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What is an Extragalactic Astrophysics
Course?
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What is an Extragalactic Astrophysics
Course?

Semantic:

- Extra: outside; beyond. Via medieval Latin from Latin
extra ‘outside’.

- Galaxy: a system of millions or billions of stars,
together with gas and dust, held together by
gravitational attraction. Late Middle English (originally
referring to the Milky Way): via Old French from
medieval Latin galaxia, from Greek galaxias (kuklos)
‘milky (vault)’, from gala, galakt- ‘milk’.

China: “Silver River”
Kalahari Desert: “Backbone of Night”
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What is an Extragalactic Astrophysics
Course?

Semantic:

- Astro: relating to the stars or celestial objects. From
Greek astron ‘star’.

- Physics: the branch of science concerned with the
nature and properties of matter and energy. Late 15th
century (denoting natural science in general, especially
the Aristotelian system): plural of obsolete physic
‘physical (thing’), suggested by Latin physica, Greek
phusika ‘natural things’ from phusis ‘nature’.
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Penetrates Earth's
Atmosphere?

Radiation Type Microwave Infrared Visible Ultraviolet  X-ray Gamma ray
Wavelength (m) 2 10° 05x107° 10 102

Approximate Scale g |
of Wavelength \ = - -

Buildings Humans Butterflies Needle Point Protozoans Molecules ~ Atoms  Atomic Nuclei

10* 108 10*? 10" 10 10" 10%

Temperature of
objects at which
this radiation is the
mostintense

1K 100K

wavelength emitted 10,000 K 10,000,000 K
9 -272°C -173°C 9,727 °C ~10,000,000 °C
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Outline of the course

History

Review of the general concepts

Galaxies in our local Universe

Galaxies kinematics and scaling relations
Star formation

Interstellar Medium

Distances and redshift

High redshift Universe

© N kDb~

Final remarks and open debate
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Suggestions

e Don’t panic!

e Be curious and ask questions

e If you take notes, be sure to be able to read the
notes after

e Be focused during the lesson

e Each lesson will start with a briefing of the previous
one: what you understood, what you have not
understood, why lessons? Where will this bring?

e Stop me at any moment for comments or questions

e Don’t panic!
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Evaluation Criteria

0.4 - Continuous Evaluation

0.6 - Final exam

Continuous Evaluation

The continuous evaluation is based on the work you do week after week:

0.15 = Written Assignments: Resolution of exercise (the procedure that is chosen to solve them)
0.15 = Practical Assignments: Laboratory activities

0.1 = Participation in the class

Final exam
The final exam is done at the end and consists of:
0.35 = a short presentation about a topic decided by the student

0.25 = fake proposal proposed to the students



f iénci -t Bl &
C Ciéncias la 1
ULisboa >

instituto de astrofisica
e ciéncias do espaco

Doubts? Questions?
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Humans have always been interested in the sky
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Star map of Su Song (1020-1101) showing the south polar projection
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Hans Lippershey: Dutch/German tradesperson who created and designed the
first telescope, patented in 1608.
It magnify objects 3x closer than the naked eye.
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Galileo Galilei creates the field of
astronomy leading to new
discoveries about the solar system
and Earth's place within the cosmos
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- According to Wikipedia, a galaxy is “a gravitationally
bound system of stars, stellar remnants, interstellar gas,
dust, and dark matter.

Galaxies range in size from dwarfs with just a few
hundred million (10°) stars to giants with one hundred
trillion (107%) stars, each orbiting its galaxy's centre of
mass.” Top stories
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- According to Google Images:

It's no surprise [Update: S9/S9+

Galaxy Z Flip and too] The February

Razr phones are 2020 security patch 120Hz and 60Hz
breaking is now rolling out for t... displays: Galaxy S20 ...
TNW 9to5Google PhoneArena

-> More for galaxy

www.samsung.com » Home » MOBILE ¥ Translate this page
Telemoveis Smartphones Galaxy | Samsung Portugal

Descubra a gama completa de smartphones e teleméveis Samsung Galaxy, desde o novo Note
10 & S10+ até a linha mais jovem com o Galaxy J.
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Galaxies are complex: general relativity,
hydrodynamics, plasma physics, particle physics....

