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Were the succession of stars endless, then the background of 
the sky would present us a uniform luminosity, like that 
displayed by the Galaxy – since there could be absolutely no 
point, in all that background, at which would not exist a star. 
The only mode, therefore, in which, under such a state of 
affairs, we could comprehend the voids which our telescopes 
find in innumerable directions, would be by supposing the 
distance of the invisible background so immense that no ray 
from it has yet been able to reach us at all. 
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Eureka 1848 

An infinite universe with very old  
stars would be very bright 

OLBERS’ PARADOX: why is the night sky so dark? 







Predict what’s not observed………..and don’t observe what’s  predicted 

The  local universe 

2MASS infrared galaxy survey: 106 galaxies 



Divide universe into shells of galaxies 
Each shell contributes according to its area  (~r2) 
and its contribution decreases as  1/r2 

 
So each shell contributes equally 
 
There is no limit if the universe is infinite 
 

Olbers’ Paradox 

Why the sky is dark at night 



Resolution: 
 
The universe has a finite age, 
13.7 billion years otherwise  
there would be too many stars 



RELICS FROM THE ORIGIN OF SPACE-TIME 

• the fundamental forces of nature 
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RELICS FROM 10-36 second 
 AFTER THE  BIG BANG 



The  distant universe 



The  distant universe (ctd) 

Planck satellite: cosmic microwave background fluctuations at 1 part in 105 



• Age of the universe from the expansion 



     13.7 



• Age of the universe from the expansion 

• Age from radioactive chemistry 





ORIGIN OF THE LIGHT ELEMENTS 
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ORIGIN OF THE HEAVY ELEMENTS 

We are the ashes of stars 
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Relic of an  exploding star recorded by Chinese astronomers in 1054 



 supernova remnant 



CIRCULATION OF THE DEBRIS 

 



CIRCULATION OF THE DEBRIS 

 



 

NGC1569 



GALACTIC  DISRUPTION 



Bonnell 2015 

A computer simulation of   
a disrupted infalling dwarf galaxy 



Martinez-Delgado et al 2008 

A nearby galaxy 



Cooper et al 2010 

Martinez-Delgado et al 2008 

A nearby galaxy 

A computer simulation 



THE FIELD OF STREAMS 







 ULTRAFAINT DWARF GALAXIES 





GALAXY COLLISIONS 



Bourneaud  2009 











some typical galaxies 



Searching for evidence of a collision 
between galaxies…its like a crime scene 



Duc 2014 



RADIO FOSSILS 



The sausage cluster 



The toothbrush cluster 



GAMMA RAY FOSSIL CLOSE TO HOME 



GAMMA RAY FOSSIL CLOSE TO HOME 

 gamma ray sources as seen by the FERMI satellite 



The diffuse gamma ray background 

A GIGANTIC  EXPLOSION OCCURRED  A  MILLION YEARS AGO AT THE CENTRE OF THE MILKY WAY 



How we do cosmology 
By  looking far away, into the remote past 
By searching for nearby fossils 
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We are still searching… 


