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Principio de Equivalencia entre
Gravitacion e Inercia

Todos los cuerpos caen con

la misma aceleracion S, \
[
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En caida libre desaparece
la fuerza de la gravedad
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El espacio-tiempo
es dinamico,

Se curva con la
materia y energia
del universo
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Deflexion gravitacional de la luz
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Sistema en caida libre en
un campo gravitacional
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Blue/Redshift gravitacional
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Blueshift y redshift gravitacional
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COSMOLOGICAL CONSIDERATIONS ON
THE GENERAL THEORY OF RELATIVITY

BY

A. EINSTEIN

Translated from * Kosmologische Betrachtungen zur allge-
MEINEN Relativitdtstheorie,” Sitzungsberichte der Preus-
sischen Akad. d. Wissenschaften, 1917.

Vi¢p = 4wKp . ; : o ()
in combination with the equations of motion of a material
point is not as yet a perfect substitute for Newton’s theory
of action at a distance. There is still to be taken into account
the condition that at spatial infinity the potential ¢ tends
toward a fixed limiting value. There is an analogous state
of things in the theory of gravitation in general relativity.
Here, too, we must supplement the differential equations by
limiting conditions at spatial infinity, if we really have to
regard the universe as being of infinite spatial extent.

In my treatment of the planetary problem I chose these
limiting conditions in the form of the following assumption :
it is possible to select a system of reference so that at spatial
infinity all the gravitational potentials g, become constant.
But it is by no means evident @ priori that we may lay down

I'I‘ iz well known that Poisson’s equation




It seems hardly possible to surmount these difficulties on
the basis of the Newtonian theory. We may ask ourselves
the question whether they can be removed by a modification
of the Newtonian theory. First of all we will indicate a
method which does not in itself claim to be taken seriously ;
it merely serves as a foil for what is to follow. In place of
Poisson’s equation we write

Vip — Np = dmwrp . : . (2)

where A denotes a universal constant. If p, be the uniform
aensity of a distribution of mass, then

p= - . . . O
is a solution of equation (2). This solution would correspond
to the case in which the matter of the fixed stars was dis-
tributed uniformly through space, if the density p. is equal
to the actual mean density of the matter in the universe.
The solution then corresponds to an infinite extension of
the central space, filled uniformly with matter. If, without
making any change in the mean density, we imagine matter
to be non-uniformly distributed locally, there will be, over
and above the ¢ with the constant value of equation (3), an
additional ¢, which in the neighbourhood of denser masses
will so much the more resemble the Newtonian field as A¢ 1s
smaller in comparison with 4mw«p.
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Espectro visible: del violeta al rojo

La Luz blanca

se descompone

al pasar por

un prisma
Rojo
Naranja
Amarillo
Verde W

Luz blanca Azul

. : Violeta
Prisma de cristal
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Edwin P. Hubble

Mount Wilson Mount Palomar
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2 ) Distance in Cluster
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Velocity [km/sec]

| Hubble (1929) . * |

| sl HST (1999)

Distance [Mpc]

H, =500km/s/Mpc

Dominado por
errores sistematicos!
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Ecuacion de Einstein-Friedmann

lp GM__ X T+V =E
2 a 2

4r
M = 7,0 a’ = const.

Y, a K =0 velocidad escape

K >0 recolapso

K <0 expansion eterna



Modelo Einstein-de Sitter (1917)

ldz GM A/\az:—E T+V=E
2 a 6 2
ra@| k=0 i (3GM>”3
— e ————— d. =
EdS —= A
E <0 punto de
recolapso  expansion equ 1librio
(inestable)




El Universo se
enfria como
un gas en
expansion e
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The Nobel Prize in Physics 1978

"for their discovery of the cosmic
microwave background radiation™

Arno A. Penzias Robert W. Wilson



Intensity [MJy/sr]

400

300

200

100

2

Wavelength [mm]
1 0.67 0.5

FIRAS data with 4000 errorbars
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"for their discovery of the blackbody form and anisotropy
of the cosmic microwave background radiation”

John C. Mather George F. Smoot
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Planck (2014
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GEOMETRY OF THE UNIVERSE

CLOSED




Predicciones de Inflacion

BIG BANG

fotones

Ondas gravitacionales

13.800 millones anos
después del Big Bang




Formacion de
Estructura a

Gran Escala







Anisotropias CMB

Epoca oscura

Primeras estrellas

Galaxias & Quasares

Cumulos & Supercumulos
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Colapso Gravitacional

Region colapsada
(una galaxia)

Region mas densa
Semilla

1nicial

Expansion (Flujo de Hubble)







El Universo

acelerado:
Energia Oscura




18 December 1998

Sc1ence

Vol 282 No $397
Pages 2141-2306 $7

ACCEI.ERATING
UNIVERSE



"for the discovery of the accelerating expansion of the
Universe through observations of distant supernovae”

Saul Perimutter Brian P. Schmidt Adam G. Riess
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¢.,Cuanto es la aceleracion
del universo hoy en dia”?

At G A
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“THE UNIVERSE 1S EXPANDING FASTER THAN EVER AND
| DON'T EVEN FEEL A BREEZE ™



We have a complete inventory of the universe.

70% dark energy

25% dark matter

5% ordinary
matter




One puzzle: all matter dilutes away,
but dark energy remains constant.
So why are they (very roughly)
comparable today?

expansion

| of the universe
size = %2
size = Ya ,

» The past was dommnated by matter,
the future will be dominated by dark energy.
What makes the present day so special?
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The fate of the universe:

Three scenarios

BIG RIP

CONSTANT

Strengthening dark energy DARK ENERGY

speeds up the Universe,

causing it to break apart | The Universe expands
Gradually, in balance

With gravity

Bi1G CRUNCH

Dark energy weakens
and matter causes the
Universe to collapse

PRESENT

TIME




EVOLUCION DEL COSMOS

Radiaiiélzjcézmli%q dgfondo — Energia oscura

g reopimdor o o Beng  (capansn acsleac)
I han d biert Desarrollo de galaxias,

a que se han descubierto lanetas. etc.

las huellas de las ondas P ’
gravitacionales del inicio
del universo.

Inflacion

BIG BANG

Fluctuaciones
Cuanticas

Primeras estrellas
(400 millones de anos)

Expansion del Big Bang

Tiempo: 13.800 millones de aros




Blog : Investigacion y Ciencia

INVESTIGACION

Y CIENCIA SciLogE{\

espanola de SCIENTIFIC AMERICAN

http://www.investigacionyciencia.es/blogs/astronomia

Cosmologia de precision

Juan Garcia-Bellido Capdevila




