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Introduction 

And it was then that all these kinds of things thus established 
received their shapes from the Ordering One, through the 
action of Ideas and Numbers. 

(Plato, Timaeus) 

IT IS NOT generally suspected how much the above pronounce
ment of Plato-or in a more general way, his conception of 
Aesthetics-has influenced European (or, let us say, Western) 
Thought and Art, especially Architecture. In the same way that 
Plato conceived the "Great Ordering One" (or "the One ordering 
with Art," o nxwn1~ -8-Eo~) as arranging the Cosmos harmoniously 
according to the preexisting, eternal, paradigma, archetypes or 
ideas, so the Platonic-or rather, neo-Platonic-view of Art con
ceived the Artist as planning his work of Art according to a pre
existing system of proportions, as a "symphonic" composition, 
ruled by a "dynamic symmetry" corresponding in space to musical 
eurhythmy in time. This technique of correlated proportions was 
in fact transposed from the Pythagorean conception of musical 
harmony: the intervals between notes being measured by the 
lengths of the strings of the lyra, not by the frequencies of the 
tones (but the result is the same, as length and numbers of vibra:.. 
tions are inversely proportional), so that the chords produce com
parisons or combinations of ratios, that is, systems of proportions. 
In the same way Plato's Aesthetics, his conception of Beauty, 
evolved out of Harmony and Rhythm, the role of Numbers 
therein, and the final correlation between Beauty and Love, 
were also bodily taken from the Pythagorean doctrine, and then 
developed by Plato and his School. A great factor in Plato's 
Mathematical Philosophy-and, in a subsidiary manner, in his 

IX 



X INTRODUCTION 

system of Aesthetics-was the importance given to the five regu
lar bodies and the interplay of proportions which they reveal; 
we shall see this point of view transmitted all through the Middle 
Ages to the Renaissance and beyond, with the study, and the 
application to artistic composition, of the same proportions. 

The name of the geometrical proportion ( ~ = a) was in 

Greek, and in Vitruvius, analogia; harmoniously ordered or rhyth
mically repeated proportions or "analogies" introduced "sym
metry" and analogical recurrences in all consciously composed 
plans. Let us point out at once that "symmetry" as defined by 
Greek and Roman architects as well as the Gothic Master Build
ers, and by the architects and painters of the Renaissance, from 
Leonardo to Palladio, is quite different from our modern term 
symmetry (identical disposition on either side of an axis or plane 
"of symmetry"). We cannot do better than to give the definition 
of Vitruvius: "Symmetry resides in the correlation by measure
ment between the various elements of the plan, and between each 
of these elements and the whole. . . . As in the human body . . . 
it proceeds from proportion-the proportion which the Greeks 
called analogia-(it achieves) consonance between every part and 
the whole. . . . This symmetry is regulated by the modulus, the 
standard of common measure (belonging to the work considered), 
which the Greeks called the number .... When every important 
part of the building is thus conveniently set in proportion by the 
right correlation between height and width, between width and 
depth, and when all these parts have also their place in the total 
symmetry of the building, we obtain eurhythmy." 

For this notion of symmetry seen as correlating through the 
interplay of proportions the elements of the parts and of the 
whole, the Renaissance coined the suggestive words "commodu
latio" and "concinnitas." The mention of eurhythmy as a result 
of well-applied "symmetry" underlines the affinity between this 
correct (also etymologically sound) interpretation of symmetry 
(as opposed to the modern, static meaning usually applied to the 
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word) and rhythm; an old but correct definition of rhythm was: 
"Rhythm is in time what symmetry is in space." 

