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New Trends in Science and their |npact on Conservation and
Art —
An Excursion around Restorer's Island

by ECKHARD STROFER- HUA

The current change in western thinking is a result of the evolution of nodern

sci ence. This devel opment changes the way the sciences see thenselves. This
change, which does not cone from outside but inside the sciences, deeply upsets
our nechanistic view of the world and will have a strong influence on our

phi |l osophy and ethics. A new kind of science is creating tools that help to grasp
the conplex structure of the world; this neans the conplex structure, too, of
objects of art and the materials with which the conservator works. The synthetic
aspects - the building of structures in nature and art - and the analytic aspects
- tools to describe the world of restoration - are discussed here. Qur
understanding of the arts will change and broaden, and the barriers between the
worl ds of art, nature and western science nmght be recognized as artificial

EVOLUTI ON OF SCI ENCE - TOWMRDS A COVPLEX WORLD

Moder n physi cs-based science is a child of the Occident. Phil osophers and

hi stori ans struggl e about the question of why this powerful tool to conquer the

world, to inprove living standards and to create a world culture did not devel op
i n anot her advanced civilization of the world.! For several hundred years, this

sci ence has been characterized by:

e a mechanistic view of the world: each cause has a well defined effect, the
world - a big machine, the world - a cl ockwork;

e dissecting conplex systenms into closed ones that are easy to survey and
negl ecting conpl ex interactions, often because of the lack of tools to handle
such interactions (such as conputers), and

e the belief that science primarily is good and that its progress will bring
par adi se on earth.

This view of the world is shaken by the devel opment of science itself.

I rreversible thernodynami cs?

Ther nodynamics is the classical science of the steam engi ne and handl es the

probl ems of energy, the work that may be gai ned from energy and order and

di sorder. A systemthat wants to build up or to maintain a high standard of order
has to export disorder (entropy). A flux of energy flows through the system CQur
world is such an open system the flux of energy is sunlight or the energy stored
inoil, gas and coal. Evolution drives life to higher and higher orders; with the
increase in conplexity of that order, the export of disorder increases. An exanple
fromeveryday life: building a highly ordered house fromthe di sorder of identica
bricks takes a | ot of energy and creates a | ot of perspiration, waste, dust and
garbage. The sane is true for the creation of an artistic masterpiece fromsinple
pi eces of matters and different colours. The arrow of tinme is a result of the
irreversible character of processes in real systens; it never flows back. Hi story
cannot be reversed: if you denolish your house to get back the bricks, you do not
get back the energy you invested in building it. If you dissect a piece of art,
you do not get back the energetic pulse of the naster's creativity.

The term"reversibility" as used by the conservator® is not as rigid as the
scientific termof reversibility. In science all processes in the real world,
bei ng an open systemare irreversible: reversibility is a technical termto
describe the optinmal condition of extraction of work froma special environnent.
In restoration you have to invest work to fight the natural irreversible
destruction of a piece of art.
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Synergetics*®

Synergetics is the teaching of interactions: how are ordered structures forned
fromthe disorder, the chaos? How can the sudden phase transition fromthe chaotic
noverrent of water nolecules to the highly structured order of a crystal of ice be
under st ood? What is the underlying principle of oscillating reactions in chem stry
and of the fluctuation of populations in biology? Wiy do the different quantuns of
light arrange to the powerful coherent beamof a laser? And finally, how do

bi ol ogi cal organisns formfromthe chemcal soup in forner oceans? How do cul tures
or economi cs devel op, why and when do revol utions happen - revolutions in politics
or revolutions in art? Synergetics enables us to present different phenonena that
bel ong to different disciplines by one conprehensive unifying approach. The
under | yi ng mat hemati cal theory describes phase transitions, evolution of new
speci es and revol utions by bifurcations. Small fluctuations may result in a sudden
change towards order or chaos. These snall fluctuations may be not neasurabl e and
may not be foreseen. Only the fram ng conditions under which fluctuations and
changes are possible may be given.

