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ABSTRACT

Until Mandelbrot introduced the concept of fractal geometry and fractal dimension in
early 1970s, it has been generally considered that the geometry of nature should be too
complex and irregular to describe analytically or mathematically, Here fractal dimension
indicates a non—integer number such as 0.5, 1.5, or 2.5 instead of only integers used
in the traditional Euclidean geometry, i.e., O for point, 1 for line, 2 for area, and 3 for
volume, Since his pioneering work on fractal geometry, the geometry of nature has been
found fractal, Mandelbrot introduced the concept of fractal geometry, For example, frac—
tal geometry has been found in mountains, coastlines, clouds, lightning, earthquakes,
turbulence, trees and plants., Even human organs are found to be fractal, This suggests
that the fractal geometry should be the law for Nature rather than the exception,

Fractal geometry has a hierarchical structure consisting of the elements having the same
shape, but the different sizes from the largest to the smallest, Thus, fractal geometry can
be characterized by the similarity and hierarchical structure, A process requires driving
energy to proceed, Otherwise, the process would stop. A hierarchical structure is consid—
ered ideal to generate such driving force, This explains why natural process or phenomena
such as lightning, thunderstorm, earth quakes, and turbulence has fractal geometry. It
would not be surprising to find that even the human organs such as the brain, the lung,
and the circulatory system have fractal geometry,

Until now, a normal frequency distribution (or Gaussian frequency distribution) has been
commonly used to describe frequencies of an object, However, a log—normal frequency
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distribution has been most frequently found in natural phenomena and chemical processes

such as corrosion and coagulation, It can be mathematically shown that if an object has

a log—normal frequency distribution, it has fractal geometry. In other words, these two

go hand in hand,

Lastly, applying fractal principles is discussed, focusing on pulp and paper industry.

The principles should be applicable to characterizing surface roughness, particle size dis—

tributions, and formation, They should be also applicable to wet—end chemistry for ideal

mixing, felt and fabric design for papermaking process, dewatering, drying, creping, and

post—converting such as laminating, embossing, and printing,

Keywords: Fractal geometry, fractal dimension, principles, application, pulp, paper, nature

1LME

Ao EAfets EAU A2 1 mefo] mf¢
oFalT BRsle] AEH gZas
o Yehli7l= A9 E7Fs3 2o QlAlg
714 Aol £Afshs BAES AE, FA
Egpeb, 1 o & U A, =
om, 2 @*JOE% 5, W, FF AR,
(turbulent flow) 5= & 4 Ut W2
= A Sl iﬁJE

FZEE 71ete] EA2 A4 (integer)2t 2H(di-
mension) 2 & EAE Yebl= dl, H(point)S 0X}
O & AFfste], A2 1Ak, WAL 224, Hol= 33t
YO FAITE,

1980¢ Z°l Mandelbroti= 919+ 22 A4k AME-
Sh= 2 djAlef|, ZHEr 2} (fractal dimension, FD)
< AHgBHH, AF7HA] FEEE Ve R 7‘4945}11
EHE, 2ol AF3 Ao 2Aet= EAES YE

2 o)tk =l !

Mandelbrot_J ALA el maet 7]815Hgeometry)ol
7t A o], Ao EAfets EAES =UE A
= ARl Uetlide A7) AdiEe] =, 1 4
4 4k, OH‘jq T, b‘17H le '7:1]‘%“ AME, U AR

178 =z - Z017|& 47(4) 2015

Initiator
— Generator
I I I —
LB | - - - - LB |

Qot= AL olm|si)

al =
e T sjsisto] AT i 1 2 2
O

£ T 5, o] dElE HAIR oA 8T ¢ e
AE, BE} AR A S THLE AAIStaLAL B

e s)etete] E4E olsiEl] AL ol e
28] 712 MHset)] Bote] AT

2.1 ZHE MIE(Cantor set)

Fig. 1S 7tE AER Bl zdg 7)813t & 714
et RS EE AE R

T AEE AT 4ol Aline)ollA sk ],



o]% initiatorg}i HEt} o] initiatorE 3583 &,
7hE d FiE AASHH, A5 Zol9] 1/39]] didst= 2

7§ 9] =5 A He, ol A
generator(n=1)2}1 St 22> WO 2 7} gener—
atorg 3G £% 3;’—, 7he o FEE AAsL, F W
generator(n=2)%
StH, A=

75 M(segment)S A

N=2" (1]
1=(1/3)" [2]
714, n 2 n¥HA| generators,

2 ol sk

generator?] 425, 12 7+ segment?] Zo)S FA|g}
Mandelbrot= 0|27 W= 7HE HEO] Zaer 219

(FD)& th& Alo] elsto] Akt 4 ek shict.”

