                                                         ASTRONOMY 5

                                                       Lecture 9 Summary

                                       QUASARS AND “ACTIVE” GALAXIES

1) Quasar stands for “quasi-stellar radio source,” often abbreviated QSO.  

· Quasars are bright, star-like appearing objects that are visible to great distances.  The brightest quasars are 1000 times brighter than whole galaxies and are the most luminous single objects in the Universe.  It is no surprise that the most distant object yet discovered is a quasar, at redshift z = 6.4.  (Query, what was the size of the Universe compared to now when light left this quasar?  See formula for the scale factor, a, in Lecture 8.)

· Quasars look so much like stars that they blend in along with the millions of other medium-faint stars in the Galaxy and were therefore overlooked by optical astronomers.  They were discovered in early large-scale radio surveys in the 1950’s and 1960’s.  Even then they were a puzzle because the wavelengths of emission lines in their visible spectra did not coincide with those of any known element.  The mystery fell into place in 1963 when Maarten Schmidt of Caltech realized that the strange lines in the spectrum of quasar 3C 273 were actually those of hydrogen, but highly redshifted (by then-current standards) to z = 0.158.   This implied that 3C 273 was 2 billion ly away and was 1000 times brighter than the Milky Way.  Many astronomers found this hard to accept at the time.  Some still do not accept it.

· The brightest quasars are so much brighter than their host galaxies that for many years their hosts could not be detected against the glare of the quasar light.  But the Hubble Space Telescope showed clearly that quasars reside in the dense centers of galaxies.  Many quasar galaxies show disturbed morphologies and are in the process of colliding and merging.  It seems that mergers often trigger QSO activity, an important clue to the nature of quasars.

· There were many more QSOs early in the Universe than there are today ( most have gone extinct.  The number of QSOs peaked about 2 Byr after the Big Bang, and there are practically no bright ones left today.  The “quasar phase” occurred early in the lifetimes of galaxies.     

· Even more amazing than the brightness of quasars is their small size.  Analysis of light fluctuations from quasars shows that they must be physically tiny… indeed, the brightest quasars would fit within the Solar System!  So, the brightest celestial objects known are also among the smallest.


Note: the luminosity of an object cannot change faster than the time it takes a light signal to travel across it.  X-rays from some QSOs fluctuate by large factors in just two hours, which is the light crossing-time across Jupiter’s orbit.

· The only theory that has proved capable of explaining the prodigious luminosity of quasars says that they are driven by massive black holes (BHs) at the centers of galaxies.  How can a “black” hole shine so brightly?  We’ll see in Lecture 10, but briefly it is due to energy released from gas as it falls into the hole from outside.  This energy heats the gas around the hole to millions of degrees and causes it to shine.
2) Seyfert galaxies are relatives of quasars, only not as bright.  We can see their host galaxies clearly and observe that the bright star-like source is located at the very center.  Unlike QSOs, Seyferts are fairly common today; about 1% of galaxies around us are Seyferts.  The host galaxies of most Seyferts also look normal ( most are not merging or disturbed.    

· Because of these differences ( fainter, more common, and less disturbed ( we don’t really know how Seyferts fit together with QSOs.  But the basic similarity of their spectra and other properties convince us that both types shine via massive black holes.

3) Yet another type of active galaxy is radio galaxies.  In these objects, the BHs shine in a different way by ejecting blobs of ionized, fast-moving gas mixed with magnetic fields.  The electrons in the gas spiral around in the magnetic field, which causes them to emit bright synchrotron radio emission (and sometimes visible light).  These appear as “jets” and “lobes” in radio images.  Exactly how BHs eject this mixture of gas and magnetic field in narrow jets is not known. 

4) The big picture is that big black holes formed at the center of nearly every big galaxy early in its formation as a by-product of galaxy birth.  When galaxies were young, there was a lot of loose gas available to fall into the BHs, and the holes grew in mass and shone brightly as quasars.  As galaxies aged, the gas supply was used up and the holes dimmed and went out.  That is why there were many more quasars in the early Universe (at high redshift) than around us today.

5) The “dormant black hole” theory predicts that there should exist massive but non-shining black holes at the centers of many nearby galaxies.  A direct way to find them even though they are not shining is to measure the velocities of stars very near the center.  If a massive black hole is there, the orbital speeds of stars will be large, up to thousands of miles per second.  We can use them to weigh the hole.

This test was done using the sharp imaging of the Hubble Space Telescope, which allows measurements very close to the centers.  A massive black hole was found in each of the 30-odd galaxies looked at.  The holes contain about 0.5% as much mass as the stars in the galaxy, and the largest yet found weighs 3 billion solar masses.  A smaller BH has been detected at the center of our Milky Way by watching individual stars in orbit around it.  This hole weighs 3 million solar masses.

More about the physics of black holes and how they shine in Lecture 10.

