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 General Relativity General Relativity
• General Relativity is the Theory of Gravity

• GR descries Gravity as curvature

•    GR “is” Newtonian Theory plus
waves



Newtonian GravityNewtonian Gravity
• (Poisson:)

• (divergence:)
• (wave equation)
† 

—2f = f ,i
,i = 4p ¥ source

† † 
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—2f = f ,i
,i = 4p ¥ source

Waves: like E&MWaves: like E&M
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• (Poisson)   2f =   [Rf +  K2 f5

                             +f-7 (Ka
b-  da

b K ) (Kb
a-  db

aK )] +src

• (Divergence)    i(Ki
j -  di

jKb
b) = src’j

                              (Kij is the analog of Ei)

• (Wave Equation):          gij = -2Kij

                                    Kij= Rij +Ki
cKjc

 + KijKa
a

                                                                        (special coordinates)

General RelativityGeneral Relativity

† 

—

† 

1
8

† 

~

† 

—

† 

1
3

† 

∂
∂t

† 

∂
∂t

† 

1
3

† 

1
3

† 

2
3

† 

~

† 

~

† 

~

† 

~

† 

~



APS Meeting April 2003 3

Gravitational Radiation and Detectors:
Gravitational Radiation

l + Dl

l

h =
Dl

l
Strain:

Source: Bulk Motion
Produces Changing Tidal Field

Oscillating Tidal Field
Propagates (Unobstructed)

to Observer

Observer Detects
Distortion Strain



Binary black holes

From the GW detection point of view: the most promising source

From the theoretical point of view:

• Binary BH = the two body problem in General Relativity

• Extreme GR =⇒ probes the limit of GR (as weak field limit of string theory)

From the astrophysical point of view:

• Rate of binary black hole coalescence =⇒ massive star evolution

• Inspiral GW signal =⇒ precise measure of Hubble constant H0

• GW observations of supermassive BH at high z =⇒ large structure formation
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GR GR ““isis”” Newtonian Gravity plus Newtonian Gravity plus
waveswaves

3-metric is analog of Ai

      gij = f4 gij

                         TRIAL METRIC

ANALOG OF NEWTONIAN f
† 

~



GR GR ““isis”” Newtonian Gravity plus Newtonian Gravity plus
waveswaves

 f modifies your “trial”  gij.

Choose well, and f   1.
      gij = f4 gij

                                             TRIAL METRIC

f   1: physically motivated guess close to actual data† 
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KERR-SCHILD FORMKERR-SCHILD FORM

                                    Schwarzschild: M/r

• Metric gab = flat space + pole

• EXACT BLACK HOLE SOLUTION!
     --Kerr, or Schwarzschild-



KERR-SCHILD MULTI-BHKERR-SCHILD MULTI-BH
DATA SETTINGDATA SETTING
Approximate (gApproximate (gabab))

                                                M1/r1       M2/r2

• Metric gab = flat space + pole1 +pole2

• APPROXIMATE 2-BLACK HOLE
SOLUTION-

     --Kerr, or Schwarzschild
     --arbitrary mass, spin, location, momentum

† 
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KERR-SCHILD MULTI-BHKERR-SCHILD MULTI-BH
DATA SETTINGDATA SETTING
Approximate (gApproximate (gabab))

                   gab =f4 gab;    find    f   1

                                 -differences less than 1%

GOOD WAY TO SET DATA!
                             -Kab changes are small also
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GettingGetting  Started: INITIALStarted: INITIAL  DATADATA

•INITIAL DATA  (C0NSTRAINT EQUATIONS)

•Solve them first-

•Then evolution (“wave”) equation preserves the
constraints analytically.



EVOLUTION in Full GREVOLUTION in Full GR
(e.g. (e.g. vacuum vacuum Binary B H)Binary B H)

• Solve initial data problem

• Evolve time equations one step,
       get new gab, Kab.
• Use this new gab as gab in a new initial data solve:
    f =1 + e,   |e| <<<< 1;      change in Kab <<<<1.

    ----this gives definitive gab Kab

• REPEAT                                                    (“linearization”)

† 

~
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[Schutz, CQG 16, A131 (1999)]
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