






















The Very Large Array

Cygnus A’ (optical and radio)





Quasi-stellar Radio Source (Quasar)



White dwarf Galaxy Quasar

A very distant quasar: The expansion of the universe has 

stretched the wavelengths of its light by a factor of 8. 



X-ray spectrum of Circinus active nucleus, Arevalo et al. 2014



X-ray iron lines from nearby quasars.  Broad because of large 

Doppler shifts.  Asymmetric because of gravitational redshifts.



From Miller 2007, ARAA

X-ray iron lines of four stellar mass black holes



Stellar mass black holes in the 

Milky Way

Supermassive black holes in nearby 

quasars
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