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BRIEF ACCOUNT
MICROSCOPICAL OBSERVATIONS
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ON THE PARTICLES CONTAINED IN THE
POLLEN OF PLANTS;

AND

IN THE GENERAL ENISTENCE OF ACTIVE
MOLECULES

IN ORGANIC AND INORGANIC BODIES
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ON ACTIVE MOLECULES, 483

is only apparent in those drops that are flattened, in con-
sequence of being nearly or absolutely in contact with the
stage of the microscope,

That the motion of the particles is not produced by any
cause acting on the surface of the drop, may be proved by
an inversion of the experiment ; for by mixing a very small
proportion of oil with the water containing the particles,
microseopic (Imlm of oil of extreme minuteness, some of
them not exceeding in size the particles themselves, will be
found on the surface of the drop of water, and nearly or
altogether at rest ; while the particles in the centre or
towards the bottom of the drop continue to move with their
usual degree of activity,

By means of the contrivance now described for reducing
the size and prolonging the existence of the drops contain-
ing the particles, which, simple as it is, did not till very
lately occur to me, n greater command of the subject 1s
obtained, sufficient perhaps to enable us to ascertain the
real cause of the motions in question,

Of the few experiments \\'Lich I have made since this
manner of observing was adopted, some appear to me so
curious, that I do not venture to state them until they are =
verified by frequent and careful repetition.

I shall conclude these supplementary remarks to my
former Observations, by noticing the degree in which 1
consider those observations to have been anticipated,

That molecular was sometimes confounded with animal.
cular motion by several of the carlier microscopical obser-
vers, appears extremely probable from various passages in
the writings of Lecuwenhoek, as well as from a very inter.
esting Paper I»?r Stephen Gray, published in the 10th
volume of the Philosophical Transactions.

Needham also, and Buffon, with whom the hypothesis
of or&anio particles originated, seem to have not unfre-
quently fallen into the same mistake.  And I am inclined
to believe that Spallanzani, notwithstanding one of his
statements respecting them, has under the head of Awima-
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ON ACTIVE MOLECULES, 185

appear to have suspected that particles having analogous
miotions might exist in other organized bodies, and far less
in izmrﬁnniv matter, I consider mysell anticipated by this
acute observer only to the same extent as by Gleichen, and
in o much less degree than by Miiller, whose statements
have been already alluded to.

All the observers now mentioned have confined them-
selves to the examination of the particles of organic bodies.
In 1819, however, Mr. Bywater, of Liverpool, published an
account of Microscopical Observations, in which it is stated
that not only organic tissues, but also inorganic sub-
stances, consist of what he terms animated or irritable
particles.

A second edition of this Essay appeared in 1828, proba-
bly altered in some points, but it may be supposed agree-
ing essentially in its statements with the edition of 1819,
which I have never seen, and of the existence of which 1
was ignorant when I published my pamphlet.

Urom the edition of 1828, which I have but lately met
with, it appears that Mr. Bywater employed a compound
microscope of the construction called Culpepper’s, that the
objeet was examined in a bright sunshine, and the light
from the mirror thrown so obliquely on the stage as to give
a blue colour to the infusion.

The first experiment I here subjoin in his own words. «

“ A small portion of flour must be placed on a slip of
glass, and mixed with a drop of water, then instantly ap-

iedd to the microscope ; and if stirred and viewed by a

right sun, as already deseribed, it will appear evidently
filled with innumerable small linear bodies, writhing and
twisting about with extreme activity.”

Similar bodies, and equally in motion, were obtained
from animal and vegetable tissues, from vegetable mould,
from sandstone after being made red hot, from coal, ashes,
and other inorganic bodies.

I believe that in thus stating the manner in which Mr.
Bywater's experiments were conducted, T have enabled
microscopical observers to judge of the extent and kind of
optical illusion to which he was liable, and of which he
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Einstein

@ Albert Einstein (1905) - tese (30 Abril, Julho ->
AdP 19 (1906) 289) e artigo sobre movimento
Browniano -> (Maio, 11 -> AdP 17 (1905) 549)

(" )
_RT 1

N 6rkP
N J

® William Sutherland (Australia) - Mar¢o 1905

-> Phil. Mag. 9 (1905) 781
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b Cber die von der molekularkinetischen Theorie
der Warme geforderte Bewegung von in rulienden
Flussigkeiten suspendierten Teilchen;
von A. Einstein,