Investigation method peculiar because the lifetime of a
galaxy is in the order of 10'° years, too large compared
to our minuscule 107 years.

We use statistical methods to infer the properties and
the evolution of galaxies, similarly to an alien taking a
snapshot of the world now and infer from the picture the
life phase of the human being.

Luckily for us the speed of light is finite, and the
Universe is very big, so galaxies at larger distances are
observed in early phases of their life.
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Milestones:
Nebulae: 1771-1784 - Messier catalog (M81, M31

% The Periodic Table of Messier Objects G

cataloged by Ch
Photographs by Mike Keith www.cosmicneighbors.net PO U*d"‘ o
¥ 78 7 but lat o
notes, for a f in this chart, inspired by the
fessler objects are organized into

y . Obje
Gich otoup ate amanged roughly ccording © thelrposition in
the sky, with northern and southern objects in upper and lower
rows and objects in each row ordered by their Right Ascension
coordinates, from Oh on the right to 24h on the left

, 4 :
g3~ Ovn Comioq ~ 1100, - Comi06  CVo8 ~ Com[i09,  UVM[A08  UMalgT  Uval7 P33

&

14x12|10.6 6|8 1 105 10.7 66x

&(‘;v‘w‘\ b1 V ; om Leo l(u 96 1‘_1{0 95

Object Type Color Key

Oph(g2

(J:U.‘P 19

Crclaa

Messier #

o

Magnitude Size
(arcmin)
40175 l6.s 37041 sola 1l60 22/6.0 27|25 306.3 16/4.6

© 2017 Mike Keith All Rights Reserved Note: There are t J es reqa: identity of M102: {a) it was a duplicate observation of M101, and (b) it is NGC 5866. We have chosen to follow (b) in order to not have to omit M102 from the
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Milestones:
1771-1784 - Messier catalog (M81, M31)

1864 — General Catalog of Galaxies (1864, 5079
nebulae)

1888 — New General Catalog of Nebulae and Clusters
of Stars (NGC), Index Catalog (IC)

Nature of nebular objects controversial:
1. Nebulae are objects within the MW
2. Nebulae are objects outside the MW
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Milestones:

1912 — Vesto Sliper made spectrographic studies of the brightest
spiral nebulae to study the chemistry of these
objects....... surprisingly he found that object were red-shifted with

a velocity above the escape velocity from the Milky Way

1917 — Heber Curtis found 11 more novae in the Andromeda
nebula. They were 10 magnitudes fainter than the those occurred
within our galaxy....so he estimated the distance of these objects
well above the dimension of the Milky Way

EVERYTHING WAS READY FOR:

THE GREAT DEBATE
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BAIRD AUDITORIUM SMITHSONIAN MUSEUM OF
NATURAL HISTORY - WASHINGTON D.C.
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HARLOW SHAPLEY

Nashville, Missouri - 35 years

- He determined the distance of many globular
clusters

- He realized for the first time that our galaxy
was much larger than previously believed

- He does not think that there are object
beyond the Milky Way
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HEBER D. CURTIS

Muskegon, Michigan - 48 years

- He determined for the first time the polar jet
from M87

- He invented a type of film plate comparator
able to reduce the dimension of astronomical
devices

- He thinks that there are objects beyond the
Milky Way, Andromeda is an example.
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This ovenirg two California astremcaors will discuss the Size of the e ciéncias do espaco
Universe, and prosest their views as to shether or not there is only cme or
wovoral universes, dofore the NMational Acndeny of Sciencea, which is ncw in

sousicn in Washirgten.

In this public ceeting, Dr. Hsrlow Shugloy of ths Me. Wilson Solar Ob.
servatory, will diecuss recertly escured evidence poinking to the disencions of
our galaxy of etars, known popularly ns the Milky Fay, saich bs boliovos t& ke
tor tices greatur than ie held in the older thoories ccocerning the disensicna
and. cocpositions cf the Milky Way. In other words, ho clajzs that it takea
light about three bundred thouesnds of ysars to cross from cae side to the other
< the spsce ootupied by the 3,000,000,000 stars of which cur wun 46 the Desrest
oe. Ho Belds the spirel nebulas, those clas-ebell-liks cloudy lusinous objects
s0an by grewt telescpyes, to be inslde our eystes.

