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This has been an especially fruitful year for several long-rangf?
projects. All of them of central importance in fractal geometry. and this
grant from ONR has supported them for several years. My work has

, ',been rewarded by the 1993 Wolf Prize for Physics and thr, 1994 Honda
Foundation Prize.

STUDY OF DLA: Additional tests have confirmed that mn two
dimensions the clusters of DLA (the diffusion limited aggregates) are
not self similar. A substitute improved desr.ription of DLA was
provided.

• If DLA were self-similar, the properly renormalized moments
would be independent of the cluster size N. Therefore. the observed
values have been expected to convey to a limit. To the contrary, as
we reported at a meeting held in Budapest in 1993, these relative
moments have not stabilized by N.- 1 to 10 million atoms. Given the
controversial nature of this finding, we tested it again and again, then
replotted in ways meant to find flaws in the conclusion. Not only does

___ = the conclusion hold, but it is reinforced.

, __ *• If DLA were self-similar, the fjords would widen proportionately
V) •- to the cluster radius N, and the largest fjords' widths (as seen from the

__ origin and measured of degrees) would be independent of N. To the
-• contrary, we have found that those widths in degrees clearly continue

to decrease as N grows and are far from having stabilized by N - 1 toQ3) __ 10 million atoms.

* I had argued at a meeting held in Harrmburg in 1992 that the fractal
dimension near a point P of the cluster should be smaller if measured
in a direction perpendicular to the radius of OP. This prediction has
been strongly verified. We show that it is not a symptom of self-affinity,
but of varying lacunarity.-

* We defined "Parallel DLA" as the cluster obtained when an
existing cluster is hit simultaneously by M = 32 atoms instead of
M = 1. The result is not DLA but the kind of cluster expected in an
environment of positive density. This process was investigated in
detail.

9 All earlier computer studies of thi harmonic measure, especially
around OLA. were massed hv large numeriral hiases. A new method
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for very accurate evaluation of the harmonic nieastirri wils developed
and is heing used to either confirm or invalidtint the RtorY anIomalies4
rep;orted by Mandelbrot anti Everts? in 1991.

*A dem~anding arid careful comparisoni of the cylindricm~ anti
crcu(tlar vfrsions of DLA in tiiarly completed

* It was shown that notwithstianding all tile observert departitres
fromt self-similarity. DLA clusters are Woally isotropic. 1 0 show no
Trare of a direction of growlh.

STUDY OF LACUNARITY: Lactinafitv in a Iong-llel(1 interest of the P I
He' hais shown that like 'bigness." it is riot a property quantifiable by
oinc niiniber hot ai ajrolp of related 611t rtitnori t propertion that rooluire

T he P I developed a now con ipt ni facunarity as ineastired by
ths,' antipodal corre'lation' hetween the masses located mn opposite
spatial cone,! witii a point in a fractal as thetir commfionl apex. When
thosil -antipodjal conas" a..p !tfaftesirllv independent. a point shields
Two opposite' diooctfloos frorn oath riltihe and lacunarity is naid to bes
noutral Pcisilsvo c orfieation 'nea-tores betowneutrat lar linarity Andr
riotqative crrelPationl tml0RwiiP ahovs- netiral tacutinarett

Workting *ith D Slauttfer. the P I has shown that critical
p'orrolatiofl cluoters rin the, piano iale of neutral tacuinArity

An older notion of lacunaruty is one based on the t neighborhoods
it was evaluated for a now largo and the important class of fractals.

FRACTAL SUMS OF PULSES (FSP): The FSP form a new class of
random functions of surprising by varied forms and great promise in
modeling, They are defined as grsneralsiAtbions of t..vy flights

A Levy flight is the sum of an infinity of step-f'uncitons of widely
varying sizes. We have generalized the Levy construction by replacing
the lumps by 5uitablp affine reductions or, dilations of kernel functions
more general than a step The. result can be described as being an
affine convolution A kerne-l that is constant except on a lbounded)
interval, will b" called pulse. and restilng sums will be called fraclal
sums of pulses (FSP), This paper describe-s the theory of someo
ielf-affine FSP and nomp roncrrctei appl~cations

A pulse's height and location still follow the itame distributtion as
in a Levy flight: the, probability of the point [1. 11 being found in an
eilementary rectangle of tho (). tJ address plane is v *- 'dAdt. Amalir
immediate difference is that in a FSP 4 is not always constrained to
satisfy 0 <~ h < 2. in a "mi-random self-affine FSP. the Pulse's width

( the length of the smallest interval in which the pUWs valftes 19
* .,l where or > 0 is a Scale constant. Impyinq that

PrfW -, *)or* w is statlistcally independent of A wi the" missute
jV *dw where 0 < ¶ , The put"lsforms we have studd so far

*vempfify a variet of dstW#Wc behavlors dlmconttftms vwnsu
cortinuous. ianceling ivanishlinq moifts of the Wntevt Ifto whiCtthe

vafy. vesusnon.~aneitn Evmpte Inludec$Idersiit



discontinuous rise followed after the time w by one discontinuous
fall), cones (uniform ratl risrp followed by uniform rate fall), and
multiple steps.

Being self-affine. all FSP are not changed by the rescaling that is
ordinarily used to describe attraction of a process to a limit such as
Brownian motior (In physicists' language, each FSP defines its own
"class of universality" with respect to a suitable affinity.) But under an

alternative form of rescaling. each semi-random FSP falls in a stand3rd
domain of attraction The attractor may be a L6vy flight, which is not
a great surprise, because one starts with the L•vy measure. But it may
tb a fractional P-•wnian motion, which is a surprise and establishes
d(-ep new links between two independently arisen theories that are
known to have striking formal parallelisms

We have also invrstigatlrI divors, rclasses of processes rplhied to the
FSP

A) Semi rai'dor- 'SP with w r- fri where 0 , ,: they are not
spil-affine.

B) Fully random FSP in which A and W are naturally independent:
they are self-affinv 'wth H-t -f ) I,.

C) Fractal sums of mncropulses (FSM); they generate fractional
Brownian motions.
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