
 

 

Unit 14: Cosmology: The Beginning and End of Everything 
 

Duration: 60 Minutes 

 

Goal: To understand the birth of space-time, the invisible forces that govern its growth, and the 

three possible ways the universe might end. 

 

This lecture takes us to the "Deep End" of the pool. It moves away from individual objects like 

stars or galaxies and looks at the entire universe as a single, evolving entity. This is often the 

most profound session, as it addresses the origin and eventual fate of everything we know. 

 
 

I. The Big Bang: Not an Explosion, but an Expansion (15 Minutes) 
 

• The Common Misconception: The Big Bang wasn't a "bomb" that went off in empty 

space. It was the sudden expansion of space itself. 

 

• The First Seconds: 

o Inflation: A period of faster-than-light growth (from the size of an atom to the 

size of a galaxy in a fraction of a second). 

o Nucleosynthesis: The first three minutes where the universe was a hot "soup" of 

subatomic particles, eventually forming Hydrogen and Helium. 

 

• The "Smoking Gun": The Cosmic Microwave Background (CMB). * Explain this as 

the "afterglow" of the Big Bang. It is the oldest light in the universe, visible in every 

direction as a faint hum of microwave energy. 

 
 

II. Dark Matter: The Invisible Glue (12 Minutes) 
 

• The Mystery: When we look at how galaxies rotate, they don't have enough "visible" 

stuff (stars/gas) to stay together. They should fly apart. 

 

• The Solution: Something invisible is providing extra gravity. 

 

• What it is (and isn't): * It doesn't emit, reflect, or absorb light. 

o It makes up 27% of the universe. 

o It acts like a "scaffolding" that holds galaxies in place. Without it, the Milky Way 

wouldn't exist. 

 
  



III. Dark Energy: The "Anti-Gravity" (15 Minutes) 
 

• The Shocking Discovery (1998): Scientists expected the expansion of the universe to 

slow down over time due to gravity. Instead, they found it is speeding up. 

 

• The Energy of Empty Space: Dark Energy is a mysterious force that pushes galaxies 

apart. 

 

• The Dominant Force: It makes up 68% of the universe. 

 

• The Analogy: If the Big Bang was a ball being thrown into the air, Dark Energy is like 

the ball suddenly accelerating upward into the clouds instead of falling back down. 

 

 

 
 

IV. The Geometry of Space (8 Minutes) 

 

• The Shape of the Universe: Is it curved like a ball, shaped like a saddle, or flat like a 

sheet of paper? 

 

• The Current Verdict: Data from the Planck satellite suggests the universe is flat. This 

means light travels in straight lines and the universe could theoretically be infinite. 

 
 

V. The Three Fates: How it Ends (10 Minutes) 
 

• The Big Freeze (Most Likely): The universe keeps expanding until stars burn out, black 

holes evaporate, and space becomes a cold, dark void near absolute zero. 

 

• The Big Rip: Dark Energy becomes so strong that it shreds galaxies, then stars, then 

atoms themselves. 

 

• The Big Crunch: Gravity eventually wins, the expansion reverses, and everything 

collapses back into a single point. (Current data suggests this is unlikely). 

 



Fast Facts Handout: The Cosmological Scale 
 

Component Percentage Role in the Universe 

Normal Matter ~5% Makes up stars, planets, and people. 

Dark Matter ~27% Provides the gravity to build galaxies. 

Dark Energy ~68% Drives the accelerated expansion of space. 

 

Deep-Dive Terms for Students 
 

• Singularity: The theoretical point of infinite density where the universe began. 

 

• Redshift: The "stretching" of light waves as galaxies move away from us, appearing 

redder than they actually are. 

 

• The Hubble Constant: The number that describes how fast the universe is expanding. 

(There is currently a massive "tension" in science because different ways of measuring 

this number give different results!) 

 
 

Discussion Prompts for Seniors: 
 

1. The "Fine-Tuning" Debate: "If the Big Bang had been slightly stronger, stars would 

never have formed. If it had been slightly weaker, the universe would have collapsed 

instantly. Does this 'perfect balance' feel like a coincidence to you, or something more?" 

