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electronic structure of magnetic and disordered systems.
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BRAZHAEER: SRPULALER), XKBEKFE £(p)
KE P RAEHIERRE £(p)BIEM—HK R

ERPSEX T BNEN
(1). P<Pc¢, S(P)HIR, %{Ki?fﬁmﬁu i

(2).P=Pc-0, ¥IEE LR AREA NI, JiA B HEL0E
(3).P>Pc, ERABIMARNETLR RER, £HE 5K E M
SR, AEEFEMERE

AR GO R, BIANEXN S EEBRERBRREZE /D,
ZEWE L EZTERMARR .

7% (Fractal) : F#7E HARRUER JLATRT R

19674E, Mandelbrot <{Science>> “EEKIEELZEZK”
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Many man-made objeét
up of Euclidean shapes
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But what about these familiar things from the natural world?

Can they be easily described with Euclidean shapes?

[ don’t
think so...
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4 N

“Why 1s geometry often described as ‘cold’
or ‘dry’? One reason lies in its inability to
describe the shape of a cloud, a mountain, a
coastline, or a tree. Clouds are not spheres,
mountains are not cones, coastlines are not
circles, and bark 1s not smooth, nor does
lightning travel in a straight line.”

4

Benoit Mandelbrot, the father of fractal geometry,
from his book The Fractal Geometry of Nature,
1982.
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The Koch Snowflake

Length =1

First iteration .\ s Length = 5

After
2 1terations
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After 3 iterations

Length =
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After n iterations

"y

mfm ot ié_}"{f L

Length =
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After Q0 iterations

"y

Y PO Y 4

Length =
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The Koch snowflake is six of these put together to form . . .

. well, a snowflake.
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Notice that the perimeter of the Koch snowflake 1s infinite . . .

... but that the area 1t bounds is finite (indeed, it is
contained in the white square).
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The Koch snowflake has even been used 1n technology:

Fractal Tiling Arrays -- Firm Reports
Breakthrough in Array Antennas

Boston - Mar 13, 2002

Fractal Antenna Systems, Inc. today disclosed that it has
filed for patent protection on a new class of antenna arrays
that use close-packed arrangements of fractal elements to
get superior performance characteristics.
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But self-similarity is not what makes the Koch snowflake
a fractal! (Contrary to a common misconception.)

After all, many common geometric objects exhibit
self-similarity. Consider, for example, the humble
square.
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If you take a small square . . .

o

... and dilate by a factor of 2 . . .

... then you get 4 copies of the original.

A square 1s self-similar, but it most certainly is not a fractal.
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If you take a small square . . .

o

... and dilate by a factor of 3 . . .

... then you get 9 copies of the original.
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Let &k be the scale factor.

Let N be the number of copies of the original that you get.

Note that for the square, we have that:
kK'=N

Or 1n other words, we have:

D=log N =2
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That’s right: 1() g r N tells us the dimension of the shape.

(Note that for this to make sense, the shape has to be
self-similar.)

So for a self-similar shape, we can take 1() g I N

to be the definition of its dimension.

(It turns out that this definition coincides with a much more
general definition of dimension called the fractal dimension.)
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The Sierpinski Carpet

D =log,8~1.89
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r << &(Pc)
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