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Why? 



• 1946: discussed the advantages of having an 
space telescope 

 

• 1957: Sputnik 1 

 

• 1958: NASA  



• 1962: Ariel 1 (British); solar observations in the 
UV and X-rays 

• 1962: Orbiting Solar Observatory (NASA); UV, 
X-ray, and gamma-ray solar spectra 

• Orbiting Astronomical Observatory - OAO 
(NASA) 

• 1966: OAO-1: failure 

• 1968: OAO-2: UV spectra 

• 1970: OAO-B: failure 

• 1972-1981: OAO-3 (Copernicus), UV and X-ray 

• 1978: NASA+ESA: International Ultraviolet Obs.  



Hubble Space Telescope 
• 1970: 3m space telescope with launch for 1979 

• 1974: budget cut, then 2,4m telescope, drop 
1,5m testing space telescope, include ESA (15%) 

• 1978: approved by congress, aimed for launch 
in 1983. Perkin-Elmer in charge of the mirror, 
but there were large delays and price increased. 

• Launched on April 24, 1990.  

• Original cost estimate: 400 million 

• Final cost: 2,5 billion 

Hubble PSF with flawed optics 
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HST angular resolution = 0,05 arcsec 



• 2,5 arcmin 
• 342 separate 

exposures 

• 10 days 

• About 3000 
galaxies 

Hubble 
deep field 



HST 
XDF 

 
• 2,3 x 2 ‘ 

• 2 million 
seconds 

• 23 days 

• About 
5500 
galaxies 



Observations made by HST of supernovae contributed 
to research on the expansion of the universe 
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X-ray astronomy 

 



Primeira imagem em raios-X do Sol (1965) 

1965ApJ...142.1274G 

http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=1965ApJ...142.1274G&db_key=AST&link_type=ABSTRACT&high=50afefd71e19395




 





Skylab 
images 
(1973) 

 



 

Resolução de alguns minutos de arco 



Einstein Observatory (1978), NASA 

60 cm X-ray telescope 



 

Rotação: 33 ms 



 

Einstein 
Resolução ~ 5” 



 



ROSAT (Germany + USA + UK), 1990-99 
• 84cm X-ray telescope 

• X-ray all sky survey, over 150 000 objects 

• Detailed morphology of supernova remnants 
and cluster of galaxies 

• Detection of isolated 
neutron stars 

• Discovery of X-ray 
emission from comets 

 



A schematic diagram of the surface of TW 
Hydrae, illustrating where strong X-ray 
emission might arise. Accreting material 
can produce winds and shocks at the 
stellar photosphere; some parameters are 
specified. Credit: N. Brickhouse, et al, 2010 

AMARELO: 
fontes ROSAT 



Chandra (NASA), 1999 
• 0.1 - 10 keV 

• 1,2 m telescope 

• 0,5 arcsec resolution 
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Chandra deep 
field image  
One-million-second 
exposure 

(mostly AGNs) 



Tycho Supernova remnant in x-ray 
(Chandra) 

 



Crab Nebula observed over several months 
© Chandra 

 



Charge transfer 
reactions in 

comets 
 



 



Gamma ray Astronomy 

 



The sky at energies > 1 GeV based 
on five years of data NASA's Fermi 

 



X-ray/gamma-ray bubbles of the 
Milky Way (© Fermi) 

 



Gamma 
Ray Pulsar 

in the CTA 1 
supernova 
remnant 
© Fermi 



Cycle of 
pulsed 

gamma rays 
from the 

Vela pulsar 
© Fermi 

http://en.wikipedia.org/wiki/Vela_pulsar


NASA's Swift satellite observed the 500th GRB 
in 2010 (still counting) 

 



GRB from hypernovae 

 



 



 

(2012) 



 

Launch 2015 

Cancelled 
by NASA 



 



 

Japan, 2015 

ESA (originally 
IXO including 
NASA, Jaxa), 
launch 2028 JAXA + ESA + NASA 

Launch 2022? 
Launch 2018 



 


