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Argues that evolution toward increased performance brings a
ratcheting cycle of complexification and simplification.

Jet engine replaced the complex piston engine and then itself
became more complex.

Complexification = evolution of algorithms?
Differential equations and stories C Algorithms.

Life is a loaded word: The Search for Extraterrestrial
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“As a consequence of the second law of thermodynamics, when energy
flows from one such object to another, the hot object will grow hotter
and the cold object will grow colder.

That is why the sun grew hotter and the planets grew cooler as the solar
system evolved.

In every situation where gravity is dominant, the second law causes local
contrasts to increase together with entropy.

This is true for astronomical objects like the sun, and also for large
terrestrial objects such as thunderstorms and hurricanes.

The diversity of astronomical and terrestrial objects, including living
creatures, tends to increase with time, in spite of the second law.

The evolution of natural ecologies and of human societies is a part of this
pattern. West is evidently unaware of Fang and Li’s insight.”
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“As a consequence of the second law of thermodynamics, when energy
flows from one such object to another, the hot object will grow hotter
and the cold object will grow colder.

That is why the sun grew hotter and the planets grew cooler as the solar
system evolved.

In every situation where gravity is dominant, the second law causes local
contrasts to increase together with entropy.

This is true for astronomical objects like the sun, and also for large
terrestrial objects such as thunderstorms and hurricanes.

The diversity of astronomical and terrestrial objects, including living
creatures, tends to increase with time, in spite of the second law.

The evolution of natural ecologies and of human societies is a part of this
pattern. West is evidently unaware of Fang and Li’s insight.”

Note: Unfortunately, Dyson takes the (disastrously wrong) biological
scaling stuff as being sorted.
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84 Creation of the Universe

The whole of thermodynamics starts from the existence of thermal equi-
librium. For systems in which gravitation plays a decisive role, that sort
of thermal equilibrium does not in fact exist. Such systems cannot be in a
state of thermodynamic equilibrium, nor in some fixed state differing slightly
from equilibrium, rather, they are in unstable states. It is not surprising that
certain deductions in thermodynamics do not apply to such states.

Formation of Structures

Let us look at another instructive example for cosmology.

11, in a contai as, the distribution of the lecules is not uniform
and has structures (as in Fig. 6.6(a)), then the direction of its evolution is for
the distribution to become uniform and structureless (as in Fig. 6.6(b)). This
is to say, the mode of evolution decided by the Second Law of Thermodynamics
is

structured —» structureless

non-uniform — uniform .

If the effect of gravitation among the gas molecules in this box of gas cannot
be completely neglected, what will be the result? Suppose the distribution of
the gas molecules is uniform at the beginning (as in Fig. 6.6(c)). When there
is no gravitation, this is the equilibrium state; when there is gravitation, this
equilibrium state becomes unstable. As soon as some local region acquires a
slightly higher density through fluctuation, its gravitation becomes stronger,
attracting more matter, and forming an even greater density. Likewise, if
the density in some region is slightly lowered by fluctuation, its gravitation
is weakened and more matter will escape, forming a still lower density. In
short, a small fluctuation will completely destroy the homogeneous state (see
Fig. 6.6(c) & (). We therefore see that, in systems with strong gravitation,
the direction of evolution is

structureless — structured

uniform — non-uniform .

Throughout the universe, gravitation is dominant. Therefore, even if the
initial universe is uniform and structureless, it will spontaneously generate a
non-uniform and structured state. Clusters of galaxies of various scales owe
their formation to this process of inhomogeneity.

At this point, we can answer the question posed at the beginning of this
chapter as follows.

How Order was Bom of Chaos 8s

‘without gravitation

@

) with gravitation

Fig. 6.6. In a syst
nos-uniform (=) to uniform (B} i & yetem with gavitaionalinteracton, the sveloion i
).

from uniform (c) to non-uniform (d)

Why is the world getting more complicated? Because there is gravitation.

Why does the simple change into the complex? Because there is gravita-
tion.

Why does chaos become order? Because there is gravitation.

Out of thermal equilibrium, how can thermal nonequilibrium be gener-
ated? Again because there is gravitation.

Of course, in addition to gravitation, the universe has to contain different
forms of matter like radiation and particles, in order for the above mechanism
to operate. In the next chapter, we shall prove that the universe does indeed

have the radiation we expect.
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1. Find interesting/meaningful/important phenomena, optionally
involving spectacular amounts of data.

2. Describe what you see.

3. Explain it.
Unlocks our (limited) ability to: Create, predict, and control.
And be good people: Share.

Taste matters. Develop taste in research.

The PoCSverse
Why Complexify?
32 0f 36

Universality
Symmetry Breaking
The Big Theory
Midseason Finale

References

foe

H
JoHN Doy

F
K


https://pdodds.w3.uvm.edu/teaching/courses/2025-2026pocsverse

53 The PoCSverse
The absolute basics: Why Complontb

32 0f 36

Universality
Symmetry Breaking

The Big Theory

1. Find interesting/meaningful/important phenomena, optionall
3 - g/ g / p p 2 p y Midseason Finale
involving spectacularlamounts of data: *  Lof - o 0 L R B

References
2. Describe what you see.
3. Explain it.

Unlocks our (limited) ability to: Create, predict, and control.

And be good people: Share.
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Taste matters. Develop taste in research. l

Beware your assumptions: Don’t use tools/models because they’re there, f
or because everyone else does ...
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