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I think the next century will
be the century of complexity

Stephen Hawking

[San Jose Mercury News (January 23, 2000)]
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More Is Different

Philip Warren Anderson
[ Science 177 (1972) 393-396)
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|lsaac Newton
(1642 -1727)
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Santiago Ramon y Cajal
(1852 -1934)



(c. 460 BCE — ¢. 370 BCE)

By convention there is color,

By convention, sweetness,

By convention, bitterness,

But in reality there are atoms and space.

Democritus [fragment 145]
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Antoine-Laurent Lavoisier (1743-1794):

/ do not expect my ideas to be adopted all at once.|...]
It /s the passage of time, therefore, which must
confirm or destroy the opinions | have presented.
Meanwhile, | observe with great satisfaction that the
young people are beginning to study the science
without prejudice ...  [Reflexions sur le Phlogistique (1783)]
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John Dalton (1766 - 1844)

Demaocrito estava certo: os atomos existem!
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Ludwig Boltzmann (1844-1906) Josiah Willard Gibbs (1839-1903)

Sge =K In' W

ESTA ENTROPIA E ADITIVA,
E A BASE DA MECANICA ESTATISTICA DE BOLTZMANN-GIBBS,
E SERVE PARA OS SISTEMAS DITOS “SIMPLES”
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Boltzmann versus Ostwald (Lubeck, 1895):

Wilhelm Ostwald (1853-1932) Ludwig Boltzmann (1844-1906)

Arnold Sommerfeld described Boltzmann’s entry mto the dramatic discussion on
energism at the conference of German naturalists at Lubeck m 1895: “Helm (Dresden)
was the mam speaker on behalf of energism; backing him was Wilhelm Ostwald, and
backing both of them was the natural philosophy of the absent Ernst Mach. The
opponent was Boltzmann, seconded by Felix Klem. The battle between Boltzmann
and Ostwald was both outwardly and inwardly like a bull fighting against the flexible
fencer. But this time the bull conquered m spite of all the torero’s fighting skill.
Boltzmann’s arguments triumphed. All of us younger mathematicians were on

Boltzmann’s side ...”



http://images.google.com.br/imgres?imgurl=http://www.physik.uni-frankfurt.de/~jr/gif/phys/boltzmann2.jpg&imgrefurl=http://www.physik.uni-frankfurt.de/~jr/physpicold.html&h=600&w=490&sz=52&hl=pt-BR&sig2=4j6yeSb1emUmre0OTBfqwQ&start=18&tbnid=PZc_yFzZouL_ZM:&tbnh=135&tbnw=110&ei=SYIeRcHSNr_y6QGSwP2BDQ&prev=/images%3Fq%3Dboltzmann%26svnum%3D10%26hl%3Dpt-BR%26lr%3D

[ don’t believe that atoms exist!

Ernst Mach (January 1897, Vienna)



® Ludwig Boltzmann S=k log W

@ Pa1 da Mecanica
Estatistica

@ Seculo XIX




LAS 10 FORMULAS MATEMATICAS
QUE CAMBIARON LA FAZ DE LA TIERRA
(Nicaragua, 1971)

Gmlmz

Newton Einstein TsiolkovsKi Maxwell

AZ B2 =2 s =klogw A= %u F1 %1 =F2 X2

Pythagoras Boltzmann de Broglie Archimedes
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Ludwig Boltzmann
|B44-1906

Les ecusclones de Boltzmann reveld como el comports-
miento de gases dependia del movimiento constante de
dtomos y moléculas. Su gran Importancia reside en su
aplicacidn donde los gases juegan un papel importante: en
todas las méquinas Impulsadas por vapor & combustidn
Internc; en las Incontables reacciones entre gases usados
por quimicos para hacer drogas modernas, pldsticos  otras
sustancias; en comprender el tlempo: y aln en explicar los
procesos viclentos del sal, estreilas y galaxias distantes.

