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Edwin Hubble’s main achievments

Classification system for “nebulae”

Milky Way 6= Universe:
discovered a Cepheid variable in Andromeda ⇒ able to
measure its distance
Hubble’s law: v(r) = Hr ⇒ expanding Universe

evidence for homogenity of the Universe:
cosmological principle
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Instrument
Results

Time table of the HST

proposed 1946 by Lyman Spitzer

funding approved 1978 of 2.4m space telescope by US
Congress (+15% ESA), launch planned for 1983

construction of the mirror began in 1979 by external company

launch postponed several times

Challenger disaster January 28, 1986

launch April, 1990

mirror don’t focus properly!

repair mission December of 1993

it works!
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Instrument
Results

Advantages of telescopes in space:

no seeing ⇒ angular resolution only limited by diffraction

traditional ground-based telescopes: resolutions of 0.5-1.0
′′

diffraction-limited resolution: ∼ 0.1
′′

for a 2.5 m mirror

IR and UV performance:

no light pollution, no clouds
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HST Maneuvering and Pointing:

thermal design assumes that Sun always at same side

guide-stars used for pointing control

maneuvering with electrically driven reaction wheels
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Scientific Instruments:

changed heavily during more than 15 years!

Wide Field Planetary Camera

Faint Object Camera

Near Infrared Camera and Multi-Object Spectrometer

Imaging Spectrograph
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Scientific Instruments: Wide Field Planetary Camera

only on-axis instrument

three ”wide-field” charge-coupled devices (CCDs), and one
high-resolution (or ”planetary”) CCD

FOV 154×154 arcsec

Hubble deep field view: high exposure pictures of two
“typical” sky regions
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Scientific Instruments:

Faint Object Camera:

provide high-resolution images of small fields

filters, prisms (for slitless spectroscopy), and polarizers may be
placed in the optical beam.

FOV 14×14 arcsec

Near Infrared Camera and Multi-Object Spectrometer:

Space Telescope Imaging Spectrograph:

ultraviolet to the near-infrared spectrograph
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Comparison before/after COSTAR:
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Instrument
Results

Main results:

age of the Universe

accelerated expansion of the Universe

supermassive black holes

nature of quasars

origin of Gamma Ray Bursts

birth of stars, planetary systems

death of stars, supernovae
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Hubble Space Telescope Key Project:

Cepheides as standard candels

observed 19 galaxies out to 108 million light-years

discovered almost 800 Cepheid variable stars

recalibrated the “cosmic distance scale”

reduction of error in H from 50% to 10%
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Most distant galaxy with measured Cepheides, NGC 4603:
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High z Supernovae Project:
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Supermassive Black Holes – AGNs:
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Supermassive Black Holes – AGNs:
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Star formation region in M16:
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Protoplanetary disk observed in Orion neubula:
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Death of stars – supernova remnants:
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Others:

first spectrograph of the atmosphere of an extrasolar planet,
Osiris: envelope of hydrogen, carbon and oxygen around the
planet that reaches 10,000◦ C

observation of host galaxies of Gamma-Ray-Bursts ⇒
star-forming regions, favour SN connection
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Problems:

budget increased from 435 million dollars (in FY77 funds)
increased to 14 billion dollars (FY2005)

launch by Space Shuttle allows only low orbit:

large parts of sky are occulted by the Earth during each
96-min orbit

South Atlantic Anomaly

atmospheric drag is significant

⇒ predicted position 44 days in the future may be up to 4000
km (95% C.L.) in error!

if not re-boosted, HST will re-enter atmosphere between 2010
and 2032
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Adaptive optics improved ground telescopes:

HCG87 imaged by ESO’s southern hemisphere telescope (left) and
by the Hubble ST (right):
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The future: James Webb Space Telescop

6.5 m mirror

L2 orbit

infrared-optimized

proposed launch date: no earlier than June 2013
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