 

2. The Invisible Universe: "We can only see 5% of what actually exists. Does it change 

your perspective of 'reality' to know that 95% of the universe is made of things we cannot 

see or even fully define yet?" 

 

3. The Big Freeze: "The idea of a cold, empty end trillions of years from now can feel 

lonely. But it also means the universe is 'young' right now. Does that make our current 

era—the 'Age of Stars'—feel more like a golden age?" 

 

 

  



Extended Outline Segment: Challenging the Status Quo 
 

IV. The Great Debate: Dark Matter vs. Modified Gravity (15 Minutes) 
 

• The Problem with Newton & Einstein: * Newton’s laws (and Einstein’s General 

Relativity) work perfectly in our Solar System. 

o However, when we look at the edges of galaxies, stars are moving much faster 

than these laws allow. They should fly off into the void. 

 

• The Traditional Fix (Dark Matter): "There must be invisible 'dark matter' providing 

extra gravity to hold them in." 

 

• The Alternative (Non-Newtonian/Modified Gravity): * What if our understanding of 

gravity is simply wrong at very large distances? 

o MOND (Modified Newtonian Dynamics): Proposed by Mordehai Milgrom. It 

suggests that at extremely low accelerations (like at the edge of a galaxy), gravity 

becomes stronger than Newton predicted. 

o The Analogy: Think of a car’s brakes. They work one way at 60 mph, but 

imagine if they suddenly became ten times more powerful once you dropped 

below 5 mph. That is "non-Newtonian" behavior. 

 

• Why is this controversial? 

o The Pro-MOND Argument: It explains the "Rotation Curve" of galaxies 

perfectly without needing to invent "ghost" particles (Dark Matter) that we still 

haven't found after 40 years of searching. 

o The Anti-MOND Argument: While it works for individual galaxies, it struggles 

to explain the Cosmic Microwave Background or how the entire "Cosmic Web" 

formed. Dark Matter explains those much better. 

 

• The Current Status: Most astronomers still lean toward Dark Matter, but MOND has 

seen a resurgence in 2024–2026 as our detectors fail to find dark matter particles, forcing 

us to reconsider if the "Law of Gravity" itself needs an upgrade. 

 

  



Handout Addendum: The Gravity Wars 
 

Is it "Hidden Stuff" or "New Rules"? 

 

Theory The "Fix" Pros Cons 

Dark Matter 
Add more mass  

we can't see. 

Explains the whole 

Universe's structure. 

We have never actually 

detected a particle of it. 

MOND  

(Modified Gravity) 

Change the math of 

gravity. 

Explains galaxy shapes 

and speeds perfectly. 

Doesn't explain the early 

Big Bang very well. 

 

Scientific Deep-Dive: The Bullet Cluster 
The strongest evidence against modified gravity is the Bullet Cluster. When two galaxies 

collided, the "visible gas" got stuck in the middle, but the "gravity" kept moving forward. This 

suggests that gravity is tied to a physical "thing" (Dark Matter) that can move independently of 

gas, rather than just being a "rule" that changes with distance. 

 
 

Discussion Prompts for Seniors: 
 

1. The Simplicity of Nature: "In science, the simplest explanation is often the right one. Is 

it 'simpler' to believe in a invisible particle we can't find, or to believe that our 300-year-

old math for gravity is slightly off?" 

 

2. Scientific Ego: "Einstein is the ultimate authority in physics. Does it excite you or scare 

you to think that we might find a flaw in his theories in your lifetime?" 

 

3. The 'Missing' Discovery: "If we go another 50 years without finding a Dark Matter 

particle, should we officially give up and switch to the Modified Gravity theory?" 

 
 

The Master Glossary: Cosmology Edition 
• Baryonic Matter: "Normal" matter (everything you can touch). 

• Expansion: The stretching of the metric of space itself. 

• Singularity: A point where the curvature of space-time becomes infinite. 

• Acceleration: The discovery that the universe isn't just growing, it's speeding up. 

• Inertia: A key component of non-Newtonian theories—some suggest that it's not gravity 

that changes, but how objects resist movement at low speeds. 

 

 


