Black Holes and Dark Matter

Comparison of Black Holes and Dark Matter

1) We can’t see dark matter and we can’t see black holes. 

a) How do we know that dark matter is not made of black holes?


(Stellar black holes are formed during supernova explosions, which leave behind characteristic residues. The concentrated matter of a black hole can be detected through gravitational lensing. The amount of residue and number and size of black holes is much too small for black holes to account for more than a small fraction of the missing matter. Also, the very successful theory of Big Bang nucleosynthesis predicts how much regular matter there is in the universe, whether inside or outside a black hole, and it is much less than what is required.)

b) Dark matter and black holes are ‘invisible’ for different reasons. What are they?  


(Dark matter is invisible because it does not interact with electromagnetic radiation of any wavelength. Black holes contain matter that does interact with light, but they do not emit any of this light because the escape velocity from a black hole, v = sqrt(2GM/r), is greater than the speed of light.)

c) How can each type of matter be detected?


(Dark matter can be detected by the orbital method and by gravitational lensing. Black holes can be detected by the same two techniques. Also, black holes can be detected by observing matter glowing near them. Matter falling into a black hole gains huge amounts of energy and emits x-rays before it crosses the event horizon. Glowing accretion disks can be found around a black hole and jets of matter moving at close to the speed of light can be seen leaving roughly perpendicularly to the disk.

d) When was each of these hidden masses first predicted and observed?


(Dark stars, where light could not escape were first predicted in 1783 by John Mitchell, using Newtonian physics. A similar object was predicted using General Relativity by Schwartzchild a century ago. However, they remained controversial and at the fringes of physics until x-ray observations of the sky became possible about 40 years ago and provided strong evidence  However, supermassive black holes and dark matter were not predicted by theory. Their presence was only noticed in the last decade.)

Stellar Black Holes

2) Stellar black holes are the remains of a single large star after a supernova explosion. The first and still strongest candidate of a stellar black hole is Cygnus X-1. It has a blue giant star orbiting it 3 x 1010 m away at speeds of 4 hundred km/s. 

a) How big is the central mass? (7 x 1031 kg)

b) How does it compare to our sun’s mass of 2 x 1030 kg? (35 suns.)
c) How does this orbit compare to our solar system? (It is smaller than the orbit of Mars.)
d) Where is the event horizon for a black hole this size? (The event horizon is where the escape velocity is the speed of light. It is found at the Schwartzchild radius, r = 2GM/c2= ½ million m.)

e) How does the event horizon compare to the solar system? (smaller than Mercury)
f) How do astrophysicists know that this is a black hole? (They don’t. However, they don’t know how else you could have that much mass in such a small space. The gravitational pressure on a star of these dimensions would be so great, that there is no known mechanism to prevent the collapse. Stephen Hawking bet Kip Thorne that it wasn’t one and has since conceded and paid up.) 

g) Why isn’t the Blue Giant pulled into the black hole? (It is moving fast enough tangentially to be in a stable orbit. It is a common misconception that black holes ‘suck’ everything near them.)
h) Why are bits of the atmosphere of the Blue Giant being pulled into the Black Hole? (It is being pulled in by tidal effects, that are way more extreme than those on Earth.  An object orbits when the gravitational pull is the right size for the mass, radius and speed, F = mr/T. However, the part of the star closest to the black hole is pulled more strongly and therefore spirals in. This in-falling mass emits x-rays and that is how the black hole was originally discovered.)

Supermassive Black Holes

3) Supermassive black holes have been found near the centre of every galaxy that has been studied. They are made of millions of suns and are not formed in one event like a stellar mass black hole, but grow over time as mass falls into them. Near the centre of our galaxy, there are stars that are orbiting very quickly. One star, SO-2, can be seen moving at 5 million m/s when it is 1.8 x 1013 m from the centre. 

a) Calculate what mass is within the orbit. (6.9 x 1036 kg.). 

b) How does it compare to our sun’s mass of 2 x 1030 kg? (3.5 million suns.)
c) How does this orbit compare to our solar system? (similar to Pluto’s)
d) Where is the event horizon for a black hole this size? (100 million m.)
e) How does the event horizon compare to the solar system? (the size of Jupiter.)

f) How do astrophysicists know that this is a black hole? (They don’t. However, imagine packing 3.5 million suns into our solar system. It would be extremely unstable, with lots of collisions and masses spiralling in and out. If it was in one big mass, it should collapse under the gravitational pressure. 
g) Why isn’t SO-2 pulled into the black hole? (It is moving fast enough tangentially.)
h) Why aren’t bits of the atmosphere of SO-2 being pulled into the Black Hole? (The tidal effects are much less extreme than with a stellar mass black hole because the radius of the star is so much smaller than the radius of the orbit. This is why tidal effects on Earth are mostly due to the moon and not the sun, which exerts a larger force. The ratio of the radii for a stellar mass black hole is around 1:1 and for the supermassive black hole it is more like 1:10,000.) 
