of 4x10-19m 
§  [How small is this?  What’s a good comparison?] 
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4/25/17 11 

4/25/17 12 
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n  Can detect gravitational waves with 
frequencies of about 10-1000Hz. 

n  VERY sensitive… need to account for 
l  Earthquakes and Geological movement 
l  Traffic, trains, falling trees and people! 
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IV : Detection of GW150914 

n  LIGO detected its first GW signal on 
14th Sept 2015 (announced on 11th 
February 2016) 
l  36 Msun + 29 Msun è 62 Msun (interesting?) 

l  Peak power ~4×1049W 
l  Distance 440Mpc (redshift 0.093) 
l  Hard to localize on Sky 
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Space Based GW Astronomy 

n  Future projects will permit detection of 
gravitational waves with space-based 
detectors 

n  Sensitive to lower-frequency waves (0.0001 – 
0.1Hz) 

n  Can see 
l  Normal binary stars in the Galaxy 
l  Stars spiraling into large black holes in the nearby 

Universe. 
l  Massive black holes spiraling together anywhere in 

the universe! 
l  Gravitational radiation from a fraction of a second 

after the Big Bang (?) 


