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What is History to You? 

So it seems that History is centred around Humans. 

 



Other Things have a Past! 

• But other things have a past as 
well! 

– Fossils show us that there were 
other organisms in the past. 

– A look at the sky with our 
telescopes shows us that our 
universe was different in the past. 



Other Things have a Past! 

• But other things have a past as 
well! 

– Some fossils and rocks should be 
formed under water, but they 
were later discovered on 
mountains… 

– The past condition of our Earth is 
very different from what we see 
now! 

 



Knowing the Past 

• But history is not just about 
WHAT happened in the past 

– but also WHEN a past event 
happened. 

• How do we know about the 
past events in human history? 

– Written records! 



History Without Dates? 

• It is hard to write a sensible 
history without reliable dates. 

 

 

 

• Then how can we learn about 
non-human history? 

H. G. Wells, author of 
many famous works 

such as Time Machine 

When I tried to write a “universal” history, I 
could give no real dates for any events before 

the first Olympiad. 



Measuring Time With Molecular 
Clocks 

• Some stretch of DNA 
changes (e.g. via mutation) 
at a reliable rate 
– E.g. one base per 25 million 

years 

• Observing the genetic 
difference between 2 
species allows us to 
determine the time needed 
for the required 
evolutionary processes. 



The Structure of Time as Recorded by 
Thicknesses of Strata (Holmes, 1960) 

• A deeper layer corresponds to an earlier period. 
• A thicker layer corresponds to a longer duration. 



Radioactive Isotopes Commonly Used to 
Date Rocks 

Radioactive isotope App. Half-life (year) Product of decay 

Rubidium 87 (87Rb) 48.8 (billion = 109) 87Sr 

Thorium 232 (232Th) 14.1 billion 208Pb 

Potassium 40 (40K) 1.27 billion 40Ar 

Uranium 238 (238U) 4.47 billion 206Pb 

Carbon 14 (14C) 5730 14N 



The Big History 

• So it makes sense to go back in 
time to talk about the history of 

– Our human civilization 

– Evolution of life 

– Our Solar system 

– Our Universe 

 



And the missing piece  
is …? 

Astronomy/Cosmology 

Geology/Planet  

Earth 

Chemistry/Biology 

(Water, where  

life evolved) Science/Technology 

(Electric lights = 

Modernity) 

Anthropology/History 

(Cities, churches and  

Human Civilization) 



A Quote 

• “For, in fact, what is man in nature?  
A Nothing in comparison with the 
Infinite, an All in comparison with 
the Nothing, a mean between 
nothing and everything.” 

 

• Blaise Pascal, Pensées (1670), No. 72 



• So the Big History is about 

– what happened in the past of our universe; 

– how we, as an intellectual being, learn about 
these past events; 

– what will the future be like; 

– how/where we fit in within the whole universe. 

http://apod.nasa.gov/apod/ap140127.html   

http://apod.nasa.gov/apod/ap140127.html
http://apod.nasa.gov/apod/ap140127.html


Your Teacher 

Dr. William Cheung 
willmyc@hku.hk 

Faculty of Science 
The University of Hong Kong 



COURSE STRUCTURE 
• 1 – 4pm 

• Room 207, Teaching Building No. 3 
 

Assessment 
 

Assignments 
(around three of them) 

40% 

Group Project & Presentation 30% 

Final Exam 20% 

Participation 10% 



Textbook & References 
• TEXTBOOK 

– David Christian, Cynthia Stokes Brown & Craig Benjamin, 
Big History: Between Nothing and Everything, McGraw-
Hill, 2014 

• References 

– David Christian, Maps of time: an introduction to big 
history, University of California Press 

– Fred Spier, Big history and the future of humanity, Wiley-
Blackwell 

– Cynthia Brown, Big History: From the Big Bang to the 
Present, The New Press 

 



Online Resources 

• The Big History Project 

– https://school.bighistoryproject.com/bhplive 

• ChronoZoom 

– http://www.chronozoom.com/#/t00000000-0000-
0000-0000-000000000000 

• TED talk by Professor David Christian 

– http://www.ted.com/talks/david_christian_big_hi
story?language=en 



Organization of Big History 

• So how are events organized in Big History? 

– http://www.ted.com/talks/david_christian_big_hi
story?language=en  (0:00-3:48) 

• They are organized in 

– increasing time 

– increasing complexity 

• The early universe was simple: then more complex 
things appeared, from stars to planets, to life, to us! 



What is Complexity? 

• Four features of complexity: 
1. There are (diverse) components 

– Diversity is not an absolute must though… 
– But more diversity helps to generate more 

complexity. 

2. Goldilocks Conditions 
– More complex things appear only in tiny 

pockets in the Universe where the 
‘Goldilocks’ conditions are just right 

– “Not too hot, not too cold” 

 



What is Complexity? 
• Four features of complexity: 
3. Emergence 

– More complex things have entirely new 
emergent qualities compared to their 
components. 

– 1 + 1 < 2 

4. Energy flows 
– The 2nd law of thermodynamics means 

things ought to have got less 
structured; they can get more complex 
only when sustained by energy flows. 