In dieser Arbeit soll gezeigt werden, dabB nach der molekular-
kinetischen Theorie der Wiirme in Flassigkeiten suspendierte
Korper von mikroskopisch sichtbarer GroBe infolge der Mole-
kularbewegung der Wiirme Bewegungen von solcher Grofe
ausfibren missen, daB diese Bewegungen leicht mit dem
Mikroskop nachgewiesen werden kdnnen. Es ist moglich, dab
die hier zu behandelnden Bewegungen mit der sogenannten
+Brownschen  Molekularbewegung” identisch sind; die mir
erreichbaren Angaben @iber letztere sind jedoch so ungenau,
daB ich mir hierber kein Urteil bilden konnte.

Wenn sich die hier zu behandelude Bewegung samt den
fir sie zu erwartenden GesetzmiBigkeiten wirklich beobachten
laBt, so ist die klassische Thermodynamik schon fir mikro-
skopisch unterscheidbare Riume nicht mehr als genau gultig
anzusehen und es ist dann eine exakte Bestimmung der wahren
AtomgroBe moglich., Erwiese sich umgekehrt die Voraussage
dieser Bewegung als unzutreffend, so wire damit ein schwer-
wiegendes Argument gegen die molekularkinetische Auffassung
der Wikrme gegeben.

§ 1. Ober den suspendiorten Tellohen sususchrelbenden
osmotischen Druck.

Im Teilvolamen /'* einer Flassigkeit vom Gesamtvolumen ¥
seien z-Gramm-Moleklile eines Nichtelektrolyten geldst. Ist
das Volumen /* durch eine fir das Losungsmittel, nicht aber
fir die geloste Substanz durchlibssige Wand vom reinen Losungs-

A. Einstein, Annalen der Physik 17 (1905) 549-560
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558 A. Finstein,

und indem wir
4+

/ : g(AdAdw D

-t

setzen und nur das erste und dritte Glied der rechten Seite
berticksichtigen:

A QTS

Dies ist die bekannte Differentialgleichung der Diffusion,
und man erkennt, dab 2 der Diffusionskoeffiziont ist.

An diese Entwicklung 1aBt sich noch eine wichtige Uber-
legung ankntpfen. Wir haben angenommen, daB die einzeluen
Teilchen alle auf dasselbe Koordinatensystem bezogen seien.
Dies ist jodoch nicht ndtig, da die Bewegungen der einzelnen
Teilchen voneinander unabhiingig sind. Wir wollen nun die
Bewegung jedes Teilchens auf ein Koordinatensystem beziehen,
dessen Ursprung mit der Lage des Schwerpunktes des be-
treflenden Teilchens zur Zeit ¢ = 0 zusammenfillt, mit dem
Unterschiede, daB jetzt f(r,f)dr die Anzahl der Teilchen be-
deutet, deren X-Koordinaten von der Zeit ¢ = 0 bis zur Zeit
t=1t um eine Gribe gewachsen ist, welche zwischen r und
x4 dr liegt. Auch in diesem Falle indert sich also die
Funktion f/ gemiB Gleichung (1. Ferner muB offenbar fir
x==0 und ¢t =0

flz,) =0 und ff(:,qu =n

sein. Das Problem, welches mit dem Problem der Diffusion
von einem Punkte aus (unter Vernachlissigung der Wechsel.
wirkung der diffundierenden Teilchen) Gibereinstimmt, ist nun
mathematisch vollkommen bestimmt; seine Ldsung ist:

__.r'
n e LD
fe0=veer Vi

Die Hiufigkeitsverteilung der in einer beliebigen Zeit ¢
erfolgten Lagendinderungen ist also dieselbe wie die der zu-
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Bewegung v, in rubenden Flussigheiten suspendierten Teilchen, 559

filligen Fehler, was zu vermuten war. Von Bedeutung aber
ist, wie die Konstante im Exponenten mit dem Diffusions-
koeffizienten zusammenhingt. Wir berechuen nun mit Hilfe
dieser Gleichung die Verriickung 4, in Richtung der X-Achse,
welche ein Teilchen im Mittel erfibrt, oder — genauer aus-
gedrickt — die Wurzel aus dem arithmetischen Mittel der
Quadrate der Verr : . der X-Achse; es ist:

A= V2w V2D0.

