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ÅWhen comedy wasking

ÅHow GR started to be king

ÅLIGO-Virgo: BBHs, BNS (kilonova) GW 170817;

ÅGRAVITY, EHT and M87* images 

ÅWe consider shadows and trajectories of 
bright stars near the GC



R. Hooke proof that F ~1/r2 

ŎƻǳƭŘ ŜȄǇƭŀƛƴ YŜǇƭŜǊΩǎ ƭŀǿǎ



In a letter from Newton to Halley, June 20, 1686 
bŜǿǘƻƴ ŎƻƳǇƭŀƛƴŜŘ ǘƘŀǘ  άƘŜ ώIƻƻƪŜϐ ƪƴŜǿ ƴƻǘ Ƙƻǿ ǘƻ Ǝƻ 
about it. Now is not this very fine? Mathematicians
that find out, settle & and do all the business must content 
themselves with being nothing but dry calculators & drudges 
& and another that does nothing but pretend & grasp at all 
things must carry away all the invention as well as
those who were to follow him as of those that went before 
ƘƛƳΦέ 



Outline of my talk

ÅIntroduction 
ÅShadows for Kerr as a tool to evaluate  BH 

characteristics
ÅShadows around Reissner-Nordstrom BHs
ÅObservations of BH at SgrA and a tidal Reissner-

Nordstrom BH
ÅBright star trajectories around BH at GC as a tool to 

evaluate BH parameters and DM cluster
ÅConstraints on massive graviton theories
ÅForecasts for graviton mass improvements 
ÅConstraints on tidal charge
ÅConclusions



References

Å AFZ, F. De Paolis, G. Ingrosso, and A. A. Nucita, New Astronomy Reviews,  
56, 64 (2012).

Å D. Borka,  P. Jovanovic,  V. Borka Jovanovic  and AFZ, Physical Reviews D,  
85, 124004 (2012).

Å D. Borka,  P. Jovanovic,  V. Borka Jovanovic  and AFZ, JCAP 11, 050 (2013).

Å AFZ,  Physical Reviews D 90,  062007 (2014).

Å AFZ, D. Borka,  P. Jovanovic,  V. Borka Jovanovic,  Advances in Space 
Research 54, 1108 (2014).

Å AFZ, J Astrophys. Astron. 36, 539 (2015)

Å AFZ , P. Jovanovic, D. Borka, V. Borka Jovanovic, gr-qc:  1605.00913v;    
JCAP (2016)

Å AFZ, P.Jovanovic, D. Borka, and V. Borka Jovanovic,  JCAP (2018).

Å AFZ, EPJ C (2018)



ÅtΦ .ŜǊƎƳŀƴ όDwDмΣ мфртύΥ άbƻǿ ǘƻ ǘƘŜ ǇǊƻōƭŜƳǎ 
that are more concerned with the special 
question, where things having physical or model 
significance are tried out. The most important of 
these questions which must be settled is, are 
there gravitational waves? At the present there is 
no general agreement. The other things to be 
mentioned are interesting but are of less crucial 
ǎƛƎƴƛŦƛŎŀƴŎŜΦέ





K. Thorne  about the First Texas Symposium:

K. Thorne  about the First Texas Symposium: ñ The astronomers and 
astrophysicists had come to Dallas to discuss quasars; they were not at all 
interested in Kerr's esoteric mathematical topic. So, as Kerr got up to speak, 
many slipped out of the lecture hall and into the foyer to argue with each other 
about their favorite theories of quasars. Others, less polite, remained seated in 
the hall and argued in whispers. Many of the rest catnapped in a fruitless effort 
to remedy their sleep deficits from late-night science. Only a handful of 
relativists listened, with rapt attention.
This was more than Achilles Papapetrou, one of the world's leading
relativists, could stand. As Kerr finished Papapetroudemanded the
floor, stood up, and with deep feeling explained the importance of
Kerr's feat. He, Papapetrou, had been trying for thirty years to find
such a solution of Einstein's equation, and had failed, as had many
other relativists. The astronomers and astrophysicists nodded politely,
and then, as the next speaker began to hold forth on a theory of
quasars, they refocused their attention, and the meeting picked up
pace.ò



ÅT. Gold (1963) : ñ[The mystery of the quasars] allows 
one to suggest that the relativists with their 
sophisticated work are not only magnificent cultural 
ornaments but might actually be useful to science! 
Everyone is pleased: the relativists who feel they are 
being appreciated and are experts in a field they hardly 
knew existed, the astrophysicists for having enlarged 
their domain, their empire, by the annexation of 
another subject general relativity. It is all very 
pleasing, so let us all hope that it is right. What a 
shame it would be if we had to go and dismiss all the 
relativists again.ò



J. A. Wheeler:

In the fall of 1967, Vittorio Canuto, administrativeheadof NASAôs
GoddardInstitutefor SpaceStudies,invited me to a conferenceto
considerpossibleinterpretationsof the exciting new evidencejust
arriving from England on pulsars. What were these pulsars?
Vibrating white dwarfs?Rotatingneutronstars?What?In my talk,
I arguedthatwe shouldconsiderthepossibilitythatat thecenterof
a pulsar is a gravitationally completely collapsed object. I
remarkedthatonecouldnôtkeepsayingñgravitationallycompletely
collapsedobjectòover andover. Oneneededa shorterdescriptive
phrase. ñHowaboutblackhole?òaskedsomeonein the audience.
(As it turnedout, a pulsaris poweredby ñmerelyòa neutronstar,
not a blackhole.) Severalyearslater,Feynmancalledmy language
unfit for polite companywhenI tried to summarizetheremarkable
simplicity of a blackholeby saying,ñAblackholehasno hair.òé
The black hole, it hasturnedout, showsonly threecharacteristics
to the outsideworld: Its mass,its electriccharge, and its angular
momentum,or spin.