Look at a conflict situation in everyday life: there are two choices; what shoul d
you do? By ratio you find as many argunments for the one decision as for the other
Finally a feeling, an event on the street, a sentence spoken by a stranger drives
you to one decision: bifurcation. So we once decided to open a workshop on paper
restoration after having worked in the fields of art history, painting, graphics,
pol lution control, chem cal engineering, philosophy and reaction kinetics.?®

Evol utionary theory of know edge’

It is not our sensory and perceptual activity that forces nature into a
straitjacket of mathematics. It is nature that, in the process of our evol utionary
devel opnent, has inpressed mathematics into our reason as real, existing
structure. The wing of the bird reflects the | aws of aerodynam cs and the fin of
the fish reflects the nature of water, of hydrodynanics. In the same way our
reactions to environnental stimuli are judgenents in advance that have been tested
and i npl enented by the nechani sns of evol ution under certain special conditions.
The nore these judgenments in advance are used under conditions different fromthe
original ones, the nore they change to prejudices. Qur deterministic thinking, our
action in chains of cause and effect, our preference for the sinplest explanation
may result in prejudices in a conplex world. See a lion - run away, okay; but
build a nucl ear power plant - yes or no? Wat is the very best way to restore a

pi ece of art taking its special history and future into consideration? So our

i nnate teachers may lead to fallacy. But there is hope, too: the ape from which we
are descended had a very accurate idea of the geonmetry of actually existing space
since he or she did not fall out of the tree and break his or her neck. Sinmlarly,
the evolution of our abilities for abstraction and mani pul ati on of |ogical synbols
must be oriented to the actually existing structures in the real world.

Life itself is a process of recogni zing, of gaining know edge. So the appearance
of culture and art is based on the history of nature. Evolution, of course, is
anbi val ent: death cane into the world with the appearance of nulticellul ar beings,
the pain with the evolution of the nerve system and fear, sorrow, ugliness and
evil with consciousness.

STRUCTURES OF NATURE AND MATH ... AND ART

Qur view of the world is changed by the evolution of sciences itself, which is
conprehended in the mat hematics and physics of nonlinear systems.>%° Mat hematica
physics for a long period of tine only handl ed |inear systens. These systemns
reflect the determnistic thinking of one cause - one effect. Nonlinear systemns
were difficult to handl e because of the |ack of cal culators and so nonlinear
effects were often neglected and in consequence not observed. So the effects that
govern the interesting prospects of our world were not observed - their existence
deni ed. But our world is not a cl ockwork.

The sinplest nonlinear equation is x = x> (Fig. 1). The equation neans: take an
initial nunber, square it and renmenber the result. Then take the result and square
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it again. And so forth. If the initial x is smaller than 1, you will always
approach the zero point, the centre of the circle after many | oops. The zero point
is an attractor for all initial values smaller than 1. It is a stable point
synmbolizing order. If the initial value of x is larger than one, the |oop
approaches infinity. If you take the equation x = x2 + ¢, with ¢ being a constant
and if you work with conmpl ex nunbers doing the iteration on a conputer and pl ot
the result, you get - surprise, surprise - the images of Fig. 2.9 |n these

i mges you may recogni ze the playful structures of nature: shells, crystals,

fl ower gardens and dendroids. Pickover® has even created a "bionorph zoo". If you
have a computer, you may create your own complex worlds. °

infinity

/

zZero

radius r=1

Fig. 2a. The Mandel brot fractal. Source: Peitgen® The marked part is zoomed in in
Fig. 2b.
Fig. 2b. The self-simlarity of Mandel brot

The structures in Fig. 2 have one nore inportant property: the crunpled course of
t he boundary is self-simlar and has a conmplex structure at all scales. If you
take a magni fying glass and | ook nore closely at the boundary, you find that it

| ooks exactly as crunpled as without the glass. If you take a m croscope - again
the sane crumpling. This fractal structure is an inportant feature of many conpl ex
natural structures.'> 3 It rem nds one of coastlines, of nountains and cl ouds, of
waves and plants, of nmany natural boundaries that apparently becone | onger the
finer the scale on which we nmeasure them These fractal structures have the

i nportant property that they are characterized by a fractal dinension that is
neither one nor two nor three; it is a broken nunber in between. The fracta

