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ABSTRACT:

The papepresers argumets for the existence of a geometric order, harmony in naturéharats

based on the presentationtbéa ma z i n g ,koombas the Golden SectioFhe paper also
presentsimple geometric considerations regandg  sp&csal properties, and those of rectangles,
triangles, spirals built around the Golden SectDue to its propertieshe Golden Sectiohas been
usedfrom the earlyPakolithic man to the artist of today passing through Egyptian times, Antiquity,
Renaissance, modernism and post modernMfithout excluwing other connections between
science and arthe author presents evidenockthe pree nce of A i n some wor
harmonic analysis igresented in this paper

INTRODUCTION

Old Greeks called the geometrical proportion (a/b=afi§logia Vitruvius used the same word to
express harmoniously orderedpeated proportions. These podpi o n s , o r, intidcduced | o g i
Aisymmetryo and anal o gdouash lcomposed plans. Recenediscovenes ia | |
archaeology show that #Ahuman undethas évarnhdughtg o f

(Lower Paekolithic), and by wayof afi mat hemat i c al i deao which r eme
thought to this very daj?]. ASymmetry, after Vitruvius, resi
bet ween various elements of the plan, amd bet

t he human bodyélt pr oc e ewdkscorsonance bptweerpgopartancb n  an
t he whheIsyenénetry is regulated by the modulus, the standard of common measure which
the Greeks cdll.l ed the number o

AEverything is aNrurnebreged waacsc otrhdei npgrthetlPgthagpréaes a n n
and adopted by Plato. Ais fundamental principle is not present only in Art (in 1398 a Gothic
Master Buil der s a IArd sing iStiemtia Nibo) bdt alsdbin Lifé dné Living

Growth.

Theideaof proportionused beginning from Rablithic times passing through Egyptian times and
extensively used bthe Greeks and Gothic architects and present in living famwel| has as a

common characteristic, the use of a rabio proportion called ¥ Luca Paioli, the friend of
Leonardpin The Di vine Propedtidnd.onke pff| &hemdaltwoy al e\
today this concept goes bythe namé@dof he Gol deen Secti on



Geometrical considerations

A ratio is the definite measuring, theagm t i t at i v e twbdwauesg Iha and o areotivo
segments, the ratio a/b is the measure of a if b is taken as unit of kkadihclidsadl A Pr opor t i
i's the eqgual ABBg=a/b=m wheneon isrthee modolesod the ratio.

A proportion isformed when we equal two or more ratlesvingthe same moduldf A,B,C,D are
segments ofa straight line measured by the lengths a,b,c,d if a/b=c/d we have a geometric
proportion. This proportion is discontinuous if a,b,c,d are diferent, or continudwse terms are
equal.The typical continuous proportion is a/b=H#om this ratio, we have®bac Therefore

b=&dac which signifies that b is the geometric
In TimaeusP| at o observed that Ait i s outmfhicdsosewd | e t
must have beteen them a correlatinglinkuch i s the nature of propor

If we take the continuous proportion a/b=b/c and we try to make a simplification considering the
case in which c=a+b, we obtain the proportion a/b=b/(at+p/af=(b/a)+1 If we note b/a=x, we
have an equation’ x + 1 whos e r o=0,618anda(tdes )(/12+&5) / 2

The positive root ighe ratio called Golden SectioorAdi vi si on into mean a
Geometrically if we have a segment divided in two parts, these parts correspond to the Golden
s ect i oenratio etwekn the greater and smaller part of a segment is equal with the ratio
bet ween the whole segment and the greater par

This isillustrated by the figure:1 A C B

It presents ne segment dividetly the Golden SectiorAB/AC=AC/CB=1,618 and is noted with
symbola .

Now, if we take a closer look to the human hand bones we will observe that the same proportion
governs the dimensions of these bones:

Figure 2: Human hand bone& e t 6 s that &1f1P=¢1&+12)/11=1,618%F and tleselengths
of 12,11,109 form a progression as we will see farther down.

This numbei has several rearcable algebraic properties.

Properties ot :



(1+ 3)R=1,618 02= 2 , 64A(F5€3)/2 1/a= 0, 6 1(85EL}2

2=(0+1 03=02+0é .0"=0""+ 0 "% This is also valuableof negative exponents

a

(am]

0=1+10 0*=0%0?! 0%=03+0" sau af=1/a3+1/a0* etcaeterd

We can notice that inside the geometrisalgressiort, G, 02 G3,....,0".... every term equals the
sum ofthe preceding two terms

Important property: The 0O progressionis at the same time additive and geometricalhe
growth of living beings follows the same alghoritm like thigi progression

If we come back to the length of human hand bones, we observe with respect to th2thigtitae
length of the bone noted 10 equals the length of the bbadded to the length of the bone 12. The
same is valuable for the bones 9=10+k1lis important to notice that the growth of bones are
subject to aconstantgrowth therefore they are growing thi a constantin such a way that this
golden section wilbe always respecteftorrespond to the progressionil,,i 2, G 3).

Now, we will show simple geometrical ways to built segments whose lengths are correlated
accordingo the Golden Section.