This classical meaning of the word "symmetry" has been, 
with the technique itself, brought into light again within the last 
thirty years, and will henceforth be used in this work; we will 
meet later on the expression "dynamic symmetry" found in 
Plato's Theaetetus, and examine the special "eurhythmical" plan
ning system covered by this term. It is also quite recently that, in 
the field of biology too, it was found that certain morphological 
intuitions of the Pythagorean and Platonist schools, and their 
interpretation by the Neo-Platonist thinkers and artists of the 
Renaissance, are confirmed by modern research. The Pythago
rean creed that "Everything is arranged according to Number" 
(taken up by Plato) 1 is justified not only in Art (it was a Gothic 
Master Builder who in 1398 said, "Ars Sine Scientia. Nihil") but 
also in the realm of Nature. The use of Geometry in the study and 
classification of crystals is obvious, but it is only lately that its 
role in the study of Life and Living Growth has begun to be 
recognized. 2 

Curiously enough, the patterns, themes of symmetry, spirals, 
discovered in living forms and living growth, show those same 
themes of proportion which in Art seem to have been used by 
Greek and Gothic architects, and, paramount amongst them, the 
ratio or proportion called by Leonardo's friend Luca Pacioli "the 
Divine Proportion," by Kepler "one of the two Jewels of Geom
etry," and commonly known as "The Golden Section," appears 
to be the principal "invariant" (to use an expression popular in 

1 .. Numbers are the highest degree of Knowledge" (Epinomis), and 
"Number is Knowledge itself" (Id.). 

2 Leonardo and Durer had no doubts about this point. The most impor
tant books published in England concerning the Geometry of Life are: The 
Curves of Life, by Sir Theodore Cook (the illustrative material in itself gives 
the reader complete aest~etic satisfaction); Lectures on the Principles of 
Symmetry, by Professor Jaeger; and Growth and Form, by Professor D'Arcy 
Thompson, a masterly treatise, as suggestive by its plates and diagrams as by 
its text, lately reprinted by the Cambridge University Press. 
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modem Mathematical Physics), as remarkable by its algebraical 
and geometrical properties as by this role in Biology and in Aes
thetics. There are then such things as "The Mathematics of 
Life" and "The Mathematics of Art," and the two coincide. The 
present work tries to present in a condensed form what we may 
call a "Geometry of Art and Life." 
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CHAPTER I 

Proportion in Space and Time 

THE NOTION of proportion is, in logic as well as in Aesthetics, 
one of the most elementary, most important, and most difficult 
to sort out with precision; it is either confused with the notion 
of ratio, which comes logically before it, or (especially when talk
ing of proportions in the plural) with the notion of a chain of 
characteristic ratios linked together by a modulus, a common 
sub-multiple; we have then the more complex concept which the 
Greeks and Vitruvms called "Symmetria," and the Renaissance 
architects, "Commodulatio." Let us start from the definition 
of ratio. 

RATIO 

The mental operation 1 producing "ratio" is the quantitative 
comparison between two things or aggregates belonging to the 
same kind or species. If we are dealing with segments of straight 
lines, the ratio between two segments AC and CB will be sym-

bolized by~~· or %if a and b are the lengths of these segments 

measured with the same unit. This ratio ~' which has not only 

the appearance but all the properties of a fraction, is also the 
measure of the segment AC = a if CB = b is taken as unit of 
length. 

1 This comparison of which a ratio is the result is a particular case of 
judgment in general, of the typical operation performed by intelligence. Judg
ment consists of: (I) perceiving a functional relation or a hierarchy of values 
between two or several objects of knowledge; and (2) discerning the relation, 
making a comparison of values, qualitative or quantitative. When this com
parison produces a definite measuring1 a quantitative "weighing," the result 
is a ratio. 

I 



2 THE GEOMETRY OF ART AND LIFE 

GEOMETRICAL PROPORTION 

The notion of proportion follows immediately that of ratio. 
To quote Euclid: 

"Proportion is the equality of two ratios." If we have estab-

lished two ratios ~, g, between the two "magnitudes" (com

parable objects or quantities) A and B on one side, and the two 

magnitudes C end Don the other, the equality~=~ (A is to B 

as Cis to D) means that the four magnitudes A, B, C, Dare con
nected by a proportion. If A, B, C, D are segments of straight 
lines measured by the lengths a, b, c, d, we have between these 

measurements, these numbers, the equality 5 = a-; this is the geo

metrical proportion, called discontinuous in the general case 
when a, b, c, d, are different, and continuous geometrical propor
tion if two of these numbers are identical. The typical continuous 

· · h f a b b" proportiOn IS t ere ore b = c' or - = ac. 

b = ViC is called the proportional or geometrical mean be
tween a and c. It is the geometrical proportion, discontinuous or 
continuous, which is generally used or mentioned in Aesthetics, 
specially in architecture. 

