
Part	
  II:	
  GWs
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Outline

• Perturba3on	
  Theory:	
  linearised	
  field	
  equa3ons	
  of	
  GR	
  	
  

• Tranverse-­‐Traceless	
  Gauge	
  

• Effects	
  of	
  GWs	
  on	
  freely	
  falling	
  test	
  par3cles	
  

• Produc3on	
  of	
  GWs	
  

• GW	
  Energy	
  Loss
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Effect	
  of	
  GWs
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Consider	
  a	
  local	
  iner3al	
  frame	
  of	
  a	
  test	
  par3cle	
  with	
  a	
  second	
  test	
  par3cle	
  	
  
separated	
  by	
  Sμ:



Effect	
  of	
  GWs	
  II
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Effect	
  of	
  GWs	
  II
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Energy	
  of	
  GWs
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~	
  0th	
  order:	
  object	
  with	
  internal	
  forces,	
  the	
  GW	
  strain	
  acts	
  as	
  an	
  oscilla3ng	
  	
  
driving	
  force	
  for	
  mass	
  element	
  m	
  separated	
  by	
  	
  displacement	
  

GWs	
  act	
  as	
  a	
  force	
  	
  -­‐>	
  must	
  carry	
  energy	
  and	
  angular	
  momentum	
  localised	
  
within	
  a	
  few	
  wavelengths	
  (not	
  point!!!):	
  

energy	
   energy	
  	
  
flux

momentum	
  
flux



Genera3on	
  of	
  E&M
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Leading	
  order	
  mul3pole	
  radia3on	
  for	
  non-­‐rela3vis3c	
  charge	
  distribu3on:

As	
  1/r	
  electric	
  and	
  magne3c	
  fields	
  depend	
  only	
  on	
  components	
  of	
  d transverse	
  
to	
  the	
  propaga3on	
  direc3on	
  n



Luminosity	
  EM
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Angular	
  distribu3on	
  for	
  energy	
  flux:

Integra3ng	
  over	
  solid	
  angle:



Genera3on	
  of	
  GWs
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Leading	
  order	
  gravita3onal	
  radia3on	
  for	
  quadrupole	
  mass	
  distribu3on:

Taking	
  transverse-­‐traceless	
  part:

ORDER	
  OF	
  MAGNITUDE:



Returning	
  to	
  luminosity	
  of	
  GWs
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Energy	
  flux	
  is	
  given	
  by	
  stress-­‐ma^er	
  energy	
  tensor:

NEWTONIAN	
  QUADRUPOLE	
  	
  
FORMULA	
  
slow	
  mo3on	
  sources,	
  	
  
weak	
  internal	
  gravity



Energy	
  Balance:	
  Radia3on	
  Reac3on	
  Force
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See	
  Thorne	
  (1980)



Order	
  of	
  magnitude	
  es3mate
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COMPACT	
  sources	
  
v	
  ~	
  c;	
  R	
  ~	
  r_sch	
  

for	
  a	
  binary	
  system



~	
  Solar	
  luminosity	
  ×	
  1023	
  

~	
  the	
  visible	
  Universe’s	
  galac3c	
  luminosity	
  ×	
  50	
  	
  

Efficiency	
  of	
  GW	
  emission

see	
  homework	
  ques3ons

for	
  a	
  binary	
  system


