
ASTR398B (Spring 2017) Homework 6 

More Practice with Black Hole Physics and the Life of Stars 

(Due at the start of class on the 9th March 2017) 
 
1. Using the formula from class, compute the size of the event horizon for a Schwarzschild 

black hole that has the mass of (a) a small asteroid (1013kg), (b) the Earth, (c) a small 
galaxy (with a mass of 109 times that of the Sun).    [You will need to look up the relevant 
physical constants and some masses – list your references] 

 
2. Suppose you are falling into a black hole.   How would you tell whether or not the black 

hole was rotating?  Limit yourself to what you would feel and/or see (e.g., your view of 
the distant stars). 

 
3. In class, we came across the fact that the gravitational redshift around a Schwarzschild 

black hole (i.e. the factor by which a stationary clock appears to run slowly when viewed 

by a distant observer) is 

€ 

Δ ʹ t /Δt =1/ 1− 2GM c 2r .    
a. Re-arrange this formula so that you can compute the radius as a function of the 

gravitational redshift factor. 
b. In the movie Interstellar, astronauts park their mothership at a large distance from 

the black hole and then travel in a small shuttle craft down to a planet (“Miller’s 
Planet”) which is orbiting very close to the black hole.  For every one hour that 
they experience on the planet’s surface, 7 years passes for the astronaut left on the 
mothership.  Using the formula they you just derived, estimate the distance of the 
planet from the center of the black hole.  [For the purposes of this question, ignore 
any time dilation associated with the orbital velocity of the planet, and just treat it 
as a stationary clock close to the black hole]. 

 
4. The Sun shines with a luminosity of L=3.8×1026W.  The primary power source for this is 

the fusion of hydrogen into helium, a process that is 0.7% efficient (i.e. 0.7% of the rest 
mass energy of the hydrogen is converted into energy).   

a. Calculate the mass of hydrogen that must be processed each second to keep the 
Sun shining. 

b. When the Sun was first born, the total mass of hydrogen its core was 
approximately 2×1029kg (about 10% of its total mass). Approximately how long 
can the Sun keep on shining at its current luminosity?  Express your answer in 
years. 