 



Example of Complexity 

• Mexican Wave! 
1. Diverse components 

– the participants 

2. Goldilocks conditions 
– Everyone gotta move at the right time! 

3. Emergence 
– Everyone just moves up and down, 
– and here comes the wave! 

4. Energy flows 
– Hey, it’s tiring to play this! 



‘EMERGENCE’ & ‘THRESHOLDS’: How these 
themes shape Big History 

• Complex things can appear from diverse 
components 

• They have new ‘Emergent Qualities’ 

• They appear only when the conditions are just 
right: ‘Goldilocks conditions’ 

• and when there are flows of Energy 

• We call these moments ‘Thresholds’ 
– Thresholds are doorways to something new 



Big Bang 

• Our universe starts from a Big Bang 

• The early universe was simple, with little structure 
– A thin mist of H & He atoms + photons of light, embedded in dark 

matter and at a uniform temperature  limited energy flow 

• No 
– Galaxies and Stars 

– Heavier chemical elements 

– Planets 

– Living Organisms or Humans 
 

Cosmic Background Radiation 
as mapped by the Planck satellite: 

Temperature differences of 1/100,000th  
of a degree 



A ‘Threshold of Increasing Complexity’ 
HOW TO MAKE STARS 

A Universe with stars is 
already more interesting 
• Stars are complex 
• They gather into galaxies 
• They create new 

gradients of heat, 
density, gravity 

The First  

Stars? 



A Region of Star formation 

• 20,000 Light years away in the constellation, 
Carina 

• http://apod.nasa.gov/apod/ap150425.html  

http://apod.nasa.gov/apod/ap150425.html


What energy flows create new elements?  
Extreme heat from dying large stars 



With new elements you can make new types of matter: 
snowflakes, silica dust, even organic molecules 



With these new materials you can make  
comets, asteroids and… planets  

Rocky planets like our young earth are  

peculiarly interesting 



Rocky planets are even more chemically interesting! 



Constructed by Martin Schuler 

Goldilocks conditions for rich chemistry… and Life! 

Early life forms? 

 

EARTH 3.8 BILLION YEARS AGO: 

• Lots of elements/chemicals  lots of possibilities! 

• Liquid water  atoms can link up easily 

• Heat and Energy  drive chemical reactions 

 
 



Threshold 5: LIFE 

A new type of complexity: 

active rather than passive … 

Living things survive in unstable 

environments   

unlike stars, they must  

• Detect changes (information 

enters the story) 

• Keep adjusting: homeostasis 

(purposefulness & meaning 

enter the story because getting it 

right matters!) 



How do humans fit into this story? 



What makes humans so different? 

A hypothesis:  

 “Collective Learning” 
 
Many animals communicate, but 
inefficiently  
• Information leaks  no long-term 

accumulation 

Humans crossed a fundamental threshold 
in communication  
• information accumulates from generation 

to generation, faster & faster 
• More information means more control 

over energy flows 



10,000 years ago  Agriculture  
New technologies = an energy bonanza for humans 

Energy pours into 

surrounding space 

The 

Sun 

photogr

aphed 

in ultra-

violet 

Fusion reactions in the 

Sun’s core generate 

energy 

On earth, plants capture some of that 

energy through photosynthesis 

Farmers change landscapes, plants & 

animals so we humans get more and 

more of that energy 



More energy  Larger Populations  

• Villages, towns, cities 

• Civilizations, States, Empires 

• More collective learning  new innovations 

• All the things historians normally study! 



MORE PEOPLE  MORE EXCHANGES  NEW 
TECHNOLOGIES  INNOVATION ACCELERATES  



• The Organic Energy Regime: 
• Energy from wind, water, wood, and 

human and animal labour 

• i.e energy from sunlight  
captured by photosynthesis  
over, say, 30 years 

• Limited energy flows   
limited growth 

But… energy from recent photosynthesis was limited 



• Humans discovered how to tap  

the energy in fossil fuels 

• Fossil fuels stored the energy from 

sunlight fossilized over 300 million years 
• E.A. Wrigley: “An industrial revolution is physically 

impossible without access to energy on a scale which 

does not exist and cannot be secured in organic 

economies.”  
[Energy and the English Industrial Revolution, kindle ed., location 3866] 

• Adam Smith & Ricardo knew that growth would stall 

without new forms of energy 

THRESHOLD 8, THE ANTHROPOCENE:  
200 ys. ago, a 2nd energy bonanza 



What an alien paleontologist might see: 
 a planet lights up! 

Vast new flows of energy   

Huge increases in complexity & power  

Vast improvements in living standards for most humans: 

 We have become a planet-changing species 



The Anthropocene Epoch: An astonishing 
 moment in the earth’s history 

What’s 

going 

on!!?? 

Churchill Bay, Manitoba, Western coast of Hudson bay. Photo by Dennis Fast 



Where are we right now  

in the Big History story? 

For the first time in 4 billion years,  

a single species dominates energy flows within the biosphere 

And could transform the biosphere 

Other species are waiting to find what we’ll do! 

But do we really understand our power? 

Aurora over Maine 



8 fundamental thresholds of  

increasing complexity 
 

1. The Big Bang 

2. Stars 

3. New Chemical Elements 

4. Planets (our solar system) 

5. Life (on earth)  
6. Humans [From the Natural Sciences to the Humanities] 
7. Agriculture 

8. Fossil fuels and the Anthropocene 

By the way, when were 

the dinosaurs wiped 

out? 

About here … 



From Simplicity to Complexity 
• We’ll see that: 

– The Universe started out simple 
– Gradually more complex things appeared 

• Stars, planets, simple life (bacteria), complex life (e.g. us!) 

– Modern Human Societies are amongst the most complex things 
in the entire Universe 

• A central question of this course: 
– How did the Universe become more complex? 

• The importance of Thresholds: 
– New things seemed to appear suddenly 
– A tiny change led to something utterly new 
– With new “emergent” properties 



 

Eric Chaisson’s idea links 

complexity & energy 

flows: 

 

 
Energy flows measure 

complexity 

1) More energy flows through 

more complex things 

2) Modern human society is 

extraordinarily complex 

COMPLEXITY & 

ENERGY FLOWS 



 


