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Who am I? 

I became interested in astronomy when I was 10 (in a far 
away country Yugoslavia, in the part now called Croatia…) 

When I was 14 (in 1979!), I started observing variable 
stars using first the Pickering’s method (simple), and 
then the Argelander’s method (0.1 mag precision for 
by-eye observations!) 

At that time, I already knew about the famous AAVSO; 
I can’t believe I am actually delivering a lecture to you! 

Meanwhile, I decided to turn my hobby into a professional 
engagement, moved to the U.S., and am now a happy 
professor of astronomy at the University of Washington.



Topics:
• Brief introduction to sky surveys:                                         

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 soon-to-come future: LSST

• Commentary: Are these surveys good for 
you (AAVSO)? 



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 technology 
(CCD: charge-coupled device), information technology 
(data processing and data distribution)

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



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” 

Meredith Rawls (this morning): 
Big Software for Big Data:
Scaling Up Photometry for LSST



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?”                                              
Selecting objects for follow-up: e.g. by AAVSO!  
“Science-ready database”: measurements can be (simply) 

analyzed without the need for (complex) image processing



              An extremely 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 80’s)                                                      
– about 1,000 photographs (whole sky)

• Other wavelengths:                                                                     

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

•  Ongoing optical surveys                                                                     



Optical wavelengths reveal only 
a bit of reality…
Space-based surveys are 
uniquely important! 

Orion: visible light                      infrared light 



Modern sky mapping 

•  Ongoing/upcoming optical (visual) surveys:                                                                    

– Sloan Digital Sky Survey                                                    
– LINEAR Survey                                                       
– Catalina Sky Survey                                                 
– Palomar Transient Factory                                          
– Pan-STARRS                                                            
– Dark Energy Survey                                                              
– Gaia (space based)                                                     
– Zwicky Transient Facility                                            
– Large Synoptic Survey Telescope 



Modern sky mapping 

•  Ongoing/upcoming optical (visual) surveys:                                                                    

– Sloan Digital Sky Survey                                                    
– LINEAR Survey                                                       
– Catalina Sky Survey                                                 
– Palomar Transient Factory                                          
– Pan-STARRS                                                            
– Dark Energy Survey                                                              
– Gaia (space based)                                                     
– Zwicky Transient Facility                                            
– Large Synoptic Survey Telescope 

This rapid progress is transforming the field of variable 
stars - is there anything left for AAVSO to do?  



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

Apache Point Observatory             
New Mexico              



Started in 1998: the 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



SDSS sky mapping: “drift scanning”



SDSS view along the Milky Way Disk

24



Astronomy “from your armchair” 







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)



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, 6.7m effective 5 sec slew &

          settle



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)  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Done!



LSST camera

The largest astronomical camera: 2800 kg, 3.2 Gpix



LSST camera

Modular design: 3200 Megapix = 189 x16 Megapix CCD
9 CCDs share electronics: raft  (=camera)

Problematic rafts can be replaced relatively easily



SDSS vs. LSST comparison: LSST=d(SDSS)/dt, LSST=SuperSDSS

SDSS

Deep Lens Survey (r~26)

3x3 arcmin, gri

SDSS, seeing 1.5 arcsec

20x20 arcsec; lensed SDSS quasar                            
(SDSS J1332+0347, Morokuma et al. 2007)

20x20 arcsec

Subaru, seeing 0.8 arcsec

3 arcmin is 
1/10 of 
the full 
Moon’s 

diameter

(almost) 
like LSST 

depth (but 
tiny area)



Killer asteroids: the impact probability is not 0!

The Barringer 
Crater, Arizona:         

a 40m object 50,000 
yr. ago 

LSST is the only survey capable 
of delivering completeness 
specified in the 2005 USA 

Congressional NEO mandate to 
NASA (to find 90% NEOs larger 

than 140m)

photomontage! 

photomontage!



Extragalactic astronomy: faint surface brightness limit

redshift

Gawiser et al

     r ~26
3x3 arcmin, gri (almost) like LSST depth 

(but tiny area)



LSST software

• 20 TB of data to process 
every day (~one SDSS/day)

• 1000 measurements for 40 
billion objects during 10 
years

• Existing tools and methods 
(e.g. SDSS) do not scale up 
to LSST data volume and 
rate (100 PB!)