The equation of proportion can have any number of terms, 
ace h abc d 
b = d = f = g' etcetera, orb= c = d = e' etcetera; we have 
always the permanency of a characteristic ratio (this explains 
why the notions of ratio and proportion are often confused, but 
the concept of proportion introduces besides the simple compari
son or measurement the idea of a new permanent quality, which 
is transmitted from one ratio to the other; it is t~is analogical 
invariant which besides the measurement brings an ordering prin
ciple, a relation between the different magnitudes and their 

) Th d . f 1. . a b c d measures . e secon senes o equa 1ties -b = -= d- =-, et cet-
c e 
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era, represents the characteristic continuous proportion, geomet
rical progression or series, like 1, 2, 4, 8, 16, 32, et cetera. 

The simplest asymmetrical section and the corresponding con
tinuous proportion: The Golden Section. 

The Golden Section.-The Greeks had already noticed that 
three terms at least are necessary in order to express a propor-

tion; 1 such is the case of the continuous proportion~= ~· But 

we can try to obtain a greater simplification by reducing to two 
the number of the terms, and making c = a +b. So that (if for 
example a and b are the two segments of a straight line of 

length c) the continuous proportion becomes: ~ = a ! b or 

(~) 2 = (~) + l. 
If one makes ~ = x, one sees that x, positive root of the equa

tion x2 = x +I, is equal to 1 +2 v'5 (the other, negative, root 

being 1 - 2 v' 5) ~ This is the ratio known as "Golden Section"; 

1 Cf. Plato, Tirnaeus: "But it is impossible to combine satisfactorily two 
things without a third one: we must have between them a correlating link . 
. . . Such is the nature of proportion ... " 

2 There is another way of finding the Golden Section as the most logical 
asymmetrical division of a line AB into two segments AC and CB; if we call 
a, b, c, the respective lengths of AC, CB, AB, measured in any system of 

. 6 diff "bl . a a h b c c h h . umts, we get erent poss1 e ratios: -b' -, -, -, -, -b; t en t e sJm-
c a c a 

plest possible proportions are obtained by applying here also "Ockham's 
Razor" and writing that any two of these ratios are equal; the fifteen pos
sible combinations are reduced to the symmetrical division a = b, and the 

asymmetrical ones~= i (a= AC being the longest of the two segments of AB) 

b c 
and a = b (b = CB being the longest segment) which leads again to the 

equation of the Golden Section x2 = x + 1 and the two roots 1 +2 v' 5 and 

1- y'5 
2 
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when it exists between the two parts of a whole (here the seg
ments a and b, the sum of which equals the segment c) it deter
mines between the whole and its two parts a proportion such that 
"the ratio between the greater and the smaller part is equal to the 
ratio between the whole and the greater part." 

This proportion, called in the text-books "division into mean 
and extreme ratio," has got, as we will see in the next chapter, 
the most remarkable algebraical properties. The Greek geometers 
of the Platonic school called it fJ 'tO(J-~, "the section" par excel
lence, as reported by Proclus (On Euclid) ; Luca Pacioli, Leo
nardo's friend, called it "The Divine Proportion." 

GENERALISATION OF THE CoNCEPT OF PROPORTION 

The geometrical proportion (resulting from the equality be
tween two or several ratios) is only a particular case of a more 
general concept, which is "a combination or relation between 
two or several ratios." 

