Class13: Galaxies — The Islands of the Universe

Duration: 60 Minutes

Goal: To categorize the different types of galaxies, understand how they "grow" through cosmic
time, and grasp the sheer scale of the observable universe.

This lecture takes us beyond our "home city" of the Milky Way and into the vast "continent" of
the universe. We shift from discussing a single galaxy to exploring the billions of islands of stars
that populate the cosmos, their bizarre shapes, and the invisible forces that drive their evolution.

I. Beyond the Milky Way: The Great Debate (10 Minutes)

e The 1920 "Great Debate': Until 100 years ago, scientists thought the Milky Way was
the entire universe.

o Edwin Hubble’s Discovery: In 1923, Hubble found "Cepheid variables" in Andromeda,
proving it was a separate galaxy millions of light-years away.

e The Scale Shift: We went from one galaxy to a universe containing an estimated 2
trillion galaxies.

II. The Hubble Tuning Fork: Classifying Galaxies (15 Minutes)

e Spirals (The Pinwheels):
o Characterized by flat disks, gas, dust, and young blue stars in the arms.
o Barred Spirals: Like the Milky Way; they have a central bar that acts as a
"nursery" for new stars.

o Ellipticals (The Cosmic Footballs):
o Round or egg-shaped. These are "retired" galaxies.
o Mostly old, red stars with very little gas or dust for new star formation.

o Irregulars (The Oddballs):
o No defined shape. Often the result of galactic collisions or "tug-of-wars."
o Examples: The Large and Small Magellanic Clouds (visible from the Southern
Hemisphere).
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II1. Active Galaxies & Quasars: The Engines of Light (12 Minutes)

e AGN (Active Galactic Nuclei): Some galaxies have centers that are incredibly bright—
outshining the rest of the galaxy combined.

e Quasars: The most distant and luminous objects in the universe.

e The Power Source: These are powered by supermassive black holes "feeding" on gas.
As the gas spirals in, it heats up to millions of degrees and glows with fierce intensity.

o The "Radio Ears'": Some galaxies shoot out massive jets of plasma that extend
hundreds of thousands of light-years into space.

IV. The Large Scale Structure: Cosmic Filaments (13 Minutes)
e The Local Group: Our immediate "neighborhood" of about 50 galaxies (including
Andromeda and the Triangulum galaxy).
o Superclusters: Galaxies aren't scattered randomly; they clump together in clusters, and

clusters clump into superclusters (we live in the Laniakea Supercluster).

e The Cosmic Web: On the largest scale, the universe looks like a spiderweb. Galaxies sit
on "threads" of dark matter, separated by giant, empty "voids."



V. Galactic Evolution: A Story of Mergers (10 Minutes)

Galactic Cannibalism: Galaxies grow by eating smaller neighbors.

The Transformation: When two spirals collide, they lose their beautiful arm structures
and eventually settle into a giant, featureless Elliptical galaxy.

The "Deep Field": Discuss the James Webb Space Telescope (JWST) images. We can
now see galaxies as they appeared 13 billion years ago—small, messy, and bright—
giving us a "baby picture" of the universe.



Fast Facts Handout: The Galactic Frontier

Galaxy Type Shape Age of Stars Gas/Dust Content

Spiral Disk/Spiral Arms  Mixed (Young & Old) High (Active Star Birth)
Elliptical Sphere/Oval Mostly Old Very Low (Quiet)
Irregular No Symmetry Mostly Young Very High (Chaotic Birth)

Scientific "Deep Dives"

The Hubble Constant: The observation that almost all galaxies are moving away from
us. The further away they are, the faster they are receding. This is the proof that
the Universe is expanding.

Gravitational Lensing: Because galaxies are so massive, they actually warp the space
around them. They act like a "magnifying glass," allowing us to see even more distant
objects hidden behind them.

The Cosmological Principle: The idea that on a large enough scale, the universe looks
the same no matter where you are. There is no "center" to the universe.

Discussion Prompts for Seniors:

1.

The Time Machine: "When we look at a galaxy 10 billion light-years away, we are
seeing it as it was 10 billion years ago. If someone in that galaxy looked at Earth right
now, they wouldn't even see our Sun yet. Does this 'time lag' make the universe feel more
connected or more isolated to you?"

The "Island Universe': "If the Milky Way is our 'home,' and galaxies are 'islands,' does
it bother you that the space between them is growing so fast that we may one day be
unable to see any other galaxies at all?"

The Beauty of Chaos: "Many people find spiral galaxies 'beautiful' and irregular
galaxies 'messy.' Having learned that the 'messy' ones are often where the most stars are
being born, does that change your aesthetic appreciation for the chaos of space?"




