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Light: it’s (almost) all we have to investigate the Universe  
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International Astronomical Union:  
IYL2015 Cosmic Light Cornerstone Projects 





Instruments: naked eye  

C
o

p
yr

ig
h

t:
 P

et
r 
H
o
rá
le
k 



Instruments: telescope – 1609 

One of Galileo’s telescopes in Padova (normally at Museo Galileo - Istituto e Museo di Storia della Scienza, Firenze) 



Photography 

The Orion Nebula by H. Draper, 1880 

By A.A. Common, 1883 

Image from the Harvard College Observatory Plate Collection 

Credit: Agnes M. Clerke 



Photography: record light + automatic + higher sensitivity 
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Side effect: need more/new labour to analyse data    

Harvard College Observatory, circa 1890 



Spectroscopy: split the light to study the chemistry of stars 
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Spectrum of the Sun by J. Fraunhofer, 1814 



Spectroscopy + Photography: the birth of Astrophysics 

 What are stars made of? 
 

 What powers stars? 
 
 How big is the Universe? 

 
 Is our ‘Galaxy’ all there is? 

 
 Is the Universe evolving? 



Visible light: only a fraction of the Electromagnetic Spectrum 
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Astronomy beyond visible light? 
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Astronomy beyond visible light? 

5 May 1933 



C
re

d
it

: F
ro

m
 E

ar
th

 t
o

 t
h

e 
U

n
iv

er
se

  

SPACE-BASED 
after 1960s 

Astronomy beyond visible light? 





H.E.S.S. 

Fermi 

Swift 

NuSTAR 

Chandra 

Kepler 

GALEX 

Hubble 

Spitzer 

Planck 

Herschel 

Spektr-R 

Keck  

SALT 

Gemini 

CARMA 

VLA 

Green Bank 

Sofia 

Astronomy across the spectrum: from space and ground 



Why?  



Centaurus A galaxy 

Radio  Infrared Visible  X-rays 
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Centaurus A galaxy 

Radio  Infrared Visible  X-rays 
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Centaurus A galaxy 

Radio  Infrared Visible  X-rays 
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Centaurus A galaxy 

Radio  Infrared Visible  X-rays 
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Centaurus A galaxy 

Radio  Infrared Visible  X-rays 
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Centaurus A galaxy 

Radio  Infrared Visible  X-rays 
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Centaurus A galaxy 

Radio  Infrared Visible  X-rays 
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The history of the Universe 
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The history of the Universe: searching for the first galaxies 
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The history of the Universe: searching for the first galaxies 



The history of the Universe: the first cosmic light 
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The Cosmic Microwave Background, first discovered by Penzias & Wilson in 1965  



Light to see the invisible: gravitational lensing  

Predicted by Albert Einstein’s General Theory of Relativity (1915) 



Light to see the invisible: gravitational lensing  

Illustrated London 
News, 22 November 
1919 

New York Times 
10 November 1919 



Light to see the invisible: gravitational lensing  
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Light to see the invisible: gravitational lensing  
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Beyond light: Gravitational Waves 

 Ripples in the fabric of space-time 
 
 Also predicted by General Relativity 
 
 Only indirect evidence so far 



Beyond light: Gravitational Waves 

PRESENT: Laser Interferometer Gravitational-Wave Observatory (LIGO), USA 



Beyond light: Gravitational Waves 

COMING SOON: ESA’s LISA Pathfinder – Launch: 2 December 2015 
Demonstrating the technology to detect gravitational waves from space 



Beyond light: Gravitational Waves 

COMING SOON: ESA’s LISA Pathfinder – Launch: 2 December 2015 
Demonstrating the technology to detect gravitational waves from space 

THANK YOU! 



Visible light 

PRESENT: ESO’s Very Large Telescope, Chile   
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Visible light 

FUTURE: ESO’s European Extremely Large Telescope, Chile 
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Visible/infrared light 

PRESENT: NASA/ESA Hubble Space Telescope 



Visible/infrared light 

FUTURE: NASA/ESA/CSA James Webb Space Telescope 



Radio waves 

PRESENT: 
NRAO’s Very Large Array,  
New Mexico, USA 
 
 
ESO, NRAO & NAOJ’s Atacama Large 
Millimeter/submillimeter Array 
(ALMA), Chile 
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Radio waves 
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FUTURE: Square Kilometre Array (SKA) 
Two arrays of radio telescopes covering 1 km2 in South Africa & Australia 



Very high-energy gamma rays 

PRESENT: 
MAGIC Collaboration, La Palma, 
Canary Islands  
 
H.E.S.S. Collaboration, Namibia 
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Very high-energy gamma rays 

FUTURE: Cerenkov Telescope Array (CTA), at 2 locations: Canary Islands & Chile 


