Natural Fractals

(All underlines are links.)
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When something is fractal..

.little parts resemble
big parts, called
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e Fractals possess scale-invariance:

scale-invariance implies a frame of reference is needed
to determine size.

e Fractals reveal symmetry under magnification:

zooming in on a fractal object leaves the shape
approximately unaltered.

e Fractals have strong intersections with Chaos:

some processes are fractal and not chaotic other
processes are chaotic and not fractal, and some are
both.

e Fractals have non-integer dimension:

see an example related to galaxies.

e It can be difficult to make distinctions between
things that are fractals and:

“things that look like fractals but aren’t.”
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Topics and other Pertinent Information:

All underlines in the presentation are links. On slides 5-11,
beneath the title of each topic is a link to its respective slides,
making it easy to jump between topics as an alternative to
viewing the presentation in order. A word of caution: information
IS cumulative, with multiple references to previous slides.

Slide notes pertaining to content on specific slides can be
accessed by clicking on the Sierpinski triangle located in the

bottom-right corner of every slide. Or, print them out ahead of
time (about 30 pages).

In this Adobe Acrobat version of the presentation, only links
are preserved. The PowerPoint version has the option of drawing
on the slides and highlighting similarity in the images yourself. The
Keynote version, available on Paul Bourke’s website for Mac OS
users, may have this option as well.
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the Canyon
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striking examples
of similarity can
be seen even in
hazy images of

Grand Canyon
once you know
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Trail Overlook at dusk
November 30, 2002
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look for shapes
within shapes
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...In the Canyon

specifically

...INn Nature

generally
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| This pattern will be the focus for
- the duration of the Canyon section.
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A pattern of W
mutually orthogonal joints 'E
runs throughout Grand Cany
shown to me by Paul Knauth -
Professor of Geology at za#\a
State University. “
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...In big views of the Canyon,
seek out repeating shapes...
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Notice similarity by looking at huge
sections of the Canyon.
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or zoom In to smaller and smaller
sections of Canyon.
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The beautiful East Rim
IN late afternoon...
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Aside: The Sierpinski tetrahedron is seen in several images in this
presentation (not to imply that there are triangles and tetrahedrons in
nature, the connection is repeating patterns on different scales). Itis a
geometric fractal that grows in powers of 4. Patterns that repeat on different
scales are often easier to see in geometric fractals than in natural fractals,
because the repetition is exact. The repetition in natural fractals tends to be
more subtle. There are a lot of things happening in natural systems at the
same time, of which approximate, fractal-like repetition is only a part.
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Clouds are scale invariant. Without a
frame of reference, i1t Is hard to tell what
size they are.

- St

Powell Memorial at dawn
December 1, 2002.
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Take a moment to enjoy the elegance
of these snowy branches.
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Bare tree limbs are one of the easiest
things to observe similarity In.

Hermit's Route 2 .
October 25, 2003. - =
The haze is smoke
from a nearbyv fire.
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Also notice the curliness of limbs
throughout this tree.
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BRANCHES

November 29, 2002

Bright Angel
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Trail Overlook
November-29. 2002
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(since leaves are terminal
organs, they do not
reproduce little copies of
themselves as do stems,
roots, and many other
reproductive structures)
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' - This image has no frame of
g reference to indicate how

i much lightning is shown
~~""here or how much of the

\\ - sky we are seeing: an
AN example of scale invariance.
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If we zoomed in on a

_ small section, we would
5. see-more lightning: when
magnified, the shape is

relatively unchanged.
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HawkWatch International Grand Canyon Research Sites

To Jacob Lake
GRAND
CANTY O
MATIONAL o~
Havasupa i ?L
PARK ! i
Maotth I |
: Bim k .
> !
Irichat COJE |

Feservation J\ D«"E;b :

Directions:

To teach the count site s take Fast Rir Divwe (Heuwny, 04) from either
Desert Viewr (zast ertrarwce of the Park) or frow the Grand Cargron
wllage to the Lipat Poittt parbene Lot YWialk apprordrmately 530 feet soth

to fhe carron ritn
To access Vald Pointyou have to take a shstle bus frorn the Wisitor's Cester

#1 rand Catipon wllage .

HawsdcWatch Iternational 1800 5. Wik st Teraple #2325

Look for HawhWiatch edue ators and obset<ers near the o aryon ritn atedther site. SLC, Ttah 84115 8014546808 wwrarar avlcorateh cer
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How long is the Coast of Britain?

- 500 km compass setting 2600 km coastline length
- 100 km compass setting 3800 km coastline length

PRt

54 km compass setting 5770 km coastline length

- 17 Km compass setting 8640 km coastline length
(1 km = 0.621371192 miles)

, Jurgens, H., Saupe, D.; Chaos and Fractals: New '
Frontiers of Science, Springer Verlag, Inc., New York, 1992, 192-198

Smoky Grand Canyon at
Hopi Point at Sunset on _
Octoberi25, 2003. o XaT,
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define a longer coastline.
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Snow—An Explanation of the Shape

Yale Fractals Page

SNOWilaike Irnaces iforn
Wilson Bentley’s oook

“Snow Crysials”
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Fractal geometry has a heightened presence in
Grand Canyon, and it is also present in our everyday
lives, wherever we call home.



http://www.public.asu.edu/~starlite/SlideNotes.html#124-126
http://www.public.asu.edu/~starlite/SlideNotes.html

Learning about fractals hasn’t changed trees and
clouds, but we can look at them with a greater
understanding than before, and there have been
resulting leaps in scientific discovery.
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