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For example, James Jovee's novel Ulysses contains 260,430 words. If words
such as give, gives, gave, given, giving, giver, and gift are considered to be
different, there are, n Ulysses, 20,899 different words. Zipf data, taken from
Human Behawvior and the Principle of Least Effort. p. 24, are reproduced in
the table below.
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A log-log plot of the word frequency f as a function of the word rank »
1= shown in Figure 8.2 with a straight line representing the least-squares fit.

The slope of this line is equal to 1.02.
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Zipf's Law for the English language.
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Demonstracdo do hipocentro (foco) e do epicentro de um terremoto
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F;gure 2 |:11] Distri E:I"I.lt;.i}ﬂ of earthquul{e magnitudes in the MNew
Madrid zone in the southeastern United States ::]ur:l::ng the periﬂd

19?4 - 1 E"SEL col 11!:':1:-34:1 h}- J'd!..rcl-l. Jn hnston and Suaun Nava of

Mﬂmp l'u-s Stn te University. T]"I.E !pq::itl.l:s shnw the number of ea rtl'nqua]uzs
with magn;tude larger than a given magnitu&e m. The atra;ght limne 1nda-
cates a power law distribution of earthquakes. This simple law 15 known
as t]u: Gutﬂnherg—R;qhtEr law. [i:l_:' Lﬁnﬂt;nna of the eu:rtl:‘uqunl:i:z: used :;.I'I.
the 1:-1 ot. I'he saze of the dots re present the mngnitudes of the eart]-u; uakes.




Figure 1.

r":ln‘lt » Welarnday

Sandpile. (Drawing by Ms. Elejne Wiesenfeld.)
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Flguna 11 Sizedistribution of svalanches in Eystems Gfmup[ed penciu]ums
aOr, equivn]ent]y. in the snmipile model. The Egure shows how many avalanches
there are of each size, on a logarithmie plot. The distribution 1s & power law
with exponent L1 Thissour very first plnt. B‘y perfnm;ng ]ung«er simula-
tions on b1 gger system one ean extend the range of the power law.

Qurdara fall approximately on a steaight line, which indicaces chac the num-

ber of avalanches of size s is given b;r' the simple power law
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% | @ carrot.whitman.edu/JavaApplets/SandPileApplet/ 7+ @| |B~ Google Q & @

S Mais visitados + @ Getting Started

This cellular automata models a granular material in a gravitational field. There
are two kinds of cells. Inmovable ground cells and movable sand grains. Grains
fall from a source at the top of the window and proceed down to the ground.
Grains pile up and redistribute themselves according to the cellular automata
rules. Application of the rule is a little more sophisticated than the Game of Life or
Forest Fire rules.

B 4

Here, at each iteration, the cell space is twice partitioned into 2x2 blocks. The first
partition finds the 2x2 blocks centered at sites with even coordinates. The second
partition finds the 2x2 blocks centered at sites with odd coordinates. This kind of
partitioning scheme is called a Margolus Partition. Updates alternate between
partitions. On each partition the following rules are applied to each 2x2 block.

e e e e

| start || step || stop || Reset

. . A chance to play with sand without getting your hands dirty. The black pipe at the top

center is a source of sand grains. The black line at the bottom is the ground. Use the
mouse to put pieces of ground wherever you want. A click will toggle the cell between
ground and no ground. A click and drag will create a swath of ground cells.
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Figure 3. (n) M-Dllt]'l]}' vnriat;nns of cotton pricea (Mancle")rﬂt. 1963)
during a periud of 30 months. (l:-) The curve shows the number of months
where the relative variation exceeded a given fraction. Note the smooth
transition from small variations to large variations. | he atraig]ﬂ: line
incliuntes a power law. Other commodities follow a sumilar pattern.




