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COSMOLOGY: PRINCIPLES
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LET´S LOOK AROUND US





Our Home The EARTH



Solar System

 



A glowing band along the sky. Have you 
seen it?



Milky Way in the Sky. What is its nature?



Democritus: Made of Stars 400 BC



Before and after the telescope. 1609 
Milky Way is actually made of stars



Emmanuel Kant: Island Universes-> 
Spiral Nebulae and the Milky Way 1707

No propuso 

como verificar 

la brillante 

hipótesis



Milky Way (still changing) General 
Picture



Artístic picture 
based on 
observations 

 Spitzer Space 
Telescope  

(Infrared Light)

http://ssc.spitzer.caltech.edu/
http://ssc.spitzer.caltech.edu/
http://ssc.spitzer.caltech.edu/


¿Are we alone? No  
Our Galaxy lives in the so called Local Group 



M32 +/- 1  

M33-Triangulum

M31-Andromeda  M32 and NGC 205



The most common galaxies in 
the Local Group are Dwarfs
● Irregular 
● Spheroidal



Morphological Hubble Sequence                           
A Galaxy Zoo  
Galaxies are fundamental building blocks  
of the visible cosmic Large Scale Structure

E7 or E9?



Each colored dot corresponds to a galaxy in a different cosmic epoch:  
Cosmic Structure

The web 
Pattern is 
Everywhere 
Cosmological 
Principle?

Galaxies trace a cosmic web
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Metcalf etal 2001

Galaxy counts testing Homogeneity
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SDSS telescope 2mts 

1e6 galaxies with spectra

Luminous Red Galaxies 

http://classic.sdss.org/dr3/products/general/edr_html/node53.html 

http://classic.sdss.org/dr3/products/general/edr_html/node53.html
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ISOTROPY

CMB: MICROWAVE RADIATION WITH BLACK BODY ENERGY DISTRIBUTION IN ALL DIRECTIONS WITH HIGH ACCURACY

WMAP



TENSION WITH ISOTROPY? CMBR, MAYBE NOT ..

CMB: COSMOLOGICAL PARAMETERS
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ISOTROPY AND HOMOGENEITY

▸ Isotropy: Family of triplets (angles: alpha,betha,gamma) 
wich respect them the whole universe looks the same 

▸ Homogeneity: Family of referente frames (trajectories) 
wich respect to them the Universe looks identical. An 
homogeneous system looks Isotropic for at least 2 
observers (way to test it) 

▸
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HOMOGEINITY TESTED FURTHER? ISOTROPIC AROUND MANY OBSERVERS

▸ CMB-BlackBody : Another observer Mirror reflects the 
same CMB Black Body ?
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2nd term test of  

homogeneity   

isotropic for them and  

for us
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SZ SELECTED CLUSTERS CLOSER THAN CMB BUT LARGER THAN LOCAL SURVEYS 

Strongly limits the possibility of an inhomogenous Lemeatre Bondi Tolman universe
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Isotropy test too
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Sl -> rms deviation from mean number density of clusters at different angular scales 



Galaxia KUG 1217

Galaxia IRAS F09159


Galaxies velocities along the line of sight



Hubble Law (as farther a galaxies is it 
moves away faster,   

Physics?)

Same result  
along all  
directions  
and distances



Linear Relation V=Hd 
Regardless of the reference galaxy because of the functional 
form

Original 

Hubble
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FUNDAMENTAL FORCE DRIVING UNIVERSE EVOLUTION?

▸ Color/Strong: Confinement inside nucleons, short range 

▸ Weak: Short Range 

▸ Electromagnetic: Ionized Universe. CMB Black Body 
spectrum limits, different from synchrotron  

▸ Gravitacional



TEXTO

ELEMENTS NEEDED TO BUILD A UNIVERSE MODEL

▸ Evolution driven by Gravity 

▸ Observer independent description: General Relativity (GR) 

▸ Homogeneous and Isotropic: observational constraints.   
Defines GR Metric  

▸ something else?



Equivalence Principle

Some 
Corrections 
Geodesic 
deviation

Einstein Equation, compare with Poisson equation 

left term curvature from metric derivation 

right term sources: energy, density, pressure
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WE NEED TO SOLVE EINSTEIN EQUATION

▸ We must include the Cosmological Principle Homogeneity 
and Isotropy 

▸ We have 3 spatial dimension and 1 temporal 

▸ G tensor is an object that requires the metric: invariant 
distance in an arbitrary space 
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justification? 

Weinberg, Gravitation & Cosmology
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º justification?
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Deriving  

Friedmann-Robertson-Walker 

Metric 

¿Generality?

here we go
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Justification of previos step-slide, Weinberg, gravitation & Cosmology 
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Justification of FRW metric construction, 

generalization 



COSMOGRAPHY
COSMOLOGY
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definition

the details of cosmology

conformal transformation 

tries to eliminate expansion 

effect. Convenient for EMagnetic because conformal 

transformation preserves Maxwell equation in Minkowsky
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Expressing Distances in an Expanding Universe

The geometry and expansion rate of the Universe effects angular sizes and distances 
measured. Integrate over components of RW metric. 

DH = c/Ho ! Hubble Distance (distance light travels in Hubble time, tH = 1/Ho) 

DC=                       ! Radial Co-moving Distance 
DM = DC (flat) ! Transverse Co-moving Distance, differs for curved space (see 
Hogg 2000) 
DA = L(proper length)/θ(angular size) = DM/(1+z) ! Angular Distance 
DL = sqrt (L/4π*flux) = DM(1+z) = DA(1+z)2 ! Luminosity Distance 

If Λ = 0 and flat geometry, then 

DL = 2c/Ho [z/(G+1)] {1+[z/(G+1)]}  where G = (1 + z)1/2  

See Ned Wright’s Javascript Cosmology Calculator for DL for different 
cosmologies: 
http://www.astro.ucla.edu/~wright/CosmoCalc.html 

E(z)=\sqrt{\Omega_m(1+z)^3+\Omega_k(1+z)^2+\Omega_\Lambda} 

IntrinsicSize = dθxDM(z) DA(z) = DM(z)/(1 + z)

Homework generate plots of DL,DA vs z 

for different cosmologies

defines causality

http://www.astro.ucla.edu/~wright/CosmoCalc.html


(from Hogg 2000 astro-ph 9905116)

At high z, angular diameter distance is 
such that 1 arcsec is about 5 kpc.

Angular diameter distance vs z  
(plotting DA/DH where DA=L/θ)

DH=c/Ho= 3000h-1Mpc

Luminosity distance vs z 
(plotting DL/DH)

flat, Λ=0 – solid 
open, Λ=0 – dotted 
flat, non-zero Λ - dashed

Different Time/z Dependence for Different Cosmologies. Can we use it?


