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Lecture Overview

• Preliminaries

• The Big Bang

• The First Ten Seconds

• Our Cosmic Address

• Dark Energy

• A Species of Scientists

• Q&A (Questions welcome 
throughout the talk!)



Preliminary Lessons



1. What is 
Cosmology?



2. Very Big 
Numbers



3. Very Small 
Numbers



4. Distances in 
Cosmology
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Cosmology



5. Matter and 
Anti-Matter
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5. Matter and 
Anti-Matter



I.e. disappear and convert into pure 
energy.

5. Matter and 
Anti-Matter



The Big Bang



Space-time 
Singularities



Space-time 
Singularities



Space-time 
Singularities
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The Big Bang 
Theory (no.. not that one…)
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The Big Bang 
Theory (no.. not that one…)

The Big Bang is Science!



The First Ten Seconds
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After Ten Seconds



After Ten Seconds

) are all that 
is required to make everything we 
see on Earth, every other planet, 
moon and star in the sky.

It would be nearly another 400,000 years until the first 
atoms formed. 
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After Ten Seconds
• Formation of First Atoms:  t ≈ 400,000 years

• Formation of First Stars:  t ≈ 200 million years

• Formation of  First Galaxies:  t ≈ 300 million years

• First Stars in our Galaxy form:  t ≈ 1 billion years

• Our Sun first shines:  t ≈ 9 billion 231 million and 8 hundred thousand years

• The Earth forms:  t ≈ 9 billion 257 million years

• Life on Earth emerges:   t < 10 billion 400 million years



Our Cosmic Address
• Where do we fit into the big 

picture of the cosmos? 
What are the larger 
structures of which we are 
a part?

• What else is there in the 
Universe? 



Lines 1, 2, 3:

The Beecroft Gallery, 

The United Kingdom, 

Earth,

(Lines 1 and 2 are a bit too small for our discussion today)



Line 3: The Earth
History before Humans

• 4.6 billion years ago - Earth forms from leftover gas and dust 
in the early solar system.

• 4.5 billion years ago – Our Moon forms from debris, raised by 
a collision with another proto-planetary object.

• The Earth cools, the atmosphere clears, water oceans form. 
Volcanic activity slows.

• 3.7 billion years ago – Life!



Line 3: The Earth
What makes the Earth special?

• Goldilocks / Habitable Zone – The region around the Sun, in 
which liquid water (a necessity for life) can exist.

• The Moon – Maintains our stable seasons and gives us the 
tides needed for much life on Earth.

• The Geomagnetic Field – Prevents the deadly stream of high 
energy particles from the sun (mostly protons and electrons) 
from stripping our Atmosphere



Line 4:

The Solar System,



Line 4: The Solar System
Structure of the Solar System

The Solar System (Planet sizes to scale, distances not to scale)



Planets in Focus

• Saturn – A many mooned gas giant with an impressive ring 
system. 

• Jupiter – The largest planet in our solar system, over 300 
times the mass of the Earth.

Jupiter’s ‘great spot’ is an anticyclonic storm system that has 
been raging for at least the last 190 years. The storms diameter 
is wider than the diameter of the EARTH.

Line 4: The Solar System



Subsurface Oceans

• Europa is the smallest of Jupiter’s four Galilean moons, and is 
believed to have a liquid ocean beneath a thick crust of ice. 
This ocean is prevented from freezing by tidal heating. It is 
thought that Europa ejects plumes of water into space from 
beneath its surface, much like Saturn’s moon Enceladus.

• In October 2024, NASA launched the Europa Clipper 
Spacecraft. Due to reach Europa in April 2030, this probe 
hopes (among other things) to capture material from these 
plumes and investigate whether they contain the ingredients 
required for life.

Line 4: The Solar System



Line 4: The Solar System
The Sun

• The sun is the heart of our solar system. Its gravity holds 
the solar system together, it’s heat and light allow life to 
exist on the Earth.

• The sun produces heat and light by nuclear fusion. 
Hydrogen nuclei combine to form Helium nuclear, and 
release energy in the process.

∆𝐸 = ∆𝑚𝑐2

• Stars move through several evolutionary stages in their 
life-times. Our sun is in its Main Sequence phase.
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Line 4: The Solar System
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Stellar Evolution – Exotic End States

• White Dwarf Stars: The end state of stars with masses 
between 80% and 10x the mass of our sun.

• Neutron Stars: The end state of stars with masses over 8x 
the mass of our sun. Composed almost entirely of 
neutrons, with a density of around 5 × 1017kg m−3 (or 15 
million elephants per teaspoon).

• Black Holes: We will come back to these on May 25th…
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Line 5:

The Milky Way,

The Milky Way (Well… Not really... Who could have taken the picture?)



Line 5: The Milky Way
Structure of the Galaxy

• The Milky Way contains around 100 billion stars.

• Notice the bright center, and spiral arms. Sat at the center 
of our galaxy is a Supermassive Blackhole (Sagittarius A*).

• About 95% of the mass of the Galaxy is invisible ‘Dark 
Matter’

We will come back to Dark Matter next week…



Line 7:

The Universe
The Cosmic Microwave Background



Line 7: The Universe
“The Observable Universe”

• When physicists say ‘The Universe’, this is typically 
shorthand for ‘The Observable Universe’.

• This distinction has two causes:

1. The finite speed of light. Nothing* in the Universe can 
travel faster than the speed of light (three hundred million 
meters per second).

2. The expansion of the Universe. The Universe is expanding, 
with the parts furthest from us receding away from us at 
the greatest speed.



Interlude: Dark Energy

Earlier we discussed Einstein’s ‘biggest 
blunder’, his Cosmological Constant.

Einstein added this term in to his 
equations as a mathematical fudge, so 
prevent the Universe from expanding.

Physically, this term can only arise from 
a constant (non-diluting) energy density.

Such energy densities would not be 
found until decades later, with our 
improved understanding of Quantum 
Theory.



Interlude: Dark Energy

The Accelerating Universe

In 1998, Astronomers looking at type 1a 
supernovae were able to establish that 
the Universe is indeed accelerating its 
expansion.

The supernovae occur when a White 
Dwarf leachers material from a 
companion star sharing its orbit, 
leading to a runaway flash of nuclear 
fusion.

Illustration of a binary Red Giant-White Dwarf system.

Tycho’s Nova, the remnant of a type 1a supernova.



Interlude: Dark Energy

Einstein was right in the end! (Well.. Sort of…).

He introduced a positive cosmological constant to 
try and halt the expansion of the Universe, but we 
see some evidence for a negative cosmological 
constant, leading to an accelerating Universe.

Understanding where the cosmological constant 
originates, and how to calculate its value at a 
theoretical level is an open problem in physics (the 
cosmological constant problem).



Beyond the Universe?
“The Multiverse”

• There are different kinds of hypothetical multiverses 
described by theoretical physicists.

• Level 1: ‘Eternal Inflation Multiverse’.
A consequence of the hypothetical rapid expansion of the 
Universe (inflation), which leads to pockets of space causally 
disconnected from out own Universe. This type of Multiverse 
is basically just ‘more Universe’.

• Level 3: The ‘Everett Multiverse’.
Named for Hugh Everett’s ‘Many Worlds Interpretation’ of 
quantum mechanics. (We will come back to this next week)









Questions!



Coming Up…



Lecture Slides
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