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Once upon a spacetime...

Energy – Mass

𝐸 = 𝑚𝑐2

... 13.8 billion years ago
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Once upon a spacetime...

Forces:
Strong
Electromagnetic
Weak
Gravitational



Nucleosynthesis

Proton Neutron ...



Nucleosynthesis

Proton Neutron ...
75% 25%



Photon decoupling

Proton Neutron ...



Once upon a spacetime...



15 mins
380,000 years



Once upon a spacetime...

This would be the end of history
were it not for Gravitation 



Once upon a spacetime...



January 11th
470 million years



Twinkle twinkle...

(    )1st molecules



Twinkle twinkle…



Nucleosynthesis



Twinkle twinkle...

1st cycle



Solar system

Our star is at least a 2nd generation star



Solar system

Cycle: solar year



Solar system

Last days of august
4.7 billion years ago
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Hadean

Cycle: lunar month

Cycle: 1 day = 12 hours



Hadean



Molecules





Plate tectonics



Water cycle



Kits of building blocks



Kits of building blocks

Nucleus Atoms



Kits of building blocks



Archean



Life

Natural selection

Energy

Mass (building blocks)
+

• Replication

• Finite resources

(with errors)



Life

Evolution of life

• Replication

• Finite resources

• Metabolism

(with errors)

Energy

Mass (building blocks)
+



Archean



Life cycle



Archean

LUCA

LUCA



LUCA

Last week of September
3.7 billion years ago



Archean



Photosynthesis

6 𝐶𝑂2 + 6 𝐻2𝑂 𝐶6𝐻12𝑂6 + 6 𝑂2

Solar energy
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Photosynthesis
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Solar energy
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• Energy sources



Trophic cycle

Producers Consumers

Energy

Building 
blocks

Decomposers



Prokaryote predation (example)



Photosynthesis

6 𝐶𝑂2 + 6 𝐻2𝑂 𝐶6𝐻12𝑂6 + 6 𝑂2

Solar energy

• Not plants!

• Molecules

• Energy sources
Chlorophyll



Molecular revolutions

1st

Proof of concept!

2nd
Abiotic

3rd
Biotic

4th
Synthesized
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Photosynthesis

6 𝐶𝑂2 + 6 𝐻2𝑂 𝐶6𝐻12𝑂6 + 6 𝑂2

Solar energy

• Not plants!

• Molecules

• Energy sources



The Great Oxidation Event



The Great Oxidation Event



Archean



The Great Oxidation Event

Last week of October
2.5 billion years ago



Proterozoic



Kits of building blocks



Prokaryote organisms

From organisms of 
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Prokaryote organisms
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Prokaryote organisms
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Unicellular organisms
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Unicellular organisms

From organisms of 
different species

Endosymbiosis

From organisms of 
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Unicellular organisms

From organisms of 
different species

From organisms of 
the same species

Endosymbiosis

Multicellulars

w
w

w
.s

ci
en

ce
m

ag
.o

rg
/n

ew
s/

2
0

1
8

/0
6/

m
o

m
en

to
u

s-
tr

an
si

ti
o

n
-m

u
lt

ic
el

lu
la

r-
lif

e-
m

ay
-n

o
t-

h
av

e-
b

ee
n

-s
o

-h
ar

d
-a

ft
er

-a
ll

P
ro

ka
ry

o
te

Eukaryote



Multicellulars

Brown algae Red algae Green algae

FungiPlants Animals



Proterozoic



Proterozoic



Multicellularity

December 5th
1 billion years ago



Kits of building blocks



Kits of building blocks



Life cycles



Phanerozoic



Ediacarian explosion



Ediacarian explosion

www.geosociety.org/gsatoday/archive/26/11/pdf/i1052-5173-26-11-4.pdf



Cambrian Explosion

December 16th
550 million years ago



Cambrian explosion

Age of 
Trilobites

Age of 
Reptiles

Age of 
Mammals



Bio technologies

www.smithsonianmag.com/videos/category/science/the-
hagfish-is-the-slimy-sea-creature-of-you/



Bio technologies

www.smithsonianmag.com/videos/category/science/the-
hagfish-is-the-slimy-sea-creature-of-you/
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Bio technologies

Monocercomonoides
Orobanche Rafflesia

ChloroplastsMitochondria
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Jaws