1. Starting from a segment AB to which we add a smaller segment BC in such a way that
AB/BC=1,618=
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Figure 3A Figure 3B

2. Starting from a segment AC which will be divided in two segments whose lengths forms a
Golden SectionAC/AB=AB/BC= 0=1,618 figure 3B

Seeing these grajgal representatiawe under st and better Vitruvi
resides in the correlation by measurement between various elements of the plan, and between
each of these el ements and the wholeo.Blnde
for the whole segment AC and it is 1.618, the Golden seciiod .this division of a segment is

the most satisfactory for the eyes, givilog an aesthetic impression. This is also valuable for
three horizontal lines separated by intervals obeying thgoptionas seemn the figure4:



| AC_ AB_BC_
| AB fiCréxD"‘;‘;5
AB=B8C +CD

Figure 4

Fechner, in 1876, initiated a sort of Gallup
length and height is 1,618. A large audiemeached the catusion that between manypes of
rectangles the most satisfactory for the eyesthe Golden Rctangle.This rectangle is full of
surprises. If we build a square on the smaller side, we get a new rectangle which is also a golden

rectangle, and the process can be repeated indefinitely as
bellow.
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Figure 5A Dividing the Golden rectangle Fig 5B Pinegression in the Golden rectangle

We can notice that the area of the squares and that of rectangles built in this way form a diminishing
progression of 1%, Reversely, we see that temalles areawe add to a golden rectangle in order

to get a new golden rectangle is a square. Th
which, added to a given surface, produces a similar surface. The golden rectangle is the only
rectangle the mpmon of which is a squar®elated to the Golden rectangle and the gnomonic
growth is also the logahinic spiral having thé&l rectamgle as characteristic rectangle built using

the Hambidgé 8 wi r | i n g 0 figuebB Thisspira and dther baseddn are often seen

in nature in the shape of shellsesthetically speaking, we can quote professor Timmerding who
said thathisideag i v thesreasisuring impression by what remains similar to itself in the diversity



of e v o Thistgnomanid growtlof consecutive segments in progressiorcan be illustrated
alsoby a simple geometric construction using the compassfagine 6 bellow
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NoteAB=BC+ CD, B CsABBEIBE/ED=CD/DE

In this progression we notice that every term is the sum of the preceding two and that is valuable
because the segments are correlated by a Golden sectiofseelsimilarities with the humahand
already mentioned before)gain the quotation from professor Timmerding is reassuring :

fiThe Gotlen section imposes itself whenever we want by a sigwivision to make two equal
consecutive parts or segments fit into a geometric progressionjrgsogthus the threefold effect
of equipartition, succession, continuqus opor ti on. 0O

Once we have the notion of Golden sAsoéhaen | e
already mentionedn the introduction the extensive and systematic arcHagizal studies of
Gowllett showed that the amazings was present from the earlytmé o t he homi ni ds.
handaxes in the same proportions proportion) at different sizes provides the earliest practical
demonstration of principles treated hundred
Geome r y O ( Gowl[®)t This ifled 9s3re-enfarced by the numerous artifacts, the
Bilzingsleben Microliths manufactured 350.000 years before.

Figure 7:0 in the AcheulliarKilombe handaxes respecting the Golden Section

It is clear thait was not the rastery ofmathematics was the reason of building such precise tools as
these han@xesat that time but something else, precisetile capacity of early hominids to make



analogies.Scientists agree that the transformation of primamés humas evolved fom the
moment when these primates begun to use their hands to manufacture tools. Using the hand for
hundred thousand years implieds@lcarefully observing the hand aitsl inner proportiors. No

wonder, the first tools respected these proportions.

Now, moving to Egyptian times we notice alreaciyntinuity in masteringi and the geometry of
proportions bsed onthe Golden Section. It is now the moment to present the special triangle of
Price, a ght angletriangle having the sides proportional with&l, anda . (see figure 8 where
SM/SO=SO/OM=4 U , the only right angle triangle having sides in geometrical progresaion.

Price observed that two such triangles having in common their longer of the right anglersides
the neridian section through ther&t Pyramid of Giza.

' $§t q R R R
Figure 8 Price Triangle Figure 9Great Pyramid of Giza

Dimensionsof the great pyramidafter Howard Vyse): Height 0S=148,2 m, OM=232,8/2=116,4 m
148,2/116,4=1,2730 .

We notice from figure 8 that the Price triangle is half of the rectangle OMNS whidihdaatio
between longer and shorter sidal. This rectanglecan be also obtained from tlie rectangle
accordingly with figure 10a, iselated with thel themeand can be divided into three similar
rectangles like in figure 10
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And because we havmentioned Egypt times and its architecture, it shoulgrbsentedspecial
right angle parall&pipeds as the one from figuld that has as baseta rectangle, the vertical
transversal section a square and the vertical sidesiafeatangles. It is orm present in many

Egyptian pieces of furniture as the stool of
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Figure 11 Figure 12

The right angled parallepiped 1,0, 0% (seefigure 12) thathas ben usedin the form ofmany
Egyptian tombs as for example tomb 105 ofaGiz

These geometric forms had sacred significance tod.he Egyptians assigned the concept of the
ratio-retaining expansion of a rectangular area to the god Osiris, who was, theséareshown in

ancient Egyptian frescoes seated on a square throne (square= kingship) in which the original square
and its L.shaped gnomon are clearly delineaf€dtherine Yronwoo®acred GeometfWhat is it?

[4]).

Now, let go back to the geometry diet plane to observe a special isosséliangle, the one that

has an angle of 3t the sharp vertex A (see figure 13a). This triangle has the ratio between any of
the equal sides and the side opposite to th2 &Bfyle governed by the Golden Section.
AC/CB=AB/BC= 0. This triangle is the constitutive component of the Pentagon that is closely
related to the Golden Section, too. (See figure 18bje the characteristic ratio is the ratio between
any diagonal of the pentagon starting from a vertex and the side epjootiat vertex.

Figure 13a Figure 13b



