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Class 21 : 
SMBH Feedback on Galaxies II 



RECAP 

!  Last class :  
!  Part I of discussion based on 

"  On-line lecture “The Role of Black Holes in the Galaxy 
Evolution” 

"  Article “Supermassive Guardians of the Galaxy” 

!  Topics covered: 
"  Basic framework of galaxy formation/evolution 
"  Nature of dark matter / dark energy 

#  Fundamental forces of nature 
#  Evidence for dark matter 



This class 

!  Finishing up this discussion 
"  Merging galaxies and BHs 
"  Why can’t BHs devour whole galaxies? 
"  Effect of black holes on galaxies 
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Merging galaxies and BHs 

!  I found the discussion of galaxies merging along with their central 
black holes to be particularly interesting. (YC) 

!  They also talk about merging blackholes. How would this work?  (HY) 
!  For black holes that form binaries, what factors determine their 

merger to form a supermassive black hole? (CB) 
!  I wonder if there are any Binary Galaxies the same way there are 

Binary Star systems. Would it be possible for two Super massive black 
holes to orbit around each other and then have a Galaxy orbit around 
that, meaning their center of mass is not inside either black hole but 
between them. And the Galaxy orbits around that.  (JA) 

!  On question I had after reading the article was what could possibly 
happen if two supermassive black holes merged together.  (DC) 

!  How are galaxies affected when they merge (as is believed to happen 
for super massive black holes to exist)? Do they lose their stars or any 
material present when they were their own galaxy? (EG) 







Motion of black holes leaves a “wake” of stars and gas in 
their trail… the gravitational tug of this wake on the black 
hole then removes energy and angular momentum from 
blackhole orbit (dynamical friction) 







Why can’t BHs devour whole 
galaxies? 
!  Can it be argued that a spiral galaxy is actually an accretion 

disk around this super-massive black hole? (ZB) 
!  Since the binding energy of the black hole is less than the 

energy of building the black hole, would everything in a galaxy 
eventually fall into the black hole in its center, or would the 
expansion of the universe be enough to prevent that?  (EZ) 

!  Is it possible for a galaxy to be swallowed by the black hole in 
its center. Are all objects in the galaxy slowly moving towards 
the center that in a very very long time everything would be 
swallowed by the black hole in the middle? (AV)  

!  What is in the center of galaxies that DONT have blackholes in 
the center of them? Also if blackholes are at the center of 
most galaxies then will they eventually eat up all the matter in 
the galaxy and if they do how long does it usually take?  (IH) 
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Artist’s impression of our Galaxy – a huge disk of 100 billion 
stars.  The solar system is 25,000 light years  
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Binding energy of the galaxy… 
let’s assume MDM=1012Msun, 
MB=1011Msun, R~100kly 
Ebind~GMDMMB/R~2x1052J 

Energy released building the 
central black hole… 
MBH=4x106Msun 
EBH~MBHc2~1054J 

So, EBH>>Ebind!! 

Galaxy is ~100,000ly diameter 
Total mass 1012Msun 

80 light secs 
4 million Msun 



Effect of SMBHs on galaxies 

!  One issue I found really interesting is the idea that these 
supermassive black holes affect entire galaxies and star formation 
by sending out "winds" that clear out star forming material to limit 
the number of stars the galaxy can produce. (CV) 

!  Something I found particularly interesting is the fact that the black 
holes at the center of galaxies are thought to act like a galactic 
thermostat to turn off and on star formation to keep the mass 
balance in a galaxy (CS) 

!  The thermostat analogy was interesting to me. It is interesting how 
Black holes really govern the galaxy and how they have a way of 
knowing when to shut off in some sort of feed back loop. (SH) 

!  [It is confusing] that large galaxies have large B.H.s yet the larger 
the B.H. the more it blows away galactic material.  It seems to me 
that a very large B.H. would mean a small galaxy.  Is it that the 
galaxy would have been even larger if the SMBH had not been as 
active? (JM) 
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Gultekin et 
al. (2009) 
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Characteristic stellar velocity (of bulge) 



11/10/15 Hintze Lecture 17 

Read & Trentham (2005) 

Too few 
low mass 
galaxies 

Too few 
high mass 
galaxies 
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Elliptical galaxy M87 
(Hubble Heritage Project) 
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M87 jet in radio 
(Very Large Array, New Mexico) 



Perseus cluster (Jay GaBany) 
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Fabian et al. (2010) 
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Dwarf Galaxy NGC4212 
Hubble Heritage Project 

Binding energy of galaxy Ebind~GM2/R

Energy released from BH, EBH~MBHc2 

Let’s assume the black hole mass proportional to 
galaxy mass.  Also, turns out that R is proportional to 
M1/3.   Then find that… 

        EBH/Ebind ~ 1/M2/3.  

So… if black holes can affect massive galaxies, 
they have potential to devastate small galaxies! 



Large Magellanic Cloud (50kpc away, M~10 billion Msun) 
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Carina Dwarf (100kpc away; M~2x108Msun; vesc~10km/s) 
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M82 
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Time 


