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The Expanding Universe
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Robert P. Kirshner
PNAS January 6, 2004. 101 (1) 8-
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Big-bang Nucleosynthesis









Wikipedia Stellar nucleosynthesis



W




A5

Big Bang
Nucleosynthesis / ?xﬂe{nj p)'Li
N 107
*He(ct,y) Be % i
"Li(p.at)* He
107 25 /
‘He| —*He(d, p)'He— |*He o, y) Li
d{f?f?;ﬂh‘;\ * He(n, p)t r(d,l}* He
ﬂ’[::.:'jln}lee \ |
—p(n.y)d —*f | — d(d, pp— | °H

'H

AN

hyperphysics.phy-astro.gsu.edu

P

N

107

Big-bang nucleosynthesis






=
=
I
=
=

DEUTERIV

0.1
DENSITY

0.01

! 1

|

AL
0.001

| |
I 1 1
e 2 2

SONYONNYY JAILY 13

10-10 L



The Cosmic Microwave Background
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8000 The VSA collaboration 2004
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Radio Source Counts












Fuclidean Source Counts

* Consider a non-expanding universe with Euclidean geometry (ie
angles of a triangle add up to 180 degrees)

* If the distribution of intrinsic power of radio sources F(P) dP is
constant with time, ie the Universe is not evolving...

* The observed flux density of sources will be
N(S) dS = K 5572
whatever F(P) is.

* This is a test of the eternal, non-evolving Universe theory, eg the
Steady-State theory
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The Sunyaev — Zel’dovich effect
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 Surface brightness of S-Z
effect depends on energy
density of radiation field U =

oT*
* Energy density of CMB goes C o :
35 (1gfz)4: Y ; Prediction: redshift
* (1 + 2)3 from space density of dependence of SZ
photons effect is (1+2)* (1+2)*
* (1 + z) from redshift decrease = constant!

in photon energy

 Surface brightness of all
objects in expanding universe
goes as (1 + z)*(constant in
non-expanding universe)



MS51054 z=0.83

e Six clusters at redshifts 0.17 to
0.89

e Similar physical properties
* Look exactly the same!

* Ordinary luminous objects
would vary in brightness by a
factor of 7 over this redshift
range.

* Thousands of clusters now
detected in SZ effect.

Grego et al
1995
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So if anyoné says tg you they don’t believe'inthe Big.Bang, ask them:
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“How do,you explam - '. e
* The redshift £ distance re‘latlonshlp for ga‘iaX|es? . .
* Jhe cosmic mlcrowave background? v e :
* The cosmic abundange of deuter,lum hildm and Iithlum 7?. .
. The slope of the radio source counts? W \ '
* The redshift independence of the Sunyéev — Zel’dovich effect?”
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