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Abstract: In this talk I discuss a model of cosmology that refines the stan-
dard model of cosmology (based on the Friedmann universe) by the incorpo-
ration of a shock wave. The model explores the possibility that the explosion
of the Big Bang that caused the outward motion of the galaxies, was an ex-
plosion of finite total mass, instead of the infinite mass explosion inherent
in the standard model. In the shock wave model, (which is based on the
author's recent joint work with J. Smoller, Proc. Nat. Acad. Sci., USA,
Vol. 100, no. 20, pp. 11216-11218), a spacetime of constant density and
constant pressure emerges instantaneously after the Big Bang, just as in the
standard model. But in the shock wave model, the geometry is different far
out because the the total mass is finite. As a consequence, the density and
pressure start dropping faster far out than in the Friedmann universe which
is close in, and this produces a gradient in the density and pressure, which
then breaks into a wave. In our model, we describe the evolution of the outer
pressure so that this wave is exactly resolved by a single outgoing, spherical,
entropy satisfying shock wave. The shock wave emerges from the center of
the explosion at the instant of the Big Bang as a zero strength wave that
strengthens as it propagates outward, (something like the blast wave of a
nuclear explosion), and the expanding galaxies correspond to the region in-
side the wave. One of the main consequences of this model is that when the
shock wave is far enough out to be consistent with astronomical observations,
(beyond one Hubble length—the distance light can’ travel since the Big Bang
explosion), the whole explosion begins inside a (time reversed) Black Hole-a
White Hole in which everything is exploding outward instead of collapsing
inward. In the shock wave model, the universe eventually emerges from the
Black Hole, and from then on expands like the famous Oppenheimer-Snyder
solution—a finite ball of matter expanding into empty space. We are inside
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the explosion, but to an observer in the far field beyond the shock wave,
the end stage of the explosion would look like a giant supernova. It also
follows from our model that information about the shock wave propagates
inward from the shock wave, into a large shadow region of uniform expansion
at the center of the explosion-and to an observer (like us) on the inside of
this shadow region, everything looks exactly like the Friedmann universe up
until the time when the shock wave comes into view from the farthest field
of observations. That is, in the shadow region, up until the time when the
shock wave comes into view, everything looks the same as in the standard
model. Other interesting consequences of the shock wave model include the
unexpected emergence of the correct equation of state at the Big Bang, the
breaking of the time symmetry by the entropy condition, and interesting
mathematical consequences of the reversal of space and time inside the Black
Hole. In this talk I will give an introduction to Einstein’s theory of general
relativity, and then discuss this shock wave cosmology within this context.
The talk will begin and end with a computer visualization of our model due
to Zeke Vogler. (Articles and commentaries can be found on authors website:
http://www.math.ucdavis.edu/ temple/articles/)
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LﬂQLALLLd.&_QD The above two photographs are of the same part of the sky. The photo on the left was
this topic. taken in 1987 during the supernova explosion of SN 1987A, while the right hand

Sive M photo was taken beforehand. Supernovae are one of the most energetic explosions in
additional nature, making them like a 1028 megaton bomb (i.e., a few octillion nuclear
resources! warheads).

Types of Supernovae
Related Topics

Supernovae are divided into two basic physical types:
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The above two photographs are of the same part of the
sky. The photo on the left was taken in 1987 during
the supernova explosion of SN 1987A, while the right
hand photo was taken beforehand. Supernovae are one
of the most energetic explosions in nature, making them
like a 1028 megaton bomb (i.e., a few octillion nuclear
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Supernova Images

This is the set of images used to create the supernova inline animation.

One of the most energetic explosive events known is a
supernova. These occur at the end of a star's lifetime, when
its nuclear fuel is exhausted and it is no longer supported
by the release of nuclear energy. If the star is particularly
massive, then its core will collapse and in so doing will
release a huge amount of energy. This will cause a b

wave, that ejects the star's envelope into interstellar space.
The result of the collapse may be, in some cases, a rapidly
rotating neutron star that can be observed many years later
as a radio pulsar.
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Nuclear Weapon Blast Effects

As pictures of Hiroshima, Nagasaki, and of the test structures erected at the
Nevada Test Site in the 1950’s amply demonstrate, the blast and shock waves
produced by nuclear explosions are the principal means for destroying soft
targets. Ground shock from a low-altitude, surface, or underground burst may be
the only way to destroy hardened underground structures such as command

. facilities or missile silos.

Blast and shock effects are the primary damage-producing mechanisms for soft
targets such as cities and are often the only effective mechanism for destroying
underground structures such as missile silos. Nuclear weapons with yields below
about one megaton are particularly identifiable as blast/shock weapons. Nuclear
blast and shock phenomena differ from those produced by conventional
chemical explosives because of their long duration and large overpressures.
There is considerable overlap between the pressure regime of nuclear-produced
blast and shock and that of air drag produced in strong hurricanes.

As a result of the very high temperatures and pressures at the point of
detonation, the hot gaseous residues move outward radially from the center of
the explosion with very high velocities. Most of this material is contained within
a relatively thin, dense shell known as the hydrodynamic front. Acting much like
a piston that pushes against and compresses the surrounding medium, the front
transfers energy to the atmosphere by impulse and generates a steep-fronted
spherically expanding blast or shock wave. At first, this shock wave lags behind
the surface of the developing fireball. However, within a fraction of a second
after detonation, the rate of expansion of the fireball decreases to such an extent
that the shock catches up with and then begins to move ahead of the fireball. For

http:{ /wiww.fas.org/ nuke/intro/ nuke/blast.htm Page 1 of 6
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Figure 3-111. Variations of Blast Effects Associated with Positive and Negative
Phase Pressures with Time
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