
Recent Observatories in Space

Observatory Date
Operation

Began

Bands of
the

Spectrum

Notes Website

Chandra X-Ray
Observatory

1999 X-rays X-ray images
and spectra

www.chandra.si.edu

XMM-Newton 1999 X-rays X-ray
spectroscopy

http://www.cosmos.esa.int/
web/xmm-newton

International Gamma-Ray
Astrophysics Laboratory
(INTEGRAL)

2002 X- and
gamma-
rays

higher
resolution
gamma-ray
images

http://sci.esa.int/integral/

Spitzer Space Telescope 2003 IR 0.85-m
telescope

www.spitzer.caltech.edu

Fermi Gamma-ray Space
Telescope

2008 gamma-
rays

first high-energy
gamma-ray
observations

fermi.gsfc.nasa.gov

Kepler 2009 visible-
light

planet finder http://kepler.nasa.gov

Wide-field Infrared
Survey Explorer (WISE)

2009 IR whole-sky map,
asteroid
searches

www.nasa.gov/
mission_pages/WISE/main

Gaia 2013 visible-
light

Precise map of
the Milky Way

http://sci.esa.int/gaia/

Table 6.4

6.6 THE FUTURE OF LARGE TELESCOPES

Learning Objectives

By the end of this section, you will be able to:

Describe the next generation of ground- and space-based observatories
Explain some of the challenges involved in building these observatories

If you’ve ever gone on a hike, you have probably been eager to see what lies just around the next bend in the
path. Researchers are no different, and astronomers and engineers are working on the technologies that will
allow us to explore even more distant parts of the universe and to see them more clearly.

The premier space facility planned for the next decade is the James Webb Space Telescope (Figure 6.27), which
(in a departure from tradition) is named after one of the early administrators of NASA instead of a scientist.
This telescope will have a mirror 6 meters in diameter, made up, like the Keck telescopes, of 36 small hexagons.
These will have to unfold into place once the telescope reaches its stable orbit point, some 1.5 million kilometers
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from Earth (where no astronauts can currently travel if it needs repair.) The telescope is scheduled for launch
in 2018 and should have the sensitivity needed to detect the very first generation of stars, formed when
the universe was only a few hundred million years old. With the ability to measure both visible and infrared
wavelengths, it will serve as the successor to both HST and the Spitzer Space Telescope.

Figure 6.27 James Webb Space Telescope (JWST). This image shows some of the mirrors of the JWST as they underwent cryogenic testing. The
mirrors were exposed to extreme temperatures in order to gather accurate measurements on changes in their shape as they heated and
cooled. (credit: NASA/MSFC/David Higginbotham/Emmett Given)

On the ground, astronomers have started building the Large Synoptic Survey Telescope (LSST), an 8.4-meter
telescope with a significantly larger field of view than any existing telescopes. It will rapidly scan the sky to find
transients, phenomena that change quickly, such as exploding stars and chunks of rock that orbit near Earth.
The LSST is expected to see first light in 2021.

The international gamma-ray community is planning the Cherenkov Telescope Array (CTA), two arrays of
telescopes, one in each hemisphere, which will indirectly measure gamma rays from the ground. The CTA will
measure gamma-ray energies a thousand times as great as the Fermi telescope can detect.

Several groups of astronomers around the globe interested in studying visible light and infrared are exploring
the feasibility of building ground-based telescopes with mirrors larger than 30 meters across. Stop and think
what this means: 30 meters is one-third the length of a football field. It is technically impossible to build and
transport a single astronomical mirror that is 30 meters or larger in diameter. The primary mirror of these giant
telescopes will consist of smaller mirrors, all aligned so that they act as a very large mirror in combination. These
include the Thirty-Meter Telescope for which construction has begun at the top of Mauna Kea in Hawaii.

The most ambitious of these projects is the European Extremely Large Telescope (E-ELT) (Figure 6.28).
(Astronomers try to outdo each other not only with the size of these telescopes, but also their names!) The
design of the E-ELT calls for a 39.3-meter primary mirror, which will follow the Keck design and be made up
of 798 hexagonal mirrors, each 1.4 meters in diameter and all held precisely in position so that they form a
continuous surface.

L I N K  T O  L E A R N I N G

Watch this video (https://openstaxcollege.org/l/30JWSTvid) to learn more about the James Webb
Space Telescope and how it will build upon the work that Hubble has allowed us to begin in exploring the
universe.

Chapter 6 Astronomical Instruments 223

https://openstaxcollege.org/l/30JWSTvid


Construction on the site in the Atacama Desert in Northern Chile started in 2014. The E-ELT, along with the
Thirty Meter Telescope and the Giant Magellan Telescope, which are being built by international consortia
led by US astronomers, will combine light-gathering power with high-resolution imaging. These powerful new
instruments will enable astronomers to tackle many important astronomical problems. For example, they
should be able to tell us when, where, and how often planets form around other stars. They should even be able
to provide us images and spectra of such planets and thus, perhaps, give us the first real evidence (from the
chemistry of these planets’ atmospheres) that life exists elsewhere.

Figure 6.28 Artist’s Conception of the European Extremely Large Telescope. The primary mirror in this telescope is 39.3 meters across. The
telescope is under construction in the Atacama Desert in Northern Chile. (credit: ESO/L. Calçada)

L I N K  T O  L E A R N I N G

Check out this fun diagram (https://openstaxcollege.org/l/30JWSTdiag) comparing the sizes of the
largest planned and existing telescopes to a regulation basketball and tennis court.
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