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000 How and when did the universe come into existence? We do have an idea of
the when (between 10 and 20 billion years ago), but the how is another story. The
universe is now expanding. If it is "closed”, that is, if its density is greater than about
6.501073%g/em?3 (which we do not know yet), it will slow down, stop, and then collapse
over itself in a giant cosmocrunch, some 100 billion years in the future. All particles
will collapse into a ”singularity”, a point of extremely high (perhaps infinite) density and
extremely high (perhaps infinite) temperature. Space itself may collapse into that point.
Inside that point, matter and energy will be indistinguishable. It is a truly unimaginable
situation[] a point containing all the mass and energy of the universe,around which there
may have been no space and for which no time passed. How long will this situation last?
The question is meaningless: if time does not flow, an eternity, or no time at all, is all
the same. What seems certain, however, is that this state is totally unstable and the
"singularity” has to blow up. This may have been the situation 10-20 billion years ago—
a point consisting of ”"singularity”. The ”singularity” blew up, the rest is predictable. [

For the first 31107195, temperature was too high for matter to be stable—only radiation
would be stable. During this time, tenperature is given by

T = 15010 x ¢~/ (1)
where T is the tenperature in kelvins, and ¢ is the time in seconds since the beginning.
Equration (1) shows that at the beginning (¢t = 0), temperature was infinite. The events
immediately after the ”singularity” blew up proceeded at such a furious pace. But we

have a big problem with the ”singularity”, because nothing is known about the Planckian.

The Planckian, the first aeon of cosmic time, which ranged from 0 to (0) s, is

defined as the time it takes for light to cross the Planck length equal to (Gh/2rc®)Y/? =

1.601073%m (G = gravitational constant, ¢ = speed of light). In fact, we do not know
if the fundamental constants that work in our world (c, h, k, G,etc.) even worked during
that time. So things could have gone differently.

The Planckian was followed by the Gamowian, the second aeon of cosmic time, about

which we know quite a bit. The Gamowian ranges from (0) second after time
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zero to 4.6 billion years ago, when the solar system formed. It is the longest aeon of cosmic
time. During this time, the universe has been expanding. The rate of expansion has been
either increasing, constant, or decreasing. A decreasing rate may leads to an open universe
—a universe that will keep expanding forever. A decreasing rate may lead asymptotically
to a finite radius (a flate universe) or it may decrease to zero and then reverse itserf. In
the latter case the universe is closed; it will fall back on itself and eventually end in a
cosmocrunch. [0 0 During the earliest Gamowian, the four forces of nature were part of
a single ”"superforce”. In order to see how that could be, consider gravtation, the weakest
of the four forces of nature. The mass of a particle increases with increasing temperature
because the spead of the particle increases. In fact, the mass of even the smallest particle

would reach infinity if the particle could be accelerated to the speed of light. At the

very high temperatures ( (0) K) pervailing at time ¢ = 107*3s, the mass of the

particles was so large (because of their speed) that the gravitational force between the
particles was so strong as the strong force. The other two forces, the elecromagnetic
and weak force, which are intermediate in strength between gravity and the strong force,

follow suit. As a result, above 103! K, the four forces are indistinguishable. O
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, _ COS tan
oA 0000 | 1.0000 .0000 45" 7071 7071 1.0000
1 0175 9998 0175 46" 7193 | 6947 1.0355
2 0349 9994 0349 47" 7314 | 6820 1.0724
3’ 0523 9986 0524 48" 7431 6691 1.1106
4’ 0698 9976 0699 49° 7547 | 6561 1.1504
5 0872 9962 0875 50" 7660 | .6428 1.1918
6" 1045 9945 1051 51 7771 | 6293 1.2349
7 1219 9925 1228 52" 7880 | .6157 1.2799
8 1392 . | 9903 .1405 53° 7986 | .6018 1.3270
9 1564 9877 1584 54° 8090 | 5878 1.3764
10° 1736 9848 1763 55° 8192 | 5736 1.4281
1’ 1908 9816 1944 56° 8290 | .5592 1.4826
12 2079 9781 2126 57° 8387 | 5446 1.5399
13° .2250 9744 2309 58° 8480 | .5299 1.6003
14 2419 | .9703 2493 59° 8572 | 5150 1.6643
- 18 2588 9659 2679 60° 8660 | .5000 1.7321
16° 2756 9613 2867 61° 8746 4848 1.8040
17 2924 9563 3057 62" 8829 | 4695 1.8807
18° .3090 9511 3249 63' 8910 | .4540 1.9626
19° 3256 9455 3443 64 8988 4384 2.0503
20 3420 9397 3640 65° 9063 | 4226 | 2.1445
21° 3584 9336 3839 66 9135 | .4067 2.2460
22" 3746 9272 4040 67° 9205 | .3907 2.3559
23° .3907 9205 4245 68° 9272 | .3746 2.4751
24° 4067 9135 4452 69" 9336 | .3584 2.6051
25° 4226 5063 4663 70° 9397 | .3420 | 2.7475
26 4384 8988 4877 71" 9455 3256 2.9042
27 4540 8910 5095 72" 8511 | .3090 3.0777
28"’ 4695 8829 5317 73° 9563 | .2924 3.2709
29° 4848 8746 5543 74" 9613 | .2756 3.4874
30 5000 8660 5774 75° 9659 | .2588 3.7321
31’ 5150 8572 6009 76° 9703 2419 40108
32 5299 8480 6249 77 9744 | .2250 4.3315
33 5446 8387 6494 78" 9781 | .2079 4.7046
34" 5592 .8290 6745 79" 9816 | .1908 5.1446
35 5736 8192 7002 80° 9848 | .1736 56713
36" 5878 .8090 7265 81" 9877 | .1564 6.3138
37! 6018 7986 7536 82' 9903 | .1392 7.1154
38" 6157 7880 7813 83° 9925 | .1219 8.1443
39! 6293 7771 8098 84' 9945 | .1045 9.5144
40 6428 .7660 8391 85° 9962 | .0872 | 11.4301
41’ 6561 7547 8693 86° 9976 | 0698 | 14.3007
42° 6691 7431 9004 87° 9986 | .0523 | 19.0811
43’ 6820 7314 9325 88’ 9994 | .0349 | 28,6363
44’ 6947 7193 9657 89° 9998 | 0175 | 57.2900
45 7071 7071 | 1.0000 90° 1.0000 | .0000 00




