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1. History and basics of theory of GW.

2. First indications for existence of GW: Huls-Taylor (1993).

3. The development of Numerical Relativity.

4. GW150914 announcement and its announced features.

5. The real data for GW150914 and their analysis.

6. The problems with QNM analysis.

7. Possible alternative explanations and models of GW150914 and their problems.

10. Some basic conclusions.

Plan of the talk:



The existence of gravitational waves (GW) was hypothesized on the basis of general considerations for the first time by 

Oliver Heaviside (1893) (in his book Electromagnetic theory), 

and independently by 

HendricA. Lorentz (1900), 

and by 

Henri Poincare (1905). 

Leading idea: finite velocity of spreading of

Electromagnet interaction in vacuum: 

╬ = 299 792 458 m/s.

No specific theory of GW was proposed at that time, or at least is not known.

Oliver Heaviside HendricA. Lorentz Henri Poincare 



GW were predicted in 1916 byAlbert Einsteinto existon the 
basis of his theory ofgeneral relativity,gravitational waves 
theoretically transport energy asgravitational radiation.

A. Einstein, Sitzungsber. preuss. Akad. Wiss., 
B. 1916,  S. 688;   1918, S. 154.

Remember that the basic PHYSICAL 9ƛƴǎǘŜƴΩǎidea for inventing 
GR was also the finite speed of spreading of gravity! 

The geometry was only a tool!

Albert Einstein: 
First theory of GW ς1916-18



Weak field approximation in GR

Flat waves:

Harmonic gauge:Wave equation:

Gauge transformations:

Flat GW along axes Oz:

Rotation around axes Oz:

The graviton is particle with spin 2



The two types of GW in GR:
╥╖╦=  c



Polarization of GW in modified theories 
of gravity (f(R), MDG, HordenskyƳƻŘŜƭΧύ

╥╖╦=  c ╥╖╦<  c

?

?
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Quadrupolecharacter of GW (NASA Goddard)



First indirect evidences for gravitational waves

Indirect detection 

of 

gravitational waves
1993 Nobel Price: 

Hulst&Taylor



BH merger:
The collision oftwo BH will produce a ringingsingle final BH
ό{ǘŜǇƘŜƴ IŀǿƪƛƴƎΣҌΧύ

From the ring-down waveswe can infer the mass, the spin 
and surface area of the final BH.                             

Kip Thorne, in The Future of Theoretical Physics and 
Cosmology, Cambridge, 2003:

άIf the total area does not increase,Stephen is wrong,
9ƛƴǎǘŜƛƴΩǎGRlawsarewrong,andwe will havea greatcrisisin
physicsΧSincethe 1970Ωǎtheseremarkablepredictionshave
remained untested. They seem to be an unequivocal
consequenceof9ƛƴǎǘŜƛƴΩǎGRlaws,

but relativitymightbewrongor (muchlesslikely)

wemightbemisinterpretingits mathematics.έ



BH merger (NR) NR Problems:
1. We have No 
resolution of the 
GR constraints.
2. Superluminal 
Signals and waves.
3. Singularities are
not resolved but 
just put under 
carpet.
4. Too expensive 
and CPU time 
consuming only 
a few exact NR 
waveforms are 
available.
5. Works only for 
restricted domain 
of BH masses
6. Eccentricity and 
spin effects for 
higher GW modes, 
are not taken into 
account.
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