Dootor hazley's viows will Be followed bty the dfscussize of Doctor Seber
D. Ourtia of the Lick Observatory, who will deford the clder view that ous
My Wy s approxtaalely of the dizeneicns suegested by Newsoek, abewt 30,000
light-years in dlmseter, with the spiral oebulas regarded as viry probadly
iedividudl gelaciel of "faland universes®, 1ike curs. Thus thdre Lay be &
=1licn ctbar unim wach having 3,000,000,000 stare. Inhsbitaste of thess
DUIAFCus univerdss would ses cur Milky Way as & spired nedula. The loctwres of
these two learnod astr:noaers will be followsd by & general discussics open to
the aulitors sresent who are interested in the developaent of this new advance
in sclectific ressarch. v

.
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condscted st Mt. Wilson Obeorwatory with the gismt 100-inch telesccpe. Iy
Sho ald <f this invention astroncmers are mew able ts study, with mere Scourdsy,
tha d{stance Setween binary stare, a problec heretofcre undartaken with great
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. EDWIN HUBBLE

Marshfield, Missouri - 31 years (in 1920)

- Two years after the “Great Debate” he observed
| with the telescope of Mount Wilson different
| variable stars (Cepheid) in several spiral nebulae

- This proved that these nebulae were too far to
be in the Milky Way

- He then provided a classification of the galaxies
still used

Curiosity: he was a lawyer, coached the boy’s
basketball team in New Albany (Indiana)
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Billion of stars gathered in a
roughly spheroidal volume.

Ellipticals \ '
) 2 Classified with the letter E
B0 B3 LS ST o4 followed by a number that

o-o- = @ indicates how much they are

\ -~
o @ elliptical.
b @“‘?
S SBb
-~ - SBC

-

,g".
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Edwin Hubble's

Classification T T ELLIPTICALS
Schieme & ' - SPIRAL

A flattened disk with

Ellipticals \ _ star-forming spiral structure
S5 B3 BE B soﬁ/ and a central concentration of
NP i stars known as the BULGE.
\
.4

- Classified with S and a letter

that defines the structure of
the arms.

They are divided into two
different families: normal
spiral and barred spirals.

If they have a bar they are
classified as SB.
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Sa: strong bulge, undefined

Ellipticals \,ﬁ/ arms
3 4 = & - 4 - Sb: intermediate

: -o——o——-«-.\
o

- Sc: small bulge, well-defined

arms

Sd: no bulge, sharps arms
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Edwin Hubble's .
Classification | S ELLIPTICALS

SClIeTe o SPIRAL
e LENTICULAR

Ellipticals \ = Intermediate.
EO E3 E5 E7 SO/ Possible presence of bulges
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IRREGULAR
They are “strange”, with no obvious structure, they have bad manners and not an easy
location in the well-defined Hubble classification....
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Composed mainly of old stars

- A small amount of interstellar
matter (gas and dust)

- low star formation activity

- stars have in average a radial orbit
different from the rotational motion
of stars in spirals

- the general idea is that elliptical
galaxies are the result of a past
merging between different galaxies

NGC1316
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Hubble
Heritage

NASA, ESA, and the Hubble Heritage Team (STScl/AURA) - Hubble Space Telescope ACS - STScl-PRC-08-30b




. 5
Clen y Elliptical Galaxy NGC 11 . .
ULiSb iptical Galaxy 1132

+ : . instituto de astroflslca
e ciéncias do espaco

HIEAGe

NASA, ESA, and the Hubble Heritage (STScl/AURA)-ESA/Hubble Collaboration
Hubble Space Telescope ACS + STScl-PRC08-07
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Intermediate between elliptical and
spiral

- Composed mainly of old stars

- A small amount of interstellar
matter (gas and dust) but if they
have disk structure they can retain
a significant fraction of dust

- Low star formation activity

2 formation scenarios:

1: faded spiral: a spiral galaxy that
consumed all of its gas for the star
formation

2: merging: a spiral after a merging
with another galaxy lost its arms.
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They are formed of:

- a central concentration of stars known
as the bulge

- a flat, rotating disk containing stars gas
and dust

In the spiral arms inhabit a strong
activity of star formation

The bulge population is variable,
depending on the type of spiral that we
M are considering:

ES0243-49 |

a) in the spirals with tight spiral arms
(Sa) the bulge is populated by old red
N stars.

