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To escape the "heat death", we need to construct a perpetual motion machine of 
the second kind.

Hi.

Good question!

First, a very brief answer, summarizing my more detailed explanations): - The 
second law of thermodynamics is a statistical law, not a fundamental law. It can, in 
principle, be broken. But the probability to see it broken in a significant way is very 
small. - The experiments confirm it. The theoretical framework appeared when 
searching for an explanation of the irreversible phenomena. - But if we would be 
able to repeat the experiments a sufficient (very large) number of times, we should 
see that sometimes it is broken (Botzmann called these situations "fluctuations"). 
This is similar to the fact that from time to time we get a royal flush at poker. - So, 
the theory does not imply that the universe will reach the thermal death with 
necessity. Only that the probability to reach this state is very large. - It also implies 
that (if the universe is not destroyed in a Big Crunch), given enough time (very 
large), the thermal death should be followed by a "thermal resurection". The 
probability for thermal resurection is very large, but only after a very large time 
interval.

Below is the more developed answer. Please also see the links to pictures.

There is so much to be said about this subject. I will make some statements with 
short explanations, leading to the answer to your question. You can tell me if you 
want to develop more some of them.

1) The second law of thermodynamics IS NOT A FUNDAMENTAL LAW. What I 
want to say is that is very different from the conservation laws, the Maxwell 
equations, Einstein's equations etc. These laws are universal, they are supposed to 
be valid everywhere. There are serious reason to admit them to be true, or if they 
are not, to be approximations of some equations which are very similar.

By contrast, the second law of thermodynamics is indeed neither universal nor 
fundamental. It is only statistical.

2) What is entropy:
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Let's consider the set of all possible states in which the universe can be (together 
with the rates of change of the quantities at that moment. For example, the 
positions and velocities of all the particles). Physics assumes that there are 
equations describing how the state of the universe changes in time. If the set of all 
possible states is represented by points in a multi-dimensional space, then the way 
the universe changes in time can be represented by a curve in this state space (or 
"phase space"). This is what is called "dynamical system", and any fundamental law 
and partial differential equation can be viewed in terms of such dynamical systems.

From macroscopic viewpoint, some of these states cannot be distinguished. For 
example, if two apples differ only by a small number of atoms, for they us may 
appear as being identical. The entropy measures this "confusion": a given system 
has the entropy proportional to the logarithm of the number of all possible states 
which look the same from macroscopic viewpoint. In the case of the apple, the 
logarithm of the number of all apples which look the same as our apple.

We can partition the space of all possible states of a dynamical system in regions 
which are macroscopically equivalent - this is called "coarse graining". The entropy 
of the system is proportional to the logarithm of the volume (i.e. the measure of the 
coarse grained region in the state space) in which the state of the system belongs. 
So, the larger the volume, the larger the entropy.
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3) The fundamental laws are symmetric at time reversal.

If we replace in the fundamental equations of physics the time t with -t, the equation 
remains the same. In quantum theory, to keep it the same, we also need to change 
the sign of the charge and of the space coordinates. But the idea is clear: the 
fundamental laws don't favor the future.

4) There are obvious differences between future and past.

We remember past, we think we can only change future. We can break an egg and 
make it ommelet, but not the other way. How can all these be explained if the 
fundamental laws are impartial with respect to the distinction past-future? We'll see 
later.

5) What happens in general to the entropy when the system changes?

As the state of a system changes, it describes a trajectory in the state space. If the 
change is visible at macroscopic level, this trajectory moves from one coarse 
grained region to another region, which is adjacent to the previous region. From all 
adjacent regions, it is more likely to move towards those of larger volume, because 

http://www.flickr.com/photos/ethanhein/1992759863/in/set-72157603018401540
http://www.flickr.com/photos/ethanhein/1992759863/in/set-72157603018401540
http://www.flickr.com/photos/ethanhein/1992759863/in/set-72157603018401540
http://www.flickr.com/photos/ethanhein/1992759863/in/set-72157603018401540


it is more likely that there are more ways for the system to go to them. But there is 
nothing wich forbids the system to move to smaller regions!

6) If the system is in a small region in the state space (that is, it has small entropy), 
it is more probable that its entropy will increase in time.

7) There are much more possible states which look like an omelet, than those 
which look like an unbroken egg. This simple observation and (6) explain why the 
egg can be broken, but cannot be unbroken. The "cannot" should be understood 
not as impossibility, but only as improbability. In fact, the fundamental laws being 
reversible, it is possible for an omelet to become again an egg, but it is very very 
very unlikely.

Similarly, heat can be transferred from a body of lower temperature to a body of 
higher temperature, but the probability that this actually occurs is very close to 0. 
Well, the refrigerator shows that we can cool things, and the result is that we are 
heating more the total system. So, per total, the entropy increases, but locally it 
decreases.

8) The very fact that we see a difference between future and past can be explained 
by the fact that the entropy increases. But it doesn't increase because there is a 
fundamental law telling it to increase. It increases simply because the state of our 
visible universe is very ordered. It can be represented as a point in the state space, 
which is in a very small coarse grained region. To observe the increase of entropy 
we see now, the beginning of the universe has to be very very ordered.
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9) The largest coarse grained region in the state space is that of thermal 
equilibrium. This explains why it is very probable that the universe is heading 
towards such a state.
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10) But there is no fundamental reason to believe that the universe will remain 
forever in this state of thermal equilibrium. In fact, even Boltzmann showed that 
sooner or later (in fact, very later), there will be fluctuations and the universe will 
escape from this thermal equilibrium.

So, if there is a thermal death, there is a thermal resurrection too, for the same 
reasons.

My conclusions are:
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*! ! the experimental evidence supporting the increase in entropy is strong for 
more complex systems: from the heat transfer to the arrow of time

*! ! but at particle-level there is no such increase in entropy
! ! moreover, even at macroscopic level we can decrease locally the entropy 

(such as in a refrigerator), although we can do this only at the expense of 
heating more the environment (and increasing more the global entropy).

*! ! the theoretical explanations of the increase of entropy are not "made up", 
they are logically correct. But from them only follows that the entropy is more 
likely to increase, not that it increases with necessity.

*! ! the second law is in fact a statistical law, therefore it can have exceptions. 
And it relies on the fact that the universe started in a very ordered state.

! ! it is very likely to be a thermal death in the future, but the same reasons lead 
to the conclusion that this thermal death is not eternal, and should be 
followed by a "thermal resurrection".

I hope I was clear. Please don't hesitate to ask for more details.

You can read more about entropy in Penrose's "Road to Reality", chapter 27 as well 
as his older book "The Emperor's New Mind". There are many other accounts, such 
as Sean Carroll's "From Eternity to Here". I do not guarantee that they will arrive to 
the same conclusion as I did.

Best regards,

Cristi Stoica


