
Stellar Formation and 
Nucleosynthesis

Formation of Stars and Elements in Stars



Big Bang and Nucleosynthesis

● The Big Bang theory 
predicts that when the 
universe first formed, the 
only matter that existed 
was hydrogen, helium, 
and very tiny amounts of 
lithium. 

● If this is true, then where 
did all the other elements 
come from?



Stellar Formation
● Clouds of gas and dust in space are called nebulae 

(singular - nebula)
● Gravitational forces cause nebulae to collapse inward.
● As the nebula spins, it begins to collect more matter, to 

spin faster, and to collapse further.
● At this stage the collapsed body becomes a protostar.
● Once the spinning protostar collapses to create enough 

heat and pressure, nuclear fusion begins, it is considered 
a star 





Spectroscopy
● We know now that astronomers use 

spectroscopy to examine the light 
emitted by distant stars to determine 
what kinds of atoms are in them. 



Early Elements



How many elements are found in our sun? Where 
did these come from?



Structure of an Atom
● All atoms are made up of a 

heavy nucleus which 
contain:
○ Protons -positively 

electrically charged 
particles

○ Neutrons -uncharged 
particles

● Electrons are negatively 
charged particles that orbit 
the nucleus.



What is Fusion?
● In fusion, atomic nuclei smash 

together at speeds high enough to 
overcome the electric repulsion of 
their protons (positively charged 
particles).

● The nuclei then join together to 
form a single larger nucleus with 
slightly less mass. 

● That missing mass turns into a lot 
of energy (E = mc2)



Nuclear Fusion

● Fusion-the process where the nuclei of two light elements (elements with a 
low number of protons in their nuclei) come together releasing vast amounts 
of energy

● The power that fuels the sun and stars is nuclear fusion!



Fusion in Stars
● Stars like the Sun will make 

helium in their cores until the 
hydrogen fuel runs out. 

● Some, but not all stars will 
then switch over to fusing 
helium into carbon. This is the 
origin of all carbon in the 
Universe.



High Mass Stars
The higher the mass of the star, 
the heavier elements it can create 
in its core. This is because heavy 
element fusion requires higher 
temperatures, which only the most 
massive stars can attain.



Highest Mass Stars
● The highest mass stars can 

make all elements up to and 
including iron in their cores.

● But iron is the heaviest 
element they can make.

● Fusion of iron consumes 
more energy than it emits, 
and without an energy 
supply, the star will soon die.





How else can Nucleosynthesis happen?
If stars can only fuse elements up to and including iron (Number 26 on the periodic 
table) then where do all the gold, silver, lead, uranium, etc... come from?

● Supernovas - Exploding stars at the end of their life

● Merging Neutron Stars - When two neutron stars orbit one another, spiraling 
inward until they collide

● Exploding White Dwarfs - A dead star in a binary system steals mass from it’s 
partner, creating an explosion (Type Ia supernova)

● Cosmic Ray Fission - Highly energized particles from cosmic rays strike an 
atom’s nucleus, causing it to split and form the nucleus of a new element. 


