
Cosmic Explorers : 
mapping the Universe





Earth from space : a sense of perspective



you are here ...

Milky Way in Infrared (2MASS project)



and somewhere here ...

Deep Sky (Hubble Deep Field)



• History
• Deeper and Deeper
• The Universe in 3D
• Testing Theory
• Whats next ?



Part One
History



Petrus Apianus 1539 "Cosmographia"
Apianus manuscript
at Royal Observatory

The Greek Universe



planets loop in the sky ....



First edition
at Royal Observatory

The Copernican  Universe

Manuscript version of 
"De Revolutionibus"
1543



The stars spread through
space .. but how far away ?

...watch them wiggle ....

The Sea of Stars

Thomas Digges 1576
"A perfit description of the 
Coelestial Orbes"



Friedrich Bessel
     61 Cygni

Thomas Henderson
   Alpha Centauri

Discoverers of Parallax 1839



nearest star α Centauri   :  6841 x further than Pluto

Nearby Star Cluster - the Pleiades



Modern photograph
(Sylvestre Lacblanc)

Disk Universe
(Thomas Wright 1750)

The Milky Way



William Herschel
starmap 1785

Mapping the Milky Way : star counts



Infra-red picture 
(2MASS project)
..cuts through the dust

Whole sky picture (Lund 
Observatory) ....dark patches 
caused by dust

Artist sketch of Milky 
Way (ESA)

The modern Milky Way



Orion Nebula Andromeda Nebula

The mystery of the Nebulae



Orion Nebula
- glowing gas 
inside the 
Milky Way

Andromeda Nebula - 
island universe of stars

Hubble's Universe



Part Two
Deeper and Deeper



naked eye stars : 6th magnitude
nearby galaxies : 10th magnitude 

Nearby galaxies



Distribution of galaxies 
very clumpy 

Blank strip due 
to Milky Way 
obscuration

1920s Universe : catalogue to 14th magnitude

plotted by Carl Charlier 
at Lund Observatory



Virgo 
cluster 

Hercules 
cluster 

Random field 

Clusters of galaxies



1970s : photographic surveys



SuperCOSMOS 
survey  (ROE) 

APM survey 
(Cambridge) 

The sky to 20th magnitude much smoother but still a 
"frothy" appearance



1990s : Hubble Deep Field



Sky looks 
smooth on a
scale of billions
of light years 

1990s : Distant Radio Galaxies



Cosmic 
Microwave
Background
very smooth

Same data 
amplified 
times
10,000

WMAP results

Edge of observable universe



Part Three
The Universe in 3D



velocity-distance relation

redshift

gives easy way to 
estimate galaxy distances

Hubble's Law



1 Mpc = 3 million light years
            = 31 billion billion km
            = 200 billion times
               distance to Sun

plots from Rochester University

The Local Group

1 Mpc

30 Mpc



The Local Supercluster

100 Mpc



The CfA stickman

Las Campanas survey

Bubbles and Walls

500 Mpc



2dF Galaxy Redshift Survey

Sloan Digital Sky Survey

New Redshift Surveys



400 spectra in one shot

Fibre spectroscopy



2dF Galaxy Redshift Survey

Sloan Digital Sky Survey

Latest Maps of the Universe

3000 Mpc



Rotating View of 2dFGRS



Part Four
Testing Theory



• need to explain 
– clumpiness reduces with scale
– bubbles and filaments

• ingredients of theory
– Big Bang expansion theory
– seed of clumps from quantum fluctuations
– gravity makes clumps slowly clumpier

with time

Can we explain what we see ?



• density of matter
• fraction of dark matter
• type of dark matter

Things we choose



VIRGO project

Supercomputer simulations





IRAS

Far-IR galaxy survey



Almost explained by 
"cold dark matter" universe 
... but doesn't quite fit

clumpiness versus scale : IRAS galaxies



beautiful fit... needs

1% matter
29% dark matter
70% vacuum energy

clumpiness versus scale : fibre surveys



Part Five
What's next ?



distortions tell us 
the shape of the 
dark matter lens

dark matter bends light



tracking weaker 
distortions maps
out the 
dark matter

mapping the dark matter



(1) Distant objects : growth of clumping 
(2) Cold objects : the nearest starsInfra-red surveys

brown dwarf graphic from Kirkpatrick

2MASS skymap



UKIRT Wide Field Camera 100 times faster 
than 2MASS



UKIDSS : 100 times deeper 



Future Skymapping Projects

LSST

WISE

PanStarrs

VST

VISTA



any surprises left ..?



?


