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Ap — Ap = 4nGo
when p = py = const
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dz®dz®
R? — (2% + x5 + x3) v

ds® = A2dt? — 6 +
where a,b=1,2,3.
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where Kk =
P2
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Let us calculate A and R assuming that

0= Ocrit = 0.946 - 10~29g/cm3

A=887-10"%cm 2

R= = 1.06 - 10%8cm = 3440Mpc

1
VA
Present data

R= Ry =1.2-10*cm = 3896Mpc

A =1.46-10"%6cm™2
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Similarly, noticing that, in the present era. the radiation-density must vary in
inverse proportion to the fourth power of the time (hecause p ~ 79, T ~ (-1 and
1 ~ 1), we find,

31 137

3 gm per em?, o (10)

Praq. (present)

For the present density of residual radiation we obtain 6 - 10-* corresponding to
about 6 K. Thus we may conclude that the residual heat found at present in the
Universe is comparable with the heat provided by nuclear transformations in stars,
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4. Formarion orF CHEMICAL ELEMENTS AND ORIGIN OF GALAXIES

The above considerations give us a general picture of changing physical conditions
characteristic of the evolutionary history of onr Universe. We will indicate here
only guite briefly how this information can be used for the explanation of various
characteristie properties of the Universe as we know it to-day. First of all, it may be
suggested that, at least partially, the relative abundances of the atoms of various
chemical elements were conditioned by thermonuelear reactions which took place at
high speed during the very early stages of expansion while the temperature of the
Universe was exceedingly high. And, in fact. the caleulations in that direction,
carricdd out by the present writer®, and later in some mores detail by Feryi and
Trrkevicn,t lead to a value of the H/He ratio whieli is in good agreement with
observational data, However. there are still some difficulties to be overcome in
understanding the abundances of heavier elements. and there is a possibility that the
original distribution was partially modified by various processes during the later
stages of the evolution. :
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Old Universe

— New Numbers

Q =1.02%%

w< -0.78 (95% CL)

Q =0.73%0

Q h?=0.0224 500
Q 0.044 5004

n,= 2.5 x 107 %1x0- cm™
Q h?=0.135"0%s

Q 02 +GD4

Q h’< 0.0076 (95%CL)
m < 0.23 eV (95% CL)
T _=2.725%0

n= 410 *os cm™

11—6 1 x 10710 *035 0

Q 91 0. 17"331’

0 0 84 *ooa MpL

C, Q”— 0.44%00

A 0.833 “use

n= 0.93 +003
dﬂ JdIn k= -0.03
r< 0 71 (95% CL)
= 1089 7]

/l =195%5
h= 07 fﬁg?
t,=13.7%2 Gyr

= 379 55 kyr

+0.016
-0.018

= 180+ Myr (95% CL)

AI = 1185 kyr

T, = - 30331
T—- 0 17+0[I-4

=207 (95% CL)
QA 0598 000
d,=14.0"3 Gpc
[,=301"
r=147% Mpc




Energy (electron volts)

Mass-energy density (gm/cm?)
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Temperature anisotropy {adiabatic mode)
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Atoms Dark

4.6% Energy
72%
Dark ’
Matter
23%
TODAY
Neutrinos Dark
10 % Matter
63%
Photons
15 %
Atoms
12%

13.7 BILLION YEARS AGO
(Universe 380,000 years old)



Possible dark matter
particles

neutralino, m. ~ 50 GeV,

gravitino,

axions,

other WIMPs



Dark energy

cosmological constant,

vacuum energy,

quintessence (potential
energy of some scalar field)
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Inflation

Primordial
fluctuations

Cosmic microwave
background
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137 1.0 J/ 07-0.4
Age of the universe (billions of years)




