@CosmicConundra.(on YouTube, Tik Tok, Instagfam

Cosmology Through the Ages: =~ #
Geocentrism to Gravitational Waves P R

Southend History Club

Robert Clemenson (Rob} robert.clemenson@rhul.ac.uk . | S
(Royal HollowayUolL) . 5y

The Beecroft Galleryr 08.01.2026



| ecture Overview

A What is Cosmology? (Mythology or Science)
A Why is Cosmology hard?

A A Brief History of Cosmology (Pre 20Century)
A Modern Cosmology (2@ Century and beyond)
A Why do we care?




Throughout the lecture, | will make a couple of
references to previous talks, livestreams, and
other online materials.

If you would like to check these out after the talk
(or view recordings of previous lectures), please
feel free to scan the QR code shown here.

Links and Resources: Wormholes to Warp Drive Lecture - 08.07.2025

[1] ‘Time Travel 101 - Southend Museum Lecture’ - R Clemenson
Previous lecture on special relativity from May 2025 given at the Beecroft Museum, with more
details presented, and more historical context.

[2] ‘Time Travel from Pythagoras’ - R Clemenson
YouTube video from 2020, showing a full derivation of Einstein’s time dilation formula using a
‘light clock’, and no more complicated mathematics than Pythagoras’ theorem.

[3] ‘Black Holes and Beyond - Southend Museum Lecture’ - R Clemenson
Previous lecture with greater detail on general relativity from May 2025. See first 40 minutes for
discussion of general relativity.

[5] Mercury’s Orbital Precession - Saturday Spacewalk’ - R Clemenson

g:;:;sﬁt\:eie;m from 2021, deriving the perihelion shift in Mercury's orbit predicted by General Scan the Q R Code above’ Or S|mply Cl|Ck the QR Code |n the
PDF of the lecture slides.

[4] ‘Black Hole Basics - Saturday Spacewalk’ - R Clemenson

Livestream from 2021 giving more technical details on general relativity, using some higher
mathematics, and applying this to black holes. Don't let the title fool you... This is far from basic,
and uses quite a lot of University level maths from the beginning!



https://docs.google.com/document/d/10eDULP3i1jxzzZLrkw6TOchcnYukyjC_cKmaAGCpfYU/edit?usp=sharing

What Is Cosmology?



Cosmology as
Mythology

Every society throughout human
history has had some a model of
the way the Universe works (a
cosmology).

Until around the 16t century,
these models were closer to
mythology than science.

The boarders between mythology,
theology and science did not
begin to form until well into the
Renaissance.

The Babylonian Map of the World,
approx. 9t century BC.

Eratosthenes of Cyrene, approx.
2"d century BC.



Cosmology as
Science

From about the 1500’s, humans
started to apply more formal
scientific reasoning to the
heavens.

Advances in technology (optical
lenses and telescopes) and
mathematics (Newton’s invention
of calculus) formed this early
development of cosmology as a
science.

Galileo Galilei, 1640

NICOLAVS COPERNICVE,

Nicolaus Copernicus, 1580.



Modern
Cosmology

Cosmology is the study of the
Universe as a whole.

The main questions of modern
cosmology are:

* Whatis the origin of the
Universe?

 Whatare the larger structures
presentin the Universe?

* Whatis the matter and energy
content of the Universe?

Modern Cosmology has
significant overlaps with Particle
Physics.
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The Large Hadron Collider at CERN.

The LIGO FaC|l|ty in Hanford CT.



Why is Cosmology Hard?



Getting Startesl

Biological Handicaps:

e We observe our 3D Universein
2D.

* Human vision is limited to a
narrow band of the EM
spectrum.

Philosophical Handicaps:

* Almost every theology claims
we / the Earth are central to the
existence of the Universe.
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A distant oak tree, and a close-up bonsai tree have the same apparent size.



Modern Mysteries

Is the Universe Finite, or
Infinite?

Can we reconcile Quantum
Mechanics with Gravity to
understand the Big Bang
Singularity?

What is the physical nature of
Dark Matter?

What is the physical nature of
Dark Energy?

Standard Model of Elementary Particles
three generations of matter interactions / force carriers
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https://docs.google.com/document/d/1xY5IlhY2epXMgNJ6ZjJJHi_46Z_fBq7_CDPIgwkpLZE/edit?usp=sharing
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Hopefully will be solved in my lifetime.


https://docs.google.com/document/d/1xY5IlhY2epXMgNJ6ZjJJHi_46Z_fBq7_CDPIgwkpLZE/edit?usp=sharing

A Brief History of Cosmology
(Pre20th Century)



Mesopotamia
(3000 BCr539 BC),

Mesopotamia (roughly, modern
day Iraq) was arguably the
birthplace of many modern
human civilizations.

Home to the Sumerians,
Akkadians, and Babylonians from
the start of recorded history to the
fall of Babylon in 539 BC.

The inhabitants of Mesopotamia
had a well developed Mythic-
Cosmology (Cosmogony).

The Fall of Babylon - John Martin, 1831.



Mesopotamia
(3000BCT539BC)

The Babylonian Map of the World,
illustrates a

surrounded by a Cosmic Ocean,
and enclosed by a solid
Firmament that holds the stars

The Cosmic Ocean,
surrounding the Earth.

