
Stars and Galaxies 
The Big History of our Planet 

– The 2nd threshold 



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 

 

• Lineweaver, et. al., Complexity & the Arrow of Time, p. 48: 

“Whatever measure of complexity we use, there was little of it in the first 
tens of millions of years after the big bang”  

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


How can complexity arise from a uniform universe? 

Early Universe 

Universe today 

Matter and Energy scattered quite 

uniformly. Nothing much can happen. 

Matter and Energy concentrated 

in “hot spots”. Lots can happen! 



Space is cold 

(-269°C, just above the 

absolute zero), while our 

Sun has a surface 

temperature of ~5500°C. 

Like a battery, the Sun 

supplies the energy 

gradient that supports our 

complex life style! 

Today, energy is also distributed 

unevenly 

A STAR 



How Uniform is the CMB? 
(based on data from the WMAP Satellite) 

http://map.gsfc.nasa.gov/media/ContentMedia/990004b.jpg 

If you plot temperatures from 0 to 4 

degrees from the absolute zero, you see no 

differences at all.  This is more or less 

what the first observers of the CMB saw. 



In the 1990s, 
better 

instruments 
showed tiny 
variations in 

temperature in 
the CMB 

Top Picture: from 

the COBE 

satellite 

 

Lower Picture: 

from the WMAP 

satellite shows 

more detail 



2008 map based on evidence from the WMAP satellite 

• Here the differences are exaggerated: color differences 
represent temperature differences of only 1/100,000th C. 

It is these tiny differences 
that give rise to the stars 
and galaxies! 



So What Causes a Star to Form? 

• Matters interact among 
themselves (attract/repel) via 
forces. 

• Two common forces: 

1. Electromagnetic force 
• May not be significant for star 

formation as opposite charges/forces 
will cancel one another out  

 

 



So What Causes a Star to Form? 

• Matters interact among 
themselves (attract/repel) via 
forces. 

• Two common forces: 

2. Gravitational force 
• Matters always attract towards one 

another under gravity. (No opposite 
mass!) 

• Initiates regions of slightly higher 
density to collapse and shrink 

 



Collapse of Gas 
• Of course the pressure of the gas 

will counteract the collapse under 
gravity. 

– But not always successfully 

• At a certain density and 
temperature 

– Pressure is independent of the size 
of the cloud. 

– But the gravitational pull is larger for 
a bigger cloud 

 



Collapse if the cloud is larger 
enough  

Jeans Critical Mass 

• Jeans critical mass: minimum mass of the cloud to enable collapse 
– Named after British astronomer James Jeans (1877 – 1946) 
– Different for different density and temperature 

No collapse for small cloud 



Reconstruction of clumping of matter in the Universe 100 my after creation 
Andrey Kravtsov, Univ. of Chicago, and Anatoly Klypin, N. Mexico St. University 

HOW GRAVITY ‘CLUMPED’ THE UNIVERSE 

A measure of cosmic 
distance; high value 
means being far 
away from us. 



Reconstruction of clumping of matter in the Universe 2 by after creation 
Andrey Kravtsov, Univ. of Chicago, and Anatoly Klypin, N. Mexico St. University 

HOW MATTER GOT ‘CLUMPIER’ 



Simulation of Universe today 
Andrey Kravtsov, Univ. of Chicago, and Anatoly Klypin, N. Mexico St. University 

AND ‘CLUMPIER’ 

z = 0 means our local 
position in the 
universe. 

So gravity magnified the tiny 
differences in density, and 
later on turned them into 
stars and galaxies! 



Starting to Collapse 

• As our protostar collapses, it heats up. 

• At the beginning, our protostar is transparent. 

– So it can radiate away its heat. 

– Its temperature barely changes! 

• The collapse process is comparable to free-
falling under gravity! 



Heating Up the Star 
• As the collapse proceeds, the protostar becomes 

– Denser 

– More opaque to radiation 

• The cloud heats up faster, but it is harder for the 
heat to escape. 

– Temperature of the protostar increases 

– Interior pressure builds up 

– The collapse being slowed down 



Nuclear Fusion 
• Temperature of the “star” keeps on increasing to  

– 6000𝐾 at the surface 

– 15 million 𝐾 at the core 

• Nuclear fusion occurs! 

– Hydrogen combining into Helium 

• This stage of the collapse until the start of nuclear 
fusion takes ~ 1 − 10 million years. 



Here comes a star! 

It starts to burn and shine! 