di mensi on of an object is a neasure of its degree of irregularity considered at
all scales, and it can be a fractional anmpbunt greater than the classica
geonetrical dinmension of the object. The fractal dinension is related to how fast
the estimated neasurement of the object increases as the nmeasurenent device
becormes smaller. A higher fractal dinension neans the fractal is nore irregular
and the estinmated nmeasure increases nore rapidly. The British coastline is a
curved line with a fractal dinension of about 1.25.% The perineter of oak |eaves
fromthe sane oak tree appears to have essentially the same fractal structure with
a fractal dinension of about 1.3.'% A gold colloid aggregate containing thousands
of subspheres was found to have a fractal dinmension of 1.75.1 Al these curves
are space-filling curves, and the nore irregular they are the nore space they fil
and their fractal dinension approaches two, which is the classical dinmension of

t he plane. A rugged surface can be given a nunber between two and three, which

i ndi cates how the structure fills the space it occupies. Thus a sponge of the
fractal dinmension 2.4 would occupy space nore efficiently and have nore surface
area than a 2.3 fractal dinmension sponge. A biological protein, the enzyne

| ysozyme, has the fractal surface dinension 2.2 but the inorganic silica gel has
the dimension 2.97.° That correlates with the higher biological selectivity of the
enzyne. The di nmension of fractal objects is not even, which is the dinmension for
an object in classical geonetry. For objects of classical geonetry, the dinension
of the object and its fractal dimension are the same. A fractal is an object that
has a fractal dinmension that is greater than the classical dinmension.

Vice versa: being able to determine the fractal dinension, we have a neasure for

the irregularity and the space-filling character of an object. The irregularity of
proteins influences their biological selectivity, the surface character of a
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catal yst influences its catalytic activity and the reaction rate and the
irregularity of a fibre felt influence its filtration property.

Fig. 3 summarizes the discussion above. It is taken from Pickover.® It shows the
structures of nature, nathenmatics and art. Self-simlar objects are divided
dependi ng on scaling symretry in classical Euclidian objects such as squares and
circles and such fractal objects as crystals, coastlines, |akeshores, powders,
hol es in paper, paintings etc. Objects with an exact scal e invariance conprise,
for example, ice crystals. Statistical scale invariance of fractal behaviour is
found in nature, society and art for objects and phenonena (cancerous grow h,
phase transitions, information transmttance and cultural events). This is

refl ected by nonlinear nmathematics and conputer art: pattern, symetry and beauty:
synt hesi zi ng nature, synt hesi zi ng ornanental textures, genesis equations and
dynan1c systens
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MORE ON FRACTALS | N CONSERVATI ON

The practical consequences of remarks nade in the foregoing chapters can be
illustrated by three exanples.

Fig. 4 shows Restorer's Island.' It is a piece of historical paper that was
degraded over centuries by many different effects. Each effect obeyed sinple

rul es. These effects in their chronol ogical succession and superposition finally
resulted in the characteristic appearance of this old sheet with its specific
history of life. Anbng the effects were mechani cal forces, oxidation by oxygen and
pol lutants, attenpts at restorati on and changes in hunmidity and tenperature.
Nobody can tell us anything about the age of the paper from sinple experinents.

But Restorer's Island can hel p us understand the nature of measuring fracta

di mensi ons. One can attenpt to neasure the length of the rugged |ine by striding
around the island with steps of size s to create a pol ygon whose perineter is an
estimate of the coastline of the island. 3 |n Fig. 4 two different estinmates
based on two side | engths are shown. As the neasuring stick gets smaller, the
coastline estimation seenms to grow |larger. That's because the coastline is very
irregular, full of large and small bays, inlets and rocky shores. A |ong neasuring
stick does not bend with these many twi sts and turns but cuts directly over them
A shorter nmeasuring stick fits inside the bays, thereby increasing the Iength

esti mate.

