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L"equazione
dell’universo



Le grandezze In glioco

https://www.youtube.com/watch?v=GoWS8Tf7hTGA
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Viaggiare nel tempo e.
spazio
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Hubble eXtreme Deep Field
HST ACS/WFC WFC3/IR
Lookback Time




Distanze ed
espanglone













Distribuzione reale delle
galassie

Field W1

leld W4
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redshift <--> a(t)
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Densita e volumi

* Per arrivare a capire |'equazione ci serve |l
concetto di densita = massa / volume




Le componenti dell’Universo (oggi)

* (0rad0=0.008% luce
* Qmato = 30% materia totale (ordinaria + oscura)

* OQr0o=70% energia oscura



L’evoluzione predetta dall’equazione

O OO COSTANTE
COSMOLOGICA

VE'-OCITA' RADIAZIONE MATERIA CURVATURA
ESPANSIONE 4 ENERGIA SPAZIALE
OSCURA
densita
ol
energia
Tempo

cosmico



Cosa fa un astronomo

Cosa pensa mia

amicl

PyCharm File Edit View Navigate Code Refactor Run Tools VCS Window Help

Analisi_CMR ) [# COLMAG_30.py
@ COLORATO_D4000.py X
1983

|# COLORATO_AGEpy X | [ ALLVARIABLES.py X | | initpy X | [# COLMAG_30.py X

Project

1

tao, age, sfr, mass,magl, nagV = [ERITINEIETETA ina)

tao_type = np.unique(tao) #

if select 2
printRedBLink("Directly saved in ./models/col_mag_evolution/")

1 Z: Structure

printRedBLink("Extracting data from "+str(ima.getYLen())+" synthetic spectra”)

def myplot(nome_fig, view=False):

while (mass

_mag!="H" and mass_nag
mass_nag

raw_default("Do you prefer [M]ass or absolute magnitude in [V] band

for tau in tao_type:
sel = np.where(tao == tau)
if mass_mag == "V"
x = magV[sell
else
x = mass [sel]

y = magU[sel]-magV[sel]

plt.plot(x,y,".", label="tao = "+str(tau))
P

./models/col_mag_evolution/col_mag_model_evolution_tau_%s.p~"

nor
myplot
if select == 41:
printRedBlink(CURSOR_UP_ONE+ERASE_LINE+"Plot ready!")

if mass_mag=="V’
myplot ("

me_fig = "./models/col_mag_evolution/col_mass_model_evolution_tau_?
(nome_fig)
1:

/models/col_mag_evolution/col_mag_models.png",view=True)

myplot (" /models/col_mag_evolution/col_mass_models.png",view=True)

elif select

2: Favorites

zmedian

np. zeros (len(REDSHIFT_BINS)-1)
tmedian

np. zeros (len(REDSHIFT_BINS)-1)
# Python Console Terminal

[Z] Platform and Plugin Updates: PyCharm Community Edition is ready to update.

> 794

Cosa pensano I vicini

Cosa faccl
realmente

100% @ mar 14:04 Q

[@ genera_evoluzio_quench_05_sub_rand_weakpy X | |# genera_evoluzione SFR_backintime_03.py %

synthetic_v[sel_col_syn_bad],synthetic_uv[sel_col_syn_bad],"on",markersiz

795

796 re((synthetic_uv>MIN_COLOR)&(synthetic_uv<MAX_COLOR))
ere((uv_arrived>MIN_COLOR)&(uv_arrived<MAX_COLOR))

27\ 1%, 27\ %, 27\ 15, 2\ t5%. 4T\ 1%, 4T\ 1% 4T\

,float (x_separation.mean())\
,float (x_separation. std())\

, float(np.median(x_separation))\
JMAD (x_separation) )

c_coord[1],"syn
.2f\ 1\

(float(counter_syn)/float(len(synthetic_uv[tot_col_synl)})

\twi\ts. 4F\t%. 4R\n" % (zint_low(t_start_pos]\
,zint_high[t_start_pos]\
,zint_low([t_end_pos]\
,zint_high[t_end_pos]\
Jint(counter_syn)\

Jint(len(synthetic_uv[tot_c
Jint(len(uv_arrived[tot_col «
+float (counter_syn)/float (1.
+ (float(counter_real)/float"

r(STAT_TYPE:

y(x_term)

y(y_term)

en(x_term))

m[i])t=str(np.nan):
EventLog

18 chars 1984356 LF: UTF-
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La nostra gemella
Andromeda




Le metriche

d82 — —c?dt® + dz* + dy® + dz*
— —czdt2 + dr® + fr‘de
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E' la stessa costante
cosmologica
Q1"ad,0 Qm.z—Lt,O

dAt) T ad(t)




- =U MG Cyudaoiviie vl

Friedman
Hz(t) _ Qrad,() | Q1’nat,0 - Oy 1 — Qtot,O
HZ — a*(t)  a3(t) T d2(h)
a\° 8nG ke 1
_ — E(t) >
a 3c? R§ a? Q
9 H(t) —
1= Qur (1) kc a
. R§ a?(t)H?(t)
_ 3¢ 72 o) = £0
Ec(t) — ’7r(} . (t) - ec(?)
Densita Parametro di

critica densita



Dalla conservazione dell’energia
otteniamo:

: a _ Equazione del
e+3—(e+P)=0 fluidi

equazione dei fluidi + prima equazione di
Friedmann

Serve la costante
cosmologica con
pressione
negativa!!!

A = —EA



Distanze ed
ansione

* La spugna e un Qemplo per far capire
cos’e un universo infinito che si espande




Wormhole
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La costante
cosmologica...spazio 0 spazio
tempo??

Il modello standard della CDSmGlﬂgla (ACDM)
' ( ) “'h- rtm A by I=_I-—:

Dark Emnorgy
aAcceieraied Expansion
Afterglow Light
Pattern Development of
Galaxies, Planets, eic

about 400 milllon yrs %-:k:/ |

Big Bang Expansion

13.7 billicn years




Lenti gravitazionall




