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JOHN MICHELL ~1784
SUN’ s escape velocity is 600 km/s

Velocity of light is 300,000 km/s

Escape velocity from 108 Suns stacked together
= velocity of light

HOW COULD WE SEE SUCH A “DARK STAR"?

By influence on neighbouring stars
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BLACK HOLES

Karl Schwarzschild Roy Kerr






GRAVITATIONAL LIGHT A
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GPS GR=45microsec/day
(or ~10km/day)

GRAVITATIONAL REDSHIFT



Astrophysical Black Holes have only

MASS and SPIN



Astrophysical Black Holes have only

MASS and SPIN

Event horizon radius is 3 km per Solar mass






The Galactic Center at 2.2 microns

Adaptive Optics
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The RXTE All-Sky Monitor Movie

///f—\‘\\\
@
Rl OB L
\\\ ///

02 /23 /2002









DimW To observer
pA
\ “Reflection” spectrum

Accretion disc




NuSTAR had a Pegasus Launch
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Black Hole Spin from Reflection Spectrum

++

S
20

S
o

Black Hole Spin - a

S
'S

S
b

Ob,...l 4 SN ST Sy W1 | - AN | e L
1 10 100 1000

Black Hole Mass - M (10° M,)
Reynolds14, Vasudevan+15

10*



Black Hole Feedback



E — leo_llMcz Petrol

100 million

E = OOOSMcz Nuclear fusion

20

P .
E — O lMC Black Hole Accretion



Possible effect of central black
hole on galaxy
E

slackriore > 100X E
| |

Enepgy released by Gravitational Blndlng
growth of Black Hole Energy of Host Galaxy

Galaxy



Halo mass

log
Number density

of galaxies

Galaxy
luminosity

Log Luminosity/Mass
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Growth of Stars and Black Holes with time
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Elliptical galaxies are now red and dead
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Effects of radiaﬁon pressure and winds



Large amount of high velocity MOLECULAR gas
observed in galactic outflows
(especially in quasar-driven outflows)
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A large fraction of the outflowing gas is very dense

HCN: tracer of gas | —_— i’{,

with n~108 cm-3/
|
|

dense gas a&
high velocitiesy 7
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The fraction of dense/diffuse molecular gas in the outflow
is higher than typically observed in galaxies



Extremely extended quasar-driven outflows of cold gas at high-z
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Richard Kelley, Astro-H Summer School No. 6, Nara, August 2015 54
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How to find a black hole

Large mass in small radius

Earth mass in 1 cm;

Sun’s mass within 3 km;

Billion solar masses within orbit of Uranus



How to find a black hole

Large mass in small radius

Earth mass in 1 cm;
Sun’s mass within 3 km;
Billion solar masses within orbit of Uranus

Large luminosity varying rapidly

Mi
Bil
Tri

lion solar luminosities in a few millisec
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lion Solar luminosities in a few days