Length of neasuring stick Estimate of coastline
100 mm 530 mm

20 mMm 770 mm

10 mm 880 mm
2.5 mm 1210 mm
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To obtain the estimates of the perineter of the coastline in a dinmensionless form
the perimeter estimates are normalized by dividing the perimeter of the polygon by
maxi mum proj ected | ength of the island (240 nm. Then the nornalized estinates are
pl otted on a graph having a double logarithmc scale. A straight |ine can be drawn
t hrough the points. By extrapol ation, one would conclude that the coastline of
Restorer's Island was infinite if one used snaller and smaller steps in the
estimation.

D=1.25 "Restorer’s Island"

Square Paper
after
Leafcasting

Fig. 4a. Restorer's Island (by courtesy of Institut fir Buchrestaurierung,
Bayeri sche Staatsbibliothek, Minich, Germany). The perineter measured with
different scales

Fig. 4b. Calculation of fractal dinension of the island. Double logarithmc plot
of measuring scal e agai nst neasured paraneter (perineter) for Restorer's |sland
and for the squared sheet after |eafcasting. o = measuring scale (normalized

| ength of neasuring stick), B = neasured paraneter (normalized perineter of the
island), D = fractal dinension

The plot of the log (estimate of the coastline) against the log (length of
nmeasuring step) gives a dataline with slope m The fractal dinmension of the object
is given as (1 + m) by Kaye. Wth m= 0.25 it is 1.25, denonstrating the space-
filling character of Restorer's Island. 1.25 is the average fractal dinension of
the coast of Great Britain, too.

This denmonstrates that the erosive forces working in nature and in destruction of
art are simlar in principle and obey the sane sinple rules!

Now Restorer's Island is restored by |eafcasting: the bays, rivers, rocky strands
are filled with paper pulp.' After the procedure and cutting the paper sheet to a
symetrical Euclidean form (a square), the character of Restorer's Island has
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conpletely changed. It's no longer a fractal! If you neasure the perineter of the
Eucl i dean square by the sane procedure as described above, you do not get a
straight line with a finite slope m The double |ogarithm c curve converges with
decreasing length of measuring step quite fast to the well-known perineter of a
square, which is four tines the side length. Cbviously the nore aged an object of
art the higher the fractal dinension; the activity of the restorer reduces the
fractal shape to an Euclidean one.

A simlar method can be applied to study the fractal behaviour of fibrous filter
felts. 1 Formation of felts is inportant, for exanple, in the paper industry and
| eaf casting. Felts nmay be handl ed as a carpet, a Sierpinski carpet. Sierpinsk
fractals of felted fibre systens are efficient descriptors of the structure of the
felt. In a nodel of Kaye during the felt-making process, by fibres arriving and
deposi ng, the fractal dinmension steadily increases, for exanple, from1.53 to
1.82. He noticed that, because of the relatively low rate of |iquid drai nage

t hrough the assenbled nass, there is no basic flow towards the large holes in the
felt assenbly process. So a few | arge hol es persist.

VWen the data taken fromthe el ectron mcrograph of the fibrous fibre felt in Fig.
5 are plotted on the | og-log scales, there appear to be two different data |ines
with two different slopes.® This dual slope system corresponds to two different
mechanisns in felt formation. Two different sized fibres have been used to
construct the felt. Fine fibres were added to a coarser support matrix of thicker
fibres. Larger holes seemto persist as the filter felt was created.

Per haps one day the International study on standardizing art papers! will contain
fractal dinmensions, too. In cooperation with the Janes River Corporation (Neenah
W, USA), Kaye determined the Sierpinski fractals of paper.! And how did the
fractal dimension of the paper surface norphol ogy change, ! and what were the
consequences of that?

| f paper has a fractal structure, then the reactions in paper and their actions on
ageing, too, take place in a fractal environment. Diffusion-controlled reactions
show fractal kinetics with a tinme dependence of the constant.?® So reactions in
paper cannot be handl ed |i ke honbgeneous reactions in three-dinensional systens.
Are there consequences for accel erated agei ng??°

Fig. 5a. Afibrous filter felt. Source: Kaye'®

Fig. 5b. Calculation of fractal dinmension of the fibrous felt. o = measuring scale
(normalized size of holes resolved of the Sierpinski, B = nmeasured paraneter
(normalized background area remai ning of the felt), D = fractal dinension
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The industry is very much interested in describing the characteristic features of
fillers and pigments such as carbon bl ack, CaCO; or Ti G,. The fractal dinmension

wi || probably govern the optical behaviour of the pigment fine particle when
enbedded in a matrix. Commercially avail able pignents contain within any one
popul ati on of pigment fine particles a whole range of boundary fractal dinensions.
The typical fractal dinensions of carbon black produced by conbustion processes is
between 1.07 and 1.43.'2 Maybe one day, in discussing fillers for |eafcasting, the
fractals will be of inportance.?

