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The Sombrero galaxy is a massive galaxy
with a huge nuclear bulge made mainly of
old stars, and a thin disc made of stars,
gas, and dust. Left: image obtained with
the ESO 1.5 m telescope in visible light.
Right: false colour composition: infrared
image (in red) by the Spitzer Space
._\m_mmmo_um_ m.r_ﬁml_\:_uom:mn_ on a Hubble
Space Telescope image in visible light (in
blue).

The Phoenix cluster
of galaxies. Images of
galaxies (in yellow)
are superimposed on
the blue X-ray image
obtained by the Chandra
X-ray .nm_mm.novom_
revealing a huge cloud
of gas at more than
one million degrees.
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Observing celestial objects in

‘invisible’ light, such as radiowaves,

microwaves, infrared, ultraviolet,
X-rays or gamma rays, allows
astronomers to better understand
what the objects are made of.

For example, interstellar dust
particles are heated by the stars to
temperatures lower than that of
the human body. Such cool objects
emit mostly in the infrared, while
stars, with temperatures between
3,000 and 50,000 degrees, emit
in the visible.

On the other hand, some dilute
interstellar and intergalactic gas
is heated to temperatures of
millions of degrees or higher. It is
brightest in X-rays.

|

|

| ‘sa0p Auosayg piepueas ayqg se qsnl
! ‘suoireAISSqo 24 ||e ulg|dxa 01 a1qe a9
| qsnu saloaYyq 9534g 4nq ‘KBusus yuep
| J0 U399 JJuep Jo 9oussa.d syg suinbau
! 90U Op S202Y7] SAIFBUIDY|E DLUOS
! * ABusua sjuep  pa||eo ‘uolqeds|aooe
I siyq buisneo ABuaua 4O W04 umousjun
” ue si 24942 1843 S| uolaeqaudusqul
| pJaepueas ay | ‘Buileus|aooe S| 9SUsAIUN
[ 2y2 Jo uoisuedxs aya geyq a3eo1pul
” soIxe|eb queasip 4O SUOIABAISSD
” ‘usggeuIdue Jou ‘sa|oy Joe|q Jou
| ‘spno|o JJep Jou ‘saaue|d Jo suaeqs
! llewis aq qouueo usgqew JJep siyg
| aeyq 924be susuouodlsy ‘s109[qo
| 2|q1S1A 242 uo uoigeginedb Aq saoe
! YoIym ‘dagaew juep  pajes ‘Jajqewu
| p23ao949pun 13K se jo qunouue abue|
” € 595IX2 2491 181 1596bNs 9suaAIuN
! paAussqo sysq 4o saiquadoud swog
|

|

|

|

|

The gravitational
mirage LRG 3-757.
The blue ring is
the distorted
image of a blue
galaxy lying
exactly behind the
massive red galaxy.

The massive galaxy and the dark matter
it contains act as a gravitational lens for
the light of the galaxy behind it. The
curvature of light rays by gravity was
predicted by Einsteinin 1915.

According to present
estimates, dark
energy constitutes
70% of the Universe,
dark matter 25%,
and the known
Universe (galaxies
with all their
components and the ~70 %
intergalactic
medium) only 5%.

Dark Energy
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In 1665, Isaac Newton, the same
person who later discovered the laws
of gravity, showed that the light from
the Sun was composed of different
colours.

It took many years, however, for
astronomers to take advantage of
this fact to study the light emitted
by astronomical objects.

A spectrum, which is the name given
by Newton to the light decomposed
by a prism, contains a lot of
information on the composition, the
temperature and the density of the
emitting source.

The first spectra of celestial objects
were taken more than 200 years
after Newton’s discovery.
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A photo by Wally Pacholka of
the Pleiades constellation,
that can be seen with the
naked eye. For the aboriginal
people of northern
Australia, the Pleiades are a
fl aroup of kangaroos that are
chased by a pack of dingoes.

Galileo Galilei explains to [
the Doge of Venice how to
use his telescope (Fresco
by Giuseppe Bertini).

5 Galileo’s
BR e drawing 3
5 w o« WX 3
i of the e !
e
*« wor” %0 " Pleiades as seen through
5 * his telescope. The small

asterisks represent stars not seen without
the telescope.

The first photograph of
the Orion Nebula made by
Henry Draperin 18680
with a 50 min. exposure
using a telescope 28 cm
in diameter.
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Image of the galaxy M31

taken by the Ultraviolet
Telescope aboard
NASA's Swift spacecraft A composite infrarec
image ofan
interstellar cloud by
the Spitzer Space
Telescope.
The red clumps are
zones where stars
form.
A VLA radio image of
the jets of the )
radiogalaxy 3C353, A compositeX-ray
(blue) /radio (pink)
image of the galaxy

cluster Abell 400.

The radio jets arise
from the double core
of the central galaxy.
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The Universe in my pocket No. 2

This booklet was writtenin 2017 by
Grazyna Stasitiska from Paris
Observatory (France) and revised by Stan
Kurtz from the UNAM Radio Astronomy
Institute in Morelia (Mexico).

Coverimage: A portion of the Chandra Deep
Field South, a composite image taken in X-
rays with the Chandra Space Telescope. It
shows hundreds of quasars at distances up
to 12 billion light-years.

Most images in this booklet come from the
Hubble, Spitzer and Chandra Space
telescopes, and from the Very Large Array
radio telescope.

Tolearn more about this
series and about the topics
presented inthis booklet,
pleasevisit

http//www.tuimp.org
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In ancient times, knowledge of the
Universe was limited to what the
un-aided human eye could see.
Myths and legends completed this
view of the Universe.

At the beginning of the 17th century,
the first telescopes allowed
astronomers to detect objects several
times weaker than the weakest
ones seen with the naked eye.
Hundreds of stars were discovered
and a lot of nebulae were detected.

By the end of the 19th century,
astronomical photography allowed a
deeper exploration of space. One could
follow an object with a telescope and
record its light on a photographic plate
during several hours. In this way, one
could detect fine details on the
planets and many nebular objects.