DE LA RUE

LAS 10 FORMULAS MATEMATICAS QUE Mﬂﬂ.ﬁﬂﬂ I.A FAZDELATIERRA

S=klogw (Boltzmann)



@ Movimento Browniano

e Robert Brown (botanico) - 1827

“This areola, or nucleus of the cell as perhaps it might t
termed, is not confined to the epidermis, being also found...
many cases in the parenchyma or internal cells of the tissue.” F



Movimento Browniano - 1905
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Jean Perrin

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

o “Les atomes” (Felix Alcan, Paris, 1913)

Brownian Motion



® Notacao Cientifica

00— 0.1—=1,0x 10"

1/100 = 0,01 = 1,0 x 1072

1/1000 = 0,001 = 1,0 x 102
1/1000000 = 0,000001 = 1,0 x 10~°

10,0 = 1,0 x 10!
100,0 = 1,0 x 107
1000,0 = 1.0 x 10°
1000000,0 = 1,0 x 10°
1000000000.0 = 1.0 x 10"




® Valores Tipicos do Mundo Microscopico:
Const. de Avogrado: N4 = 6,02 x 10°°/mol
Raio de Bohr: r5 =5,29 x 10~ !m

Massa do elétron: m. = 9,11 x 107°'Kg

mpy

= 1840

Massa proton: m, = 1,67 x 107*"Kg
Me

Massa do atomo H: mgy = 1,67 x 107%"Kg
] mol de atomos H: m=1,0x 107°Kg =1,0 g
Tam. molécula tipica: r=1A=1,0x10"""m



® Equacdo Fundamental (L. Boltzmann)

S=kInW

S: Entropia (grandeza termodinamica)

k: constante de Boltzmann



@ Numero de Microestados (W)

a) 1 moeda: 2 estados =B W = 2!

b) 2 moedas: 4 estados = W = 2°

c) 3 moedas: 8 estados =g W = 2°
d) N moedas = W =2

== cquivalente a N particulas de spin 1/2



® Magnetismo

® Ferromagnetismo: Fe, Co, N1
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® Antiferromagnetismo: FeCls | Fe Fy
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® Simulacdes Computacionais (Mod. Ising)
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"Any really new idea in science always emerges through a metaphor.”
¥ Chemistry Nobel laureate Roald Hoffmann,
A [May 1995, in a Italian restaurant in Ithaca, New York]

H

benzene

Friedrich August Kekulé von Stradonitz
(1829 - 1896 )
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ARISTOTLE

[384-322 BC]

Poetry I1s more elevated and more philosophical
than history; for poetry expresses the universal,
and history only the particular. History tells us the
events as they happened, whereas poetry tells
them as they could or should have happened.



| # 8 [384-322 BC]
[AotototéAn, 1leot TTomtkng, 14594] *';, | _ T
Eotwv 0¢ peya pev 10 EKAOTWL TV €ONUEVOV TIQETOVTWS
xonobat, kat OLIMAOLE OVOUXOL Kl YAWTTALS, TTOAD 0&€ UEYLOTOV TO
HeTadoQkov etvat. MoOvov yao tovTo ovte maQ dAAov €0t AaPetv

evOLIAC Te ONUELOV €0TL TO YXQ €U HETADEQELV TO TO OUOLOV
Oewpelv e0TLV.

To mo onpovrikO om0 0A0 TO TUEPETAVE €ivol 11 0eSlOTEIVIKN YPNo TS
NETUQPOPAS. ALOTL HOVO GVTO eV pmopel va 010ayOel, eve etvar oetypa sveutog Kabwmg

N0 GMGTI] NETEQOPJ VTOONAMVEL TNV IKOVOTITO VO OLCKPIVEL KOVEIS ONOIOTNTES
OVONEGT GE AVONOLU TTPAYNATU.

[Aristotle, Ars Poetica, 322 BC]

“By far the greatest thing is to be a master of metaphor. It is the one thing that
cannot be learned from others. It is a sign of genius, for a good metaphor
implies an intuitive perception of similarity among dissimilars.”