Die mittlere Verschiebung ist also proportional der Qua-
deatwurzel aus der Zeit. Man kann leicht zeigen, daB die
Wurzel aus dem Mittelwert der Quadrate der Gesamfverschic-
bungen der Teilchen den Wert 4 )3 besitat.

& 5, Pormel fir die mittlere Verschiebung suspeadierter Teilchen.
Eine neue Methode zgur Bestimmung der wahren Groge der Atome.

In & 8§ haben wir far den Diffusionskoeffizienten 77 ecines
in einer Flissigkeit in Form von kleinen Kugeln vom Radius #
suspendierten Stoffes den Wert gefunden:

RT 1

Ferner fanden wir in § 4 fir den Mittelwert der Verschie-
bungen der Teilchen in Richtung der X-Achse in der Zeit ¢:

l' e '2 Dte.

Durch Eliminieren von 2 erhalten wir:

r,/RBRT 1
L=VY.V ¥ sair D)

Diese Gleichung laBt erkenmen, wie 2 von 7, k und P ab.
hangen mub,

Wir wollen berechnen, wie grob i fiir eine Sekunde ist,
wenn N gemiB den Resnltaten der kinetischen Gastheorie
6.10% gesetzt wird; es sei als Flassigkeit Wasser von 17° C,
gewithlt (kw= 1,35.10-7) und der Teilchendurchmesser sei
0,001 mm. Man erhilt:

i w 8.10"%cm = 0,8 Mikron,

Die mittlere Verschiebung in 1 Min. wilre also ca. 6 Mikron,
8"
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Jean Perrin

e 1908 J. Perrin, C. R. Acad. Sci. 146, 967

e "Les atomes” (Felix Alcan, Paris, 1913)
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difusao linear (1 dimensao):

OP(x,t) D 0*P(x,t)

Ot 02x

1 . (x — x0)*
X PR
(4rDt)i/2 P 4Dt

P(x,t) =

<a(t)>=x0; < (x(t) —w0)? >= 200}

Einstein Relation : D = ukgT

P(z,t) =t 2g(z?/t) = 02 ~ 1
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equacao de Fokker-Planck

teorema H e equagado de FP 7

4 )
F=U-TS;U :/ dr ¢(x)P(x,t) ;| S = —kB/ dr P(x,t)In P(x,t)

. J

dF valido para EFP “e” entropia deBG
dt — => relagao entre EFP e entropia de BG
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solucao geral da equagao de Fokker-Planck

e dependeéncia no tempo —> I(z) = —kx

1 _ z?
P(CL‘) t) — e 2D(1k—e—2t)
V2mD(1 —e=2t) [k

e difusdo normal (t << 1)
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difusao anomala
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difusao anomala

< (z(t) — z9)? > ~ 17

® subdifusivo (v < 1)

® superdifusivo (v > 1)

(v # 1)
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comportamento subdifusivo
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subdifusao

< (x(t) —z0)* >~ t7 (7 <1 :Subdiffusion)

- existéncia de “armadilhas” no espago, onde as particulas
permanecem por um certo tempo, com uma larga
distribuicao de tempos de escape

* condutividade de cadeias ionicas desordenadas
 fotocopiadoras, impressoras laser

e caminhantes aleatorios em substratos fractais

* difusao em rolos convectivos

* difusao de poluentes em aguas subterraneas

* difusao de proteinas atraves de membranas celulares
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exemplos

@® fotocopiadoras, impressoras laser: transporte de
eletrons ou buracos em semicondutores amorfos em um

campo elétrico

PHYSICAL REVIEW B VOLUME 12, NUMBER 6 15 SEPTEMBER 1975

Anomalous transit-time dispersion in amorphous solids

Harvey Scher
Xerox Webster Research Center, 800 Phillips Road, Webster, New York 14580

Elliott W, Montroll
Institute for Fundamental Studies, ®* Department of Physics and Astronomy, University of Rochester, Rochester, New York 14627
(Received 13 January 1975)

2 Anomalous diffusion in photocopiers

tume
In e 19705 reseancherns measured the transkent photocument in amorphous
thin films Sat form the core of photacopker machines (data points). The tiue
dasld ke INAcanos the expected Bahaiowr If this difuson peocess
followed Fck's oguation, which ked Scher avd Morteoll 10 describe e
peocess using broad datributions of waiting times. Both smes are logaethmic.
This became the best known example of anomalous subdffusion in rature
From HScher and E Montroll 1975 Pros. Rev. B 12 2455-2477
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subdiffusion

