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Newtonian binaries
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M >>m: extreme mass ratio binary
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Ground HST Black Hole Mass

2 billien suns

200 million suns

Schwarzschild geometry

20 million suns
Q

3 million suns

Black hole event horizons

“ > - > —_
75000 light-years 3000 light-years Diameter of Earth’s Orbit
(186 million miles)

NASA and K. Gebhardt (Lick Observatory) ® STScl-PRC00-22

Sunday, February 12, 2012



Gravitational waves

Fluctuating space-time geometry:

Juv = Guv + Qﬁlh,uu k2 = 871G
: : : . geometry of
Einstein equations: background
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2 transverse polarization states
t
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X (angular functions).

ZLerilli-Moncrief and Regge-VWheeler:
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Sources: orbiting mass

Geodesics D2zh 2k ow da daV .
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- circular orbits t = == ® =
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B. Non-circular orbits: — a
expand in eccentricity 1 +ecosy
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Accuracy of geodesic approximation
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Woave forms

a=|0M, e=0.1, m/M
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Power atr = 500 M
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Orbital evolution
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initial values: a=12M, e=0.15
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