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The 37 black hole candidates within 50,000 LY of the galactlc centre 5,000 LY
Galactic centric (galactic Iongltude and Iatlfutfe) ‘ \

e :
3D Diagram by Larry McNish @ 2012, All Rights Reserved
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Zooming in on the centre of the Milky Way

http://www.youtube.com/watch?v=XhHUNVEKUY8 (1:15)



http://www.youtube.com/watch?v=WBo7ygrND0s
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https://www.youtube.com/watch?v=qZZ9jRan9eo
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http://www.nasa.gov/mission_pages/messenger/multimedia/messenger_orbit_image20120615_1.html

[}RER (FAST) | 500A— NLEKEERERE (2016—)

(Five-hundred-meter Aperture Spherical radio Telescope: FAST)

HErREEIOEME, 185EH, XKIANS540E DEEHZ#AInIFE,
1 h AsEdlSE, F3ES5kmBlAEFEERLL

http://japanese.china.org.cn/business/txt/2016-07/04/content_38806293.htm
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VLBI = Very Long Baseline Interferometer
VERA = VLBI Exploration of Radio Astrometry

A~ NUBEYAMA
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http://veraserver.mtk.nao.ac.jp/system/index.html



https://www.nao.ac.jp/news/science/2019/20190410-eht.html
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www.phdcomics.com
“gravitational waves explained”



http://www.phdcomics.com
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sources of gravitational wave
http://gwcenter.icrr.u-tokyvo.ac.jp/
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http://gwcenter.icrr.u-tokyo.ac.jp

gKR XDFESR (1968/70)

Joseph Weber (pictured), a physicist at the University of Maryland in
College Park, believed that gravitational waves were real. In 1969, he
announced that he had found them with a detector of his own invention: an
aluminium cylinder, about 2 metres long and 1 metre in diameter, that ‘rang’
when it was struck by such a wavez. His result was never replicated, and
was eventually rejected by nearly everyone except Weber himself.
Nonetheless, his work drew many other researchers into the gravitational
wave field.

68FIC "28DKRETHRFICENKES RN,

70Fc TEHRESIEELZF—HICZEIDIEET
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http://www.nobelprize.org/nobel_prizes/physics/laureates/1993/illpres/discovery.htmi



http://www.nobelprize.org/nobel_prizes/physics/laureates/1993/illpres/discovery.html
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EEPHEFEDOFHER (1974)

"for the discovery of a new type of pulsar, a
discovery that has opened up new
possibilities for the study of gravitation"
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LIGO (513 : L—Y—FiSHENREKXXE)

Laser Interferometer Gravitational-Wave Observatory (1992FF5H&R)

https:.//mediaassets.caltech.edu/gwave
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https://mediaassets.caltech.edu/gwave
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Puddle Interference The concept of interference shows up in
everyday life in bodies of water, from puddles to oceans.
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“We had detected gravitational waves. We did it. ”
“BFBal3, ENRERLELEE. ©OEITREDE.”

https://www.youtube.com/watch?v=aEPIwWEJmZyE
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Animation of the inspiral and collision of two black holes consistent with the masses and spins of GW170104. The top part of the movie shows the black hole horizons (surfaces of "no return"). The initial two
black holes orbit each other, until they merge and form one larger remnant black hole. The shown black holes are spinning, and angular momentum is exchanged among the two black holes and with the orbit. This results
in a quite dramatic change in the orientation of the orbital plane, clearly visible in the movie. Furthermore, the spin-axes of the black holes change, as visible through the colored patch on each black hole horizon, which
indicates the north pole.

The lower part of the movie shows the two distinct gravitational waves (called 'polarizations') that the merger is emitting into the direction of the camera. The modulations of the polarizations depend sensitively on the
orientation of the orbital plane, and thus encode information about the orientation of the orbital plane and its change during the inspiral. Presently, LIGO can only measure one of the polarizations and therefore obtains
only limited information about the orientation of the binary. This disadvantage will be remedied with the advent of additional gravitational wave detectors in Italy, Japan and India.

Finally, the slowed-down replay of the merger at the end of the movie makes it possible to observe the distortion of the newly formed remnant black hole, which decays quickly. Furthermore, the remnant black hole is
"kicked" by the emitted gravitational waves, and moves upward. (Credit: A. Babul/H. Pfeiffer/CITA/SXS.) - See more at: http://ligo.org/detections/GW170104.php#sthash.NZPaW?2LT.dpuf

http://ligo.org/detections/GW170104.php re



https://www.black-holes.org/
http://ligo.org/detections/GW170104.php#sthash.NZPaW2LT.dpuf
http://ligo.org/detections/GW170104.php
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GW170817

GW170104

GW170814

1 sec.
time observable by LIGO-Virgo
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11230008 L

GW170817

THE ASTROPHYSICAL JOURNAL LETTERS, 848:L12 (59pp), 2017 October 20 Al
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Figure 2. Timeline of the discovery of GW170817, GRB 170817A, SSS17a/AT 2017gfo, and the follow-up observations are shown by messenger and v
relative to the time z.. of the gravitational-wave event. Two tvpes of information are shown for each band /messenger. First, the shaded dashes represent the t
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