G limbing CMount Olympus .

CGeometry
as Rathway o the Universe

Rien van de Weygaert
Kapteyn Institute, University Groningen, OAdvdia
IAI2YEETT conference, ©@coocaAovikn,
Aekepppiou 5-7, 2003



L)

L)

0

o0

G osmology.

the Obcience

What is

Cosmology?

Formally:

Astronomical science or theory of the
Universe as an ordered unity; study of the
structure and evolution of the Universe.

Broadest meaning:

human enterprise, joining science,
philosophy, theology and the arts to seek
to gain understanding of what unifies and
Is fundamental to our world

Scientific:
Study of large-scale structure and
infrastructure of the Universe
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Gosmology.

the key questions and issucs

‘*What is the structure of the Universe ?
‘*How big is the world ? (finite, infinite,...)

“*How did the world begin ? When did the
world begin ? Did it begin at all ?

+\What is the fate of the Universe ?

+*\What is the world made of ? What does it
contain ?

“*Are these questions meaningful at all ?



Che Lbniverse

... ajourney ...
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Sonia, 6" century 8.6

A phase transition in human history: the mythical world obsolete

... the lonian coast, 6t century B.C.,
regularities and symmetries in nature
recognized as keys to the cosmos ...

= Mathematics as natural language of cosmos

=» Physical cosmos modelled after ideal form,
encrypted in concepts of geometry

... Anaximander of Miletus: the Apeiron
Pythagoras of Samos: music of spheres
Plato: Platonic solids
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In footsteps OF Coperni@is, Galilei & Kepler, i D 2 N 7 ) I T
Isaac N@wion (1687) ihis-Principia : ) ) 3
formulatéd a*compreh&lsive model of the ' ‘ P[ IU {‘ b{‘ l‘ Lu :‘t
world. C@smologically @meant

e absolute and uniform time ‘P R I N L I P I A

e space & time independent of matter || MATHEMATICA
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NMATURALIS
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e dynamics: - action at distance
- instantaneous i

e Universe edgeless, centerless & infinite

e Cosmological Principle:

Finedict 11 Fr.r ac Typis Fafpde Becter. Proftat apud

Universe looks the same at every —-
place in space, every moment in time s Hinlioprlis, e meL KXMVIL
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e absolute, static & infinite space e e e g




Qf{zmézh 5 CSHicld-Squations

...i5pacetime becomes'a dynamic continuum,
integral part of the structure 6fsthe€osmos ... ;
curved spacetimé becomes faree.of graviwy

... Its geometry rules the world,
the world rules its geometry,...
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fietlhe of ‘the cosmos .

3 comes force of gwx

Q%DUZ 1o /ﬁﬁgﬁr
. uclides fzﬁbﬁf »

. its geometry rules -'|'
the world rules | '1,4#_ -




CGeometry of the Lniverse

@ﬁfﬂm]ﬁﬁ%/ Lrinciple

Cosmological Principle:

Describes the symmetries in global appearance of the Universe:

e Homogeneous

e |sotropic

e Universality

e Uniformly Expanding




CGeometry of the “Lbniverse

Fundamental Tenet

Non-Euclidian = Riemannian) Geometry:

e there exist no more than THREE uniform spaces:
1) Euclidian (flat) Geometry Euclides
2) Hyperbolic Geometry Gaul3, Lobachevski, Bolyal

3) Spherical Geometry Riemann

uniform=
homogeneous & isotropic
(cosmological principle)



CGeometry of the “Lbniverse

The three possible geometries of the Universe



CGeomelry & Dpmamics

Friedmann-Robertson-Walker-Lemaitre Universe

Having confined the Universe to the highly symmetric geometries corresponding the
Cosmological Principle, the Einstein field equations are reduced tenfold to

e TWO equations, for
e ONE scale factor R(t), the uniform growth factor of the Universe

The equations are called the Friedmann-Robertson-Walker-Lemaitre equations, and
are the fundamental solutions for dynamics and evolution of the Universe.




CGeomelry & Dpmamics

Friedmann-Robertson-Walker-Lemaitre Universe
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CGeomelry & Dpmamics

Friedmann-Robertson-Walker-Lemaitre Universe

.. for an expanding Universe with
e matter density p(t)
e pressure p(t) Q,<1
e cosmological constant A(t)
[or, the elusive dark energy p,]

.. whose dynamics is ultimately set by

the geometrical curvature term “k” :
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