What do we see through the eyes of
different telescopes?
By Dr Aurora Sicilia-Aguilar, Astrophysicist, University of Dundee
You may have heard of large telescopes: large ground-based ones, and space missions that orbit the
Earth or travel through the Solar System. We even have telescopes that fly, pursuing the night, using
an old commercial airplane! Many of them have mirrors, but others are antennas and others (like the
x-ray telescopes) are very odd, shaped like metal funnels to conduct the x-ray light of the stars to
take an x-ray photograph1. They are all looking at the stars, but, why do we need to look at the
stars through the eyes of so many different telescopes?

Some of the NASA telescopes. Credit: Observatory images from NASA, ESA (Herschel and Planck),
Lavochkin Association (Specktr-R), HESS Collaboration (HESS), Salt Foundation (SALT), Rick
Peterson/WMKO (Keck), Germini Observatory/AURA (Gemini), CARMA team (CARMA), and
NRAO/AUI (Greenbank and VLA); background image from NASA)
https://imagine.gsfc.nasa.gov/science/toolbox/emspectrum_observatories1.html
First, we need to launch telescopes through space because we live at the bottom of the air2, below
the Earth's atmosphere, and the Earth atmosphere does not let all light through (which is very good:
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Sure, x-ray can travel through most things... so they would also travel through the mirror, and we need to "funnel
them down" through a big metal kind-of optical fiber.
"We are deep air animals (upon the Earth)" - Juan Ramón Jiménez, Spanish poet and Literature Nobel laureate
(1956)

ultraviolet light can burn our skin, but x-ray or gamma-ray light could kill us!). The Earth's
atmosphere filters the high-energy, harmful light, but also some other types of light that are emitted
by the stars, such as the invisible infrared light. If we want to see all the different types of light
emitted by the stars, we need to launch some telescopes out of the air, and into space.

The light that we see from the bottom of the air. The only type we can see with our eyes is the
"visible" light, marked with the rainbow, but there are many different types of light or radiation.
Credit: NASA.
You may know that, if you warm up a piece of iron (or burn a log), it will first get warm and we
could feel its heat if we just put the hand close to it. What we feel as "heat" is actually the infrared
light, which we can't see with our eyes. If we keep warming it, it will start glowing red, first quite
dull but then bright and shiny. If we continue heating it, it will turn yellow and then white... and our
piece of iron will also melt. This means, things that have different temperatures, emit different types
of light. If we look at all these types of light with the eyes of different telescopes, what we see
are things that have different temperatures. And we can measure their temperatures, without
touching them!
This is very important if you want for instance, learn how planets are forming around other stars.
Planets are heated up by the star in the center, so it is very warm in Mercury, but it is very cold in
Neptune. If we wanted to observe with our telescope something very, very warm, like the star, we
would need to look at it with a telescope that captures visible light. If we wanted to look at
something that is nicely warm, like the Earth, we would need to look at it with a telescope that
captures infrared light. If we wanted to get the light produced by something that is very cold, like
the giant gas planets in the Solar System, then we would need to look at them with a radio
telescope.
Because planet-forming disks are so tiny, you can't really see what they hold in their inside with
much detail. But if you use different telescopes, looking at different types of light, you will be
tracing what happens at different distances from the star, even if the image that your telescope
brings you always looks like a dot of light without many details!

Artist representation of a disk around a star, forming planets (Credit: NASA). Close to the star, it is
very hot, and things emit visible light. Further out, where the Earth is located, it is nice and warm
and things emit infrared light. At the edge of the disk, where giant ice planets will be, it is very cold,
and things emit radio light.
Different telescopes can also tell us what stars are made of, which is good, because we can't
bring them to our lab to analyze them! Matter is made of atoms, and atoms have a lot of electrons in
orbitals around their nuclei. Electrons like jumping from one orbital to another, when they receive
light with the appropriate colour. Because atoms of different materials have their electrons located
in different ways, each atom absorbs or emit light in a very different way, producing a "spectrum"
or "stellar rainbow", which looks like a barcode that tells us what stars are made of.

How atoms absorb light and produce the "barcodes" or spectra of stars. By looking at the lines in
these "barcodes" we can tell what stars are made of!
Credit: Atoms and electron cartoons created by A. Sicilia-Aguilar.
Solar spectrum from NASA, N.A.Sharp, NOAO/NSO/Kitt Peak FTS/AURA/NSF,
https://solarsystem.nasa.gov/resources/390/the-solar-spectrum/
Now, we can look through the eyes of different telescopes, and tell what we see.
Have a look at the "flip through" charts to see how a gas and dust globule in our galaxy is forming
stars. Because the stars are very cold when they form, the youngest star is seen at the end, through
the radio telescope. In between, you can see the planet-forming regions of many other young stars
that are being born in this gas and dust globule.

Activity: Do you see what I see?
This is a game, to try to identify the stars that you can see through different telescopes. The images
below are the same gas and dust cloud from the flip-through charts, which is called IC1396A and is
located in the Cepheus constellation.
The images show what IC1396A looks like through the eyes of the visible-light telescopes in Calar
Alto (with the Large Area Imager at Calar Alto and the CAFOS/2.2m telescope), and in two infrared
colours with the Spitzer Space Telescope and the Herschel Space Telescope.
The cloud contains baby stars (called "protostars") that are being formed, surrounded by tiny disks
where their planetary systems will be born as well (these are called "protoplanetary disks"). Baby
stars or protostars are, like baby dogs and baby children, very active, and like blowing at the cloud
where they are born, opening holes like the one you see in the center of the image.
The first image has four different young stars marked with green circles.
Can you find them in the other images!
It is a very difficult game, because each image is showing you what is emitting in the region with a
different temperature, or a different material. The answers can be found in the next page.
Good luck with your observations!

Answers:
The reason why finding the stars in the different images is not so easy is that each image is taken
with a telescope observing a different colour (including invisible, infrared colours) and thus what
you see may not be the star, but material in the cloud or protoplanetary disk around the star
at different temperatures. Visible light traces material at T~5000ºC, near-infrared light peaks at
T~30 to 500ºC, far-IR traces material colder than -200ºC. With this trick we can differentiate and
study parts of a star and their forming planets even if they are too tiny to be resolved in the image.

All images of IC1396A credit: A. Sicilia-Aguilar.
Credit telescope logos: Calar Alto Observatory (LAICA instrument at the 3.5m telescope and
CAFOS/2.2m telescope), Spitzer Space Telescope, Herschel Space Telescope.

