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3 consequences of
Mathematization

e Social
— Social exclusion
* Epistemological

— Transformation of the meaning of

« explanation »; Algorithmes et automates cellulaires
vs équations différentielles

* Ontological

— Desubstantialization



Vanishing substances

Mechanical cause of gravity
Ether

Concept of Mass

Lorentz contraction

Spin

Algorithmes vs équations différentielles



La puissance heuristique des analogies:

de la syntaxe a la sémantique
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Boltzmann’s Principle

S=kInW



Entropy of radiation

S-S, =kIn(V/V,)*'"™

Entropy of a gaz

S-S, =kIn(V/V,)"



formal Analogy implies:

E =nhv



Fluctuations (1904)
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Fluctuations of Planck radiation (1909)
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“the first term, if present alone, would yield a fluctuation
of the radiation energy equal to that produced if the
radiation consisted of point quanta of energy »» moving
independently of each other”

‘“‘the next stage in the development of theoretical physics
will bring us a theory of light that can be understood as a
kind of fusion of the wave and emission [read: particle]
theories of light



Energy Fluctuations in a solid (1911)
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Z, = P = average number of photons in the solid
%

Z, =3nN = total number of degrees of freedom in the solid

N = Avogadro number



one sees from this equation that the system’s relative
energy fluctuations, which are produced by the irregular
thermal motion, result from two completely different
causes” [the second term ]i s the only fluctuation
according [to classical mechanics while the first term
should be absent though it is the one obtained from the]
quantum hypothesis, according to which energy consists of
quanta of magnitude », which change their location
independently of each other




Fluctuations in the number of molecules
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A, =average number of molécules 7 in energy range AE
z, = number of phase cells in energy range AE



“the square of the average relative fluctuation of th e
molecules is composed additively of two terms. Only the
first of these would be present if the molecules were
independent of each other.”
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Hawking radiation in an electro-magnetic wave-guide?
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It is demonstrated that the propagation of electrosmagnetic waves in an appropriately desgned
wave-guide is (for large wave-lengths) analogous to that within a curved space-time — such as around
a black hole. As electro-magnetic radiation (e.g., micro-waves) can be controlled, amplified, and
detected (with present.day technology ) much easier than sound. for example, we propose a set-up for

the experimental veriication of the Hawking effect.

Apart from experimentally testing this striking

prediction, this would facilitate the investigation of the trans-Planckian problem.

PACS: 04.70.Dy, 0480y, 42.50.-p, 84.40.Az.

Introduction One of the major motivations behind
the kdea of black hole analogues (“dumb holes™, see [1])
18 the possibility of an experimental verification of the
Hawking effect [2]. Apart from testing one of the most
striking theoretical predictions of quantum field theory
under the influence of external conditions, such an ex-
periment would enable us to investigate the lmpact of
ultra-high energy /momentum degrees of freedom (trans-
Planckian problem) on the lowest-order Hawking effect
and its higher-order corrections (with respect to the
small ratio of Hawking temperature over Planck scale)
by means of an analogue system. In view of the dose
relation between the Hawking effect and the concept of
black hole entropy, these Investigations are potentially
relevant for the black hole information paradox ete.

The analogy between sound waves in moving fuids and
scalar fields in curved space-times established in [1] can
{in principle) be used to simulate a horizon in liquid He-
lium [3] or in Bose-Einstein condensates [4], for example
(see also [5]). However. measuring the Hawking effect in
those systems goes along with serious difficulties [6). The
main problem s the detection of sound waves correspomd-
ing to the realistically very low Hawking temperature.

On the other hand, electro-magnetic radiation is much
easier to amplify and to detect with present-day technol-

the propagating electro-magnetic waves
8z <& dr < Ar. Az <& Ay < A, (1)

In this limit, the wave-guide possesses a large slow-down
and we can omit Maxwell’s supplement D in ()vlwtwlt-
Mupﬂu slaw Ve H =j+D ~ §dr-H =

L [dS - D in the upper region of the wave-guide (l e..
tlur surface integral over § = Az x Az). The conditions
(1) also ensure that the energy of the waves is basically
confined to the wave-guide.
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FIG. 1. ( ircuit diagram and sketch of wave-guide.
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Zitterbewegung and its effects on electrons in semiconductors

Wlodek Zawadzki
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Al Lotnikow 32/46, 02-668 Warsaw, Poland

(Dated: September 30, 205)

An analogy between the band structure of narrow gap semiconductors and the Dirac equation
for relativistic electrons in vscuum is used to demonstrate that semiconductor electrons experience
a Zitterbewegung (trembling motion). Its frequency is we = &, /b and its amplitude is Az, where
Az = k/mau corresponds to the Compton wavelength in vacuum (£, is the energy gap, md is the
effective mass and u = 1.3 x 10° em/=ec). Once the electrons are described by a two-component
spinor for a specific energy band there is no Zitterhewegung but the electrons should be treated as
extended objects of size Az, Possible consequences of the above predictions are indicated.

PACS npumbers 06,65 Pm 71.20.Nr 73 21.Fg

It was noted in the past that the E(k) relation be-
tween the energy E and the wavenumber K for electrons
in narrow-gap semiconductors (NGS) s analogons to that
for relativistic electrons in vacuum [1-4]. The analogy
was also shown to hold for the presence of external fields
which was experimentally confirmed on InSb [5]. This
Tsemibrelativity in semiconductors” is valid for time de-
pendent phenomena as well, so that the cyclotron res-
onance of conduction electrons in InSh could be inter-
preted in terms of the thme dilatation between a moving
electron and an observer [5]. The semirelativistic phe-
nomena appear at electron veloeities of 107 =10 em Jaec,
much lower than the light velocity ¢. The reason for this
15 that the maximum velocity u in semiconductors, which
plays the role of ¢ in vacuum, is about 10* cm/sec.

Until present the semirelativistic considerations for
sembconductors were concerned with phenomena related
maostly to classical mechanies. The purpose of this contri-
bution ks to investigate the quantum domain described by
the Hamiltonian for energy bands in NGS. which bears
close similarity to the Hamiltonian for relativistic elec-
trons in vacuum. The effects we predict should be much
mare readily abaorvahle in NGS than in vacnnm e this

taking the limit of large pi. or by using the analogy:
e = (2mge? [2mp)V% — (£,/2m3)'/? = u. Taking the
experimental parameters £ and mg we calculate very
similar value of u = 1.3 x 10* cm/sec for different 111-V
compounds.

Now we define an important guantity

Ap= (2)
miu

which we call the length of Zitterbewegung for reasons
given below. Here we note that it corresponds to the
Compton wavelength M- = J/moc for electrons in vac-
num. Let us suppose that we confine an electron to the
dimensions Az = Az/2. Then the uncertainty of mo-

mentumn 18 Ap. = B/Az and the resulting uncertainty of
energy AE = (Ap,)?/2m}, becomes

AE z2miu’ =§, . (3)

Thus the electron confined to A: = Az/2 has the un-
certainty of energy larger than the gap. so that it "does
not know™ whether it belongs to the conduction or to the



