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ASTR101 
Unit 11 Assessment – Answer Key 

 
1. The cloud of interstellar matter and the star have the same chemical composition, but 
due to gravitational contraction, the star is much hotter and more dense. 
 
2. The proton-proton chain begins with the collision of two protons.  In order for the 
reaction to proceed, one of the protons must convert into a neutron by the emission of a 
positron and neutrino.  This forms a nucleus of hydrogen-2.  Adding another proton, 
hydrogen-2 becomes helium-3.  The combination of two helium-3 nuclei produces 
helium-4 and two protons.  The effect of this chain is the net loss of four protons with the 
production of one helium-4 nucleus, two positrons, two neutrinos, and energy.  Energy 
is released because the four protons have more mass than the helium-4 nucleus, two 
positrons, and two neutrinos.  This loss of mass is converted to other forms of energy 
according to the equation E = mc2. 
 
3. The hydrogen in the core is depleted and the core begins to contract and heat up. 
This causes hydrogen fusion to occur in a shell surrounding the inert, mostly helium 
core.  The total energy produced per second is now greater than when the star was a 
main-sequence star.  The increase in luminosity exerts greater pressure on the outer 
regions of the star, causing them to expand and cool.  The visible surface of the star is 
now larger, cooler, and more luminous.  
 
4. A low-mass stars does not have enough mass for gravity to produce a core 
temperature sufficient to fuse carbon.  It will end its life as a white dwarf, a dead star 
composed mostly of carbon and oxygen.  By definition, a high-mass star can fuse 
carbon.  It will continue fusing progressively more massive nuclei up to the fusion of 
silicon into iron.  Once an iron core develops, the high-mass star will almost immediately 
explode in a supernova producing elements even more massive than iron.  The 
supernova will either leave behind a neutron star or a black hole, depending on the 
initial mass of the star. 
 
5. Once the iron core begins to react, energy will be absorbed rather than liberated.  
This will result in gravitational contraction that will heat the core, producing even more 
reactions, a runaway situation.  The core will reach sufficient temperatures to break 
down nuclei and then combine electrons with protons to produce neutrinos and 
neutrons resulting in a neutron core.  The in-falling material will bounce off the 
incompressible neutron core and  convert the implosion into an explosion.  The 
escaping neutrinos and the fusion of in-falling material add to the energy of the 
explosion. 
 
6. A white dwarf is the evolutionary end of a low-mass star while a neutron star results 
from a high-mass star.  A white dwarf is about the size of the earth with a surface 
temperature of about 10,000 K.  A neutron star is much smaller (about 10 miles or so 
across) and much denser. 
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