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A guy named Johann Loschmidt criticized a guy named Ludwig Boltzmann in 1876 (at least that’s when it
was published). Today this is known as Loschmidt’s Paradox. Many science fans learn of the second law of
thermodynamics and the arrow of time: entropy increases in the future but not the past. Or dS
dt > 0. At the
same time, fundamental physical theories like quantum electrodynamics (accurate to ten parts in a billion)
have solutions which really don’t change when t is transformed to −t. Read on, kid.
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Introduction

Loschmidt’s Paradox examines the nature of time. [1] The paradox says something like this, “It should
not be possible to have an irreversible process (entropy only increases in the future, dS
dt > 0) from timesymmetric dynamics.” I am going to teach you how to solve Loschmidt’s Paradox. You have three steps:
learn what time symmetry is, learn the second law of thermodynamics, and learn how to perform the mathematics. How will you solve Loschmidt’s Paradox? You will understand that time-asymmetric dynamics,
that is dynamics with equations of motion which are time-reversal invariant, are a red herring. You will
undermine the paradigm.

1.1

T-symmetry from college

All of physics is “reversible” at the fundamental level in the sense that you can put a minus sign in front
of the variable t for time in the equations and get the same answer. This is called time symmetry or
T-symmetry.2
If you know Newtonian physics and what a derivative is, you can do this. Remember that velocity is v = dx
dt
2
and acceleration is a = ddt2x . In college mechanics you learn that this equation predicts the motion of a
cannonball.
1
xf = xi + v0 t + at2
2

(1)

If you put a minus sign in front of the t’s, Equation 1 remains unchanged.3 You can say it is invariant
under “time reversal” or obeys time symmetry.4
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Technically, to make a statement without flaws, experiment tells us the laws of nature are only invariant under a combined
symmetry called CPT. But here we only focus on time. There is nothing lost in this discussion under this approach. I already
solved the full symmetry. Also, forget about kaons for now. [2] It’s alright.
3
dx
d dx
dx
i) v → −dt
= − dx
= −v and a → −dt
= dt
2 = a
dt
−dt
2
1
ii) xf = xi + (−v0 )(−t) + 2 (+a)(−t) = xi + v0 t + 21 at2
4
The truth is the same applies in quantum mechanics and Einstein’s theory of general relativity.
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1.2

The arrow of time

In thermodynamics, there is an arrow of time associated with entropy because it only increases in the future
and not the past. [3] This is the common “you can’t put toothpaste back in the tube” idea. Equation 1
above won’t tell you if time moves forward or backward because the minus sign doesn’t matter. But the
toothpaste will not re-enter the tube. Many authorities, among them Schrödinger, have thus wondered as
Loschmidt had about the disparity. [4]
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How to solve Loschmidt’s Paradox

2.1

Another universe

Picture yourself in another universe where physics does not obey T-symmetry. You will learn physics. You
will make predictions like the path of a cannonball. You will learn about thermodynamics and experience
the arrow of time. But what is Loschmidt left with to say? Entropy increases in the future in that universe
and I can prove it by simulating it. Don’t worry about the details. I just order my computer to bounce
balls of energy around a cube.
The movement is discrete and the equations of motion are Ψt+dt = Ut Ψt with the simple state Ψt =
T
xt vt .5 T-symmetry is preserved if Ut+dt RUt = R for all t, where R is a transformation that inverts
velocity.6
At this point, I leave some of the mathematics to you. The full proof is online.7 It would take time to
grapple even if interested in the challenge. You must be comfortable with operators, matrices, summations,
the Dirac delta function, and generalization. When I first solved this,
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Ut+dt RUt Ψt =

(2)

(3)
(4)

Try it yourself. How does this solve Loschmidt’s Paradox? Well... basically... dS
dt > 0 whether Ut+1 RUt = R
or not. Did you have questions?8,9 Believe it or not, this is not in the scientific literature. At least not to
my knowledge. But the interested reader may find a useless paradigm approach in [5].
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Discrete because it is a simulation. The variables x and v represent position and velocity.
In a “normal” environment, one should be able to step forward (Ut ), turn around (R), and step again (Ut+1 ) and end up
in the same position facing the opposite direction. Consider this a test of T-symmetry.
7
Broken time-reversal invariance in deterministic spin systems
8
Have imagination? Picture all the particles in one corner of the cube. Later, they’re not. T-symmetry has nothing to do
with it. ;-).
9
The thermodynamical consequences of breaking T-symmetry tell us something about our own universe. See the Figures
in “Broken time-reversal invariance in deterministic spin systems” for examples. This is by far the most interesting aspect of
this work. T-symmetry assures thermal equilibrium and maximizes entropy. I salivate at teaching you the consequences for
the black hole information paradox.
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