Modern telescopes

Scan with your camera phone for
more information on the garden
and the science, or visit:

bit.ly/theredshift

Hubble’s observation of the redshift showed that
the Universe was expanding and scientists continue
to build on those findings from 100 years ago. The
Nobel prize for physics in 2011 was won by
Perlmutter, Schmidt and Riess following their
discovery that the Universe is expanding at an
accelerating rate. Scientists are still trying to
understand why this is happening and have
proposed ‘dark energy’: an as yet unknown force
that is accelerating the expansion of the universe.

Ground based telescopes, bottom row, left to right:
• ALMA antennas in the Atacama Desert of northern
Chile, and the central regions of the Milky Way above.
• Artistic impression of the ELT, which will be a
revolutionary 40m-class telescope.
• Artistic impression of the SKA, which is an
international project to build the World’s largest radio
telescope.

Modern telescopes are studying this and many
other fundamental astronomy questions including
how galaxies are formed; what the Universe was
like in its earliest moments and searching for other
habitable planets.

Space based telescopes, right, top to bottom:
• Hubble Space Telescope was launched in 1990 and is
still in operation today.
• Artistic impression of the James Webb Space
Telescope which will be a large infrared telescope.
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Matter in the Universe
Telescopes observe light in the Universe and these
observations reveal what the universe is made from and how
it interacts.
Galaxies are formed of millions or billions of stars and other
matter and they are held together by gravity. Our own galaxy,
the Milky Way, has a spiral shape like galaxy Messier 61
pictured below right.
Looking at the behaviour of stars and galaxies within clusters,
scientists can see the effects of strong gravitational forces
which cannot be explained by the amount of matter we can
observe through light. Dark matter is the term given to this
additional mass which cannot yet be observed.
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Images from left:
1. This shows a simulation of the distribution of dark matter in
the centre of the giant galaxy cluster Abell 1689. Light from
galaxies behind Abell 1689 is distorted by intervening visible
and dark matter within the cluster.
2. An image from the NASA/ESA Hubble Space Telescope
shows the galaxy cluster Abell 3827. The strange blue
structures surrounding the central galaxies are gravitationally
lensed views of a much more distant galaxy behind the
cluster.
3. The galaxy Messier 61 in the constellation Virgo is aligned
face-on towards Earth, so we can see the full spiral
structure.
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Discovery of the Redshift

bit.ly/theredshift

In 1924, Edwin Hubble used the Hooker Telescope and observed
other galaxies outside the milky way. He used the Doppler eﬀect to
determine the movement of galaxies relative to the Earth.
With the Doppler eﬀect, the wavelength of the light from objects
moving away from us will be stretched (and so appear more red)
whilst the wavelength of the light from objects towards us will be
compressed (and so appear more blue).
Hubble discovered that the light from almost all the galaxies
observed was shifted towards longer, redder wavelengths. This is
called the redshift.
This gave the first indication that the universe itself is
expanding. If space itself stretches, then everything
will move away from everything else. Light from
objects in more distant regions of the Universe should
be more redshifted if this theory is correct, and that is
what is observed.
“The Redshift” show garden represents this redshift
through planting, with the planting colours becoming
more red the further they are from observers on Earth.
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Image above: The 10m Hooker
telescope where Hubble first
observed the Redshift.
Image right: A demonstration of
how the wavelength of light is
stretched or compressed when
an object is moving.