The more usual proportions, besides the geometrical, are: (1) 
The arithmetic proportion in which the middle term (if we take 
the minimum of three terms for a proportion) overlaps the first 
term by a quantity equal to that by which it is itself overlapped 

by the last term, or (if a, b, c, are the three terms)~ ~ = 1 

(example: 1, 2, 3) and (2) the harmonic proportion, in which the 
middle term overlaps the first one by a fraction of the latter 
equal to the fraction of the last term by which the last term over-

1 . b ( b) a . c - b c aps It, or -a= c- -eqUivalent to -b-- =-(example: 
c -a a 

2, 3, 6 or 6, 8, 12). 
There are in all ten terms of proportions, established by the 

neo-Pythagorean School. 

Example 
c-b c (1,2,3) ... arithmetic 
b-a = c proportion 

c- b c (1,2,4) ... geometrical 
b- a = b proportion 

Example 
c-b c (2,3,6) ... harmonic 
b- a = a proportion 

b-a c (3,5,{;) 
c-b=a 
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Example 
b-a b (2,4,5) 
c-b =a: 
b- a c (1,4,6) 
c-b -b· 
c- a c (6,8,9) 
b-a=a 

Example 
c- a c (6,7,9) 
c-b =a: 
c-a b (4,6,7) 
b-a=a 

c- a b (3,5,8) ... Fibonacci 
c - b = a series 

5 

The tenth corresponds to the additive series 1, 1, 2, 3, 5, 8, 13, 
21, 34, 55, ... etcetera, in which each term is equal to the sum 
of the two preceding ones; it is intimately connected with the 
Golden Section and plays an eminent role in Botany. We will 
meet it again in the next chapter. 

We have seen in the Introduction that the technique by 
which, in a complex plan or design, the proportions were linked 
so as to get the right correlation (or "commodulation") between 
the whole and its parts was called by the Greek architects and 
Vitruvius "Symmetry"; and the result obtained where this tech
nique was correctly applied was the "eurhythmy" of the design 
and of the building. We generally associate the terms of 
"rhythm" and "eurhythmy" with the Arts working in the time 
dimension (Poetry and Music) and the notion of Proportion 
with the "Arts of Space" (Architecture, Painting, Decorative 
Art). The Greeks did not care for these distinctions; for them, 
for Plato in particular, Rhythm was a most general concept domi
nating not only Aesthetics but also Psychology and Metaphysics. 
And Rhythm and Number were one.1 (Rhythmos and Arithmos 
had the same root: rhein = to flow.) 

For them, indeed, Architecture was not only "Frozen Music" 
1 "Everything is arranged according to Number" was the condensation 

of the Pythagorean doctrine. And Plato, who developed Pythagoras' Aes
thetics of Number into the Aesthetics of Proportion, wrote in his Epinomis: 
"Numbers are the highest degree of knowledge" and: "Number is knowledge 
itself." Plato (Timaeus) mentions the concordance between the rhythm of 
the harmoniously balanced soul and the rhythm of the Universe; he even 
establishes in one of his mathematical puzzles (in the Timaeus again) what 
he calls the "Number of the World-Soul," a super-ficale of thirty-six notes 
based, of course, on his theory of proportions. 
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(Schelling) but living Music. The notions of periodicity and 
proportion, and their interplay, can be used for succession in time 
as well as for spatial associations. If periodicity (static like a 
regular beat, or dynamic) is the characteristic of rhythm in time, 
and proportion the characteristic of what we may call rhythm or 
eurhythmy in space, it is obvious that in space, combinations of 
proportions can bring periodical reappearances of proportions 
and shapes, just as in a musical chord or in the successive notes 
or chords of a melody we may really perceive an interplay of 
proportions.1 

If Architecture is petrified or frozen Music, so is Music 
"Drawing in Time." 2 But we will, in what follows, leave aside 
the "numbers" of Music and Poetry in order to elucidate how the 
Greek and Gothic Master Builders applied their knowledge of 
proportion and "Symmetry," and how and where their Geometry 
of Art meets the Geometry of Life. 