@® difusdo de proteinas atraves das membranas celulares

3 Subdiffusion in cells

Researchers have found that the way proteins diffuse across cell
membranes can be described by anomalous diffusion that is slower than the
normal case. (a) This is a simulation of such a random walk, which shows a

2 ms timeframe overwhich a protein “hops” between 120 nm?
compartments thought to be formed by the cell's cytoskeleton. (b) The
expenimental trajectories of proteins in the plasma membrane of a live cell
(shown in a 0.025 ms timeframe) provide evidence for this trapping nature,
as shown by the different colours. The long residence times in these
compartments is thoughtto be the origin of the anomalous behaviour.

Physics World, august 2005

quarta-feira, 10 de margo de 2010



superdifusao

quarta-feira, 10 de marco de 2010



superdifusao

< (z(t) — 2130)2 >~ t7 (7> 1:Superdiffusion )

- existencia de correlacoes de longo alcance (no
tempo) presentes na velocidade das particulas
tracadoras ou voos de Levy.

® difusao de Richardson em fluidos turbulentos

e difusdo de micelas em agua salgada

* voo de albatroses

* bacteria, plancton, chacais, macacos aranha

* parece que a superdifusao supera a difusao normal (BM) como
estratéegia para encontrar comida localizada aleatoriamente, etc
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difusao anomala -> superdifusado

@ spider monkeys

4 Superdiffusion in monkey behaviour

end _Som_

The typical trajectories of spider monkeys in the forest of the Mexican
Yucatan peninsula display steps with variable lengths, which correspond to a
diffusive process that is faster than that of normal diffusion. An example of
such a trajectory is shown on the left. A magnified part of itis shown on the
right; this image looks qualitatively similar to the larger-scale trajectory, which
is an important property of Lévy walks. Similar behaviour is found in the
foraging habits of other animals, and could mean that anomzlous diffusion
offers a better search strategy than that of normal diffusion.

> modificagcoes na eq. de FP linear
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teorias fenomenologicas

e equacgoes de Fokker-Planck nao lineares
e equacoes de Fokker-Planck fracionarias

e eq. FP com coeficientes de difusao nao-
homogeneos
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® equacado FP com derivadas
fracionarias - memoria temporal
longa
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cek endin
PRL 99, 120602 (2007) PHYSICAL REVIEW LETTERS 21 sévmfmskgzom

Use and Abuse of a Fractional Fokker-Planck Dynamics for Time-Dependent Driving

E. Heinsalu,'? M. Patriarca,'? I. Goychuk,? and P. Hinggi®

'Institute of Theoretical Physics, Tartu University, Tahe 4, 51010 Tartu, Estonia

*Institut fiir Physik, Universitat Augsburg, Universitaisstr. 1, D-86135 Augsburg, Germany
(Received 14 March 2007; published 21 September 2007)

We investigate a subdiffusive, fractional Fokker-Planck dynamics occurring in time-varying potential
landscapes and thereby disclose the failure of the fractional Fokker-Planck equation (FFPE) in its
commonly used form when generalized in an ad hoc manner to time-dependent forces. A modified
FFPE (MFFPE) is rigorously derived, being valid for a family of dichotomously alternating force fields.
This MFFPE is numerically validated for a rectangular time-dependent force with zero average bias. For
this case, subdiffusion is shown to become enhanced as compared to the force free case. We question,
however, the existence of any physically valid FFPE for arbitrary varying time-dependent fields that differ
from this dichotomous varying family.

A widely used approach to study subdiffusive processes
is based on the fractional Fokker-Planck equation (FFPE)
[9,10],

LR, @

+ K, —2]P(x, 0. (1)

d A
— Plx;f)= D
at (.8 = oD, [ Ix M, ax

Here, F(x) is the force, 7, is the fractional friction coef-
ficient, k, is the fractional free diffusion coefficient, and

oDl denotes the Riemann-Liouville fractional deriva-
tive,

nl-a g .L 2_ " X(t,)
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® coeficiente de difusao inomogeneo
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10 August 1998

