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2 December 1915:

Einstein completes General Relativity

(A. Einstein,

Sitz. Ber. Preuss. Akad. Wiss. Berlin,
 December 1915, 844-847)

June 1916:

Gravitational Waves are predicted

(A. Einstein,

Sitz. Ber. Preuss. Akad. Wiss. Berlin,
 June 1916, 688-696)

Gravitational Waves
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 Strong analogies with EM radiation
 Two transverse polarisations
 Move at the speed of light, follow geometrical optics
 Same behaviour with gravitational lensing, cosmological redshift

Understanding Gravitational Waves
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 Coupling of GW to matter is very different 

from EM
 Very weak

 h ≈ δL / L ≈ 10-21 … 10-24 
 h ≈ 1 / r

 Weakness
 negligible scatter, absorption
 perfect messengers!

 Huge energy flux
 luminosity scale is (c5/G) ≈ 3.6·1059 erg/s

D. Giardini; Ph. Jetzer

...but GWs are different...
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Evidence: Hulse – Taylor Binary Pulsar discovered in 1974
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 Orbital decay of PSR 1913 + 16 binary 

pulsar systems
 from data points represent the cumulative shift 

of periastron time measured whereas the 

parabola curve shows the same quantity 

predicted by the General Relativity. 
 Mass of both pulsars of about 1.4 solar 

masses.
 Orbital period: 7.75 hours.

Evidence: Hulse – Taylor Binary Pulsar discovered in 1974
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Gravitational Wave Spectrum - Detectors



|



|



|

LIGO (Laser Interferometer Gravitational wave Observatory) Handford (USA).
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  
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LISA (Laser Interferometer Space Antenna): Satellit zur Detektion

von Gravitationswellen.
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 LISA is a mission to detect and observe gravitational waves
 Gravitational waves are predicted by any "reasonable" theory of gravity
 Yet not directly detected
 Gravitational waves are a tool for astronomers, astrophysicists and cosmologists

 LISA will address important questions in fundamental physics, astrophysics 

and cosmology
 Precision tests of GR
 Nature of objects in the centre of galaxies
 History and evolution of galaxies
 Structure formation in the Universe

LISA (Laser Interferometer Space Antenna)
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Different Sources – Different Signals

(ESA)

Binary White Dwarfs, 

Neutron Stars,

Stellar Black Holes

Extreme

Mass-Ratio

In-Spirals

Primordial

Gravitational

Waves

Coalescence of 

Massive    

Black Holes
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VEGA Rakete in Kourou. Start 3 Dezember 2015
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