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Fractal cosmology

Jonathan J. Dickau
Alternative Cosmology Group, 8 Lynn Road, Poughkeepsie, NY, United States

a r t i c l e i n f o a b s t r a c t

The use of fractals and fractal-like forms to describe or model the universe has had a long
and varied history, which begins long before the word fractal was actually coined. Since the
introduction of mathematical rigor to the subject of fractals, by Mandelbrot and others,
there have been numerous cosmological theories and analyses of astronomical observa-
tions which suggest that the universe exhibits fractality or is by nature fractal. In recent
years, the term fractal cosmology has come into usage, as a description for those theories
and methods of analysis whereby a fractal nature of the cosmos is shown.

� 2008 Elsevier Ltd. All rights reserved.

1. Overview

Fractal cosmology is a term in physical cosmology which relates to the usage or appearance of fractals in the study of the
Universe or Cosmos. When cosmologists study the universe, they employ both observational and theoretical tools, and
examine (or consider) the entire range of scale from the infinitesimal realm at the Planck Scale to the ultimate size of the
universe, even beyond the range of what is observable. In a wide variety of places, in fact almost anywhere they look in
the universe; people studying the heavens are finding fractals or fractal-like structures.

It is notable that fractals or fractality are encountered in both observational and theoretical cosmology, make an appear-
ance at both extremes of the range of scale, and have been observed at various ranges in the middle. Similarly; the use of
fractals to answer questions in cosmology has been employed by a growing number of serious scholars close to the main-
stream, but the metaphor has also been adopted by others outside the mainstream of science, so some varieties of fractal
cosmology are solidly in the realm of scientific theories and observations, and others are considered Fringe science, or per-
haps metaphysical cosmology. Thus, these various formulations enjoy a range of acceptance and/or perceived legitimacy that
includes both extremes as well as the middle.

2. The utility of fractals

Since Benoit Mandelbrot coined the term Fractal in 1975, to describe figures that are rough and varied rather than smooth
or regular, the utility of the central concepts of Fractal geometry have been an invitation to cosmologists. In ‘‘Fractals: Form,
Chance, and Dimension” (1977) he suggested that galaxies are fractally distributed, and gave a mathematical expression for
such distributions. Mandelbrot’s landmark book ‘‘The Fractal Geometry of Nature” [1] followed up with a wealth of both new
ideas, and tools whereby they might be put to use. Seeing that these tools allow one to mimic the appearance and properties
of real-world forms like mountains, trees, and clouds much more easily than with conventional geometry, a number of sci-
entists have sought to apply this new approach to solve problems in cosmology, and found many applications.

One of Mandelbrot’s key insights, in the area of measurement, is quite relevant to cosmology and came about when he
revisited the question first considered by Lewis Fry Richardson – ‘‘How long is the coast of Britain?” Richardson found that
this number increased, as he used finer and more detailed maps. Noting that this relation also depended on the roughness of
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the terrain, he plotted this for various locations to yield a fractional exponent. Mandelbrot thought this result was especially
significant, and suggested that it means the coastline actually has a fractional dimension (or fractal dimension) which varies
with the character of the terrain under study, giving us a measure of its roughness. By regarding this idea of fractional dimen-
sion as a measuring tool for physical reality, as well as an attribute of certain mathematical objects and spaces, he began a
revolution.

3. Fractals in observational cosmology

In the observational realm, the fractal distribution of galaxies was first demonstrated to fit the astronomical data accu-
rately by Luciano Pietronero and his team in 1987[2], and a more detailed view of fractality in the universe’s large-scale
structure emerged over the following decade, as the number of cataloged galaxies grew larger. The universe shows a definite
fractal aspect (according to Pietronero and his colleagues), over a fairly wide range of scale, with a fractal dimension of about
2 [3]. The ultimate significance of this result is not immediately apparent, but it seems to indicate that both randomness and
hierarchal structuring are at work, on the scale of galaxy clusters and larger.

A debate still ensues, over whether the universe will become homogeneous and isotropic (or is smoothly distributed) at a
large enough scale, as would be expected in a standard Big Bang or FLRW cosmology, and in most interpretations of the
Lambda-CDM (expanding Cold Dark Matter) model. Scientists favoring the mainstream view have observed that the Sloan
Digital Sky Survey suggests that things do indeed seem to smooth out above 100 Mps. Recent analysis of WMAP, SDSS,
and NVSS data by a team from the University of Minnesota [4] shows evidence of a void around 140 Mps across, however,
coinciding with the CMB cold spot, which again calls the assumption of a smooth universe into question.