December 20th
450 million years ago



Mass extinctions

Age of 
Trilobites

Age of 
Reptiles

Age of 
Mammals



Oxygen

Lignin



Oxygen

Lignin

https://pubs.rsc.org/en/content/articlelanding/2011/np/c1np00042j w
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Carbon cycle
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Cumulative dynamics → Phase transition



Nervous system



Animals

citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.136.2311



Eusociality



Kits of building blocks



Primates



Homo



Important Human Transitions

7 million years agoBipedalism



citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.136.2311



Important Human Transitions

7 million years agoBipedalism

Stone tools 3.3 million years ago



Tools



Tools



Collective learning

Culture

Cultural forgetting

Collective learning



Homo

The last hour 
of the cosmic calendar



Important Human Transitions

Bipedalism

Stone tools

Use of Fire

7 million years ago

3.3 million years ago

1.3 million years ago



Cooking

scientificamerican.com/article/food-for-thought-was-cooking-a-pivotal-step-in-human-evolution/



Important Human Transitions

Bipedalism

Stone tools

Use of Fire

Language

7 million years ago

3.3 million years ago

1.3 million years ago



Cognitive revolution

New ability Wider consequences
The hability to transmit larger quantities of 
information about the surrounding world

Planning and carrying out complex actions, 
such as avoiding lions and hunting bison
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Cognitive revolution

New ability Wider consequences
The hability to transmit larger quantities of 
information about the surrounding world

Planning and carrying out complex actions, 
such as avoiding lions and hunting bison

The hability to transmit larger quantities of 
information about social relationships

Larger and more cohesive groups, 
numbering up to 150 individuals

The hability to transmit information about 
things that do not physically exist, such as 
tribal spirits, nations, limited liability 
companies and human rights

a. Cooperation between very large 
numbers of strangers
b. Rapid innovation of social behaviour

Adapted from Sapiens of Yuval Hariri



Important Human Transitions

Bipedalism

Stone tools

Use of Fire

Language

Burials

7 million years ago

3.3 million years ago

1.3 million years ago

110,000 years ago

4min



Early human migrations

First Wave Extinction



Kits of building blocks

?



Organisms

From organisms of 
different species

From organisms of 
the same species
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Domestication
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Agriculture



Domestication

Wheat didn’t like rocks and pebbles
Wheat didn’t like sharing space, 

water and nutrients
Wheat got sick
Wheat was attacked by rabbits and 

locust swarms
Wheat was thirsty
Wheat was hungry



Domestication

Domestication is not unidirectional



Domestication



Domestication



Agriculture

Second Wave Extinction



Kits of building blocks



Guns, Germs and Steel



Civilizations



Civilizations

Primary characteristics

1. Urban settlements
2. Full-time specialists not involved in 
agricultural activities
3. Concentration of surplus production
4. Class structure
5. State-level organization (government)

www.ancient.eu/civilization/



Eusociality



Civilizations

Primary characteristics

1. Urban settlements
2. Full-time specialists not involved in 
agricultural activities
3. Concentration of surplus production
4. Class structure
5. State-level organization (government)

Secondary characteristics

6. Monumental public building
7. Extensive trading networks
8. Standardized monumental artwork
9. Writing
10. Development of exact sciences

www.ancient.eu/civilization/



Writing

12.6s

10s



Kits of building blocks



Great Pyramid of Giza 10s



Shang dynasty 9s



Olmec civilization 8s

Identical ancestors point (isopoint)
journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.1001555
http://tedlab.mit.edu/~dr/Papers/Rohde-MRCA-two.pdf



Third independent writing system
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Maya script 300-200BCE
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The Axial Age (800 – 200 BCE) 6s



Silk road 5s



Zero

Zero
Positional sytem

Algorithm

4s

Supernova SN 185
“In the 2nd year of the epoch Zhongping
[中平], the 10th month, on the day Kwei
Hae [癸亥] [December 7, Year 185], a 
'guest star' appeared in the middle of 
Nan Mun [asterism containing Alpha 
Centauri], The size was half a bamboo 
mat. It displayed various colors, and 
gradually lessened. In the 6th month of 
the succeeding year it disappeared.”



Precursors of banknotes

Promissory notes Banknotes

交子 Jiaozi 

3s



New Zealand settlement 2s



First globalization 1s
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