1 Here are three definitions of Rhythm: 
( 1) Rhythm is a succession of phenomena which are produced at inter

vals, either constant or variable, but regulated by a law. (Francis Warrain) 
(2) Rhythm is perceived periodicity. It acts to the extent to which such 

a periodicity alters in us the habitual flow of time. . . . (Pius Servien) 
(3) Rhythm is this property of a succession of events which produces on 

the mind of the observer the impression of a proportion between the dura
tion of the different events or groups of events of which the succession is 
composed. (Professor Sonnenschein) 

Although the authors of these three distinct but excellent definitions are 
here thinking of Rhythm in time, we see how even in that temporal frame, 
proportion can play its part. To sum up: there are proportions in time, and 
rhythm in space, and one could say, to cover both fields, that "Rhythm is 
produced by the dynamic action of Proportion on a uniform (static) beat or 
recurrence." 

2 0r, to quote Francis Warrain: "La Musi9ue est an Temps ce que la 
Geometrie est a l'Espace." 



CHAPTER II 

The Golden Section 

THE "GoLDEN SECTION," the geometrical proportion defined in 

the preceding chapter, 1 +2 v' 5 = 1.618 ... positive root of the 

equation x2 = x + 1, has a certain number of algebraical and 
geometrical properties which make it the most remarkable alge
braical number, in the same way as 3t (the ratio between any cir-

cumference and its diameter) and e =lim C + ~r are the most 

remarkable transcendent numbers. 

If, to follow Sir Theodore Cook's example (in The Curves of 
Life) we call this number, or ratio, or proportion~. we have the 
following equalities: 

() = Y 5 
2+ 1 = 1.61803398875 .... (so that 1.618 is a very 

q,ccurate approximation) 

2- _ V5+3 () -2.618 .... - 2 

1 v'5- 1 
() = 0.618 .... = 2 

()2 = () + 1 ()8 = ()2 + () and more generally 
()" = (}n-1 + (}n-2 

(this applies also to negative exponents so that: 

() = 1 + ~' or ()1 = ()0 + ()-t, 

m-2 - m-8 + m-~ 1 - 1 + 1 t t ) 
"¥ - "¥ "¥ , or ()2 - ()3 ()~' e ce era . 

7 
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1 1 
Wehavealso2=<P+ (1)2 and <P= (1)- 1 

1 
(1)=1+ 1 

1 +1-+~1-
1+1 

1 + 1 
I+ ... 

<P=V1 + 
v'1+ 

Vi+ 
V1+ ... 

In the geometrical progression or series 1, (1), (1)2, (1)3, ••• , 

«<»n ..... each term is the sum of the two preceding ones; this 
property of being at the same time additive and geometrical is 
characteristic of this series and is one of the· reasons for its rOle 
in the growth of living organisms, specially in botany. 

I h d. . . h" . 1 1 1 1 1 h n t e 1mm1s mg senes , <P' «1»2 , (1)3 , ••••• «f»m' we ave 

~m = (1)~+1 - «1»~. 2 (each term is the sum of the two following 

1 1 1 1 
ones) and: (I)=(_[)+ «1»2 + «1»3 + ... + «<»m + ..... , when m 

grows indefinitely. 

The rigorous geometrical construction of the ratio or propor-

tion of <P is very simple, because of its value 1 +2 V 5. Fig

ures 1 and 2 show how, starting from the greater segment AB, to 

AB construct the smaller segment BC such that BC = «<», and how 

inversely, starting from the whole segment AC, to place the point 
B dividing it into the two segments AB and BC related by the 
golden section ratio (another construction in Figure 3). This 
most "logical" asymmetrical division of a line, or of a surface, is 
also the most satisfactory to the eye; this has been tested by 
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Fechner (in 1876) for the "golden rectangle," for which the 
ratio between the longer and the shorter side is <l> = 1.618 ..... . 
In a sort of "Gallup Poll' asking a great number of participants 
to choose the most (aesthetically) pleasant rectangle,.this golden 
rectangle or <)> rectangle obtained the great majority of votes. 
This rectangle (Figure 6) has also the unique property that if 
we construct a square on its smaller side (the minor term of the 
cl) ratio), the smaller rectangle aBCd formed outside this square 
in the original rectangle is also a <)> rectangle, similar to the first. 
This operation can be repeated indefinitely, getting thus smaller 
and smaller squares, and smaller and smaller golden rectangles 1 

