
Source: https://oneminuteastronomer.com/8626/keplers-laws/
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PS: we usually speak about semi-major axis, a, and semi-minor axis, b.
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The total energy is E = 0 for a parabolic orbit. And for an hyperbolic orbit, E > 0, that is, unconstrained.



Eelliptical = - !"#/%&
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Both exercises: 29 and 30. Source: The Mechanical Universe. Chapter 17.







(*) It’s actually … elliptical!

























Can we think of an object where light cannot escape?

1. Assume the mass of the sun, find the radius of the object?

2. Assume the radius of the sun, find the mass of the object?

3. Assume density of lead, find the radius and mass of the object?

Use SI: c ~ 3.00x108 m/s, G ~ 6.67 x10-11 Nm2/kg2, Msun ~ 2.00x1030 kg, rSun ~ 4.38×109 m,
rLEAD=11,340 kg/m3.



Can we think of an object where light cannot escape?

1. Assume the mass of the sun, find the radius of the object?
• r = 2.96 km! All the sun should be shrunk to that radius.

2. Assume the radius of the sun, find the mass, “M”?
• M = 2.96x1036 kg (~1,000,000 Sun mass)! All this mass should be put into the size of 

the sun.
3. Assume density of lead, find the radius and mass of the object? (Use M = 4/3pr3)

• r = 27 RSUN!, M = 40 million MSUN. That’s the opWon first thought in … See next 
slide.



English John Michell and French Pierre-Simon Laplace in 1784 and 1796 

They assumed large objects where the density was not higher than the one 
found in the known elements, ~ 10 g/cm3. Not small objects with incredible 
densities. In reality, we have only detected BH that correspond to ultra high 
densities –singularity, and ‘small’ sizes.

Keeping mass and modifying the radius (what really happens in a Black Hole), we would 
get:

• Mass of 1 Earth: Black Hole radius is 9 mm

• At Andromeda, M31, super massive Black Hole: 4.7x1011 m. About 26 light-
minutes in radius. Much less ‘dense’. Less dangerous than an Earth-like Black Hole. 
That is, much weaker ‘spaghetti’ effect. 



BRIGHT ACCRETION DISK 
AROUND BLACK HOLE LIMIT

Real image