PHYSICS LETTERS A

Physics Letters A 245 (1998) 67-72

Ito-Langevin equations within generalized thermostatistics

Lisa Borland '
Centro Brasileiro de Pesquisas Fisicas, Rua Dr. Xavier Sigaud 150, 22290-180 Rio de Janeiro, RJ, Brazil

Received 12 January 1998; revised manuscript received 20 April 1998; accepted for publication 2 June 1998
Communicated by A.R. Bishop

The standard Fokker-Planck equation has the fol-
lowing form (cf. Ref. [14]),

S 2

(3)

o 1

P(x) = —EIK(X)P(I)] + 3 3e2
- stariolo PLA (94),

-Kaniadakis&Quarati

and describes the temporal evolution of the probability PhysA (97)
distribution P of the state variable x. The variable
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® equacado de Fokker-Planck nao
linear
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equacoes fenomenologicas

equagdo de meios porosos __ OP(x,t) DazP@(a;, t)

(M. Muskat - 1937) Ot Or2

(& — (x))2) ~ o
® A. R. Plastino e A. Plastino, Physica A 222 (1995) 347;

C. Tsallis e Bukman D. J., PRE 54 (1996) R2197

OP(x,t)
ot

\_
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4 )

OP(x,t) O{F(x)P(z,t)} 0“PY(x,1)
_ D
Ot Ox ox® |
F(z) = —%

solugdo estacionaria (¥ =2 — q)

[ P@)=cli—p0 - o))

3= (1/D)[C‘1_1/(2 _ q)} (C' is a positive constant)

mesma distribuicao que maximiza a entropia de
Tsallis com o vinculo externo ¢(x) !

NLFPE <-> entropia de Tsallis!
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FPE <— entropia

\
o (o) .
N7 A

(Gaussian P(x) = 5 qg-Gaussian
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@® equacgao de Langevin
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PHYSICAL REVIEW E VOLUME 57, NUMBER 6 JUNE 1998

Microscopic dynamics of the nonlinear Fokker-Planck equation: A phenomenological model

Lisa Borland*
Centro Brasileiro de Pesquisas Fisicas, Rua Dr. Xavier Sigaud 150, 22290-180 Rio de Janeiro, Rio de Janeiro, Brazil
(Received 16 December 1997)

We derive a phenomenological model of the underlying microscopic Langevin equation of the nonlinear
Fokker-Planck equation, which is used to describe anomalous correlated diffusion. The resulting distribution-
dependent stochastic equation is then analyzed and properties such as long-time scaling and the Hurst exponent
are calculated both analytically and from simulations. Results of this microscopic theory are compared with
those of fractional Brownian motion. [S1063-651X(98)00206-2]

PACS number(s): 66.10.Cb, 05.20.—y, 05.60.+w, 05.40.+]

isting theory. The resulting Ito-Langevin equation has the
form

‘%=K(x.t)+Jéf(x,t)""”’zn(t), (18)

where the evolution of f is given by the Fokker-Planck equa-
tion of equation (2). A trajectory of Eq. (18) is determined by
both equations simultaneously. It is apparent that there is
feedback from the macroscopic level of description of the
system in terms of the probability distribution f to the mi-
croscopic kinetics.
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Available online at www.sciencedirect.com
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“».” ScienceDirect PHYSICS LETTERS A

Physics Letters A 372 (2008) 1236-1239

www.elsevier.com/locate/pla

Computing the non-linear anomalous diffusion equation from first principles

Miguel A. Fuentes *"*, Manuel O. Céceres ™©

= Sanra Fe Institute, 1399 Hyde FPark Road, Santa Fe, NM 87501, USA
b Centro Atémico Bariloche, Instituto Balseiro and CONICET, 8400 Bariloche, Argenting
 The Abdus Salam ICTP, 34014 Trieste, Italy

Received 8 June 2007; received in revised form 3 September 2007; accepeed 10 September 2007
Available online 14 September 2007
Communicated by A.R. Bishop

Abstract

We investigate asymptotically the occurrence of anomalous diffusion and its associated family of statistical evolution equations. Starting from
a non-Markovian process a la Langevin we show that the mean probability distribution of the displacement of a particle follows a generalized
non-linear Fokker-Planck equation. Thus we show that the anomalous behavior can be linked to a fast fluctuation process with memory from
a microscopic dynamics level, and slow fluctuations of the dissipative variable. The general results can be applied to a wide range of physical
systems that present a departure from the Brownian regime.
@ 2007 Elsevier B.V. All rights reserved.

