
#24 Fundamentals of Earth Science & Botany

Starlight, Starbright, All the Stars I See Tonight!

“Thus says the Lord, who gives the sun for light by day and the fixed order of the moon and the stars for light by night, 
who stirs up the sea so that its waves roar; the Lord of hosts is his name.”  Jeremiah 31:35 

God must think stars are pretty special since He not only created them, but made our entire solar system 
revolve around one! They are mentioned throughout the Bible and we are told that He knows how many 
there are AND knows them all by name! (Psalm 147:4) Since Creation, mankind has looked to the stars in 
wonderment.  We wish upon stars.  We stargaze.  We see pictures in the stars and make up stories about 
them.  We can even use them to navigate our way on earth.  And boy! Do we like to sing about them!   
Twinkle, twinkle, little star, how I wonder WHAT you are!  Well, let’s find out!


What ARE stars?

Even though it is an old song, you may have heard the line, “Goodness, gracious, great balls of fire!”  It is 
a good description of what stars actually are. Stars are giant spheres of super hot gas made up of 
mostly hydrogen and helium, or a “great ball of fire.”  But to understand how a star becomes a great ball 
of fire you need to know about a star’s life cycle.


Life Cycle of a Star

God created the stars but new stars can also be “born” and old ones can “die.”  It all begins in a nebula 
which is sometimes referred to as a stellar nursery.  A nebula is a large area in space that contains a 
lot of gas and dust particles.  The Hubble Space Telescope has taken many pictures of nebulae and they 
are both beautiful and mysterious-looking.  Gravity can cause a large amount of the gas and dust in a 
nebula to start to spin together into a cloudy ball which is the start of a star, or protostar.  The root 
word “proto” means “first or original.”  A protostar is a very young star or baby star!


If the protostar continues to get a little bigger and much hotter because of gravity pushing all of that 
matter together, a nuclear reaction called thermonuclear fusion begins to take place in its center that 
turns the protostar into a main sequence star.  Main sequence stars are the stars we commonly see in 
the sky and they come in many different sizes from dwarf-size to massive giants!  The basic definition of 
thermonuclear fusion is when the nuclei of lighter atoms fuse together to form a heavier atom.  As 
mentioned above, stars are made up of mostly hydrogen atoms and helium atoms.  If you can think back 
to what you learned in chemistry last year, hydrogen atoms have a very light nucleus with just a single 
proton.  So when gravity starts to push those hydrogen atoms together in the core of a star, the pressure 
and heat are so great that they collide with one another with such force that their nuclei fuse together 
to form an atom of helium.  After this fusion takes place some of the mass of the two hydrogen atoms is 
“leftover” and it creates A LOT of energy.  All of this intense energy travels out from the center of a 
star to its surface which gives off heat and light. Once started, thermonuclear fusion continues over and 
over again with countless atoms of hydrogen that make up a main sequence star.  A star remains in the 
main sequence stage for the majority of its “life,” as long as there are hydrogen atoms present.


Main sequence stars are held together by hydrostatic equilibrium, a balance between gravity and 
pressure. It sounds really complicated but the concept is simple.  You can hear the word “equal” in 
equilibrium. A balance of equal force is created with the intense energy pushing out from the core 
because of the nuclear fusion going on, but at the same time, gravity is pulling everything in towards the 
dense matter in the core. You can visualize this by imagining that you and a friend of equal size and 
strength are standing, facing each other.  If you and your friend were to put the palms of your hands 
together and start to lean in towards each and push with all your might, chances are you will be at a 
standstill.  You will support each other’s weight, but you won’t move. You have created a type of 
hydrostatic equilibrium.  As long as there are atoms of hydrogen in a star to keep the nuclear fusion  
process making energy, a main sequence star continues to be held together.




So what happens when the hydrogen atoms run out and thermonuclear fusion no longer is taking place?  
It all depends on the size of the star.  You would think that the bigger stars would last longer, but this 
is not true.  The bigger the star, the faster it will burn through the hydrogen atoms, so the very biggest 
stars have the shortest lifespan.  Average-size stars burn through their hydrogen atoms at a slow and 
steady rate and will last for billions of years.  When the supply of hydrogen atoms runs out for an 
average-size star, it will start to burn through its helium and the outer part of the star will expand and 
the core will contract.  The star begins to cool and it becomes a red giant.  Other types of nuclear 
reactions take place which cause the outer layers to continue to spread out and its core to continue to 
contract until the outer layers become a planetary nebula and the core becomes a white dwarf star. 
Eventually the white dwarf fades to a black dwarf.  The “death” of an average star is a slow, undramatic 
fade.  Massive stars are another story!…  


When a very large star runs out of hydrogen atoms it becomes a red supergiant.  The star, Betelgeuse, 
is a red supergiant that is over a thousand times wider than our Sun!  So, we are talking about stars of 
massive proportions!  Because of the massive size of these stars, the nuclear reactions are much faster, 
the heat is much hotter, the mass is much, much greater, which makes the pull of gravity much stronger 
and the amount of energy more intense.  Red supergiants do not slowly fade away; they like to go out 
with a bang!  When supergiants burn through their remaining helium, the star collapses into itself which 
causes an explosion like none other called a supernova. Thankfully, this is rare. Going back to our 
visualization of equilibrium with you and a friend pushing on each other’s hands, if you are the energy 
and your friend is the gravity, what would happen if you were to suddenly duck down, taking your hands 
off of your friend’s?  Your friend would most certainly fall with a bang!  It is the same for a supergiant, 
when the energy runs out. There is nothing to push back on the gravity so it collapses into itself with a 
massive force causing a supernova explosion. After a supernova explosion occurs, the remaining core of 
the star becomes a spinning ball of neutrons called a neutron star.  However, for an extremely large 
supergiant, the result of such a massive supernova explosion can result in a black hole.  When all of that 
matter from such a large star collapses into itself, the mass is so dense and the force of gravity is so 
strong that not even light can escape.  Black holes are a mystery even to scientists, but an image of one 
was captured by the Event Horizon Telescope in 2019. Black holes will largely remain a mystery because 
you certainly cannot get close enough to study one!


Categories of Stars

One of the basic scientific process skills is classification….scientists like to organize things into groups! 
Even stars! Scientists group stars by their color, size, how hot they are, and their brightness.  A star’s 
brightness is called its magnitude.  Since stars are not all the same size, nor are they lined up in the 
universe at the same distance from earth, there are two types of magnitude.  Absolute magnitude is 
the measure of a star’s actual brightness and apparent magnitude is the brightness of a star as it 
appears to us on Earth.  Both types of magnitude are arranged on a scale using numbers.  How bright a 
star appears to us depends on its distance from the earth AND its absolute magnitude (how bright it 
actually is).  Our sun is a medium-sized star and its absolute magnitude is only about +4.8 which is an 
average brightness.  However, its apparent magnitude is off the charts for us because it is so close!  How 
bright a star actually is depends on its surface temperature.  Scientists classify stars this way using 
letters on a Hertzsprung-Russell diagram (or H-R).  This diagram shows how the hottest and brightest 
stars have a blue or white color, while the colors of the cooler stars are red, orange, and yellow.


Twinkle, twinkle, do stars actually twinkle?

The stars themselves actually do not twinkle or blink.  Their light is a steady light, but because they are 
so far away, when their light travels to where we can see it on earth, it must go through our many 
layers of atmosphere which cause the light to bounce around and bend (refract) because of the moving 
air at different temperatures and densities. The fancy scientific term for this is stellar scintillation, but 
I think “twinkle” works better in the song, don’t you?


In our next lesson we will learn more about stars, especially about our very own special star, the sun!


