‘Modern cosmology
[¥] A historical sketch

o
v -

.

> ‘e
- .

. >




This depiction of the no. of publications on "cosmology” in Physics Abstracts
(1930-75) shows a field which only began it ’normal” growth in the 1960s,
while in the 1930s it was very small and with no sign of progress.




BUT, if the data are taken relative to all articles in Physics Abstracts, we get
a very different picture: now, the 1930°’s look like a fine decade, while the
progress in the 1960s has entirely vanished!
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B. Riemann (1826-1866)
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LA e . We live here in the Milkyway
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M. Slipher: galactic redshifts

Do the galactic redshifts vary
systematically with their distances?

zZ=A\/A=v/c

Doppler shift:
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Hubble-diagram

1929, H = 500 km/s/Mpc

1931, H = 558 km/s/Mpc
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Cosmological field equations

Einsteins model of 1917:
Static (ho beginning, no end)
Filled with dilute matter

Spherical space, of finite volume

Cosmological constant, A> 0.

ponnensystem erlangten Erfahrungstatsachen jedenfalls vereinbar. Sie
befriedigt auch Erhaltungssitze des Impulses und der Energie, denn
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Georges Lemaitre; expanding universe (1927); first big-bang model (1931)
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Expanding Balloon Analogy
Photons move and redshift
Galaxies spread apart but
stay the same size
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Tired'llght hypotheses " an eXpIanai..ionv of reds;mif‘ts

**._in a static universe’ " ]

Explanation of galactic redshifts on the basis ) ’L'.-;s‘ s "

of the static universe, e.g. MacMillan 1932.

Tired Light
. T

.)/

Is the simple tired-light
Assume dE/dx = -aE, E = E, exp(=aX), pynothesis a better explanation

A = Ag exp(ax) = Ay (1 + ax), therefore of the galactic redshifts than the
AAIA = ax complicated hypothesis of the
... Hubble law! expanding universe based on

GR?



Early cosmological models = solutions to Einstein’s field equations satisfying the

cosmological principle

O. Heckmann, 1932

W. de Sitter, 1931




GR-cosmological models (assuming CP, p=0, c=1)

Friedmann equations:

3(R /R)12 +3k/RT2 =A+xp (R/R)T2+2R JR+k/RT2|=A

R(t) = scale factor (relative distance)

k = space curvature parameter (k=+1, 0, -1)
A = cosmological constant

x = 871G (Einstein gravitation constant)

p = average matter density

— _ H=R /R 0 =—2R /RHT2
For A=0 k/R1Z =HT2 (2940 1V3here / and 7 /

The Hubble constant H, the deceleration parameter g, and the density p are
measurable quantities



9 May 1931

The birth of the idea
of the big-bang

universe originating

in a "primeval atom.”

Clearly the in

.

—
_ Clearly the initial quantum ecould not conceal in
itself the whole course of evolution ; but, according to
the principle of indeterminacy, that is not necessary.
Our world is now understood to be a world where
something really ha.p%ensu; the whole story of the
world need not have been written down in the first
quantum like a song on the disc of & phonograph. The
whole matter of the world must have been present at

the beginning, but the story it has to. tell may be

written step by step. - G. LEmMaiTRE.
40 rue de szurl,) o
Louvain,

the whole cgourse &f evolution; but, according to the indetermina-
tion prineiple, that ie nct necessary. Our world is now a world
where something happens; the whole story of the worid does not
rieed ¢o be written down in the first quancuan ag @ song on the ®

disc of & phonograp. The whole Mitter ©i the world must be pre-~

ten step by step.
nink that e%iry one who e\

ieves in & supreme being

supporting avery being and cvery asting) velieves also that God

bs essentially nidden and Wmay be glad to see low present physics

provides a velil ding tae \trsatdon.

gsent at the Leginning, dut the stoxry 1t nar 1o tell umay be write




Lemaitre's “primeval-atom” universe, 1931

Space and past time are finite. The cosmological constant (A > 0),
provides a “stagnation phase” solving the age paradox.
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Lemditre's "big bang" described in Popular Science Monthly 1932,

Jast of ( siant /\tom reated
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our universe! - -
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Hubble's parameter:
The incredible

shrinking constant

-Ho (km/'s/Mpc)
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The Hot Big Bang
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1948-53, 6. Gamow, R. Alpher,
R. Herman:

A) “hot”, radiation-dominated
early universe,

B) calculations of primordially
produced elements,

C) prediction of a cosmic

microwave background.



Wm. McCrea

H. Bondi
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J. Narlikar

F. Hoyle

D. Sciama

The steady-state
theory of the universe

The universe expands
eternally, with continual
creation of matter securing
a constant density of mass.

The Perfect Cosmological

Principle: On a very large

scale, the universe is
uniform both in space and
time.




Predictions of classical steady-state theory, ca. 1950

» Space curvature k = 0 (flat space)

» Exponential expansion: R ~ exp(Ht), H constant
» Deceleration parameter q, = -1

» Matter density p = p_.s =5 x 10282 g cm-3

» Matter creation rate = 3pH = 1043 g s”' cm-3

» Age of universe: infinite

» All elements synthetized in stars and novae

> Average age of galaxies <t>=T/3=6 x 108y
(T = 1/H)

9

1

d*R/dt*




1965: Discovery of CMB

(predicted by R. Alpher og R. Herman in
1948, T = 5 K)

Intensity [MJy/sr]
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”serendipity”




Stockholm, 11 December 1978

Penzias and Wilson awarded the Nobel Prize “for

their discovery of cosmic microwave background

radiation,” ... “after which cosmology is a science, open

to verification by experiment and observation.”

?_;‘ .: Did Penzias and Wilson really
€3]

oF discover the CMB?
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s.'.andard ho.',_big_ TIME (units of seconds)

bang cosmology
(1965+)
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Helium nucleus

26

3 min. i

) Temperature . 108°C
A = ; !
The cosmos Post-inflation, “@ A rapidly 4$ﬂlltoohot
't iverse ng to form into

goes through
a superfast

“inflation,"

atoms, charged
_electrons and
: protjms prevent
light from
sll ing: the
% universe is a.
7 usuperhot tog
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Helium atom

300,000 yrs.
10,000°C

Electrons

combine with
protons and
neutrons to form
atoms, mostly
hydrogen and
helium. nght
can finally
shine

Protogalaxy

1 billion yrs.
-200°C

Gravity makes

hydrogen and
helium gas
coalesce to form
the giant clouds
that will become
galaxies; smaller
clumps of gas
collapse to form
the first stars

PRESENT
DAY

15 billion yrs,
-270°C

As palaxies

cluster
together under
gravity, the first
stars die and spew
heavy clements
into space; these
will eventually
form into new
stars and planets
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THe ExpanpinG Universe: A GapsuLe HisTory

Cosmic First Stars, Expansion Today
Background Stars  Galaxies Accelerates
Afterglow Develop \
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Dark Matter Dominates | Dark Energy Dominate
137 1133 5

Billions of Years Before Today




