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THE FOURTH POWER IN THE UNIVERSE

D.D. Jones

SIZE DISTRIBUTIONS IN NATURE

Intrcduction

This papar reviews a collection of non-ecological size distributions
that have been obsarved in nature, The rangs of sizas covers 37 ordars of
vagnitud2, Ecologically significant size diatvibutions are rapnried else-
vhere, What can w2 hope to find in this collection? First we can ask if
there are any generalfties that exist, and 1f so, why? In tha exanples
that follow one particular form of digtribuiion is ubiquitous,

What might be the ecclogical significance of this? First wa can ask
1f these distributicns ave siiply a result of some rundom statistical pro-
ces3, If not, then what are the specific mechanisms which coutervene
and lecd to these distributlons? Thea we can compare these distributions
with those of ecologlcal significance, If the sawmn types appear, then
we m2y nave a clue to an explanaticn., If some other types ave found in
animal cormaunitics, we must lock for tha speeial mochanisms that make
ecological size distributiens differant,

Types of Distribuilons

Size distributions ave comwonly listed in many different ways, In
most caces one rathod can be ecasily converted into znogher, As the examples
that £0llow were taken dirvectly fvom the literatuxe, there 43 no wmiformity,
The detalls of the transforunticns are lefs to the readey’s ifwaglnation,
Size distrdbutlcens relato some attribate of aa odbjact-class ( or a
phenowmanon) to gome characteslside dimensicn of the cbject, In most of
the oxemplas, the direasion 1g exprossed 1n modes of leagih., The attribute
is cowmonly the number per wit size dntexval:

n(r) dr = the number with a sgiza (1
within tha 4ncrem2n® v to r¥dr,

Other attyibutea are volume, wazs,
volume dlotributicn for gphsves i
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distribution is

N(r) = number of objects with a size cgual to or lese than r,

Y
wJ n(yx) dr . (3)
(o)
Note that
'd““"““lgir)‘ = n(r) . ()

The cumulative distribution is also expressed as thie number with a silze
greater than a size r.

Two major forms of distributions will be illustrated by the examples
that follow. One is the lognormal distribution -- where n(log(r)) is
normally distributed about some mean valuz of log(r). 1lore uvill bhe gald
about this for specific examples, The other type is the “hyperbolic"
distribution:

n(r) = kr-® , (5)

where k and a are constants of the distribution. This distribution is
characterized by a straight linme on log-log paper.

As stated, Eq. (5) extends from 1»~0 where there are an infinite
number of infinitely small particles to r=co where there sre no particles.
To be physically meaningful the distribution must be truncated st the
enda, This truncation can either be characteristic of the natuval popu-~
lation of particles or resulting from the method of gaunpling.

Theory

Some theoretical interest has evolved to explain the consiatency
of rany of the obsexrved distributions, Various mechanisms have been propozed
including coagulation, sedimentation, condensation, frasmentation, diffu-
glon, &nd ebsorptica. Dynamic equilibrium between creation end the diffev-
ential removal mechanisms lead to certzin "self-preserving" or steble
size distributions. The exact limiting stable form will depend upon the
particular processes. For further reference see: Iriedlander, lerdan,
Cadle, Caudin and Meloy, Gilvarry, Bader, and Mason,

One particular stable form occurs in wany situatione. This is

n(r) = 4 (€)

that 18, 2 graph of n(x) = d/dr has a elope of minus four on log-log
paper, This foirm is equivalent to the folleowing:



d/d leglr) wvs. r elopn = 3
N ve., ¥ slepn = 3
N ve. vol or wmass slopz = 1
di/dv v, V slope = -2
dH/déAa V3, area glope = -2,5
N V3. araa slope = 3.5

Cumulative diseributicns (V) way have eithar eign,

An intovesting consequance of this dstrilution is thae a¥/d 1o
veraus log{r) ic & censtent. That 1o, the velute (0r wsze) contrilatds
in eny log increment i5 the ssme, For furthey discussicn see: Friedl
end Pasceri, Pzsgcerid eud Friedlandax, and Jvuge.

I, S8izes of particles

What follows 1s a selective semple of peoxticle size dietributiens
for ghyﬂical objects in the umiverse -- starting from atozle dimenajonus
(20-190 1) to the wniverse 1teclf (1927 m), The figures follow the taxt,
Full-sized figuxes are avsilable in the workshop file.

ATCMIC PADII (Figs. 1 and 2)

The cumuletive distribution for 43 elersnts shows 2 egharp digscon-
tinuity at about 1.2 ¥ 1010 m, in Pig, 1. Figure 2 shows a sinilar dis-
tribution for orystalline ionic radii for 87 elements. An explanation was

not found. The discontinuwdity or “knse! is indicztive of a change in
"process" occurring.