{ b) in the spirals with more opened bar
(Sb) the bulge has a younger
population.

M74
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BARRED

NORMAL

ok ~..‘
o %

NGC6744 - NGC1097

The bar is thought to be the result of a density wave radiating from the centre of the
galaxy whose effects reshape the orbits of the inner stars.






I

Ciénci
ULisb o i
oa Spiral Galaxies
instituto de
e ciéncias d: Ztsg):ézlca




Spiral Galaxy NGC 2841

a—

r —

»

. -
. -
« ‘
. » D
. .
- . .
- . 3 5
- -
: " .
»
v e
-
3 . g
.
l T
.
.
.
»
| s

- »

o

»
4 - ’
-
- - -
- |
Y .
e
.- -
< .
> :
»

- .
. . P 3 v o
g ~ .I
~
» -
-
s -
é 5
‘n'k"l\lf
Hes ILaqe
NASA, ESA, and the Hubble Heritage (STSCUAURA)-ESA/Hubble Collaboration « Hubbie Space Telescope * WECIUVIS « STScI-PRC11-0¢




b



r




I

y Ciéncias i i
T Spiral Galaxies la

instituto de astroflslca
e ciéncias do espaco




Ciéncias :
Jioncias A fly-through of GAMA 1a B B
e ciéncias do espaco

The Galaxy and Mass Assembly catalogue is a map of the Universe in 3D. This
simulated flythrough shows the real positions and images of the galaxies.



http://www.youtube.com/watch?v=wpX2pK1ce9M&t=30
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Some useful units:

e Speed of light = 3 x 10°km/s

e Secondsin 1 day =8.64 x 10*s

e 1 light year = distance traveled by light in 1 year

e 11ly=9.46 10" km

e 1 Solar Mass =2 x 10°° kg

e 1 Solar Luminosity = 3.8 x 10%° W = 3.8 x 10** erg/s
e 1pc=3.08x10"km=3.261ly
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e Radius: 6 371 km
e Circumference: 40 075 km = 0.13 s at the speed of light
e Moons distance: 384 400 km =1.28 sat ¢
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e Dist Sun: 1.49 x 10° km = 8 minutes at ¢
e Dist Pluto: 5.9 x 10° km = 5.5h at ¢ = 0.0006 ly
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THE SOLAR SYSTEM

WITH REAL-TIME SPEED OF LIGHT

— Distances to scale —
— All bodies x1000 —

MERCURY
VENUS

evs JUPITER URANUS NEPTUNE

MARs

ASTEROID
BELT

1 AU 5.2 AU
8m 17s 43m 17s
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Castor Upsilon(u) Andromeda

55 Cancri

rrrrrrrr
oooooooo

Epsilon(e) Eridani (Sol or Sun) Altair
Denebola

°
HD 69830 Sirius GJ876 Rasalhague

Alpha(a) Centauri

aaaaaaaaaaa

Epsilon(g) Reticuli

Tau() Centauri

The Local Interstellar Cloud (LIC) is the interstellar cloud roughly

30 light-years (9.2 pc) across through which the Solar System is
moving. _ _
Closest Star: Proxima Centauri =4.22 ly = 1.3 pc
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Diameter = 46-61 kpc
D=15-20x10° ly
# of stars = 1-4 x 10"
Mass ~ 1 x 10" M_
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LMC SMC

Diameter: 14 000 ly = 4.3 kpc Diameter: 7000 ly = 2.1 kpc
Distance: 163 000 ly = 50 kpc Distance: 200 000 ly = 60 kpc
Mass ~ 10%° M, Mass ~ 7 x 10°M_
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. ' Andromeda Galaxy — NASA, HUbble Telescope