(the surfaces of the squares and the surfaces of the rectangles 

forming geometrical diminishing progressions of ratio ~2 ). as in 

Figure 7. Even without actually drawing the square, this opera
tion and the continuous proportions characteristic of the series 
of correlated segments and surfaces are subconsciously suggested 
to the eye; the same kind of suggestion operates in the simple 
case of a straight line divided into two segments according to the 
golden section, or when three horizontal lines are separated by 
intervals obeying this proportion (Figure 9; for example, the 
horizon between the upper and lower bar of the frame in a 
painted seascape). Professor Timerding sums up this subcon
scious operation and the resulting aesthetic satisfaction in the 
short sentence: " .... the reassuring impression given by what 
remains similar to itself in the diversity of evolution." We shall 

1 The simplest method for obtaining a similar rectangle inside a given 
rectangle is to draw a diagonal of the latter one, and from one of the remain
ing vertices a perpendicular to the diagonal. In Figure 8 this construction is 
3hown on the ci> rectangle. J. Hambidge, whose theory of "dynamic rectan
gles" is explained in Chapter VIII, calls the similar smaller rectangle, thus 
produced in the original one, his "reciprocal rectangle." The other rectangle, 
formed within the original one, can be called, to borrow Sir D'Arcy Thomson's 
terminology (inspired itself by the Greek theory of figurate numbers), the 
gnomon of the reciprocal rectangle-the gnomon being the smallest surface 
which, added to a given surface, produces a similar surface. The ci> or golden 
rectangle is t.he only rectangle the gnomon of which is a square. 
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see in another chapter that this is but a particular case of a very 
general aesthetic law, the "Principle of Analogy." 1 

The principle applies whenever in a design the presence of a 
characteristic proportion or of a chain of related proportions 
(this is an imported notion which will be illustrated later on) 
produces the recurrence of similar shapes, but the subconscious 
suggestion mentioned above is specially associated with the Golden 
Section because of the property of any geometrical progression 

of ratio~ or ~(like a, a~, a~2, a~3, •••• a~n, ... , or a,~' ; 2 , ; 3 , 

..... , ;n' .... ) of having each term equal to the sum of the two 

preceding ones or (respectively) of the two following ones. To 
this particularity (which combines the properties of additive and 
multiplicative, geometrical, series) corresponds the geometrical 
illustration of the progression; that is: a series of straight seg
ments with lengths proportional to the terms of this series can 
be constructed by additions or subtractions of segments, by simple 
moves of the compass. On Figure 10 (a diminishing series of 

segments, with ratio~' having the unit of measure as first term) 

we see how out of the first two terms the whole series may be 
thus obtained; we see also how this progression or continuous 
proportion combines the most important asymmetrical division or 
cut with the symmetrical division into two equal parts (AB = BC 
+CD, etcetera). 

To quote Timerding again: "The golden section therefore 
imposes itself whenever we want by a new subdivision to make 
two equal consecutive parts or segments fit into a geometric pro
gression, combining thus the threefold effect of equipartition, 
succession, continuous proportion; the use of the golden section 
being only a particular case of a more general rule, the recurrence 
of the same proportions in the elements of a whole." The Sym-

1 Figures 4 and 5 show the construction of the Golden Section or <I> ratio 
on the sides of the double-square and of the square (the square is thus divided 
into two rectangles having <I> and <f>2 as characteristic proportions). 
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metria-producing analogia of Vitruvius. It is this property of 
producing, by simple additions, a succession of numbers in geo
metrical progression, or of similar shapes (what Sir D' Arcy 
Thompson called "gnomonic growth") which explains the impor
tant role played by the Golden Section and the () series in the 
morphology of life and growth, especially in the human body and 
in botany. 

