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Entropy and time arrow

- 10-

I

The arrow of time expresses the fact that in the world about us the past is distinctly different
from the future. Milk spills but doesn't unspill; eggs splatter but do not unsplatter; waves
break but do not unbreak; we always grow older, never younger. These processes all move in
one direction in time - they are called "time-irreversible" and defme the arrow of time. It is
therefore very surprising that the relevant fundamental laws of nature make no such
distinction between the past and the future. This in turn leads to a great puzzle - if the laws of
nature permit all processes to be run backwards in time, why don't we observe them doing so?
Why does a video of an egg splattering run backwards look ridiculous? Put another way: how
can time-reversible motions of atoms and molecules, the microscopic components of material
systems, give rise to the observed time-irreversible behavior of our everyday world? The
resolution of this apparent paradox is due to Maxwell, Thomson and (particularly) Boltzmann.
These ideas also explain most other arrows of time - in particular; why do we remember the
past but not the future?

The arrow of time in various phenomena

'~xp~j'ldlf~~ I.lri·•...:!..·~f~ ;:'"1.:1
li'KJ ~-:i·:lr·gd!~Jc,·de..

All phenomena that behave differently in one time direction can ultimately be linked to the
Second Law of Thermodynamics. This includes the fact that ice cubes melt in hot coffee
rather than assembling themselves out of the coffee, that a block sliding on a rough surface
slows down rather than speeding up, and that we can remember the past rather than the future.
This last phenomenon, called the "psychological arrow of time", has deep connections with
Maxwell's demon and the physics of information; In fact, it is easy to understand its link to
the Second Law of Thermodynamics if one views memory as correlation between brain cells
(or computer bits) and the outer world. Since the Second Law of Thermodynamics is
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equivalent to the growth with time of such correlations, then it states that memory is created
as we move towards the future (rather than towards the past).

The thermodynamic arrow of time
The thermodynamic arrow of time is provided by the Second Law of
Thermodynamics, which says that in an isolated system, entropy tends to increase with
time.

The cosmological arrow of time
The cosmological arrow of time points in the direction of the universe's expansion.

The radiative arrow of time
Waves, from radio waves to sound waves to those on a pond from throwing a stone,
expand outward from their source, even though the wave equations allow for solutions
of convergent waves as well as radiative ones.
This arrow probably follows from the thermodynamic arrow in that meeting the
conditions to produce a convergent wave requires more order than the conditions for a
radiative wave.

The causal arrow of time
A cause precedes its effect: the causal event occurs before the event it affects. Birth,
for example, follows a successful conception and not vice versa. Thus causality is
intimately bound up with time's arrow.

The quantum arrow of time
According to the Copenhagen interpretation of quantum mechanics, quantum evolution is
governed by the Schrodinger equation, which is time-symmetric, and by wave function
collapse, which is time irreversible.

The psychological/perceptual arrow of time
A related mental arrow arises because one has the sense that one's perception is a continuous
movement from the known (past) to the unknown (future).

Why is Time a One-Way Street?
Leonard Susskind
https:llwww.youtube.comlwatch?v=jhnKBKZvb U

Anyone can see that the past is different from the future. Anyone, that is, but theoretical
physicists, whose equations do not seem to distinguish the past from the future. How, then, do
physicists understand the "arrow of time" - the fact that the past and future are so different?
Leonard Susskind will discuss the paradox of time's arrow and how physicists and
cosmologists view it today. Leonard Susskind is Felix Bloch Professor of Theoretical Physics
at Stanford University and Director of the Stanford Institute for Theoretical Physics


