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ABSTRACT

The physicist not only observes
phenomens, but he also has an active
r8le in the formulation of some laws.
For instance, laws inveolving irrever-
gibility refer explicitiy to what can
or cannot be done by physicists. As
the abilities of the latter may vary,
we obtain sequences cf laws, the con-

vergence of which is discussed.
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The physicist's rfle as an observer has been discussed by many
authors and sometimes its importance is even overstated. In this paper
T discuss s different r&le for physicists. They do not appear at the level
of individual events, but in the formulatiocn of the physical laws them-

selves.

43 o trivial exsmple, instead of saying that no signal can travel
faster than light, we could say that nobody can build an apparatus capable
of sending signals faster than light {that is, signals intelligible to some-
body else). The words added in parentheses are very important. As foreseen
by Einstein 1) and formally proved by Bell 2), deliberate actions taken at
one place are not without immediate influence on the outcome of events at

arbitrarily distant places. However, this influence cannot be used o convey
3):4)

intelligible information

A less trivial example is the problem of irreversibility : a time
honoured paradox is that the behaviour of a few molecules in a vessel 1is

1023 molecules is not. Where is the limit ? If

reversible, but that of
it is fuzzy, then the whole concept of irreversibility is fuzzy and should
be avoided in sericus discussions. A similsr paradox is the transition

from quantum theory tc classical theory : systems consisting of a few atoms
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must be described by gquantum thecry, but bedies made of 1O2 atoms follow

clagsical equations of motion, Where exactly is the transition point ¢

The sclution of these paradoxes is that the transition from quan-
titstive to qualitative is found precisely in the eye of the beholder. Con-
sider for simplicity the problem of classical molecules and, for additional
clarity, allow me to use a slightly arrogant presentation. [ decide that
100 molecules behave reversibly but 101 do not, because I can keep
track of the positions, velocities, orientaticns, etc., of 100 molecules
but I refuse {or am vnable} to do so for more than 7100, If the molecules
are more numerous, I call them a gas and I use an incomplete description
with fewer variables (density, pressure, ete.). It is well known that this

coarse grained description is the roct of irreversibility.

Now another, better equipped physicist may be able to track more
molecules, say one millicn. For him, irreversibility will start at
1000007, Let us assume that every physicist is entitled to choose some
"ecut-off'", i.e., specify the limits of his ability (and these cut-offs are

finite). The consequences of this freedom of definition are staggering :
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different physicists will find different laws. E.g.y 1f I call a gas
anything with more than 100 molecules and you call & gas anything with more
than 1O6 molecules, we are using the word "gas" with different meanings
and shall inevitably find different laws of gases. (The laws arising from
a smaller cut-off will appear more complicated, e.g., imagine a law of gases

remaining valid for just three molecules 1)

These laws, however, form a sequence and the latter mgy converge.
To iilusirate the meaning of +the word "converge", consider the various laws
for the pressure p(n,E), where n 1is the particle density and E the
mesn energy per particle. Because of fluctuations, p 1is not a constant
in space and time. Kow let € and T be small but finite positive numbers.
We require that, with due =zccount of these fluctuations, the probability is

more than 1-m to find
I(Pﬂ/pk)-1 ' <€!

where pj and Py refer to gas laws with cut-offs at Nj and Nk, res-

pectively. A careful snalysis will then show that this condition is ful-

k
agree on the required level of theoretical sccuracy (€ and n) we can give

filled if both Nj and X are larger than some N(e,ﬂ). Thus, if we

& precise meaning to what is = gas, i.e., how many molecules are needed to

make the evclution irreversible.

This procedure may look clumsy but it is similar +to the numerical
evaluation of f? e Fdx. We never need (and cannot) g0 to infinity. There-
fore we are satisfied by showing that the result lies between 1-¢ and 1,
feor arbitrarily small €, provided that the upper limit of the integral is

larger than some N(e).

Once we have found a suitable definition Ffor the convergence of a
sequence of physical laws, the next question is whether this convergence is
uniform. E.g., the cut-off reguired to obtain the van der Waals law with =
glven accuracy may be different from that required for the Navier-Stokes
law, or the heat conductivity law, etc. Is there some cut-off large enocugh

80 that zll laws converge 7
The answer is obviously negative, as the number of laws is limited

only by our imagination. Thus, besides the choice of some cut-off for the

totzl number of mclecules which can be tracked individually, each physicist
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must set a limit to the number of interesting laws. This limit must, of
course, be much smaller than the above cut-off, to ensure reasonable conver-

gence properties of all these laws.

In conclusion, physics appears nct to be an exact scilence, but
rather a converging sequence of approximations, The theorist should not
toy with the idea of a perfect caleculation any more than the experimentalist
can perform perfect measurements. To avoid any misunderstanding, I am not
referring to the familiar "theoretical errors'", like rounding off the last
digit in the computer or neglecting a subset of Feynman diagrams. I am
also not pointing at an ambiguity of the theory, but at the existence of
a large number of competing theories, based on different "cut-offs™, d.e.,

different descriptions of the same phencmenon.

Finally, what happens if we nevertheless want a perfect theory
and if we push the cut-off to ridiculous figures, like 1050 molecules,
more than we actually have to itrack ? Then, first of all, physics becomes
less interesting, Imagine a physics ilibrary with no books on thermodynamics,
statistical mechanics, etc, Moreover, there is now a serious problem of
experimental verification. There is no longer any equipment producing per-
manent records (such ag tracks on a photographic plate) toc be studied by
physicists, objectively, at some later time. The complete, reversible des-
cription of instruments is incompatible with their use for recording phe-
nomena. Therefore, verification must actually be performed by physicists,
who are macroscopic and behave irreversibly. If we try to escape from the

physicist as a legislator, we meet him again as an observer.
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