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Astronomical news of the week




Goal of this course

e Our goal is to understand this plot:
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0 abundances (by number)

o By mass:
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2.1 The early Universe

FLRW models: singularity att =0
e Comparable to the centre of a black hole

£ Physical description (currently) not possible, need theory of
guantum gravitation

. hG
Physical description possible from tp = 4,/ — ©° 5x 10%s

(= Planck time) onwards ¢
In any case: the Universe had a hot, dense, energetic beginning

ABi g Bango (a term H c

an opponent of this theory)

Fred Hoyle



Some clarifications

The ABi g Bango is the hypotheti c:

existence and nature are speculative at present, since known (in the

sense of fAverified by expetPilOhesnt ¢

Accordingly, we dondot know what
However, we may of course speculate on the basis of extensions of
known physics.

The Big Bang did not happen at any particular location in space. It
signifies a point in time, not in space.

The Big Bang was not an explosion.

GR does not provide any reasons for the observed expansion of the

Universe. The expansion is simply an initial condition that must be
elucidated by additional physics (e.g. inflation).
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Some clarifications

The Universe is infinitely big.
The part of the Universe we can observe in principle is finite.

The part of the Universe we can observe in practice is even slightly
smaller.

The Universe was already infinitely large at the Big Bang. However,
every present-day finite volume was infinitely small.

The Universe does not expand nint



2.1 The early Universe

Radiation dominated Universe

E
i

E

Jag? (A+2%and)y® (1+2)3
] rag dOminates in early Universe
When? | ,q=1)matzy° 3500 (radiation-matter equality)

t(Zeq) © 8 X 10%yr
T(z) =2.73K (1 +2) A T(ze) ° 104K

At z >> 7., we have:
e R(t)® tY2
e T()° 1.5x 100K (t/1s)'12



2.1 The early Universe

The earlier, the higher T and E
A break-up of structures:

e t°93.8x10°yr, T° 3000K,E° 1eV
Atoms break up

e t91s,T° 109K, E° 1 MeV
Nuclei break up ot ot B
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