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e A fekete lyukak elméleti kutatasanak
megalapozasaert és Tejutrendszer kdzéppontjaban
talalhato szupernagy tomegt fekete lyuk létezésének
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6,5 milliard naptomegii
fekete lyuk

Event Horizon Telescope

Meérés: 2017 aprilis
Publikacio: 2019 aprilis



Interstellar — film (2014)
Kip Thorne — executive producer




S2 periodusa: ~16 év
SgrA*-tol valo legkisebb tavolsaga: 17 fényora

Keck/UCLA Galactic s0-5'®
Center Group
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Antenna galaxisok— 45 millié fényév tavolsagra

Foldi felvetel

Hubble Urtdvcsd




https://www.youtube.com/watch?v=COXNyTp5briM



Aktiv galaxismag

Fekete lyuk

Anyagbefogasi — g
korong Val

Arnyékolé P
portorusz Jet ©




3C 75 -300 millio fényév tavolsagra

rontgen

Ket fekete lyuk tavolsaga:
‘ 25 000 fenyev




JO849+1114 - 1 milliard fényév tavolsagra

Rontgen
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NGC 6240 — 400 millio fényév tavolsagra

Két szupernagy tomegl fekete lyuk 3000 fényévre egymastol

HueBLE OPTICAL CHANDRA X-RAY



hullamhossz

Felbontoképesseg

KOI-13; I-band; N=15000 (no lucky) KOI-13; R-band; N=15000 (no lucky) KOI-13; V-band; N=15000 (no lucky)

KOI-13; I-bandl N=1000 (lucky 6.6%) KOI-13; R-band; N=500 (lucky 3.3%) KOI-13; V-band; N=100 (lucky 0.66%)




Interferometria

hullomhossz

szogfelbontas ~ = icvonalhossz

Y ¥

-

b






Nagyon hosszu
interferometria

Very Long Baseline
Interferometry

Hosszabb bazisvonal (b)
= finomabb

szogfelbontas

Révidebb hullamhossz [l N
(A) = finomabb % T
szogfelbontas / o

Hydrogen maser clock -
(accuracy 1 sec in 0‘ sl .  Correlator ?
1 million years)

Magnetic Tape



Ur-VLBI — HALCA - (X B D 1997-2005

Foldtavolpont: 21400 km




Ur-VLBI - RadioAstron 2011-2019

Russia’s RadioAstron space observatory

The RadioAstron observatory-with an unprecedented high reselution
capability will make it possible te observe remote objeﬁ(s In space . Adagee: 130000 kiométers

7 «" Perigee- 800 km
: « Ombital penodt 8.2 davs

Farabol antenna } Eroad-beam antennas }

« Lameter ) melers

« Compnises 27 carbon-plastic “perals

This is the first Russian orbital
radio telescope

; > 2
It will study - )
’ v Moot
« Galaxy nuchel \
- : @
« Black holes X 130,000 km .
» - - - - .‘ '
« Neutron stars ' 282,000 km s
Y - — — ¢ -
« Interstellar plasma clouds . ’ -
’
- P [

« The Earth’s gravitational held

« And many other objects and
phenomena in the Universe

The RadioAstron observatery will operate with an inter-
national network of ground-based radio telescopes. This
huge ground- and space-based telescope system, also
called an interferometer, will provide the finest angular
resolution.

This will make it possible to obtain images of remote
objects with a resolution exceeding that of NASAS
Hubble orbital telescope a thousand times over

www.ria.ru



18,4 milliard
naptomeg

150 millio
naptomeg
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OJ 287

April/May 2014

0.5 mas (7.5 ly)

A1.3 cm
RadioAstron

0.5 mas (7.5 ly)

0.5 mas (7.5 ly)

© Gomez, Traianou,
Krichbaum, et al., The
Astrophysical Journal
(2022)




Years since June 18, 2010
0.5 1.0 1.5 2.0 2

Gravitacios lencséezés

Magnification

Aktiv galaxismag

BRIGHTNESS




age of the
universe

Supermassive Black Hole Binary Merger
e ——————

" Compact Binary Inspiral & Merger
- A
-,

o Extreme Mass- Pulsars,

b Ratio Inspirals Supernovae @

Wave Period
seconds milliseconds

10° 10°
Wave Frequency

Radio Pulsar Timing Arrays Space-based interferometers Terrestrial interferometers




Pulsar Timing Array




e-LISA

Lézer interferometer 2,5 millio km karhosszusaggal