4. Fractals in theoretical cosmology

In the realm of theory (apart from Mandelbrot’s ideas), the first appearance of fractals in cosmology was likely with An-
drei Linde’s ‘‘Eternally Existing Self-Reproducing Chaotic Inflationary Universe” [5] theory (see Chaotic inflation theory), in
1986. In this theory, the evolution of a scalar field creates peaks that become nucleation points which cause inflating patches
of space to develop into ‘‘bubble universes”, making the universe fractal on the very largest scales. Alan Guth’s 2007 paper on
‘‘Eternal inflation and its implications” [6] shows that this variety of Inflationary universe theory is still being seriously con-
sidered today. And inflation, in some form or other, is widely considered to be our best available cosmological model.

Since 1986, however, quite a large number of different cosmological theories exhibiting fractal properties have been pro-
posed. And while Linde’s theory shows fractality at scales likely larger than the observable universe, theories like Causal
dynamical triangulation [7] and Quantum Einstein gravity [8] are fractal at the opposite extreme, in the realm of the ul-
tra-small near the Planck scale. These recent theories of Quantum gravity describe a fractal structure for spacetime itself,
and suggest that the dimensionality of space evolves with time, or depends upon the resolution with which we observe it
Specifically, they suggest that reality is 2D at the Planck scale, and that spacetime gradually becomes 4D at larger scales.
French astronomer Laurent Nottale first suggested the fractal nature of spacetime in a paper on Scale Relativity published
in 1992 [9], and published a book on the subject of Fractal Space–Time in 1993 [10].

In recent years, one individual who has been especially influential in this area is M.S. El Naschie. He is Editor in Chief of an
academic Journal called ‘‘Chaos, Solitons, and Fractals”, which has included papers by numerous authors including Nottale, of
theoretical work where fractals are employed to explain or derive the laws of physics, and many of these papers relate di-
rectly to cosmology. El Naschie has sought to foster conversation between scientists from various disciplines, for the purpose
of increasing the scope or palette of choices under consideration. He has also published numerous papers on related topics
himself, as his E-Infinity [11] theory predicts a Cantorian fractal space-time, and derives the masses of the known subatomic
particles thereby. The book ‘‘Space Time Physics and Fractality”, [12] published in 2005, is a ‘‘tour de force” of papers on the
subject by a number of scientists and mathematicians, and is dedicated to El Naschie in honor of his 60th birthday.

5. Cosmic fractals book documents evolution of field

The book Discovery of Cosmic Fractals [13] by Yurij Baryshev and Pekka Teerikorpi recapitulates the entire history of cos-
mology, thoroughly reviewing the core concepts of ancient, historical, and modern astrophysical cosmology, and it also doc-
uments the evolution of fractal-like and hierarchal views of the universe from ancient times to the present. The authors make
it apparent that some of the pertinent ideas of these two streams of thought evolved together. They clearly show that the
view of the universe as a fractal has quite a long and varied history, though people have not always had the vocabulary nec-
essary to express things in precisely that way.

Beginning with the Sumerian and Babylonian mythologies, they trace the evolution of cosmology through the ideas of
ancient greeks like Aristotle, Anaximander, and Anaxagoras, and forward through the scientific revolution and beyond. They
acknowledge the contributions of people like Emanuel Swedenborg, Edmund Fournier d’Albe, Carl Charlier, and Knut Lund-
mark to the evolution of the subject of cosmology and a fractal-like interpretation, or explanation thereof. In addition, they
document the work of de Vaucoleurs, Mandelbrot, Pietronero, Nottale, and others in modern times, who have theorized, dis-
covered, or demonstrated that the universe has an observable fractal aspect.
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6. Science periodicals have featured this subject

On the 10th of March, 2007, the weekly science magazine New Scientist featured an article entitled ‘‘Is the Universe a
Fractal?” [14] on its cover. The article by Amanda Gefter focused on the contrasting views of Pietronero and his colleagues,
who favor the view that the universe appears to be fractal (rough and lumpy) with those of David Hogg of NYU and others
who believe strongly that the universe will prove to be relatively homogeneous and isotropic (smooth) at a still larger scale,
or once we have a large and inclusive enough sample (as is predicted by Lambda-CDM). Gefter gave experts in both camps an
opportunity to explain their work and their views on the subject, for her readers.

This was a follow-up of an earlier article in that same publication on August 21 of 1999, by Marcus Chown, entitled ‘‘Frac-
tured Universe” [15]. Both issues prominently displayed the words ”Fractal universe” on their cover. However, the seeds of
the fractal universe concept were planted in the minds of science readers long before that. Back in November of 1994, Sci-
entific American featured an article on its cover written by physicist Andrei Linde, entitled ‘‘The self-reproducing inflationary
universe” [16] whose heading stated that ‘‘Recent versions of the inflationary scenario describe the universe as a self-gen-
erating fractal that sprouts other inflationary universes”, and which described Linde’s theory of chaotic eternal inflation in
some detail. In July of 2008, Scientific American featured an article on Causal Dynamical Triangulation [17], written by the
three scientists who propounded that theory, which again suggests that the universe may be fractal. The subject of fractals in
cosmology remains a popular topic for both scientists and science writers, from their discovery to the present.
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