Fusion in the core 

New supplies of 

hydrogen from outer 

layers 

In our Sun, each second: 

600 mega-tons of H fused into  

596 mega-tons of He 

The remaining 4 mega-tons 

converted into photons of energy 

Heat and light to 

the Solar System 

The sun’s 

energy drives 

life on Earth! 

Our Sun: Turning Matter  Energy 



Man-made “Stars” 

H-Bomb Test: 1952 

• Humans had made “stars” on Earth before! 

• Hydrogen bomb! 



A region of star 

formation today: 

The ‘Cone Nebula’ 

Stars are still 

forming 

today 



Carina nebula ‘star nursery’ 2012 
http://www.bbc.co.uk/news/science-environment-16925085  

http://www.bbc.co.uk/news/science-environment-16925085
http://www.bbc.co.uk/news/science-environment-16925085
http://www.bbc.co.uk/news/science-environment-16925085
http://www.bbc.co.uk/news/science-environment-16925085
http://www.bbc.co.uk/news/science-environment-16925085


Orange represents the infrared glow of dust within Messier 78, a 
nebula just to the north of Orion's Belt. Hotter regions are where 

new stars are forming. 

http://www.bbc.co.uk/news/science-environment-17909397 



New stars in Cassiopeia, 7,000 light years 
from earth 



The Orion Nebula 
M42 

Image Credit: NASA, ESA, M. Robberto (STScI/ESA) et al.  

Just 1,500 light years away, 

glowing gas surrounds newly 

formed young stars 

http://www.nasa.gov/
http://www.spacetelescope.org/
http://www.stsci.edu/resources/
http://www.esa.int/
http://adsabs.harvard.edu/abs/2005AAS...20714601R


Hierarchy of Celestial Objects 

Stars are not isolated from one another, but instead 
they form structures: 

• Stars are drawn together by gravity to form 

• Galaxies, that gather into 

• Superclusters of galaxies, that gather into 

• Webs of superclusters 



Stars clustered 

together in galaxies, 

each containing 

hundreds of billions 

of new stars. 

 



NGC 4565: c. 40 M light years away, about 100,00 light years wide:  
A spiral galaxy like the Milky Way, but seen edge on.    

Image Credit & Copyright: Ken Crawford (Rancho Del Sol Obs.)  

http://apod.nasa.gov/apod/lib/about_apod.html#srapply
http://www.imagingdeepsky.com/Contact.html
http://www.imagingdeepsky.com/


The Southern Pinwheel galaxy, Messier 83 
c. 15 M. light years away 

 

Our Galaxy, the 

Milky Way, is 

thought to have a 

similar structure 

 

Credit:  S. Lee, C. 

Tinney, D. Malin, 

and the Australian 

Astronomical 

Observatory 



Spiral and Elliptical Galaxies: 
Elliptical M60, Spiral NGC 

4647 
54-60 m lt. ys. away in Virgo  

NASA, ESA, Hubble Heritage 

Team (STScI/AURA)   

http://www.nasa.gov/
http://www.spacetelescope.org/
http://heritage.stsci.edu/
http://www.stsci.edu/
http://www.aura-astronomy.org/


Often there are huge black holes at the 
centre of galaxies 

The black hole is gobbling up nearby stars: Artist’s impression      

 http://apod.nasa.gov/apod/ap130312.html  

http://apod.nasa.gov/apod/ap130312.html


Galaxies 
gathered in 
clusters and 

super-
clusters 

 
Held together by 

Gravity 

 
 

Milky Way 

Andromeda 



E.g. The 
Local Group 
of Galaxies 

 
 
 
 
 

Milky Way 

Andromeda 



45,000 galaxies in our neighborhood 
http://news.discovery.com/space/zooms/universe-map-galaxies-3d-110531.html 

Central portion obscured by the Milky Way 

The Universe contains over 100 billion galaxies! 



• It is not obvious at all 

that these are galaxies! 

• In 1920s, people were 

debating that they may 

be 

• gaseous regions, 

or 

• “island universes” 

similar to the 

Milky Way. 



Hubble Again! 

Hubble used methods and a telescope powerful 
enough to resolve the stars within a galaxy! 



 
Theories of Galaxy Formation 



Increasing Complexity through 2nd Threshold 

• Diverse components 
– Hydrogen and helium, gravity 

• Goldilocks conditions 
– Non-uniform density distribution of matter 
– Temperature high enough for nuclear fusion 

• Energy flow 
– Collapse driven by gravity 

• Emergent properties 
– New forms of “matter” 

• Stars 
• Galaxies 

A machine that 
transforms matter 
into energy! 