• About 5-10 million lines of 
code (C++/python)



LSST software

• 20 TB of data to process 
every day (~one SDSS/day)

• 1000 measurements for 40 
billion objects during 10 
years

• Existing tools and methods 
(e.g. SDSS) do not scale up 
to LSST data volume and 
rate (100 PB!)

• About 5-10 million lines of 
code (C++/python)

Meredith Rawls (tomorrow): 
Big Software for Big Data:
Scaling Up Photometry for LSST

Meredith Rawls (this morning): 
Big Software for Big Data:
Scaling Up Photometry for LSST



First light: 2019



                      
A catalog of 20 billion stars and 20 billion galaxies with exquisite 
photometry, astrometry and image quality!

   More information at 
www.lsst.org 

and arXiv:0805.2366

LSST in one sentence:                     
An optical/near-IR survey of half the sky in 
ugrizy bands to r~27.5 based on ~1000 
visits over a 10-year period:

  LSST: a digital color movie of the Universe...   

3.6x10-31 erg/s/cm2/Hz
36 nJy
100x fainter than SDSS

http://www.lsst.org


Commentary:  The Impact of Large Optical Surveys on 
Stellar Astronomy and Variable Star Research

The advent of large optical surveys has delivered 
unprecedentedly large and precise astrometric and 
photometric datasets (precise magnitudes and colors, 
well-sampled light curves, sometimes both).

 

 



Commentary:  The Impact of Large Optical Surveys on 
Stellar Astronomy and Variable Star Research

The advent of large optical surveys has delivered 
unprecedentedly large and precise astrometric and 
photometric datasets (precise magnitudes and colors, 
well-sampled light curves, sometimes both).

Is this the end of amateur astronomy?                     
The end of AAVSO?  What is left to do? 

It seems to me that the role of AAVSO will actually 
increase because the targets needing attention will be 
easier to identify and will be more interesting!                  
I have a good example of such a collaboration… 



A Real-life Example: a photometric follow-up of sources selected 
from the SDSS & LINEAR database with the 1m  Austrian-Croatian telescope 

(ACT) at the Hvar Observatory and a network of private telescopes
1. 
Colors + light curves = follow-up

• SDSS provides single-epoch colors 

• LINEAR (asteroid survey) provides several hundred 
observations (to V∼18)  over a few years in a single      
broad bandpass

• ACT and other telescopes are follow-up instruments for 
obtaining additional photometry at an arbitrary cadence

 



A Real-life Example: a photometric follow-up of sources selected 
from the SDSS & LINEAR database with the 1m  Austrian-Croatian telescope 

(ACT) at the Hvar Observatory and a network of private telescopes

Interesting Sources for a BVRI Follow-up 

• RR Lyrae ab: the phase of the light curve minimum is 
correlated with chemical composition (an interesting 
quantity for studying the Milky Way history),  but need      
to measure the phase with a precision of ∼ 0.01 (a few 
minutes)

• RR Lyrae c and contact eclipsing binaries: need time-
resolved colors to separate them (and enable further 
science-driven studies)



 Single-band light curves for c-type RR Lyrae eclipsing binaries (top panels) 
are almost indistinguishable (especially when the noise is large), but when 

the color variation (bottom panels) is available, there is no ambiguity.
Color light-curves are relative easily to obtain (even a few points suffice)  

 1. 
 

RR Lyr

RR Lyr

eclipsing binary

eclipsing binary

light curve light curve

 color variation  color variation



Commentary:  The Impact of Large Optical Surveys on 
Stellar Astronomy and Variable Star Research

The advent of large optical surveys has provided means 
to select extremely interesting targets where amateur
astronomers can provide valuable contributions. 
 
I think that the availabilty of easily accessible survey 
data, perhaps with access to professional astronomers,   
gives a boost to AAVSO - large modern astronomical 
surveys are your friend!  

I would love to find out if there is any evidence for this 
assertion! 
Please write to: ivezic@astro.washington.edu



Commentary:  The Impact of Large Optical Surveys on 
Stellar Astronomy and Variable Star Research

The advent of large optical surveys has provide means 
to select extremely interesting targets where amateur
astronomers can provide major contributions. 
 
I think that the availabilty of easily accessible survey 
data, perhaps with access to professional astronomers,  
gives a boost to AAVSO - large modern astronomical 
surveys are your friend!  

 Thanks again for 
inviting me! 


