Unit 10: The Life and Death of Stars

Duration: 60 Minutes

Goal: To understand how stars are born from dust, how they live as engines of light, and the
spectacular ways they perish.

I. Introduction: The Stellar Nursery (10 Minutes)

o The Ingredients: Stars aren't born in empty space; they are born in Molecular
Clouds (Nebulae) made of hydrogen gas and cosmic dust.

e The Spark: Gravity begins to pull clumps of gas together. As the clump shrinks, it heats
up, forming a Protostar.

e The Moment of Truth: Once the core reaches 10 million°C, nuclear fusion begins. A
star is officially "born."

II. The Main Sequence: The Long Middle Age (15 Minutes)

e The Cosmic Balance: Explain Hydrostatic Equilibrium. Gravity pulls in, while the
energy from fusion pushes out. This keeps the star stable for billions of years.

e Size Matters (Spectral Classification):
o Red Dwarfs: Small, cool, and frugal. They can live for trillions of years.
o Yellow Dwarfs (Our Sun): Middle-of-the-road. Lifetime of about 10 billion
years.
o Blue Giants: Massive and "extravagant." They burn through their fuel so fast
they only live for a few million years.

e The H-R Diagram: Briefly introduce the "map" astronomers use to track a star's
progress.
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I11. The Beginning of the End: Expansion (10 Minutes)

e Running Out of Hydrogen: When the core runs out of fuel, gravity wins the first round
and crushes the core further.

o The Red Giant Phase: The crushing of the core actually gets it hotter, which causes the
outer layers of the star to expand and cool.

o Our Sun: 1t will eventually swell and engulf Mercury and Venus.

e Helium Fusion: The star begins "panicking" and starts fusing Helium into Carbon.



IV. The Great Finale: Two Paths (15 Minutes)

o Path A: Low-Mass Stars (Like our Sun)
o The outer layers drift away like smoke, creating a Planetary Nebula.
o The leftover core is a White Dwarf—a hot, dense "earth-sized" diamond that
slowly cools forever.

o Path B: High-Mass Stars (The Heavyweights)

o Supernova: The star tries to fuse Iron, which absorbs energy instead of releasing
it. The star collapses in a fraction of a second and rebounds in a massive
explosion.

o The Leftovers: Depending on the mass, the core becomes either a Neutron
Star (so dense a teaspoon weighs a billion tons) or a Black Hole (where gravity is
so strong even light cannot escape).

V. We Are "Star Stuff" (10 Minutes)

e Nucleosynthesis: Explain that every atom in our bodies (the iron in our blood, the
calcium in our bones) was forged inside a star or during a supernova.

e The Cycle: When stars die, they spray their "enriched" guts back into space to form new
nebulae, new stars, and new planets.



Fast Facts Handout: The Stellar Lifecycle

Star Type Lifespan Final State
Small (Red Dwarf) Up to 10 Trillion Years Blue Dwarf/ White Dwarf
Medium (Yellow Dwarf) ~10 Billion Years White Dwarf
Large (Blue Giant) ~10-100 Million Years Neutron Star or Black Hole

Advanced Scientific Deep-Dive

Degeneracy Pressure: This is the weird quantum physics that prevents a White Dwarf or
Neutron Star from collapsing further. It’s literally the "refusal" of electrons or neutrons to
occupy the same space.

The Chandrasekhar Limit: There is a mathematical limit ( times the mass of the Sun).
If a White Dwarf gets heavier than this, it can't support itself and explodes as a Type Ia
Supernova.

Pulsars: Some Neutron Stars spin hundreds of times per second, beaming radio waves
like a cosmic lighthouse.



Discussion Prompts for Seniors:

1. The Continuity of Life: "Knowing that the atoms in your wedding ring or your glasses
were forged in the heart of a dying star billions of years ago, does that change how you
view 'ordinary' objects?"

2. The Fate of the Sun: "In 5 billion years, the Sun will fade. Some scientists think
humanity (or our descendants) will move to the moons of Jupiter or Saturn to stay warm.
Do you think exploring space is a necessity for the 'long-term' survival of life?"

3. Black Holes: "Black holes were once thought to be pure science fiction. Now we have
photos of them. What other 'impossible' things do you think science will prove true in the
next 50 years?"

Instructor Guide: The Physics of Star Color

The "Counter-Intuitive" Rule

In our daily lives, we associate red with "hot" (faucets, heaters) and blue with "cold" (ice,

water). In astronomy, it is the exact opposite. * Blue is the color of extreme energy and heat.
e Red is the color of lower energy and "coolness" (relatively speaking).

Why Does This Happen? (Wien’s Law)
As an object gets hotter, it vibrates at higher frequencies. Higher frequencies produce shorter
wavelengths of light (Blue/Violet). Lower frequencies produce longer wavelengths (Red).
o The Toaster Analogy: When you first turn on a toaster, the coils are dark. As they heat
up, they glow a dull red. If you could make those coils thousands of degrees hotter, they
would turn yellow, then white, and eventually a brilliant blue.



Class Outline: The Spectral Rainbow (15-Minute Segment)

1. The O-B-A-F-G-K-M Scale

Astronomers use a letter-based system to rank stars by temperature.

O & B (The Hot Giants): These are the massive, "live fast, die young" stars. They are
vivid blue.

A & F (The White Stars): Bright, white, and powerful (Example: Sirius).

G (The Yellow Stars): This is our Sun. A stable, yellow-white light.

K & M (The Cool Dwarfs): These are orange and deep red. They are the most common
stars in the galaxy.

2. The White Light Illusion

Why do most stars look white to our eyes?

Biology vs. Physics: Our eyes aren't sensitive enough to detect faint colors at night.
When the light is dim, our "rods" (which see in black and white) take over from our
"cones" (which see color).

Binocular Tip: If you look at stars like Betelgeuse (Red) or Rigel (Blue) through even a
cheap pair of binoculars, their true colors pop out instantly.



Student Handout: The Star Color Cheat Sheet

Class Color Temperature (C) Example Star

O Blue > 30,000 Mintaka (in Orion’s Belt)
B  Blue-White 10,000 — 30,000 Rigel

A White 7,500 — 10,000 Sirius (The Dog Star)

F Yellow-White 6,000 — 7,500  Polaris (North Star)

G  Yellow 5,200 -6,000 The Sun

K  Orange 3,700 — 5,200  Arcturus

M Red 2,400 - 3,700  Betelgeuse

Fun Facts for Discussion:

e Green Stars? You’ll notice "Green" isn't on the list. This is because stars emit a
spectrum of colors. A star that peaks in green light also emits plenty of red and blue,
which our eyes perceive as White.

o The Longevity Secret: Red stars (M-class) are so cool and small that they "sip" their
fuel. Some have been shining since the beginning of the universe. Blue stars (O-class)
"gulp" their fuel and explode after only a few million years.

Activity: The "Star-Aging" Thought Experiment

"If you look up at the constellation Orion, you see Rigel (a young, hot Blue Supergiant)

and Betelgeuse (an old, dying Red Supergiant). They are in the same part of the sky, but one is at
the very beginning of its life and the other is at the very end. Does it change how you feel about
'constellations' knowing they are made of stars at completely different stages of life?




