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"CHAOS AND ORDER" 

"For the harmony of the world is made manifest in Form and Number, 
and the heart and soul and all poetry of Natural Philosophy are embodied 
in the concept of mathematical beauty." 

-D'Arcy Thompson (1917) 

These are some emphatic lines from D'Arcy Thompson's On Growth 
and Form. Since the concept of fractals was born around 1975, mathemat
ics and the sciences have experienced a wave which by its power, creativity, 
and range have become an interdisciplinary event of the highest attention. 
In the first place, fractal geometry is a new language. While the elements 
of traditional geometry, Euclidean geometry, are as primitive as the basic 
forms of the line or the circle, the elements of fractal geometry are essen
tially invisible and infinite in number. Rather than basic forms, the elements 
here are basic algorithms, which obtain visible structure only through a 
computer. Acquainted with the new language, one is able to describe the 
pattern of a cloud as precisely as an architect designs a house in tradition
al geometry. The essence of Mandelbrot's manifesto is that numerous struc
tures and patterns of nature which seem to have an indefinite complexity 
(such as clouds, mountains, coast lines, tectonic faults, systems of blood 
vessels, surfaces of materials, cracks in airplane wings, etc.), possess age
ometric scale invariance which is adequately described and measured in 
the fractal dimension. 

The importance of scale invariance has a stunning parallel in the cur
rent chaos theory. This has confronted scientists with the new paradigm 
that many phenomena of nature are unpredictable despite their underlying 
deterministic laws. In a sense, fractal geometry is the geometry of chaos 
theory. This correspondence is not an accident. It reveals a deep relation, 
which can be nicely documented and demonstrated by the Mandelbrot set. 

This fantastic object was discovered by Benoit Mandelbrot in 1980 and 
is now known as the most complex structure and possibly most beautiful ob
ject mathematics has ever seen. Its bizarre richness of forms and patterns 
and the depth of related mathematical and scientific problems is in amaz
ing contrast to the simplicity of its generating code. The most fascinating 
property was only fully understood recently: the Mandelbrot set can be in
terpreted as a dictionary of infinitely many algorithms, i.e. it is a picture
compressor of unthinkable efficiency. Another interpretation of that prop
erty is that the Mandelbrot set can be seen as a grammar of one of the ma
jor fractal language dialects. 

Fractals and chaos theory have the additional commonality that their 
major discoveries were made with the indispensable aid of computers. This 
is a challenge for traditional mathematicians with a dramatic impact on 
mathematics education, which for many is seen as a most welcome and pow
erful renaissance of mathematics. 

- Heinz-Otto Peitgen, University of Bremen and 
Florida Atlantic University at Boca Raton 
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HEINZ-OTTO PEITGEN, Prof Dr. rer. nat., is the author of numerous 
award-winning books and films which have contributed to making Fractal 
Geometry known all over the world. His scientific expertise is in dynami
cal systems, numerical analysis, computer graphics, scientific visualization, 
image and data analysis, and processing and computer-aided radiology. 
Professor Peitgen has published twenty-one books and more than 110 re
search papers. 

At the University of Bonn he completed his Doctorate in Mathematics 
in 197 3 and his Habilitation in 1977. Subsequently, he taught as an Assistant 
Professor at the University of Bonn and the same year was appointed Chair 
of the Mathematics Department at the University of Bremen. In Bremen he 
was very involved in establishing the Institute for Dynamical Systems. At 
the institute, he founded a Computer Graphics and Scientific Visualization 
Laboratory in 1982. Since 1992, he has been Director of the Center for Com
plex Systems and Visualization (Ce Vis) at the University of Bremen. From 
1985 to 1991, he was Professor of Mathematics at the University of Califor
nia in Santa Cruz. Since 1991 he has been Professor of Mathematics at the 
Florida Atlantic University in Boca Raton. 

In 199 2 he was elected as a member to the European Academy of Sci
ences and Arts. In 1995 he founded the Center for Medical Diagnostic Sys
tems and Visualization (Me Vis) GmbH. He has been a visiting professor at 
universities in Belgium, Brazil, Canada, Mexico, Italy, and the US. A speaker 
at numerous annual plenary meetings of national and international scienti
fic societies, he was a speaker on the occasion of the Presidential Awards 
Ceremonies in Washington in October 1988 and in June 1997. He is the co
editor of eight international scientific journals. On the occasion of several 
annual meetings of the Radiological Society of North America (RSNA), he 
was awarded a Scientific Exhibit Award combined with a Certificate of Merit 
for the achievements of Me Vis GmbH. In 1996 he was awarded the Bundes
verdienstkreuz erster K.lasse (Order of Merit First Class of the Federal Re
public) by the President of Germany, Roman Herzog, for his achievements 
in his research of computer-aided radiology. In 1999 he received the Karl 
Heinz Beckurts-Prize for his lifetime scientific achievements. 

