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Course Coordinator
Dr Martin Hendry,   martin@astro.gla.ac.uk Tel:  0141 330 5685

Course Aims
To review the scientific legacy of the Hubble Space Telescope, 
investigating some of the key discoveries made by HST during the
telescope’s 18 years of operation.
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Hubble Vision:Hubble Vision:
Course Topics
o A brief history of telescopes, and the ‘case for space’

o HST and the Solar System

o HST and the lives and deaths of stars

o The search for extra-solar planets

o From Hubble the man to Hubble the telescope

o Mapping and measuring the Universe with HST

o A long time ago, in a galaxy far, far away

o Space telescopes across the E-M spectrum and beyond

o After Hubble: the James Webb Space Telescope
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Hubble Vision:Hubble Vision:
Resources on the web
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http://www.astro.gla.ac.uk/users/martin/teaching/hubble/

Username:    space
Password:    telescope
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Hobby-Eberley telescope



















The Earth at night from spaceThe Earth at night from space







Absorption

Between the optical and radio windows (i.e. in the infra-red) there are 

numerous absorption bands due to molecular transitions (mainly of water)

The world’s best 
observatories (e.g. 
La Palma, Hawaii, 
La Silla, Paranal) 
are all at altitudes 
which place them  
above inversion 
layers.
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Absorption
The Earth’s atmosphere is opaque to E-M radiation, apart from two windows:

in the  optical and  radio regions of the E-M spectrum.



Absorption

Between the optical and radio windows (i.e. in the infra-red) there are 

numerous absorption bands due to molecular transitions (mainly of water)
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It is possible to get above
the clouds containing this 
water vapour because of the 
temperature structure
of the atmosphere. Above 
about 2km there is a thin 
inversion layer, where the 
temperature increases with 
height. Clouds form at the 
base of the inversion layer, 
leaving generally clear, dry 
air above.





D

θ
Light of wavelength λ

Telescope produces 
a diffraction pattern 
for each star image

Intensity



Rayleigh criterion for the minimum resolvable detail:

=θ 1.22λ
D
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The Earth’s atmosphere is opaque to E-M radiation, apart from two windows:

in the  optical and  radio regions of the E-M spectrum.











The Case for Space
• Atmospheric absorption
• Atmospheric scattering
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NASA’s 4 “Great Observatories”
Compton GRO
Chandra XRT
Hubble Space Telescope
Spitzer IRST



Timeline
1946 Spitzer paper:  "Astronomical advantages of an extra-terrestrial observatory“

1966 US launches the Orbiting Astronomical Observatory

1968 US launches OAO-2, takes UV observations until 1972.
NASA proposes plans for a Large Orbiting Space Telescope.

1974 Budget cuts end the Large Orbiting Telescope project.

1978 Design begins for a rejuvenated Space Telescope project.
The goal is for a 1983 launch.
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Timeline
1946 Spitzer paper:  "Astronomical advantages of an extra-terrestrial observatory“

1966 US launches the Orbiting Astronomical Observatory

1968 US launches OAO-2, takes UV observations until 1972.
NASA proposes plans for a Large Orbiting Space Telescope.

1974 Budget cuts end the Large Orbiting Telescope project.

1978 Design begins for a rejuvenated Space Telescope project.
The goal is for a 1983 launch.

1980s Optics company Perkin-Elmer begins construction of primary mirror.
management and technical problems postpone launch until 1985.

1983 The Space Telescope Science Institute (STScI) is founded, located at Johns 
Hopkins University. STScI takes over science management from NASA.

1985 Construction of HST is completed, including 5 original science instruments.
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5 original instruments:
• Wide field & Planetary camera
• High-res spectrograph
• Faint object camera
• Faint object spectrograph
• High speed photometer



Wide field and planetary camera



High resolution spectrograph



Faint object camera



Faint object spectrograph



High speed photometer



Charge Coupled Device (CCD)

A CCD is a semiconductor array of 
light-sensitive pixels – typically 
about 20 µm across.

Arrays of         pixels standard.

‘State of the Art’ – mosaics of CCDs, of          pixels in total

710

910

Bias voltage ~ +10V

Earth (0V)

o Electron released when 
photon strikes semiconductor

o Bias voltage draws electron 
into potential well; stored 
there during exposure 

Potential well
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Much higher spectral resolution can be achieved using a  DIFFRACTION 
GRATING

White light Red light

Blue light

White light

Red light

Blue light

Blue light

Red light

Note that a prism disperses blue 
light more strongly than red light, 
while for a diffraction grating red 
light is dispersed more strongly 
than blue light.

DACE, January 2009



Design of a Slit Spectrometer

Key features of the design are summarised in the following diagram

Detector

Focussing 
lens

Grating

Collimating
lensSlitTelescope

aperture

Choose focal length of focussing lens so that width of diffraction peak 
at the detector  ≥ width of pixel on detector.

i.e.  the diffraction maxima cover several pixels 
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Timeline
1946 Spitzer paper:  "Astronomical advantages of an extra-terrestrial observatory“

1966 US launches the Orbiting Astronomical Observatory

1968 US launches OAO-2, takes UV observations until 1972.
NASA proposes plans for a Large Orbiting Space Telescope.

1974 Budget cuts end the Large Orbiting Telescope project.

1978 Design begins for a rejuvenated Space Telescope project.
The goal is for a 1983 launch.

1980s Optics company Perkin-Elmer begins construction of primary mirror.
management and technical problems postpone launch until 1985.

1983 The Space Telescope Science Institute (STScI) is founded, located at Johns 
Hopkins University. STScI takes over science management from NASA.

1985 Construction of HST is completed, including 5 original science instruments.

1986 The space shuttle Challenger explodes upon liftoff. The disaster forces 
delays in all programs, including Hubble.
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Timeline
1990 April 24th

STS-31: Discovery lifts off, 
carries HST to low orbit.
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Timeline
1990 April 24th

STS-31: Discovery lifts off, 
carries HST to low orbit.

April 27th

HST deployed from shuttle.
Flaw in mirror design quickly 
becomes apparent:

Images blurred due to spherical 
aberration.
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Released 1991
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‘2nd generation’ instruments: 1997
• Wide field & Planetary camera    → WFPC2
• High-res spectrograph     → STIS
• Faint object spectrograph     → STIS
• High speed photometer     → COSTAR

‘3rd generation’ instrument: 2002
• Faint object camera     → ACS
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‘2nd generation’ instruments: 1997
• Wide field & Planetary camera    → WFPC2
• High-res spectrograph     → STIS
• Faint object spectrograph     → STIS
• High speed photometer     → COSTAR

‘3rd generation’ instrument: 2002
• Faint object camera     → ACS

‘4th generation’ instruments: 2009?
• WFPC2    → WFC3
• COSTAR     → COS
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