SHALL PARTICLES (Figs. 3 - 10)

A lot of statistical work has bzen donc oun particles in the wmicron
size range, Figure 3 shows typical size distribution of atmospheric
€zrosols, Figure 4 zpplies to stratespleric azrosels. EBelow 0.1 micron
particles ere elirineted by coagulation dus to Urowmisn motion. 7The
lovar limit of natural sercsols 1s cbout 5 x 103 microns. Above 20 microns
perticles are rapidly climinated by graviteticnal settling., Figures §
end 6 are the frequency and cumulative distribuiions of particles in
urban ezir,

Frequantly atmosphieric particles sge plozted on lognormal peper
(Figs. 7 snd 8). Lognorizzl and log-log cumulztive plots &ve not essily
related; houever, the frequency plots are gualitatively similar., If o
lognorual dlstributica 40 pletted cn Fig, 3, the result s 2 parahola
thich 48 sl:rdlar in forun to the natural dictributions. Also note that
in 211 of the plots of Yig. &, the data points daviate froa the etraight
line in a systcenatic "S-ghaped’ wanner, This form 4s found vhonm ¢ trun-
cated distribution, like Eq. (5), s plotted on loguormal paper,



Figure 9 chows the distribution of fine Arizona road dust. Figure 10
chovs the size distribution renulting from the fracture of britile selide,
apulagion analogy to this cuample should be fariliar to all

RAIN I0PS (Figs. 11 and 1%)
In-cloud voin droplete are chown in Flg. 11; the form vopocsrs to be

exponential rather than bhypartelie (it ic a lincsar eize geale). llgure lla
is @ freguency distributlon. TFigure 12 applies to falling dreps.

STILT, SAWD AND GRAVEL (Figs. 13 end 14)

A sarple for suspended siit in a B.C. strecm 1& chown on & lognormal
plot in Fig. 13. Sand and gravel sizes ave ghown in ¥ig, 14, (Plots
courtesy of Art Tautz)

LUNAR SURFACE MATERTALS

Yeloy and O'Keefe discues the early Surveyor I photogrephs where the
visible perticles were governed by the equation

N(r) = N,r™@ (7)

vithnw 1,77,

METEORITES (Fig. 15)

The size distribution of extraterrestial influx (at a rate of 100-1009
tons/day) is ghown in Figure 15. The slops of the large particles 4c sbout
-1.0, Vhen this 18 converted from a cumulative maga distributicn to
dil/dr, the slope becomes -4.0 again.

ASTETOIDS (Fig. 16)
The size dictribution of asteroidsc appcars to be in o transition from

en original gaussian to a hyperbolic form (Fig. 16).

FIANETS £ND SATRLLITES (Pig. 17)

-

Tha distribution of plenets znd satellites dn the golor cysiéea do rot
fit a hypexbolic fore, Both groupz combine into a uniform collwction,
however,



COMETS (Fig. 18)

The size distribution of comets waz not ¢asy to find. Instcad, the
distribution of orbit sizes 1s shoun in Fig, 18, The discontinuity at
1 a.v. (earth-sun distance) 1s attributed to a reduced probability of
observation for large orbits,

STARS (Fig, 19)

The visual magnitude of stars in the sclar neighborhood 1s ghoima in
Fig, 19, The megnitude (a linear scale) is related to the log of the radius,

PLANETARY WEDULAE (Fig. 20)
Planetary nebulze are shells of ejected gas expanding abouft cortain
extremely hot sters. The data correspond to our galaxy only. The size

measure is the angular diameter, vhich ic a function of true dlameter and
distance fyom ecarth.

GALAXIES (¥ig. 19)

The visual magnitude of galaxies 1s reclated to the cunulative fre-
quency by

log N = 0.5n-7.2 €),

This equation is plotted on Fig. 19.

THE COSMOS (Pig. 21)

This Figure is redrawn from an Intriguing paper by Albert Wilcon on
the hierarchical structure of the Universe. The regiong of sizes snd nasses
of various “particles" are shoun, The gaps in the size ranges are sppa-
rently very real and numerically related to various fundemental atonde,
electromagnetic, and gravitational parameters.

II.. Geographical Features

LAKES (Fig. 22)

The arzcas of natural {resh-waoter lskes are showm in Fig, 22, Tor
lakes in the U,5. the distributicn is liyperbollc 1f the Grest Lakes are
excluded, The lakes of the world have an uprper size cut-off becouse of
the limication Imposed by continent size,




IiI.

RIVERS (Fig. 23) '

The wajor rivers of the world show a similar limitation at tha upper
end.

MOON AND MATS CRATERS (Fig. 26 - 25)

The curulative size distribution of maris moon craters 1s shown in
Figure 24. 7The distributions of noon craters aond meteordtes are supoy-
impeged in Fig. 25, Mawvs craters estimated fryem early Marincr flights are
in Fig. 26.

ATHOSPHERIC TURLULENCE (Fig. 27)

Atmospheric turbulence can be raesolved into distributlons of various
sized "eddies"., Two examples for clear air turbulence are shown in Fig, 27.

ATCHIC ABUNDANCRS (Fig. 28)

The abundunce of the elements in the earth's crust is shown {in Tig, 28,
The "size" in this case 1s the extent of concentration in parts per million,

Social Phenomena

CITY SIZES (Fig. 29)

The cumulative distribution of U.S. cities in 1910 aznd 1960 {s showm
in Fig. 29.

COLONIES (Figs. 30 and 31)

The distribution of mealy-bugs in colenies is chowa in Fig., 30. The
relationship 1s not clear from the graph, Willizms concluded thsat the
colonies vere distributed normally on logz intervals. The population size
of pods on cocoa trees is shown in Fig. 31 ~- the shape is eiuilar to that
of Fig, 30,
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