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ASTR398B Black Holes (Spring 2017) 
Prof. Chris Reynolds 

Class 23 : 
Gravitational Waves 

RECAP 

n  The course so far! 

n  Part I : Background physics of black holes 
l  Newton’s and Einstein’s theories of gravity 
l  General Relativistic description of black holes 

n  Part II : Stellar mass black holes 
l  Life and death of massive stars 
l  Neutron stars, pulsars and stellar mass black holes 
l  Accretion disks; X-ray binaries 

n  Part III : Supermassive black holes 
l  Discovery of quasars and AGN 
l  Properties of AGN; properties of jets 
l  AGN feedback on galaxy evolution/formation 
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This class 

n  Start on the final phase of the course… 
black holes as laboratories for 
fundamental physics 

n  TODAY 
l  What do we mean by fundamental physics, 

and why is it interesting to study? 
l  Start on our discussion of gravitational 

Waves… what are GWs 

I : Fundamental Physics 

n  Fundamental physics seeks to explain and 
describe the most basic aspects of the 
Universe… 

n  Class discussion 
l  What kinds of things do we mean by “the most basic 

aspects”? 
l  Why is it important to keep pushing our 

understanding? 
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II : Basics of Gravitational Waves  

n  Fundamental prediction of GR: 
l  Accelerating masses create ripples in the curvature 

of space-time 
l  Ripples propagate at the speed of light 
l  Carry the information about changing gravitational 

fields 
l  Interesting history… Einstein predicted them, was 

shown to have made some mistakes, then disavowed 
them, then finally accepted them. 

n  Features of gravitational waves… 
l  Usually extremely weak! 
l  Only become strong when massive objects are 

orbiting close to each other. 
l  Gravitational waves carry energy away from orbiting 

objects… lets objects spiral together. 
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III : The binary pulsar (PSR1913+16) 

n  Russell Hulse & Joseph Taylor (1974) 
l  Discovered remarkable binary system 
l  Nobel prize in 1993 

From Nobel Prize website 

n  Two neutron stars orbiting each other 
n  One neutron star is a pulsar  

l  Neutron star is spinning on its axis (period 
of 59ms) 

l  Emits pulse of radio towards Earth with 
each revolution 

l  Acts as a very accurate clock! 
n  Interesting place to study GR 

l  Orbit precesses by 4 degree per year! 
(compare with Mercury’s 43 arcsec/century) 

l  Orbit is shrinking due to gravitational waves   
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n  Very precise test of certain aspects of GR 
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III : Gravitational Waves and 
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! 

https://www.youtube.com/watch?v=4m-ZVsLf070 
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Next class… how we look for 
(and have detected!) merging 
black holes. 