dinosaurs and many other species, occur with fairly well defined pmbal:.iliry
and regularity. He used data collected by Jack Sepkoski, who had spent “ten
years in the library” researching the fossil records of thousands of marine
species. Sepkoski split geological history into 150 consecutive periods of 4 mil-

lion years. For each period, he estimated what fraction of species had disap-
. peared since the previous period (Figure 4). The estimate isa measure of the ex-

tnchon rate. Sometimes there were very few extincrions, less chan 5 percent,
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Figure 4, Binlug;eal extinetions over the last 600 million Years as
recorded 1:}' John Sepkﬂal{i. Jr. who Bpent 10 years 1 the Libra ry eollect-
ing the data from the fossil record. The curve shows the estimated per-
centage of families that went extinet w_it]ﬁn intervals ufl.pp rox5mutely 4

million yesrs (Sepkoski, 1993).
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Figur-e 5. I‘Lamgram of the extinction events from Fig'ure 4 as shown
]J)' Rﬂup. The d;lg ram shows the number ﬂffuur—miuion—yenr puriuﬂs
where the extinetion rate was within a given range. The large well-
known extinction events appear 1n the tail of the curve.
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Figure 6. [l,} The coast GfNDrwa}r. Note the -frnctnl.“ hierlrchim]
geometry, with ﬁnrr.ls. and :ﬁurdu within ﬁnrdn. and so on. Mandelbrot
has pa;nte-& out that land&capes often are fractals. [me Fecler.. 1988.}
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Figure 6. Continued (b) The lengt}n L of the coast measured by cover-
ing the coast with boxes, like the ones shown 1n (a). of various ]engtl-w d.
The atraight line indicates that the coast 1s fractal. The s]ope of the line
yelds the “fractal dimension” of the coast of Norway, D= 1.52.
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Mammals vary in size by
8 orders of magnitude

Blue Whale
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Whole-organism metabolic rate (B)
scales as the 3/4 power of body mass (M)
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Smaﬂ rnammafs live fasr and die young c:ompared to brg
ones. Because heart rate tracks weight by a 1/4-power law, a
dog (arrow) about 1/16 as heavy as a horse has a pulse about
twice as fast as the horse’s, not 16 times faster.




yrs

}_
=
=
Ll
T
=
O
=l

2.5 b

Passerines 21.6 W28

==—— MNoR-passerines 16.6 M'IE

10 102 10 T
BODY MASS kgs

10!

FIGURE 1. The relation of maximum longevity and body weight in wild birds, showing separate lines for

passerine { solid circles ) and nonpasserine (open circles) species.
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FIGURE 2. The relation of longevity and body weight in wild and captive birds compared with lines for
mammals from equations by Giinther and Guerra { 1855) and Sacher ( 1839),
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O Kivhnert et al. [ Physica A 363 {2066 | 96103
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Fig. 4. Double-logarithme representation of the number of petrol stations as a funcbon of the population size of aties of France,
Crermuny, Metherlands and Spam, abter a logarithmce binming method has been apphied. The sehd hines correspond to the respectve linear
regression and the dashed hnes indicate the slope 1.




Innovation measured by Patents
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L. Bettencourt et al , Pnas Vol. 104 (2007)
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Table 1. 5caling exponents for urban indicators vs. city size

Y [3 95% Adj-R? Observations Country-year
New patents 2 [1.25,1.29] 0.72 331 U.5. 2001
Inventors 2 [1.22,1.27] 0.76 331 U.s. 2001

> 1 Private R&D employment .34 [1.29,1.39] 0.92 266 U.5. 2002
"Supercreative” employment : [1.11,1.18] 0.89 287 U.5. 2003

R&D establishments ) [1.14,1.22] 0.77

= R&D employment [1.18,1.43] 0.93

I nte ragao Total wages [1.09,1.13] 0.96
. Total bank deposits [1.03,1.11] 0.91
Social GDP [1.06,1.23]  0.96
GDP [1.09,1.46]  0.64

