
PHY983 - Nuclear Astrophysics - Spring 2007 
Homework set 9 
Due: Friday, April 6, 2007, at beginning of class 
Keywords: Graphs and Supernovae 
 

1. [10pts] Redo the graph from problem 1 in homework set 7 that illustrates the 
conditions for breakout of the CNO cycle via the 15O(a,g) reaction. As a 
reminder, the temperature density region for breakout must be shown, together 
with typical conditions for X-ray bursts (main burning layer). 4 points will be 
given if the graph shows correct numbers (and if these can be read off reasonably 
well) without any partial credit, and up to 6 additional points are given for the 
clarity and overall quality of the graph (one criterion is whether one sees with one 
glance what the message is). You do not need to show any equations again - just 
the graph is fine.  
 
Remember, that a good graph has axis ranges that are reasonable. In this case this 
means that they match typical conditions in astrophysics (what are the lowest and 
highest temperatures and densities that you have encountered so far in this 
course? you can add a few ticks on either side of this range but not too much). A 
good graph also has enough clearly marked tick marks so that one can read off 
numbers, and if the plot spans several orders of magnitude a log scale should be 
used.  
 
It is perfectly fine to submit exactly the same plot that you submitted already in 
homework 7 if you are happy with it.  
  

2. A core collapse supernova is powered by gravitational energy released by the 
collapse of the iron core inside a massive star. This iron core is the remnant of the 
hydrostatic burning processes during the stars life.  

a. [6 pts] Calculate the total gravitational energy released in a supernova 
powered by the collapse of a 1.4 solar mass iron core with a typical radius 
of 3000 km into a proto neutron star with radius 30 km (in ergs). Assume 
that both, the initial iron core and the final proto neutron star are 
homogeneous massive spheres. 

b. [3 pts] What are the observational types of core collapse supernovae ? 
c. [6 pts] The collapsing inner core (about 0.7 solar masses) bounces once 

nuclear densities are reached and the resulting shock moves outward 
passing through the remainder of the iron core that is falling in. While the 
shock passes through the outer iron core it heats it to very high 
temperatures. The resulting NSE composition is essentially only protons 
and neutrons. Neglecting weak interactions calculate the energy needed to 
dissociate 0.1 solar masses of 56Fe into protons and neutrons (in erg). 
Compare this to the typical shock energy of 1e51 erg. Given the total 
amount of mass in the outer core, what is your conclusion about the ability 
of the shock to travel to the surface of the star triggering a successful 
supernova explosion ? 



d. [2 pts] How do modern supernova models try to solve this problem ? 
 

3.  A thermonuclear supernova is an exploding white dwarf and is powered by the 
complete nuclear burning of the white dwarf material at extremely high 
temperatures where NSE is approached.   

a. [6 pts] Assuming that the exploding object is a 1.4 solar mass carbon-
oxygen white dwarf with a composition of 49% 12C, 49% 16O, and 2% 
22Ne, and assuming that the final ashes of the burning is 100% 56Ni 
calculate the total energy of the supernova.  

b. [2 pts] What are the observational types of such thermonuclear 
supernovae? 