The idea of a Cosmic Ocean,
birthing the Earth and skies is

guite common in Ancient

Cosmology. The Babylonian Map of the World,
approx. 9" century BC.

(Perhaps this isnt so surprising!..)



Greece
(600 BCr 100 BC)

The Ancient Greeks passed down
their philosophy, literature and
(proto-) science to their
intellectual descendants
throughout the western world.

Greek Cosmology saw many
advances, blending the
mythology of the Ancient Near
East with the fledgling science of
Astronomy.

G
PREEPNES

The Acropolis at Athens - Leo von Klenze, 1846.



Greece
(600BCT100BC)

Parmenides is often credited as
the first Greek philosopher to
suggest a spherical Earth.

The Greels give a name for the
fwandering lightxkddwn to the
Babylonians:

) "o " (ﬁla'ne*ts) T h/\/an de rers{ _ -v,,;lf‘-r‘f“-‘ & Central ﬁr:

Parmenides of Elea, 51"
Century BC.

-

Philolaus (a Pythagorean
philosopher) believe the motion
of the planets were fuelled by a
Central Fire; about which the

Earth, Sun, Moon and other
p|anets revolved. Philolaus’ ‘Central Fire’ and ‘Counter-Earth model.




Greece
(600BCT100BC)

Due to their advancements in
Geometry, the Greeks were able
to compute a number of
astronomical lengths.

Eratosthenes calculated the
circumference of the Earth with
very high accuracy for the time.

Hipparchus calculated the
distance between the Earth and
the moon, also to very high
accuracy for the time.

Hipparchus of Rhodes, approx.
2nd century BC.

Eratosthenes of Cyrene, approx.
2nd century BC.



Copernican Heliocentrism
(Published 1543)

Copernicus replaces Ptolemy’s
geocentric model, with his
heliocentric model.

This posits circular orbits of the
planets (including Earth) around
the sun, moving with constant
velocity.

Copernicus’ model still involved
unphysical ‘epicycles’ to account
for irregular motion of the
planets.

Still includes a fixed and distant
Hirmamentkwlith distant stars
attached.
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Figure from De Revolutionibus Orbium Coelestium. Nicolaus Copernicus, 1580.



Copernican Heliocentrism
(Publishedl 543)

Copernicus replaces Ptolemy’s
geocentric model, with his
heliocentric model.

This posits circular orbits of the
planets (including Earth) around
the sun, moving with constant
velocity.

Copernicus’ model still involved
unphysical ‘epicycles’ to account
for irregular motion of the
planets.

Still includes a fixed and distant
Hirmamentkwlith distant stars
attached.




Keplerian Heliocentrism
(Publishedl609, 1619, 1621)

Kepler publishes three works in
the first quarter of the 17t
century.

He outlines his three laws of
planetary motion (updating
Copernicus’ model and removing
the need for epicycles).
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Epitome Astronomiae Copernicanae, where Kepler
first published his three laws together.

Johannes Kepler, 1610.
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Planetary Motion

Kepler’s First Law

An ellipse is a kind of squashed circle,
with geometric properties that have
been studied by mathematicians since
the 4% century BC.

---------
..................
........
........
. .
. .
. .
. .
. .
.

.. o
. .
., e
., .*
------

.. e
..........
........
---------------



Keplerks Laws of
Planetary Motion

Kepler’s Second Law

The origin of this law, is the
conservation of angular momentum. As

a planet moves closer to its star, it
speeds up.




Keplerks Laws of
Planetary Motion

Kepler’s Third Law

This law was the key for Newton to work
out his equation of gravity.

Technically an ellipse doesn’t have a
radius... The length shown is in fact
called the semi-major axis of the
ellipse.
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(Published 1718)

Halley notices that the the
current positions of a handful of
distant stars have changed since
the time of Hipparchus.

In particular... He notices that
most stars have not shifted their
positions to any measurable
degree, apart from a few that have
moved more substantially.
Namely, Sirius, Aldebaran, and
Arcturus.

This means thereis no
firmament.. The stars are free to
move!

Ve
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Edmond Halley, 1690.



The Messier Catalogue
(Publishedl 781)

Messier observes, catalogues and publishes a listof 110 ‘non-comet’
objects. These objects will be determined later to include: galaxies, nebulae,
and star clusters.

Charles Messier, 1770



Cloud of gas

Source of
continuous

The Sun Is a Star S
(1814- 1868)

Fraunhofer finds spectral lines in
sunlight (1814)

Kirchoff and Bunsen identify
spectral lines with the chemical Continuous spectrum Bright line spectrum
elements (1860).

Secchi shows that the sun and
the stars emit the same spectral
lines (1868).

Continuous spectrum
with dark lines

So, the Sun is a Star.

Josephvon Fraunhofer, | Gusta Kiréﬁff n Father Angelo Secchi,
approx. 1810 Robert Bunsen, 1860 approx. 1870




Webulad

Prior to Huggins and Huggins (a
married duo), Messier objects
were collectively referred to as
nebulae.

By studying the light coming from
different ‘nebulae’, the Huggins
and Huggins established that not
all of Messier’s objects are the
same.

Specifically, they showed than
the Orion Nebula (M42) and the
Andromeda Nebula (M31) were
different types of objects.

Margaret Huggins, approx. 1900

William Huggins, 1905.



Modern Cosmology
(20t CenturyTt Present)