Å "The extent to which the Chinese records of guest stars remain of living 

interest to current astronomical research may be seen in the field of radio-

astronomy, where during the past few years great additions to knowledge 

have been made. The rapid upsurge of this new and powerful method of 

study of the birth and death of stars....makes urgently necessary the 

reduction of the information contained in the ancient and medieval Chinese 

texts to a form utilizable by modern astronomers in all lands. For this 

purpose, however, collaboration between competent sinologists and 

practical astronomers and radio astronomers is indispensable." 

Joseph Needham, F.R.S. - distinguished historian 

of Chinese Science (1959) in Vol. III. Mathematics and the Sciences of the 

Heavens and Earth

Å ñThe investigation of the remnants of supernovae and their relation to 

historical records, both written and unwritten, will be one of the most 

fascinating tasks awaiting the next generation of astronomerséò

Fritz Zwicky (1965)



Crab nebula (remnant of SN  AD1054) in different bands



J. A. Wheeler: in ñOur Universe: the known and unknownò: ñTake up the telescope and 

turn it on the Grab Nebula. There was no Crab Nebula a thousand years ago. At that 

time astronomy was at a low level in Europe. Not so in China. There astronomers 

regularly swept the skies and recorded their observations. In July 1054 they 

reported a new star. It grew in brightness from day to day. In a few days it out shone 

every star in the firmament. Then it sank in brilliance, falling off in intensity from 

week to week. At each date the nova, or supernova as we more appropriately call it, 

could be compared with neighbor stars for brightness.  Out of these comparisons by 

our Chinese colleagues of long ago one has  today constructed a light curve. ñ

The identification of old Chinese records with Crab Nebula has been done by J. J. L. 

Duyvendak (1942). In 1054-1056 the Crab Nebula was observed for 21 months 

(many Chinese records) . See also consequent discussion by  N. U. Mayall and J. H. 

Oort (1942).

The Crab nebula was identified with a radio source in 1963 and as a X-ray source in 

1964 and as a  pulsar in 1968.

These Chinese observations helped to confirm observationally the Baade ïZwicky 

hypothesis that neutron stars could be formed in supernova explosions.

Conclusions from Wheelerôs statements: First, sometimes, a time distance between an 

action and  a result could be centuries (or even Millennium) and at this period one 

could think that the action was useless but it is not. Second a scientific knowledge 

is a result  of activity  of  skillfull people working in different areas. 



Neutron stars (milestones) 

Å E. Rutherford (1920): Prediction of neutron 

Å J. Chadwick (1932): Neutron discovery

Å L. Landau (1932): ʩʤ.ñʃ.ɼ. ʃʘʥʜʘʫ ʠʢʦʥʮʝʧʮʠʷ ʥʝʡʪʨʦʥʥʳʭ ʟʚʸʟʜò, 

ɼ.ɻ. ʗʢʦʚʣʝʚ ʠ ʜʨ. (ʋʌʅ, 2013)

Å W. Baade and F. Zwicky (1934): NSs are born in SN explosions

Å G. Gamow (1937): Discovery of mass limit for NSs in Newtonian approach

Å R. Oppenheimer and G. Volkoff (1939): Discovery of mass limit for NSs in 

GR

Å A. Hewish,  J. Bellé (1968): Discovery of pulsars

Å F. Pacini, T. Gold (1967-1969): Rotating neutron stars as pulsars



FAIR, Facility for Antiproton and Ion Research (Darmstadt, 

Germany) and Nuclotron Based Facility (NICA,  Dubna, Russia) 

Å How does the strong force, which binds the particles comprising atomic 

nuclei work - and where do their masses come from?

Å How does matter behave across the wide range of temperatures and 

pressures found in the past and present Universe?

Å How did matter in the early Universe evolve and why does it look the way 

it does today?

Å Where do the atomic elements come from? 

Å How does the electromagnetic force, which binds atoms and molecules, 

work under extreme conditions? 

Å The search for signs of the phase transition between hadronic matter and 

QGP; 

Å Search for new phases of baryonic matter Study of basic properties of the 

strong interaction vacuum and QCD symmetries

ÅThe Universe in Laboratory



















Black holes in centers of galaxies

(L.Ho,ApJ 564,120 (2002))
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Mirages around Kerr black holes and 
retro-gravitational lenses

ÅLet us consider an illumination of black holes. 
Then retro-photons  form caustics around 
black holes or mirages around black holes or 
boundaries around shadows.

Å(Zakharov, Nucita, DePaolis, Ingrosso,

ÅNew Astronomy 10 (2005) (479-489); astro-
ph/0411511)
























