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Astronomy: The Golden Age 

•  1930-1970: Stars understood 
•  1950-1980: Elements understood 
•  1960-2000: Neutron Stars, Black Holes 
•  1990-2010: Cosmology Understood 
•  1990-2010: Growth of galaxies mapped 
                 What next? 
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New Growth Areas 

•  Dark Matter and Dark Energy 
•  Search for & Characterization of Extra-solar 

planets 
•  Synoptic Imaging at Radio and Optical 

Wavelengths 
•  New Bands (Sub-mm, Decameter, Very High 

Energy) 
•  Strong Gravity 
•  The Early Universe 
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Exponential Growth 

•  Moore’s law (Exponential Growth): 
–  Semiconductor gains grow exponentially 

•  Kurzweil’s observations (Accelerating 
Returns): 
–  The exponential timescales can, in many cases, 

become, successively shorter 
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Palomar Sky Survey 
The Palomar Sky Survey 
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Accelerating Returns 

•  When different technologies can be 
combined the returns are faster than 
that provided by either technology 
– Such convergences can provide periods of 

exponential growth (even in absence of a 
Moore’s law regime) 
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New Growth Areas 
•  Dark Matter and Dark Energy 

–  Massive Multiplexing 
•  Search & Characterization of Extra-solar planets 

–  Many technologies 

•  Synoptic Imaging at Radio and Optical Wavelengths 
–  Moore’s law 

•  New Bands (Sub-mm, Decameter, Very High Energy) 
–  Accelerating Returns 

•  Strong Gravity 
–  Accelerating Returns 

•  The Very Early Universe 
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Outline 

•  I. Gamma-ray bursts: An exemplar of 
technological convergence 

•  II. Synoptic Imaging at Optical Wavelengths 
–  Palomar Transient Factory 

•  III. Synoptic Imaging at Radio Wavelengths 
–  Radio band 
–  Sub-millimeter: The Lush Frontier 
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I.  Gamma-ray bursts 
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Vela Satellite (circa 60’s) 
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The Great Debate
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GRB 970508: THE GOLDEN BURST
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Big Bang II 
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Popular Models 
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What led to this 
breakthrough? 

•  The  X-ray and gamma-ray detectors on 
BeppoSAX have been around for 
decades 

•  Availability of  
– Large format detectors 
– Rapid information dissemination (Internet)  
– Rapid Data Reduction (Fast Computing) 
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II. Synoptic Optical Imaging 



24/55 # 



25/55 # 



Palomar Transient Factory 
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PTF collaboration 

Caltech, LCOGT, Berkeley, LBL, IPAC, Columbia, Oxford, Weizmann 
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PTF haul (to date) 
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P48 
survey telescope 

P60 
 classification 

telescope 

   PTF is finding: 
   1 transient per 20 minutes 
   1 strong variable per 10 minutes 

P200 
 Spectroscopy 
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Swift Observations  

Kiran     (2008-08-18) 
Muv = −23.5 (!) for z = 0.29 

UVOT uvw1, uvm2, uvw2   XRT 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IIIa. Synoptic Imaging at 
Radio Wavelengths 
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Low Frequency Arrays 
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Strong Gravity (LIGO) 



Gravitational Wave Observatories 
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IIIb. The Lush Sub-mm Frontier 
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Early mm-wave astronomy 
•  1961: Frank Low invents the Ge bolometer 
•  1963: Sun, Moon, bright planets 

NRAO 5-foot mm-wave telescope NRAO 12-foot mm-wave telescope 
# 
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1973-78: 10-m telescope 
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COBE: Sub-mm Background 

Dole et al. 2006 # 
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1997: SCUBA  

Smail, Chapman, Blain # 
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Bolometer Performance 

1995: Bolocam 
1999: Zspec 
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Moore’s Law Again 
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•  Cerro Chajnantor, Atacama, 
Chile, 5600m 

•  Wavelengths 2 - 0.2 mm 
•  Frequencies 150-1500 GHz 
•  Surface accuracy 10 µm 

–  Active surface ! 
•  Angular resolution 2-20” 
•  Survey instrument: 

–  Wide field of view 
–  Large submm cameras 
–  Spectrometers 

CCAT: a 25-m submillimeter telesope 
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Now for something of real use in life 


