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IL CIELO STELLATO
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I Satelliti di Giove
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La legge di Gravitazione

Universale
- D

Prop. XI. Prob. VI.

Rewoloatnr corpus in Ellipfi: Requiritur lex vis centripete tenden-
tis ad umbilicum Ellipfeos.

Efto Ellipfeosf{uperiorisumbilicus 8. Agatur § P {ecans Ellip-
fcos tum diametrum DK in E, tum ordinatim applicatam O o
in x, & compleatur parallelogrammum QxPR. Patet EP z-
qualem efle femi-
axi majori 4C, co v
quod ataab altero 3B _\.‘-‘\\’ R
Ellipfeos umbilico T  EAT ), O
HlineaHIipli EC
varallela, ( ob -
quales CS, CH )
aquentur ES,ELa-
deo ut EP femifum-
ma fit iplarum PS,
P id eft ( ob pa-
rallelasHI, PR &
angulos zquales I P
R, HPZ ) iplo-
rumPS, PH, quz
copjunétim axem totum 2 AC adzquant. Ad SP demittatur
perpendicularis 01, & Ellipfeos latere reéto principali (“feu

PHILOSOPHI A

NA T.HR AklS

PRINCIPIA
MATHEMATICA

Autore 7. NEWTON, Trin. Coll. Cantab. Soc. Mathefeos
Profeffore Lucafiano, & Socictatis Regalis Sodali.

IMPRIMATUR:
S EEPRP Y& ch.Soc.PR[ESES.
Fulii 5. 1686.

LONDINE

Juffa Societatis kegi& ac Typis Fofephi Streater. Proftat apud
plures Bibliopolas. Ao MDCLXXXVIL




Stelle e Galassie

Galassia M 106



La via Lattea




Le Galassie

The Hubble
Tuning Fork

Sb Sc
Ellipticals Unbarred spirals

, . % " Lenticular
. '. e . SO

Barred spirals
SBb SBc




Le Galassie

Hubble Deep Field




The James Webb Telescope




The James Webb Telescope




The Euclid Telescope

euclid s
EXPLORING THE DARK UNIVERSE = .




The Euclid Telescope




Da dove e verso

GALAXY EVOLUTION
CONTINUES...

FIRST STARS

400,000,000 YEARS
AFTER BIG BANG

INFLATION

SHDY AV AH)

CosMIC MICROWAVE
BACKGROUND

400,000 YEARS AFTER
BIG BANG

FIRST GALAXIES

1000,000,000 YEARS
AFTER BIG BANG

FORMATION OF

THE SOLAR SYSTEM
8,700,000,000 YEARS
AFTER BIG BANG

Now
13,700,000,000 YEARS
AFTER BIG BANG
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LA GRANDEZZA DEL CIELO




La sonda Voyager (1977)




1l Sistema Solare

Giove

Venere Marte

Nettuno

Saturno

Plutone

Distanze non in scala




Le distanze in Astrofisica

e [a distanza dalla Terra alla Luna = 384.400
km

e Circa 1 secondoluce.

 La stazione spaziale orbita a circa 408 km
dalla Terra ..




Le distanze in Astrofisica

Distanza Terra - Sole = 149,6 milion1 ds

Distanza Terra — Marte = 225 milion1 di

Distanza Terra — Giove = 588 milioni di

Distanza Terra — Nettuno = 4500 milioni1 di
km

Dimensioni del Sistema Solare = 18,7
miliardi di km




Le distanze in Astrofisica

Distanza Terra - Sole = 8,3 minutiluce
Distanza Terra — Marte = 12,5 minutiluce

Distanza Terra — Giove = 32,7 minutiluce

Distanza Terra — Nettuno = 250 minutiluce

Dimensioni del Sistema Solare = 17,3
oreluce







La Grande Nube di Magellano




La Piccola Nube di Magellano




La Galassia di Andromeda




Le distanze in Astrofisica

-
La stella p1u vicina — ProximaCentauri = 4,2
anniluce

Il centro della Galassia = 8000 parsec -
| parsec = 3,26 anniluce

Le Galassie vicine = 158.200 anni luce

Le Galassie vicine = 48.500 pc

La Galassia d1 Andromeda = 2,54 milion1 d1 al

La Galassia di Andromeda = 78 kpc




Gli ammassi di Galassie




Il gruppo locale




[l super ammasso della Vergine




[La Galassia d
[La Galassia d
Le di

Le di

Le distanze in Astrofisica

1mensioni d

1mensioni @

-
l—e.&

lel

1 Andromeda = 78 kpc

gruppo locale = 3.