At age fourteen, VOLKER BANFIELD entered the Northwest German 
Music Academy in Detmold, Germany, with a Bavarian State Scholarship. 
In 1960 he was the only German prizewinner in the Berlin "Jeunesses Mu
sicales" competition. With a DAAD (German Academic Exchange Service) 
Scholarship, he went to the US. in 1965, studying first with Adele Marcus 
at the Juilliard School, and later with Leonard Shure at the University of 
Texas at Austin. The teaching of both artists has provided Banfield with a 
strong connection to both the Russian school of virtuosity and the German 
intellectual tradition of the Schnabel school. 

Since Banfield's return to Germany, he has concertized regularly in the 
major music centers, played with important German, French, and English 
orchestras, and toured the former US.SR. with the Saarbrii.cken Radio 
orchestra conducted by Hans Zender. He has toured extensively in the US., 
Iran, England, Denmark, Switzerland, Italy, France, Austria, and throughout 
South America. Many of his solo recitals and concerto appearances have 
been broadcast by European Radio networks (among others, his concerts 



under the auspices of the Berlin Festival, the Bonn Beethoven Festival, the 
Schleswig-Holstein Festival, the Festival of New Music in Donaueschingen, 
the Warsaw "autumn," Wien Modern, and Music Biennale Zagreb). He has 
performed as soloist with the orchestras of the following radio stations: 
WDR Cologne, SFB (RSO) Berlin, SR Saarbriicken, NDR Hamburg and 
Hannover, BR Munich, WF Baden-Baden, SRG Basel, BBC (London Sinfoni
etta), Kopenhagen, Ljubljana, KUT (Texas), Tallinn, RAJ Milano, and KBS 
Seoul (Korea). In addition to recording productions for BBC London and 
Radio France (ORF), he has recorded approximately ninety productions 
for German radio stations. His recording of Frank Martin's second con
certo won a gold medal at the New York TV-Film festival in 1988. 

WERGO has published five recordings with Banfield's interpretation 
of works by Scriabin, Kil/mayer, Villa-Lobos, Miiller-Siemens, Ligeti, and 
Messiaen. CPO has released four of his compact discs, including the world 
premiere of Pfitzner's piano concerto (with the Munich Philharmonic), 
Busoni's piano concerto (Symphony Orchestra of Bavarian Radio Munich), 
and the three sonatas by Robert Schumann and the two piano concertos by 
Hermann Goetz (Radio Philhannonie Hannover). These recordings have 
been highly acclaimed by European and US. record magazines. The Busoni 
record won the Diapason d'Or,Paris, and the "Record of the Month" award 
of Fonoforum, Germany. A compact disc featuring the Fantasie, Op. I 7, 
along with the Fantasy-Pieces, Op.I2, and Op.Ill by Robert Schumann 
has just been released. Already recorded and appearing soon are the piano 
concerto by Ernst Pepping and a symphonic poem for piano and orches
tra, II Guado, by Franz Lehar, as well as a compact disc with Schumann's 
Kreisleriana,Abegg-Variations, Op.I, and the three Romances, Op. 28. 

A versatile percussionist, NATHAN DAVIS expresses his musical vision 
through artistic initiatives and teaching. His theatric percussion trio, 
Rrrr. .. , recently debuted at the Fringe New York City festival. He is the 
percussionist for Non sequitur, a mixed sextet whose varied repertoire 
ranges from Boulez to Zappa. He has appeared as a soloist and chamber 
musician with a number of other new music ensembles,festivals, and con
cert series across the US. He has been featured as a concertina soloist 
with the Yale Philharmonia and with the Aspen Chamber Orchestra. Up
coming engagements will take him to Ann Arbor and to Havana, Cuba, 
where he will be performing in an electro-acoustic festival. 

Mr. Davis earned Bachelor of Music degrees in both composition and 
percussion at The Shepherd School of Music. He was then awarded a Ful
bright Fellowship to study at the Rotterdams Conservatorium in Holland 
with marimba soloist Robert van Sice, receiving an Artist diploma in ma
rimba performance. He recently completed a master's degree in percussion 
at Yale University. Presently living in Vermont, Nathan Davis is adjunct 
professor of percussion at Keene State College, Dartmouth College, and 
Franklin Pierce College, all in New Hampshire. 
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