Available online at www.sciencedirect.com

sc.zuu@m“cT- PHYSIGA ,#'t

Physica A 356 (2005) 375-384

www.elsevier.com/locate/physa

Triangle for the entropic index ¢ of non-extensive
statistical mechanics observed by Voyager 1
in the distant heliosphere

= e = _—
L.IF. Burlaga™, A.F. -Vinas
Laboratory for Solar and Space Physics, Code 612.2, NASA Goddard Space Flight Center,
Greenbelt, MD 20771, USA

Receved 10 June 2005
Available online 11 July 2005
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IHY 2007: VOYAGER 1: Fundamental Physics

The atmosphere of the Sun beyond a few solar radii, known as HELIOSPHERE, is fully
ionized plasma expanding at supersonic speeds, carrying solar magnetic fields with it.
This solar wind is a driven non-linear non-equilibrium system. The Sun injects matter,
momentum, energy, and magnetic fields into the heliosphere in a highly variable way.
Voyager 1 observed magnetic field strength variations in the solar wind near 40 AU
during 1989 and near 85 AU during 2002. Tsallis’ non-extensive statistical mechanics,
a generalization of Boltzmann-Gibbs statistical mechanics, allows a physical
explanation of these magnetic field strength variations in terms of departure from
thermodynamic equilibrium in an unique way:
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'Department of Chemistry and Biochemistry, University of California, San
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Analysis of Metagene Portraits Reveals Distinct
Transitions During Kidney Organogenesis

Igor F. Tsigelny,"?*T Valentina L. Kouznetsova,*' Derina E. Sweeney,® Wei Wu,?
Kevin T. Bush,® Sanjay K. Nigam3->:5*
(Published 9 December 2008; Volume 1 Issue 49 ralB6)



METAGENE MOSAICS I
(self-organizing maps) *

MORPHOGENETIC
STAGES

embryonic day—-»e12

newborn week 1 week4 adult



Tsallis entropy (g=0.25) /-*"'"

i Y 4

ntropy

154

hewbarn./

e12 13 214 a15 e16 217 218 219 20 21 222 nb w1 wid ad
Day of development

Tsallis eniropy of the metagenes
for different stages of development

(calculated data prepared with different strategies)

'B 1.08

] 1 r—
ﬁ 0.85 1

8 m___z‘ }//

E 0.85 ‘/ \

=- 08

& 075 T === ynfiltered

£ 7 | filtered Y|

- 0.65

@

&
@

212 213 e14 215 218 217 218 e18 20 221 222 nb wil wi &d

day




The reasonable man adapts himself
to the world: the unreasonable one

persists in trying to adapt the world
to himself.  Therefore all progress
depends on the unreasonable man.

George Bernard Shaw (1856-1950)

Maxims for Revolutionists



Je ne suis pas d accord avec ce que vous dites,
mais je me battrai jusqu a la mort pour que vous
ayez le droit de /e dire.

Voltaire (Francois-Marie Arouet, 1694-1778)

If you have an apple and | have an apple,
and we exchange apples,
we both still only have one apple.
But if you have an idea and | have an idea,
and we exchange ideas,
we each now have two ideas.

George Bernard Shaw (1856-1950)



Si I'action n'a quelque splendeur de liberte,
elle n’a point de grace ni d’honneur.

Montaigne,
“Essais”, L.1lI, Chap. 9



Sofia e la scoperta delle fragole (Marco Bersanelli)

A Gutenberg, tra le verdissime colline austriache, una mattina
saliamo per il sentiero che attraversa il bosco scuro e profumato
alle spalle del paese. Dopo mezz'ora di cammino troviamo sulla
destra una sorgente presso una radura e ci fermiamo a bere. Con
una grande espressione di felicita ad un tratto Sofia, la piccola di
tre anni, esclama: «xMamma, mammal! una fragola!!». Gli altri due
accorrono e, constatato che la sorellina ha prontamente raccolto
e inghiottito il frutto della sua scoperta, si mettono a cercare,
presto seguiti dai genitori. «Un'altral» e dopo un po': «Guarda qui,
ce ne sono altre tre, quattro...». La caccia e aperta. Cercando in
guel prato abbiamo presto riempito un bicchiere di fragole di
bosco. Poi al ritorno, con mia sincera sorpresa, ripercorrendo lo
stesso sentiero dalla sorgente in giu ne abbiamo trovate altrettante!
Zero fragole all'andata, forse un centinaio al ritorno: un effetto
statisticamente schiacciante. Cos'era cambiato?
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guel prato abbiamo presto riempito un bicchiere di fragole di
bosco. Poi al ritorno, con mia sincera sorpresa, ripercorrendo lo
stesso sentiero dalla sorgente in giu ne abbiamo trovate altrettante!
Zero fragole all'andata, forse un centinaio al ritorno: un effetto
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Eravamo cambiati noi.