super ammasso de]

Vergine = 16.3 Mpc

1 Andromeda = 2,54 milion1 d1 al

1 Mpc

la
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LE DIMENSIONI
DELL’UNIVERSO




“mappare” ['Universo







“mappare’”’ | 'Universo




Il Telescopio Spaziale Hubble

hubblesite.org/




Edwin Hubble
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L allontanamento delle Galassie

Hubble Law
recession speed = H, x distance

Distance

Hubble — Lemaitre law




L allontanamento delle Galassie

Hubble Law
recession speed = H, x distance

Distance

Hubble — Lemaitre law




L allontanamento delle Galassie

Hubble Law
recession speed = H, x distance

Distance

Hubble — Lemaitre law




L allontanamento delle Galassie




Il redshift

BIG BANG

WHEN SPACE EXPANDS, LIGHT STRETCHES

Since the big bang, the physical space of the universe has been expanding.
Stars and galaxies maintain their size, but the space
between them grows.

1 Wavelength

1 Wavelength

HLION3ITIAVM ONISVIYONI

1 Wavelength

A

As light travels through expanding space, it is stretched to longer wavelengths.




Very distant galaxy

Il redshift

pistant gamﬂ Hl / / _—

Nearby/Afy / /

Spectz[zm labora[ory relerence

400 450 600 550 600 ©650 700 750 800

nm




Il redshift

Calculation of redshift, 2

Based on wavelength Based on frequency

)\obsv — )‘emit o f emit — f obsv
)\emit f obsv

=

)‘o SV emi
b 1+z:f ¢

1+ 2z=
emit f obsv




Le distanze in Astrofisica

z=0.1-463.4 Mpc or 1.512 Gly
z=10.5-2863.1 Mpc or 9.338 Gly
z=1.0-6701.2 Mpc or 21.857 Gly

7=5.2—49894.0 Mpc or 162.734 Gly
2 =12 — 130540.7 Mpc or 425.770 Gly
2= 1000 — 13946225.5 Mpc or 45486.866 Gly




[ tempi in Astrofisica

z=0.1-12.411 Gyr
2=0.5—8.628 Gyr
2=1.0—5.903 Gyr

z=232-1.129 Gyr
z=12—-0.372 Gyr
z = 1000 — 0.434 Myr




Le distanze in Astrofisica
-

Enter values, hit a button For H, = 69.6, Omegay = 0.286, Omega,,. = 0.714, z = 3.000

e Itis now 13.721 Gyr since the Big Bang.

e The age at redshift z was 2.171 Gyr.

» The light travel time was 11.549 Gyr.

» The comoving radial distance, which goes into Hubble's law, is 6481.3 Mpc or 21.139 Gly.

z
o The comoving volume within redshift z is 1140.389 Gpc3.
Omegay ¢  The angular size distance D 4 is 1620.3 Mpc or 5.2846 Gly.

 This gives a scale of 7.855 kpc/".
 The luminosity distance Dy is 25924.3 Mpc or 84.554 Gly.

1 Gly = 1,000,000,000 light years or 9.461*1026 cm.
1 Gyr = 1,000,000,000 years.
1 Mpc = 1,000,000 parsecs = 3.08568*102* cm, or 3,261,566 light years.

Tutorial: Part 1 | Part 2 | Part 3 | Part 4
FAQ | Age | Distances | Bibliography | Relativity

Source for the default parameters. . . .
P See the advanced and light travel time versions of the calculator.

James Schombert has written a Python version of this calculator.

Ned Wright's home page




isure della radiazione cosmica




Misure della radiazione cosmica

Planck
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Misure della radiazione cosmica

Angular scale
0.5° 02"

WMAP
Acbar
Boomerang
CBl
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Afterglow Light
Pattern

400,000 yrs.