Even single fibres may show fractal behaviour. The fractal dinmension of cellul ose
fibres has been examined by small angle X-ray scattering. 222 There is still

t he experimental problem of measuring the small angle scattering intensity over
several decades. Depending on the measuring and spinning conditions, the fracta
di rensi on ranged from1.16 to 1.76.

The work of Calvini is nost related to conservation science.?" 2 Structures on a
degraded sheet such as illum nations, nould, stains and m gration of a degrading
agent can be described by fractal geometry. Chemical foxing showed a nonfracta
shape. So biol ogical attack and other mechani sms of destruction and discol oration
can be distinguished by anal ysis of dinension

Dynam ¢ systens such as weat her can exhibit behaviour that is stable or chaotic. A
dynam c systemis a collection of parts that interact with each other and change
each over tine. A dynam c system may show chaotic behaviour if small changes in
the initial conditions of the system nake | arge changes in the systemat |ater
times. Calvini suggested deternmining the fractal dinmension of tenperature and

hum dity data to construct dynam c nodels to investigate the weather (indoor
climate) in your nuseumor library. The fractal dinmension can be revealed from

t her nrohygronetri c graphs.

The classical tests reveal fragmental know edge of a piece of paper: its strength,
content of chem cal elenments and conpounds, its radical character and its state of
oxidation.??” |n these tests the conputer is only needed to process and to
mani pul at e huge quantities of analytical data. Oten the use of the conputer
application is Iimted to basic calculations such as in the |eafcasting program
for paper restoration.? O it may be used for sinple synthetic purposes: the art
hi storians may anal yse an artistic style by unveiling the underlying granmar.? By
aid of the computer, they may synthesize new compositions in their style. The

al gorithm c description of painting style reduces the piece of art to its elenents
and the artist's nethod of juxtaposing these el enents.
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The evol ution of science of nonlinear systens and the | atest devel opnents in
conput er hardware and software are closely related. The paper industry
participates in on-line neasurements and quality control by image analysis.?2%3
The conputer in connection with peripheral instrumentation is used for pattern
recognition.®3 |n the shroud of Turin study, the structures on the shroud are
extracted fromthe noi sy background by application of Fourier transformati on and
ot her i nmage-processing techniques.

The term fractal, which expresses a fundamental new view of the world around us,
devel oped in close connection to the nonlinear conputer experinents nentioned
above. Here the work with the computer nmutated fromjust shuffling data and an aid
in calculation to a new quality of understanding nature and the world around us.

The fractal character of surfaces, colloids and pol yners®® cannot be disregarded
by restorers because they handl e art whose surface dominates the artistic val ue:
paper, stone and textiles. They handl e colloids such as paints, enulsions and
suspensi ons and such polymers as cellul ose, starch and pl astics.

ART THAT NEEDS NO RESTORATI ON

Art that needs no restoration may include a piece of art that does not exist any
nore as an original but just as a digitized copy on a hard disk in a conputer. The
picture, as scanned in, still shows all the faults and damage history and tine
have done to the true original. In the process of data mani pul ation, the blurs,

t he shadowi ng, the holes and the dirt are snoothed and filtered out. Al the
"informati on" added to a piece of art by its individual history is w ped out by a
nunerical process in the conputer, and the piece of art is reduced to what we nean
is the essence of information. The image anal ysis experts call this the
restoration of noisy images. In this way we nay extract the basic information from
the shroud of Turin® or we may restore the digitized Restorer's |sland w thout
real -life |eafcasting.

