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Topics:
• Sky Maps:                                         

from Hipparchos to digital sky surveys

• The first large digital color map of 
the night sky:                                  
Sloan Digital Sky Survey (SDSS)

• Astronomy from your armchair: 
How to use public SDSS databases?             
A peek into the future: LSST



Context: modern observational methods 
in astronomy and astrophysics: 
• Large telescopes (~10m): faint objects, 

especially spectroscopy

The Keck 
telescopes 
on Mauna 

Kea (Hawaii)



Context: modern observational methods 
in astronomy and astrophysics: 
• Telescopes above the atmosphere:  high 

angular resolution (e.g., the Hubble Space Telescope) 
and other wavelength regions (X-ray, radio, infrared) 

The HST in orbit and an example of a galaxy image



Context: modern observational methods 
in astronomy and astrophysics: 

• Large telescopes (~10m): faint objects, 
especially spectroscopy

• Telescopes above the atmosphere:  high 
angular resolution (e.g., the Hubble Space Telescope) 
and other wavelength regions (X-ray, radio, infrared) 

• Large sky surveys: digital sensor tehnology
(CCD: charge-coupled device), information tehnology 
(data processing and data distribution)

Key point: modern sky surveys make                                                   
all their data (images and catalogs) publicly available 



What is a sky map? 
         Why are sky maps useful?

• Sky map:                                                                
– a list of all detected objects (stars, galaxies, ...)                                                        
– measured parameters (size, color, brightness,...)

Basic steps in 
astronomical image 

processing (example: 
Sloan Digital Sky 

Survey):

All these (complicated) 
steps are already done:

“science-ready database” 



What is a sky map? Why are sky maps useful?
• Sky map:                                                                   

– a list of all detected objects (stars, galaxies, ...)                                                        
– measured parameters (size, color, brightness,...)

• The utility of sky maps:                         
Discoveries of new objects:  “Is this a new asteroid, or is it 
already cataloged?”                                                             
Object classification: “What types of galaxies exist?”                                                              
Statistical population studies: “Do quasars change their 
properties with time?”                                                                     
Search for unusual objects: “Is this star very weird?”         
Cosmological measurements: “How fast does the 
Universe expand?” 
“Science-ready database”: measurements can be (simply) 

analyzed without the need for (complex) image processing



              Short history of sky mapping

• Hipparchos

     – about 3,000 years ago        
     – all stars visible from Greece: about 3,000 
     – the main source of astronomical measurements  
        for the next 2,500 years!  

• Tycho Brahe                                                          
– XVI century, much more accurate measurements            
than Hipparchos                                                            
– still without a telescope: about 3,000 stars                                                          
– the main results: Kepler’s Laws of planetary motions,      
Newton’s theory of gravity  



Modern sky mapping 

• Palomar Observatory Sky Survey                                                                        
(National Geographic Sky Survey):                                     
– optical wavelengths, two bandpasses                                            
– 1950-1955 (second phase in 80ʼs)                                                      
– about 1,000 photographs (whole sky)

• Other wavelengths:                                                         

– X rays (Chandra, XMM-Newton)                                                       
– ultraviolet (GALEX)                                                      
– infrared (2MASS, Spitzer)                                                          
– radio (FIRST, NVSS)



Optical wavelengths reveal 
only a bit of reality...

Orion: visible light                      infrared light 



Sloan Digital Sky Survey:                                   
the first massive digital color map of the night sky  
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The last decade: Sloan Digital Sky Survey

• Digital sky survey with a 120 Megapix CCD camera

• Precise measurements for 400,000,000 objects

• Revolution in astronomy: public databases



The last decade: Sloan Digital Sky Survey

Prof. James E. 
Gunn accepts a 

National Medal of 
Science

The 2010 SDSS-III collaboration meeting in Paris

• Digital sky survey with a 120 Megapix CCD camera

• Precise measurements for 400,000,000 objects

• Revolution in astronomy: public databases

Surveys are made by real people :-) 



SDSS sky mapping: “drift scanning”



Examples of SDSS images
Comet

Nebula

Dwarf galaxy
Spiral galaxy

Spiral galaxies



SDSS view along the Milky Way Disk

24



Astronomy “from your armchair” 

For teachers!



SDSS (and other) tools: why are they useful?

• Designed for works with students                                            

– step-by-step instructions                                            
– solutions to all problems and excercises

• Work with real astronomical data                                                                                                             
– developing familiarity with faint night sky                                             
– meeting digital technology                                                 
– introduction to astrophysics (colors, ...)

• Technical knowledge is not astro-specific                                               

– work with large databases                                                           
– data visualization (graphs, etc.)                                         
– statistics

Astronomy offers one of the most efficient methods
for attracting students to STEM professions!  



Design specialized for use in classroom!







Projects for 
different 
ages and  
levels of 

background
knowledge



... from simple to...



... advanced



“Navigation” around the sky...



“Navigation” around the sky: zoom in, zoom out...



Additional, more detailed, information...



For example, spectra (here: a Seyfert [active] galaxy)



Methods for accessing SDSS data

• SDSS site: www.sdss.org

• World Wide Telescope                                                                                                             
– Microsoft (code download & Web client)                                                  
– not only SDSS data

• Google Sky                                                             
– Google (code download & Web client)                                                  
– not only SDSS data

The functionality of these sites is fantastic, and the data 
quality is sufficient even for scientific work.  

Astronomy offers one of the most efficient methods
for attracting students to STEM professions!  

http://www.sdss.org
http://www.sdss.org


World Wide Telescope



Google Sky



SDSS: from science to astronomy in every home!
 www.sdss.org
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A peek into the future: the Large Synoptic Survey Telescope

SDSS: 
a digital color map 

of the night sky
LSST: 

a digital color 
movie of the sky



LSST Telescope: 8.4m mirror (6.7m effective)



Gemini vs. LSST field-of-view comparison



Optical design for the LSST telescope

“Classical” telescopes: two mirrors, hard to simultaneously 
get both a large field of view and small image distortions 

LSST: three-mirror design that enables a large field of view 
with small image distortions (Paul-Baker system)





LSST camera

The largest astronomical camera: 2800 kg, 3200 Megapixels



LSST camera

Modular design: 3200 Megapix = 189 x16 Megapix CCD
9 CCDs in a raft = effectively a stand-alone camera

Raft with problems can be replaced with a spare one





TextThis data The LSST data, all 
>100,000 TB, will be

available to everyone in 
2020s, just like 20 TB

of SDSS data are today