Inflation_

Fluctuations

Il Big Bang

Dark Energy
Accelerated Expansion
N\
Dark Ages Development of \
Galaxies, Planets, etc.

-
) ‘: >

Fad YA T R *L'“‘?M‘

wm& Bkl

1st Stars
about 400 million yrs,

Big Bang Expansion

13.7 billion years
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LA MATEMATICA E
L°’UNIVERSO




L universo di Einstein




La geometria dello Spazio Tempo




L’ Universo di Einstein
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Verso dove?

How The Big Crunch Theory Works L
' Expansion

’ -

Maxiigio,
‘Expansion.* 3

-

/,;- o -.

BIG

CRUNCH




La teoria del Big Bang

Stelle e Galassie
[.’allontanamento delle Galassie

Spazio ¢ Tempo > La teoria della
relativita’ d1 Einstein

Osservare 1l Big Bang ... ?
Come ¢’ fatto I’Universo? Come evolve?

Cosa ¢’¢’ prima?
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The spots show small o
temperature variations Background radiation

in the background radiation.

Big Bang 400,000 years

SECRETS IN THE
BACKGROUND RADIATION

The universe was extremely hot and dense in its
earliest moments, the Big Bang. Since then, the Dark
universe has been expanding, getting larger and matter
colder. Almost 400,000 years after the Big Bang, the
initial radiation began to travel through space. This
radiation still fills the cosmos and, coded into it, many
of the universe’s secrets are hiding. Using his
theoretical models, James Peebles was able to
predict the shape of the universe and the matter and
energy it contains (the below curve). His calculations
were a good match with later measurements of
background radiation.

14 billion years

Dark
energy

Ordinary
matter —

1 The first peak shows that the universe is
geometrically flat, i.e. two parallel lines
will never meet.

@ The curve shows how many
spots there are of each size in
the background radiation.

9 The second peak shows that ordinary
matter is just 5% of the matter and

@ @ energy in the universe.

3) The third peak shows that 26% of the
universe consists of dark matter.

From these three peaks, it is possible to
conclude that if 31% (5%+26%) of the
universe is composed of matter, then
69% must be dark energy in order to fulfil
the requirement for a flat universe.




Le supernovae

09/03/11 2

..’ . .\ . .' =P
& i Supemova PTF 11Kly




The progenitor of a Type la supernova

Two normal stars
are in a binary pair.

The secondary, lighter star
and the core of the giant
star spiral toward within

a common envelope.

The aging companion
star starts swelling, spilling
gas onto the white dwarf.

O )

The more massive
star becomes a giant...

The common envelope is
ejected, while the separation
between the core and the
secondary star decreases.

The white dwarf's
increases until it reathes a
critical mass and explodes...

(.‘.

...which spills gas onto the
secondary star, causing it to

expand and become engulfed.

The remaining core of
the giant collapses and
becomes a white dwarf.

...causing the companion
star to be ejected away.

Le SN la
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Accelerating )\
expansion :
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Slowing “ supernova.
expansion o -

Time
(~15 billion years)

B
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Expan'ding universe
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dark energy

dark matter
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Dark matter only (N-body) Dark matter + baryons (hydrodynamical)

Aquarius "8 . MR " GH L 2 ; ) Auriga

- -

Latte/FIRE

2 APO!
Via Lactea APOSTLE

‘Dark Sky

Massiveblack-Il
Horizon-AGN, e

arge volume (statistics)




GALAXY EVOLUTION
CONTINUES...

FIRST STARS

400,000,000 YEARS
AFTER BIG BANG

INFLATION

SHDY AV AH)

CosMIC MICROWAVE
BACKGROUND

400,000 YEARS AFTER
BIG BANG

FIRST GALAXIES

1000,000,000 YEARS
AFTER BIG BANG

FORMATION OF

THE SOLAR SYSTEM
8,700,000,000 YEARS
AFTER BIG BANG

Now
13,700,000,000 YEARS
AFTER BIG BANG




The James Webb Telescope




The James Webb Telescope
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Alte Energie e Inizi dell Universo
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All’inizio dell Universo




Come evolve ['Universo?

. .fD{':-j‘ %
tiny fraction "
of a second

380,000 —
years

13.7\CEas
billion
years
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