
Black holes and
Gravitational waves 

Konstantin Postnov 
SAI MSU

Faculty of Physics, MSU
Lecture 4 

06.03.2020 ITEP School L4 1

http://www.msk.festivalnauki.ru/meropriyatie-festivalya/50026/gravitacionnye-voln-ot-chernyh-dyr-vo-vselennoy


Plan 

ÅBasic GW: GR

ÅPrinciple of detection: GW interferometers

ÅAstrophysical sources

ÅGW from compact binaries

ÅGW astronomy: first results and prospects
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Nobel Prize in physics2017

2017
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Very short history

Å1916, A. Einstein
Å1920s(Einstein, 9ŘŘƛƴƎǘƻƴΣ Χ)
Å1962, M.E. Gertsenstein& V.I. Pustovoitςlaser 

interferometers as GW detectors
Å1970s, R&D(R. Weiss, R. Drever, K. Thorne, V. BraginskiiΧ)
ÅEnd of the 1980s: start of LIGO project
Å2002-2010, initial LIGO operation
Å2010-2015, LIGO modernization 
ÅSeptember 14, 2015, first detection of binary BH coalescence 

(GW 150914)
Å August 17, 2017, first detection of binary NS coalescence 

(GW 170817), start of multmessengerastronomy
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Main results 2015-2020

Å10reliably detected BH+BH with M=10-50 MW
from distances 500-1000 Mpc

ÅMerging rate~12-213 Gpc-3 yr-1

ÅMeasured properties consistent with GR up to 
a few %

ÅOne reliable NS+NS merging (GW170817)and 
observations of gamma-ray to radio afterglow 
from relativistic jet and kilonova
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General Relativity

ÅA. Einstein, 1915

ÅGravitation= 
curvature of space-
time
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GW as a ζrippleη of space-time
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Linearized gravity

Gauge-invariant!!!
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Gravitational waves

ÅConvenient gauge

ÅDoes not change linearized equations and 
harmonic (Lorentz) gauge

Å4 arbitrary functions vcan be used to vanish 
4 components to leave only 2 independent 
components (polarizations) 
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́-́gauge (transverse-traceless)
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Transition to TT-gauge

ÅFor example. For a wave moving along z-axis:
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TT-GW acting on two test masses
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ÅIn local Lorentz frame:

ÅNon-relativistic motion of masses: 
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Simple argument by R.Feynmann
(1957, Chapel Hill conference)

ÅάL ǿŀǎ ǎǳǊǇǊƛǎŜŘ ǘƻ ŦƛƴŘ 
that a whole day of the 
conference was spent on 
this issue and that 
ΨŜȄǇŜǊǘǎΩ ǿŜǊŜ ŎƻƴŦǳǎŜŘΦ 
¢ƘŀǘΩǎ ǿƘŀǘ ƘŀǇǇŜƴǎ 
when one is considering 
energy conservation 
tensors, etc. instead of 
questioning, can waves 
do workΚέ
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Energy flux in GW

ÅEnergy density

ÅEnergy flux

ÅGW carries energy and momentum that can 
act on test masses
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GW sources

ÅLowes order -- quadrupole. For v/c<<1:
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GE creates tidal acceleration field in a freely faling
(local Lorentz) reference frame
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GW amplitudeh = relative 
expansion/compression
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Tidal acceleration field
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Astrophysical GW sources

Credit: A. Sesana
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Coalescing compact binaries
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E pur si existare!

Å1974, binary pulsarPSR 
1913+16(Hulse, Taylor, 
Nobel Prize 1993)

Orbital period decay
in agreement with GR(~0.1%)
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EM vs GW
EM GW

Charge q m

Size R

Dipole radiation no

Quadrupoleradiation Dipolex (v/c)

Energy flux 
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ÅWaveform from two coalescing point-like 
masses  is determined by a combination of 
component masses (the chirp mass)

ÅČ blackboard
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Chirp signal from a coalescing binary
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Signal from binary rotating BHs is much more complicated
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