GDP [1.03,1.23] 0.94

Total electrical consumption [1.03,1.11] 0.88

New AIDS cases [1.18,1.29] 0.76

Serious crimes [1.11, 1.18] 0.89

u.s. 1997
China 2002
u.s. 2002

U.5. 1996
China 2002

EU 1999-2003
Germany 2003
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Table 1. 5caling exponents for urban indicators vs. city size
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Table 1. 5caling exponents for urban indicators vs. city size

Y [3 95% Adj-R? Observations Country-year
MNew patents 1.27 [1.25,1.29] 0.72 331 u.s. 2001
Inventors 1.25 [1.22,1.27] 0.76 331 u.s. 2001
B> 1 Private R&D employment 1.34 [1.29,1.39] 0.92 266 u.s. 2002
"Supercreative” employment 1.15 [1.11,1.18] 0.89 287 U.5. 2003
R&D establishments 1.19 [1.14,1.22] 0.77 287 u.s. 1997
= R&D employment 1.26 [1.18,1.43] 0.93 295 China 2002
Inte ragao Total wages 1.12 [1.09,1.13] 0.96 361 u.s. 2002
. Total bank deposits 1.08 [1.03,1.11] 0.91 267 U.5. 1996
SOC|a| GDP 1.15 [1.06,1.23] 0.96 295 China 2002
GDP 1.26 [1.09,1.46] 0.64 196 EU 1999-2003
GDP 1.13 [1.03,1.23] 0.94 37 Germany 2003
Total electrical consumption 1.07 [1.03,1.11] 0.88 392 Germany 2002
MNew AIDS cases 1.23 [1.18,1.29] 0.76 a3 u.s. 2002-2003
Serious crimes 1.16 [1.11, 1.18] 0.89 287 U.s. 2003

B — 1 Total housing 1.00  [0.99,1.01] 0.99 316 U.S. 1990
Total employment 1.01 [0.99,1.02] 0.98 331 U.s. 2001
Household electrical consumption 1.00 [0.94,1.06] 0.88 377 Germany 2002
I Household electrical consumption 1.05 [0.89,1.22] 0.91 295 China 2002
NeceSSIdadeS Household water consumption 01 [0.89,1.11] 0.96 295 China 2002

Individuais

Gasoline stations 0.77 [0.74,0.81] 0.93 318 U.S. 2001
Gasoline sales 0.79 [0.73,0.80] 0.94 318 u.s. 2001

B < 1 Length of electrical cables 0.87 [0.82,0.92] 0.75 380 Germany 2002
Road surface 0.83 [0.74,0.92] 0.87 29 Germany 2002

Data sources are shown in §f Text. Cl, confidence interval; Adj-R2, adjusted RZ; GDP, gross domestic product.

Infro-estrutura

L. Bettencourt et al , Pnas Vol. 104 (2007)



Scaling exponent [3

1.8

1.7

1.6

1.5

1.4

1.3

1.2

1.1

0.9

0.8

Results from Bettencourt et al PNAS 2007

R&D Employment France 1999 —>

superlinear regime

linear regime | Total Wages | I i
N B Patents
1 . .

sublinear regime

¥

Urban indicators




Duplicando o tamanho da cidade
Aumenta-se sistematicamente
(aproximadamente 15%):



Duplicando o tamanho da cidade
Aumenta-se sistematicamente
(aproximadamente 15%):

Salarios:;
Riquezas;
NUumero de Patentes;

NUumero de Pessoas Criativas:




Duplicando o tamanho da cidade
Aumenta-se sistematicamente
(aproximadamente 15%):

= Salarios: = Numero de Policiais;
= Riquezas; = Numero de crimes;
= Numero de Patentes; = Numero de casos de

AIDS e outros;

Numero de Pessoas Criativas:




Leis de Poténcia:

Invariancia de Escala
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“A radiosa infancia daquelas criancas
vai certamente ser transformada, pelo
acucar, em acucar”, Muniz.
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