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Albert Einstein 
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Stephen Hawking 
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Dwarf



at least a few x106 Black Holes in the Milky Way Galaxy



Stellar Mass
Black Holes

A060-00
4U 1543-475
Cyg X-1
Cyg X-3
GRO J0422+32
GRO J1655-40
GRS 1124-683
GRS 1915+105
GS 2000+25
GX 339-4
IGR J17091-3624
M33 X-7
SS 433
V404 Cyg
XTE J1118+48
XTE J1550-564
XTE J1650-500
XTE J1819-254
MACHO-96 to 99
GW 151226
GW 170104
GW 170608
GW 170814

Supermassive
Black Holes

Sag A* NGC 821
3C 371 NGC 1023
3C 75 NGC 1097
Cen A NGC 1365
Fornax A NGC 1566
M31 NGC 2778
M32 NGC 2787
M51 NGC 3079
M60 NGC 3115
M77 NGC 3245
M81 NGC 3377
M84 NGC 3384
M87 NGC 3608
M104 NGC 3894
M105 NGC 3608
M106 NGC 3894
Mrk 180 NGC 4151
Mrk 421 NGC 4473
Mrk 501 NGC 4697
IC 1459 NGC 4949
Arp 220 NGC 5033
AP Lib NGC 5845
OJ 287 NGC 7052

Intermediate
Black Holes

HLX01
M82 X-1
M15
M110
NGC 1313 X-1
NGC 1313 X-2
NGC 253
M33
GW150914

Miniature
Black Holes

?





Gas rotating around a galaxy nucleus

Quasar Jets



Optical Jet of M87 galaxy



From: Papadakis, Ioannou & Kazanas (2007)

Active Galactic Nuclei show variability in ALL timescales!

Indicating energy production region is small ~ a few light hours or less!



Direct mass measurements of Sag A* supermassive black hole

Mass of Sgr A* ~ 2x106 MSun

Newton’s version of Kepler’s 3rd Law

From: European Southern Observatory (ESO)

http://www.youtube.com/watch?v=u_gggKHvfGw




GS 2000+25 Swift J1753-226

XTE J1859+226



http://www.youtube.com/watch?v=4EUst2L-YXw


GS 2000+25

https://docs.google.com/file/d/1qf2X-7wASkmz3NPAj3pX04FfXyQBbgAI/preview


GS 2000+25
Mass Function:

Mass Ratio Inclination

i

Unknowns



Inclination v Mass Ratio models for GS 2000+25



Radial Velocity curve of GS 2000 + 25



Component Masses for GS 2000+25



http://www.youtube.com/watch?v=J_w1OJlXTzg




http://www.youtube.com/watch?v=0HxYBMD48Jc


Real image of a stellar disk from ALMASimulated EHT image