FD=1n2/In 3 =0.63

&)
iz
=

A |m

£ uE 1 gek

2
A& olsfishet vt 2 T8tk A

N

ol
B
i)

].
o},
is

oat
Rly

N
~

& AN|EX generator no]

o] 10] ZobA A, no| Fgts| AW, 1
ZobAy, 1 AA| 4ol (F L

3F 7he Zh=thes Folt}, o]+ oW generator: 71
2 generator?d] F$Haggregates). @ A& o] Tt
= AS Ygujste], o5 ZFxstr] flel, UHE AE £
Cantor dust(PAhtal &= o]g-olc},

e HEE 73s] 242 dust2 FAE $ glo, 1
A7)= A3 00] F 4= gtk §-22E 7IskEtelM= &
(point)& AA| Zol7}h gitk= /g o8 0xHeE 2h= A
o & Hog| gkort, A 71518to) A= Cantor dust
+= 00] obd FD=0.63& 7H& & = it

HE NESA B Zag 751510 EAJL
(tele—communication)©|t} T X8-S ARE-3E HIFE],
Efdlo]] Ak S o] ek ofRlarErele 2
(wave)T UAHparticle)®] 48 = ot Zli’ dekar
Fe=tl, o= 7HE MEQ] generator?] 2
alog2#| To] g5k, Zrow °‘7<}(d1g1tal) ol
PFedhs Ao A 4 okl Eoh, 32 analog

s
“ﬁHN

o
&) m! .

|

o rlr o

o

FI

|

oo o

of
2

L= 1/3 *
Generator

24 WS FAST AL A go] Holuf, AL 7he
AES o], digital S /1A B B 1A%
1.0 O

PSR FHE 5= & o+ o

CHA] Wb, W2 analog®} d1g1ta1_4 = 71z 24
S 5% 7, telecommunication®| A transmission
lineof|A] HAYE= 432 YAHgenerator) 2] 7Hd (in—
terference)ol] 2Ja) 7|QEH, 1 F7|7} FolALE, &
S 7FAFe o 2 9l ?

2.2 Koch =50
the ZdE 7]51ake] gt o2, Koch? &49|

(snowflake)E =318 3t} Fig. 2= Koch9] =&ol&
Hol Ft,

Koch =%0]+= F4H2FgS initiator®E Alfsto], ZF ¥
= 35 Ee ¥, 7k o ol 52 4ol AHAE
o gt & wHol A8 A|75}o], generatorE THE
o o] 34 wkEs) b, ol mope] malet /|t
£ de 5l

Koch #6019 g 2HA(FD) o5 4ol &5t
734 oo

FD = In (N)/ In (1/1) (4]

7|4, N = Z Ho] ZZ(segments) 50|31, 1 = 2}
ol thgh 7} 27}¢] ol o Hjgolrt,

o714 N =4, 1= 1/3& tfshH, Koch =519 FD
= 1269 & &= it} I o5 generators YHE off ot
o}, AA Zol(contour)= 4/3WjK Z7}ste], Aato|=
1 Zo|7p B3he] dojd 4= 9leS Hof &t L
£5ol9 Hole g Eol IS & 4= 9lrth &, Koch

Initiator

Fig. 2. Koch snowflake,”

J. of Korea TAPPI Vol.47 No.4 Aug. 2015 179



2 - MK Mol e gt TS5t HE H 1 S8

w50l A E Holo 7P 11 ZolE el U = =t} olet IHE Al WSS 7HE, Fig, 4oflA] Ho
A 7)51dS HojEt} Koch wFoloA® ZaE 7| F= Al 22 Menger AZA|gts Zdg 7|52 A
steka] 5491 A (similarity) 2 A15-2 (hierarchi— < & e, L FDE 27382, ol fE2E A9
cal) 725 & HojFil Q. 205 0])€} 3(5-1]) Aol HXH’:% o = et
A G7HA] HojE ZAde 7|5k F-A (similarity)S
2.3 Sierpinski2| 7}l Zr3 Qlom AL initiatorol|A] generatorg Y= 1}
Fig., 32 Sierpinksi’s 7}3lgtal Eel malet 7]s)s} e Eges O a7)e HAE R Foxe 74]”4
seto]th, HAMZES initiator® AFESHY], ZF WS TEE 7 & 5 ok o] fAMIE AlSH
A3t 35-H3ato], 979 2 HAZES v & 7} Zag 7|ekeke] Mg Ak S0 R, thEollA ZW]
24 A& A7 3 generator(C)E WELE, oh 8] =3}7] 2 3Tt
2 o] generator (C1)2 A}&3}o], 872 Yo zre 3 Mandelbrot7} e 7|58k 7igg 473t o] %
A& 47 95wsto], 7kt HEss AlASH ojof] Tt WS A7F AP E o] Lo Qlok, e A4
< generator(C2)E THETE olet 22 IS A4 1t = Atk Hl Sl =, XF7HA] At W o] 9fof
E3 7P, Sierpinski®] 7iulo)gt 8= 71ul moF Richardson plot %, fast Fourier transform/power
o] ZAg 7|8l7} dof Zt}, SierpinskiQ) 7}ﬁ“°ﬂ/\1E spectrum density W%, Variogram W¥, AFE AlE
Zae 7|steta] EARI fAMIT AT 2 E 7HA] 2L dlo| A, wavelet B4 WY 52 & 4= gk o
gl o, maler 2F(FD)2> 1.899S Ko -1:‘:}. St ¥ 5, Richardson WS 71 7hdsle], ®ala
O 8 AMEEIL glom ZaE 7]5leke] 7| Y& o]
N=8 L=1/3 O otz ) mgol Hoi, oizlo] 74t gt
FD =1log 8 /log 3 =1.89 (6]
2.5 Richardson plot (box counting method)
2.4 Menger AZEX| 19614 Oﬂ Richardson “@= sfH 9] dol= dulel
Fig. 4= Menger 2~¥ZX|(sponge)etil Ei]= T 717 e BAIE ALoR Rt 19 AR
715}t setE HolEth SHAE initiator® 3Fo], 7+ —/]Ol"?"i, 1 3fge AREshE &7 A(ruler)9] &4 ©H Y
He 358K Balslo] & 27719 2o SHAE e (measuring unit), & A= (resolution)ol] &3 Tk