PACS: 05.70.Lr; 05.30.Pr
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@® equacao mestre
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equacado mestre -> equacao de Fokker-Planck NL

op g;’t): S [Py )i (£) — P, )t (1)

m=—oo

® tfaxas de transi¢do nao lineares -> equagao de
Fokker-Planck nao linear

wmn(t) = W (P,1)

/ /

0P(z,t) _ _O{F(@)¥[P(x, ]} 9 {Q[P(myt)]ﬁf’(a@,t)}

ot ox ox
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teorema H

e/

MEP

solugdo estacionaria
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familia de EFPs <-> entropias

B d?g Q'P'\ . |
3 dp? = P P relacao entropia <-> FPE
\_ _J
bz 1P |
mesma ragao V[P mesma entropial

seja

Q[P = alPIfiP]: W[P]=a[PIP —> liberdade do funcional a[f]

Schwammle V, Nobre FD, EMFC,
ﬂ blP| 5 PRE 2007

glP] _ Q[P
Schwammle V, EMFC, Nobre FD,

dP2 - [P] = -5~ )P
EPJB 2007
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@ afratores gaussianos - BG
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NLFPEs <-> entropia de Boltzmann-Gibbs

2z P B=kp/D
d
d—?):—ﬁDlnPJrC — g[P]= —kgPlnP
&= bz / P(z)In P(x)dx if a[P] o P!
01245, 1) 0

— (F(x)P(x,t)") + Di <P(:1:, Pl Gl t)>

ot - Oz Oz Oz

v =1 —> equation de Fokker-Planck
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F(z) = —kx t=0.1
P(xz,0) = d(x) v =0.7,0.9,1,1.1,1.25
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@ afratores g-gaussianos
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NLFPEs <-> entropia de Tsallis

d2alP Q[P b| P i
diﬂ[2] - % == % b[P(z,t)] = DvP(z,t)" ™
glP) = kL i alP)oc P!
v — 1
faP | a a _ a )
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for short-range attractive pinning forces such as the one
we are investigating. In this case, short wavelength modes
yield a macroscopic contribution to pinning that cannot
be neglected. Consider, for instance, the flow between
two coarse-grained regions: short-range microscopic pin-
ning forces give rise to a macroscopic force that should
always oppose the motion, while the random force derived
above could, in principle, point in the direction of the flow.
In other words, F.(7) should be considered as a friction
force [21] whose direction is always opposed to the driv-
ing force i-"d (in our case Fy =.anl and whose ab§o-
lute value is given by |gVn| for |F;| > |¢Vn| and to |F,|
otherwise [22].

Collecting all the terms, we finally obtain a disordered
nonlinear diffusion equation for the density of flux lines

r Z—’: - e(apep - pi"c) + kzgTVp. (5)

The boundary conditions representing our MD simulations

crossover length scaling as £, ~ g~ /2, in agreement with
MD simulations (see Fig. 3). In addition, we measure the
density profiles and find that they rescale with go in the
same way as in MD simulations.

The numerical integration of the diffusion equation al-
lows for a direct analysis of the fluctuations in the front as
a function of different internal parameters. Measuring the
width W of the fronts as a function of time for different
values of go, we find that in the initial stage W grows as a
power law t# where B = 0.35 until it saturates to a value
that decreases with go. Thus the front crosses over from
flat to fractal as it enters into the material. In principle, we
can control the strength of the fluctuations and the associ-
ated characteristic length £* by tuning go, which directly
reflects experimentally measurable parameters.

In order to compare the model with experiments, we
have to implement appropriate boundary conditions. In
Refs. [5.6] the external field was ramped at a constant rate,
which corresponds to a constant increase of the boundary
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EFP nao linear -> difusao normal

by v=2—p (u#1) a

OP(x,t) 0O y 0*P(x,t)
5 = " hm (F(x)P(x,t)")+ D 5.3

® solucdo estacionaria -> g-Gaussiana
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NLFPE

b[P(x,t)] = DvP(x,t)" 1
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observacoes finais

e NLFPE -> difusdo normal e anomala
e NLFPEs <-> entropias <-> MEP

® eq. Langevin -> NLFPE (2)

e eq. mestre -> NLFPE

e NLFPE -> fenomenos fisicos diferentes
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