M33 M31
Distance: 2.73 x 10°ly = 840 kpc Distance: 2.5 x 108 ly = 778 kpc
Mass ~ 10°M, Mass ~ 1.5 x 10'2 M

0)
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* Sextans B
- Sextans A

+LeoA
* NGC 3190
* Antila Dwarf
Leol * Canes Dwarf
* Leoll
Ursa Major | -
Sextans Dwarf Ursa Major Il
Bootes Dwarf « Ursa Minor Dwarf

Draco Dwarf

Large Magellanic Cloud -
Small Magellanic Cloud

Sagittarius Dwarf
Carina Dwarf «

NGC 185 «
S = NGC 147

Sculptor Dwarf
Fornax Dwarf

= Andromeda |

- NGC 6822
Triangulum Galaxy (M33) %

- Phoenix Dwarf - Pisces Dwarf

IC 1613+ . Aquarius Dwarf

SagDIG

Cetus Dwarf -
* Tucana Dwarf

- WM

Local Galactic Group

Local Galactic Group la

“IC10

m110 " Andromeda Galaxy (M31)

*M32

Andromeda Il
Andromeda IIl

* Pegasus Dwarf
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MW belongs to this group of
galaxies, moving within a region
of ~ 3 Mpc

2 clusters: Milky Way and its
satellites on one hand, and the
Andromeda Galaxy and its
satellites on the other.

The two clusters are separated
by about 0.8 Mpc and move
towards one another with a

velocity of 123 km/s.

Total members estimated in 54,
most of them being dwarf
galaxies.
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Virgo Supercluster
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Virgo M Groups

3

NGC 4(797:%

. NGC 7582 NGC 6744 NG( 5033

s st NGC 5128 a2 adesdiie
wn can :Group ‘,~_~' o
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S(ulplurv & 'Maffei M81 ¢

¥
NGC 1023,

e ¥ NGC 2997

5 Dorado

s *; Fornax Cluster

o Eridanus Cluster
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A mass concentration of galaxies
containing the Virgo Cluster (~17
Mpc) and Local Group.

100 galaxy groups and clusters
are located within a diameter of
33 Mpc. The Virgo SC is one of
about 10 million superclusters in
the observable universe and is in
the Pisces—Cetus Supercluster
Complex, a galaxy filament.

A 2014 study indicates that the

Virgo Supercluster is only a lobe
of an even greater Supercluster,
Laniakea
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PAVO-INDUS
SUPERCLUSTER

{3 NGC 6

SOUTHERN
SUPERCLUSTER

IC 341 /Maffei Group.

Laniakea

CENTAURUS
SUPERCLUSTER

iy
Antiia Clustet; ~

HYDRA
SUPERCLUSTER

1A E:

instituto de astrofisica

e ciéncias do espaco
Laniakea: Hawaiian for open
skies or immense heaven

Members: 100,000
Major Axis: 160 Mpc
Distance: 77 Mpc

Follow-up studies suggest that
the Local Supercluster is not
gravitationally bound; it will
disperse rather than continue to
maintain itself as an overdensity
relative to surrounding areas.

The most massive galaxy
clusters are Virgo, Hydra,
Centaurus, Abell 3565, Abell
3574, Abell 3521, Fornax,
Eridanus and Norma
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Capricornus
Supercluster

Sculptor

Pisces-Cetus
Superclusters

Phoenix
Supercluster

Horologium
Superdluster

ocal Supercluster

ocal Superclusters

Capricornus Void

Sculptor Void

Superclusters

Columbia
Void

Hydra-Centaurus
Supercluster

Ophiuchus
Supercluster

Hercules
Superclusters
Corona Borealis
Void

Microscopium

Pavo-Indus Void

Supercluster
Centaurus

Supercluster

Shapley
Supercluster

Hydra
Coma
Supercluster
Perseus-Pisces
Supercluster

Leo
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http://www.youtube.com/watch?v=4IIEJlSwuXo
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1. Development of astrophysics at the beginning ot the
19" century: towards the concept of “galaxy”

2. Large scale structure (group, cluster, supercluster)



FC iénci -t
Ciencias la
ULisboa %>

instituto de astrofisica
e ciéncias do espaco

This is the End

(my only friend, cit.)



