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19th C:, tury
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* Arbitraryaconcepts not physical
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SIEdS e Tirst part of the century
g the ban on divergent
ground that mathematics
te by some inner
«,"recJIJJrr*rr ent O’ e dictates of nature to
xed class f,@(ﬁect concepts, by the
end of the century they recognized
their freedom to entertain any ideas
that seemed to offer any utility.”
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NATBFURE

“iGalculus seometry

—polar ~_tiling by regular
copi@inates. polygons

Fractals
self-similarity

group theory
and symmetry
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Igebra

-
= _)jr _wvjr“]j J@Jﬂ' | 4 sides = 8 elements
' ~ fl

3 sides = 6 elements
n sides = 2n elements

P horizontally
flip vertically
flip diagonal
rotation
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ADSHACT A lgebra

alise of the similarity of these objects to
e JrJ,Jr) D)5 PFOPETES ofi closure, inverse,
JrJJer LGy JJ’J JSS ciativity hold.
WeNmnayie JJJO examine the object with terms
“such as:
subgroups, center of group, centralizer of group,
cyclic group, generator, permutations, cosets,

iIsomorphism, Lagrange’s theorem, direct products,
normal subgroups, homomorphisms, etc.
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“Weny objects have ro ational symmetry

and neteflective symmetry. If so,

theyaahe ,cgjﬂgr  \ »I|c rotation groups of

 OrQETMng

' Some have only reflective symmetry
and no retational symmetry (except R, )
and I have chosen to call them
reflection group.






H,NCH,CH,CH,CH,NH,

Putrescine
(found in decaying meat)
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“WAnyapolygon: can be mscrlbed
JnJﬂwP
Sum,effandle of adjeining
~thianglespmust be 360
Sum of Interior angles of an n-gon
IS (N-2)PI
Equation for one interior angle is
(n-2)Pii="n Pi - 2Pi = Pi - 2Pi
n n N




Geometry

P1/3500, WA .
PIfZ X 4 =22 K.
“’PJ/J X4 = l? 5 doesn’t = 2Pi
2Pi/3 x 3 = 2Pi
One angle must be > 2Pi/3
- and add up to 2Pi (less than 3
imes)
only 2,1 times left / angle Pi, 2Pi
BUT not an n-gon



L ross -.:.")nn,af sl ¢ Cut from an v-l'v'!l”n’:lulx of a

ve, showing the radn arrangement of the hine structure m

rhabdomeres







Fractals

idiSialie OBjE 55 withi fractional
NSIEN and mest have self-similarity.

Jr -S rrJJLJrJJ 'S when s%all parts of

OpjECctSIWhen magnified resemble the
entire way.

' The boundaries are of infinite length
and are not differentiable anywhere

(never smooth enough to have a
tangent at a point).
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“®ne specific class of fractals
Fine=seale structures of the

tiniest "\ are similar to
that of the largest branches.
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Erdctals
HDETRIIENISHL2 -
= |i =) do)jer gdﬁvs decemposed into

| etS, each of which Is exactly

>
/el t Ing except that all

Obj J\ o) actly self- S|m|Iar and the
similarity. dlﬁensmn d of the object Is
defined by d=log N .

log S
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Figure 5.1. First six steps of the Koch curve.
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