
Evolution of Early Universe 
The Big History of our Planet 

– from 1st to 2nd threshold 



The Big Bang! 
• One may want to say there was: 

– Zero volume 

– Infinite density 

– Infinite temperature 

• Nothing we have seen before. 

• Nobody really knows what 
happened here. 

• Surprisingly we can figure out 
what happened soon after the 
Big Bang, with confidence! 



Major Physical Principle 

• Adiabatic expansion 
– The same process governing the 

formation of cloud! 

– Adiabatic = No energy exchange with 
the surrounding 

• When something expands, it loses 
energy in pushing forward. 
– Without energy supply from the 

surrounding, this energy loss results in 
a drop in temperature! 

(https://www.youtube.com/watch?v=E8AvfXar9zs) 



Adiabatic Expansion of the Universe 

• Obviously, the Universe cannot exchange 
energy with the “surrounding”. 

– After all, what is outside the Universe? 

• So the Universe underwent adiabatic 
expansion after the Big Bang: 

– volume increased 

– density decreased 

– temperature dropped 



The Early Universe 

• History of the early Universe 

 The cooling down of a pot of soup/jelly 

‒ At different stages, different forms of matter 
“condense” out. 

• Let’s look at these forms of matter based on the 
temperature of the Universe at different stages! 



Expansion Rate of the Universe 

• Actually we even know how the temperature 
changes with time, with some confidence 

– i.e.  when the Universe reached certain 
temperature 

• Recall that temperature is related to the 
expansion/volume of the Universe. 

– Adiabatic expansion 



Expansion Rate of the Universe 

• On the other hand, the 
expansion is governed by the 
amount of “stuff” inside the 
Universe 
– The expansion is slowed down by 

the gravitational attraction 
between the “stuff”. 

– The more stuff there is, the faster 
the expansion slows down. 

– analogous to throwing a ball to the 
sky 
 



Let’s Start Our Journey! 

Start here 

~14 billion years 



Cosmic Inflation 
• ~ 10-36 s after the Big 

Bang 

• Volume of the Universe 
“blown” to 1078 times 
bigger in 10-32 s 

• Purely theoretical 
speculation to explain 
some properties of the 
Universe 



Form of Matter 

• So far we are unsure what matter is like at these 
times. 

– Too hot! (~ 1028 K right before Inflation) 

• Gradually the Universe expands and cools down. 

– ~ 10-10 s after the Big Bang 

– ~ 1015 K 

– We become quite sure about what matter looks like… 



Elementary Particles 

• Still not something 
we used to know… 

• A soup of quarks 
and gluons 

– Quark Gluon 
Plasma 



Human Experiments! 

An experimental snapshot from the 
Relativistic Heavy Ion Collider, USA 

The ALICE experiment at the 
Large Hadron Collider, Geneva 



Collision for Science 

• What are these experiments doing? 

– accelerate protons to high energy 

– smash them together 

– and see what comes out 

• An analogy 

– suppose you want to study the engine of your car, 
but cannot open the hood… 



Collision for Science 

• and see what we can find from the crash! 



High Energy 
• But why accelerate to high energy? 

1. Easier to study the inner part of a 
particle 

 to disintegrate the particle 

2. E = mc2 
 the high energy can be converted to produce 

other particles with bigger mass 

• So by doing these experiments, we learn 
about the building blocks of our Universe! 



Formation of Protons/Neutrons 

• The Universe keeps on expanding and cooling 
down, and at 

– ~ 10-5 s after the Big Bang 

– ~ 1012 K 

• Quarks and gluons combine to form protons, 
neutrons and similar particles (hadrons). 

 



Nucleosynthesis 

• The Universe keeps on expanding and cooling 
down, and at 

– ~ 102 s after the Big Bang 

– ~ 109 K 

• Protons and neutrons combine to form nuclei. 



A Summary 



EMERGENCE OF LIGHT 



Recombination 

• Expansion and cooling down of the Universe 
do not stop, and at 

– ~ 300 thousand years after the Big Bang 

– ~ 3000 K 

• Nuclei combine with electrons to form neutral 
atoms. 



A Consequence 

Opaque to light Transparent to light 



Stretching Light 

• Such “afterglow” from the Big Bang is being 
stretched by the expansion of the Universe as 
it travels. 

–  It has become microwave by the time when it 
reaches us. 



Cosmic Microwave Background 
Radiation 

• This can be observed 

– With some common equipment 

– Or more advanced technology 

• It has been measured to the accuracy of 
at least 1 part in 100 000. 

The Planck Telescope 



Discovery of Cosmic Background Radiation 

• In 1965, in New Jersey, Penzias and 
Wilson were trying to make a perfect 
radio receiver 

• There was a slight hiss of energy coming from all 
directions (even when they removed pigeon 
droppings) 

 

• The Problem: What force could generate energy from 

all parts of the Universe? 

 



Just for the record!  
What the Universe is made of:  A 

fundamental problem 

~5% 

~26% 
~69% 



Missing Matter from the Galaxy 

• Dark matter? 
• Gravity behaves differently when long distances 

are involved? 



Self-accelerating Expansion of Space 

• GR actually predicts the expansion of space. 



Self-accelerating Expansion of Space 
• But this expansion seems to be speeding up by itself! 

 
 
 
 
 
 
 
 

• Dark energy? 
• Gravity behaves differently when long distances are 

involved? 



A Summary 
• Beginnings of everything 
• Before the Big Bang?  Nothing we can say! 

– ~13.8 billion years ago … something appeared 
– Smaller than an atom, very hot & expanding fast 
– Creating 

• Time 
• Space 
• Energy 
• Matter [“dark” matter and atomic matter] 

• As the Universe expanded, it cooled 
– After 380,000 years atoms formed  the universe went electrically 

neutral  a flash of radiation … 
– the “Cosmic Background Radiation” (CMB or CMBR) 