We must here introduce another additive series which is very 
nearly related to the ({) progression; it is the series: 

1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, ...... , in which, starting 
from 1, each element is (as in the({) series) equal to the sum of 
the two preceding ones. The ratio of two consecutive terms 
tends to approximate very quickly to the "Golden Section" 
({) = 1.618 ..... , by values alternatively greater and smaller than 

( 8 13 21 34 55 
({) 5 = 1.6 8 = 1.625 13 = 1,6154 ... 21 = 1.619 ... 34 -

1.6176 ... ' ~; = 1.61818 ... ). 

We can therefore say that this "two-beat" additive series 1, 1, 
2, 3, 5, 8, 13, 21, ... , et cetera, called the series of Fibonacci 
(from the nickname, Filius Bonacci, of Leonardo of Pisa who 
rediscovered it in 1202) tends asymptotically towards the({) pro
gression with which it identifies itself very quickly; and it has 
also the remarkable property of producing "gnomonic growth" 1 

(in which the growing surface or volume remains homothetic, 
similar to itself) by a simple process of accretion of discrete ele
ments, of integer multiples of the unit of accretion, hence the 
capital rOle in botany of the Fibonacci series. For example, the 
fractionary series 

1 1 2 3 5 .g 13 21 34 55 89 2 

I' 2' 3' 5' 8' 13' 21' 34' 55' 89' 144'. · · 
1 Or rather, quasi-gnomonic, as here the process is only an approximation. 

But, as we have seen, the approximation becomes so quickly rigorous that 
we obtain practically a geometric progression. 

2 Here each fraction has as numerator the denominator of the preceding 
one and as denominator the sum of the two terms, numerator and denomina
tor, of the preceding one. 
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appears continually in phyllotaxis (the section of botany dealing 
with the distribution of branches, leaves, seeds), specially in the 
arrangements of seeds. A classical example is shown in the two 
series of intersecting curves appearing in a ripe sunflower (the 

. 13 21 34 89 ratios 21 , 34, 55, or 144 appear here, the latter for the best. 

variety.) The ratios ~~ 183, appear in the seed-cones of fir-trees, 

h . 21 . I d .. t e ratio 34 m norma a1s1es. 

If we consider the disposition of leaves round the stems of 
plants, we will find that the characteristic angles or divergencies 1 

are generally found in the series 

1 1 2 3 5 8 13 21 
2' 3' 5' 8' 13' 21' 34' 55' · · · 

The reason for the appearance in botany of the golden section 
and the related Fibonacci series is to be found not only in the 
fact that the ~ series and the Fibonacci series 2 are the only ones 
which by simple accretion, by additive steps, can produce a "gno
monic," homothetic, growth (we will see that these growths, 
where the shapes have to remain similar, have always a logarith
mic· spiral as directing curve), but also in the fact that the "ideal 
angle" (constant angle between leaves or branches on a stem 
producing the maximum exposition to vertical light) is given by 

i = a! a' a+ a= 360°; one sees that a divides the angular cir-

1 If we develop round the stem an helix passing through the intersection 
points of the leaves, we will after some time meet a leaf situated exactly 
over the first leaf. If n is the number of leaves passed on the way, and p 
the number of turns (complete circles in projection) made around the stem, 

then E. is the divergency (or angle of divergency), constant in the same plant. 
n 

2 The Fibonacci series is only a particular case of the general "two-beat" 
additional series a, b, (a+b), b+ (a+b), b + 2 (a+ b), 2b + 3 (a+ b), 
3b + 5 (a+ b), ... , or a, b, a+ b, a + 2b, 2a + 3b, 3a + 5b, 5a + 8b, 
...... , where the ratio between two consecutive terms has also ci» for limit. 
It is also identical to the tenth type of proportion of the Pythagoreans 
(Chapter I). 


































































































































































































































































































































































