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We do not experiment, we observe

and we are lucky, because the Universe is transparent
and light can travel along geodesics



When we look deep we see galaxies
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L S . L. _ 4

.
¥ . - . ~
L - =

position onAthe sky

energy flux in a band => magnitude

monochromatic flux in a range of A => spectrum

o continuum => main emission mechanism

o absorption / emission lines => composition, ionization state...
o Doppler shift of lines => radial velocity

distances...



A galaxy spectrum

Survey: sdss Program: legacy Target: GALAXY ROSAT_D ROSAT_E

RA=25.85808, Dec=-1.22998, Plate=401, Fiber=125, MID=51788

z=0.04263+0.00002 Class=GALAXY AGN iFt-
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Distances require a “ladder” of methods
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A first cosmological application of GR: black holes

M87*, Event Horizon Telescope collaboration



Dark stars

Mitchell and Laplace (ca 1784):
v =V(2GM/R)>c

if

R=2GM/c?

Earth:
R =8 mm!

Sun:
R =3 km






http://www.youtube.com/watch?v=Eysecnh7yqc

Keck { UCLA

(ul.:h‘t group



http://www.youtube.com/watch?v=1rKF9hFcn_k

GRAVITY collaboration 2018, A&A 615, L15
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Imaging of the event horizon of Sgr A*

Event Horizon Telescope collaboration

Sgr A* April 7, 2017

50 pas =~ 10 0, Q




Active galactic nuclei (AGN): quasars

WFPC2 ACS = HRC {

Quasar 3C 273
Hubble Space Telescope = ACS HRC Coronagraph

NASA, A. Martel (JHU), the ACS Science Team, J. Bahcall (IAS) and ESA = STScl-PRC03-03



Active galactic nuclei: quasars
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Active galactic nuclei: classification

optical radio bolometric luminosity
blue broad lines narrow lines | radio loud radio quiet low high
continuum (L<10* erg/s) | (L>10%* erg/s)
Seyfert 1 v v v 4
Seyfert 2 v 4
QSO v v v v v
quasar v 4 v v v
radiogalaxy 4 v




A unified model for AGN

T ° Radio Quiet
Qso




Program for the first part

Einstein equations of General Relativity
conserved quantities

Schwartzschild metric from Einstein equations
motion of a massive particle around a black hole
motion of a photon around a black hole
gravitational redshift

photon radius and EHT observations

first test on black holes