Art that needs no restoration: this sounds |ike a koan, an enigna from Zen
nmeditation that is not solvable by logical thinking. But this kind of art evol ved,
and so the enigma was solved by the evolution of nodern science. 33 This

evol ution was supported by the devel opnents in conputer science and nunerica

cal cul ati on and by the change in the way science sees itself.% The art that can
be created from sinple nmathematical regression formulas reflects the beauty of
natural structures: fractals and an art for the sake of science.® It can be
copied endlessly in tine and space - and so, like nature it only needs care but no
restoration. Wal king around in your fractal world, you will always find places no
human bei ng has ever seen before you. The underlying laws to create this conplex
world are sinple. This art, inits conplexity, is different fromclassica

i ndustrial production, which showers us with copies of artefacts that often claim
to be art, too, but do not reflect the underlying structures of life, evolution
and nature. Fig. 2 was a bl ack-and-white copy of the Mandel brot, the nother of al
computer art | talk about. It is created by Wegner et al. or taken fromthe book
of Peitgen & Richter, The beauty of fractals,® which contains many pictures
created in the conputer graphics |aboratory Dynam c Systenms at the University of
Brenmen. Their exhibition Schdnheit im Chaos/Frontiers of Chaos has been shown at
many places. Qther artists have taken the thenme. There are fractal hol opoetry and
randommess i n design, chaos theory and its inpact on art and order and di sorder in
conmput er art: 3740

"Science and art: two conpl enentary ways of experiencing the natural world - the
one analytic, the other intuitive. W have been accustoned to seeing them as
opposite poles, yet don't they depend on one another? The thinker, trying to
penetrate natural phenonena with his understanding, seeking to reduce al
conplexity to a few fundanental laws - isn't he also the dreaner plunging hinself
into the richness of forns and seeing hinself as part of the eternal play of
natural events?"®



SUMVARI ES

New Trends in Science and their Inmpact on Conservation and Art - An Excursion
around Restorer's Island

The history of nature is a steady process of increasing know edge. Mdern science
has created tools to understand the world in its total conplex structure:
irreversible thermpdynam cs, synergetics and the theory of chaos and of fractals.
So art and nature turn out to be two conplenentary ways to grasp the world. The
tool s nentioned have both a synthetic and an anal ytical character. Sinple exanples
denpnstrate how fractals influence the work of the conservator and restorer and
where the future potential for application is.

De nouvel l es tendances en science et |eur inmpact sur la conservation et |"'art -
Une excursion autour de |'7le du restaurateur

L' histoire de la nature est un procédé sdr pour augnmenter |a connai ssance. La

sci ence noderne a créé des outils pour conprendre | e monde dans sa structure
total e conpl exe, thernmpdynam ques irréversibles, synergies, théorie du chaos et
des fornes & caractére fractal. Ainsi |'"art et la nature se révélent deux nani éres
conpénentaires de conprendre |l e nmonde. Les outils nmentionnés ont un caractere
synthéti que et anal ytique. Des exenples sinples montrent conment des formes a
caractere fractal influencent le travail du conservateur et du restaurateur et ou
se trouvent des applications potentielles futures.

Neue Denkwege der Naturw ssenschaft und i hr Ei nfluss auf Kunst und Konservierung -
Ei ne Reise durch die restauratorische Inselwelt

Die Geschichte der Natur ist ein Prozess der fortlaufenden Gewi nnung von

Er kennt ni ssen. Di e noderne Nat urwi ssenschaft hat mit der irreversiblen

Ther nodynami k, der Lehre vom Zusamrenwi rken (Synergeti k) und der Theorie des Chaos
und der Fraktal en sich Werkzeuge geschaffen, die die Welt in ihrer ganzheitlichen
konpl exen Struktur verstehen helfen. Danit entpuppen sich Kunst und Natur als zwe
konpl ement &re Wege, die Welt zu erfassen. Di e genannten Werkzeuge haben

synt heti schen und anal yti schen Charakter. An einfachen Beispielen w rd aufgezeigt,
wi e das Fraktale in die Arbeit des Konservators und Restaurators hineinw rkt und
wo Potentiale fur zukinftige Entw cklungen |iegen.
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