. Zoo] AR sH= 8719 SHAE AAS 20709 2+ I skt &, ARSShE EAALY] eo] AlRs =d

SRR FAE A generator(G)E WETEH o] GI 5, ¥ doli= oA, waol A9 027 7t
|2 g oz 27709 o AL LA vE 9,

, 5% 87lE AASH, tha generator, G2& T tt

fo o v Io -1d'
N
%

Generator Initiator
C(0)

@)

Fig. 3. Sierpinski’s carpet.? Fig. 4. Menger sponge.”

15 =o - 50|7|& 47(4) 2015



Log Length

Log Resolution

Fig. 5. Richardson plot,
oleh, Koch®] olol 4] 2ol & AAH, 7 3
ol F85] Loluht, 9] Woli HolubA] gkt 9
©9 =u3l 9 g7} 9}

Richardson-& WHeF s 2 Aot A+ s
Lof dolg 77 2AgkS H8to] Fig, 5ol ==
Ik & 7ESdde =Y 2ags, AESle
Zol(length)®] Zagks Yeblct, Ao zdshd
o2 e

0|5 &

L=CxM (7]

A7|A, C =4, a=7]&7], L=544 Zo], M =
s = oltt,

Fig. 5ollA =2 319 aides S0 ARgdk= A9

712 G917 o 22 A& UEhdtt, ol Mandelbrot
+ Richardson A& thA| A-8te], Gl 2
g 7)51eHe EAS 7N I3 Algtsiach” e,
Feliehe] el AplS ot A& o] gste] 1 =
ATk 3FSIT

Fractal dimension (FD) =1+ |a | [8]

A7]A, a = 7]&7]0|t},

$] A& o0]&3}lo], Mandelbrot= =+ djj¥o] =
o A 1,269 Atsidedl, SrlEAE o] g

Koch 5:0]_4 D 71-4_ olx]al—r:].

3
)
T

5103, Richardson
I 23} (surface

profile)o|t} ¥ AzZL%(surface roughness) s =
Aol bl de] AREE AL 9ok & &9, Richardson
plot A3ZEoj= box counting WHo|gtalE Sfo],
)7, 34 BA7|0 surface profilometere] A2HE]
o] ARg-FTt,

ey, o714 Y3 54 dol= ad=e &
SEBER EA A3E A5 wdstA| °L7] HOHH“ =

J3t 2 (specification)S Eg3]

s Ao

=2 T

o, 2 BAelE 24 wan 220 o) Al
o 4 glomz, 24 g ofn] gl vlwsteld,
e 2404 24| aH
3. XtHa} et 71515t

SlollA] Qe A 7|sket Ahe AL A St
of, Ahode] EAISHE BAE Lale Jstebe 4L 2
I gtk R WSk S8, U, A, A
d3 5 A B3 e BAIE ulne 2 sk
2 E42 bg e waskn

rt)lI

o
+

u*]’ab— itk E?ﬂ 01316} EAEY W=

(frequency)®= ZA4o|A HHZA o7 A8 FALY)
U 54 AL 944 ojA]= Bt £ (Gaussian
distribution T+ random distribution)= Ao A=

Qofux ghchs A& o 4= 9lek

e, o) Aelolut Akgre A slsteta SAS
27k o] Aol ek e W) 2 Al WA, A
BolLh Al 2 ABAY AL o]F FHY ofuiX
7h W ashths olgomiE AR 4 qlrka oiAH

o}, o714 Fasdt oyrE 5 oy A (driving en—
ergy)2 Aol 4= 9=t ol H(positive) oflux]2t
S (negative) A 2] xfo]& Lol 0|5 gradientzt

J. of Korea TAPPI Vol.47 No.4 Aug. 2015 181



S VRS

Srejofiafel meuet y|5t 22 2 1 28

Table 1, Examples of log—normal distributions

Area Phenomena
Health Survival tim.e after cancer di.agnosis
Age of marriage for women in Denmark
Biology Abundance of species in a plant or large communities
Literature Numbers of words per sentence for writers
Size of crystals in ice cream
Food Size of oil drops in mayonnaise
Size of holes in cocoa press cake
Industry Size of manufacturing firms in USA
Pore size distribution within wood pulp
Pulp & paper industry Contact angle distributions along the single wood fiber
Pore size distribution in paper
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Table 2, Potential some applications of fractal : Dimension 1
geometry principles for pulp and pa—
per industry
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