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20 steps around the globe...

(synopsis/ short summary )

A Land-Art Project in form of an installation of 20 elements
(Steel columns) around the globe. At precisely calculated
locations in different countries and continents. On a route of
the earth's circumference, which is systematically and e xactly divided and proportioned in 20 steps according to the
»Golden Section«, a geometry of art and life. Space and
time are essential components of this project and are activated in the visual event by the location and movement of
the spectator.

The Concept: Above are printed five dots. The distance
from the first to the second dot is exactly 0,974... cm. The
series is growing up in a logarithmic, mathematical progression. Each point is related to one another. Keeping this
scale constant and in the same size - in only further 20
steps (twenty!), this series riches a distance of exactly
40009,152 km and takes us once around the earth, in order
to return to the starting point.

The »Golden Section« is the key of this project.
A mathematical formula (½V5-1 = 0,6180339...), known to
man as the essence of harmony and beauty and as a measure for harmonically proportions in art and nature not only
since the great classical periods in Egypt or Greece.
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Temple of Poseidon
Harmonic proportions

A Mythological Journey on searching for alternative forms
of visualisation that is both, a rediscovery and an interdisciplinary, intercultural expedition into the secrets of an universal order, and how it impact us from every facet of art, philosophy, science and nature, behaviourism, evolution and
live - to our planet itself - of which we are a part...

The Route: Starting point is in Ropinsalmi in Finnish
Lapland on the border to Sweden and north of the Arctic
Circle (the first column does not only pierces the earth at
this point, but the cell of life or for instance the smallest
atom in it’s ground state which can be divided further micro cosmos). The route continues further in an angle of
74.54° in north-easterly direction with 10 steps, which man
could see with his naked eyes and possibly point 11. Point
12 is situated on the Finnish side. Point 13 and 14 in the
Kautokeino District of Lapland/ Norway. Point 15 is located
in Russia, near Pitkajarvi on the Mountain Shuort. Point 16
reaches The Barents Sea. Point 17 the area Southwest of
the town Noryj Urengoj/ Siberia/Russia. Point 18 Baotou/Inner-Mongolia/ China, very close to the Great Wall.
Point 19 reaches the southern part of Australia, 60 km
south of Melbourne. Further over the Antarctica, where the
first and the last steps fuse, (birth and death become one),
over South-America and lastly over Sweden back to the
starting point 20 in Ropinsalmi in Finland. The journey is
complete. (A indication of a limitless universe - Macrocosms)
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Via Asia - Australia - Antarctica - Southamerica - Europe

Positions
1-12
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14
15
16
17
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Ropinsalmi Lappland
Kautokeino District
Anarjokka
Pitkajarvi/Nickel
The Barents Sea
Noryj Urengoj Siberia
Baotou Inner/Mongolia
Westernport Bay

Finland
Norway
Norway
Russia
Int. Water
Russia
China
Australia

0-18 km
47 km
124 km
325 km
851 km
2.229 km
5.837 km
15.282 km

Positions in Northern Europe

Datacalculation

Dataname:
Starting point:
Latitude:
Longitude:
Angle:
Direction:
Latitude:
Longitude:
Dist. Direction:

Point
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Route Europe-Asia-Australia
Ropinsalmi/Finland
68° 40' 0.00'' N
21° 36' 0.00'' E
74.54°
Melbourne/Australia
38° 15' 0.00'' S
145° 18' 0.00'' E
15267.242 km

Latitude
68° 40'
68° 40'
68° 40'
68° 40'
68° 40'
68° 40'
68° 40'
68° 40'
68° 40'
68° 40'
68° 40'
68° 42'
68° 46'
68° 56'
69° 15'
69° 24'
65° 15'
40° 4'
38° 24'
68° 40'

0.00'' N
0.01'' N
0.03'' N
0.07'' N
0.19'' N
0.49'' N
1.27'' N
3.33'' N
8.71'' N
22.79'' N
59.49'' N
34.50'' N
36.01'' N
17.96'' N
46.59'' N
17.38'' N
36.20'' N
2.76'' N
54.50'' S
0.00'' N

Computer Program by Jörg Pfeiffer
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Longitude
21° 36' 0.04'' E
21° 36' 0.10'' E
21° 36' 0.27'' E
21° 36' 0.70'' E
21° 36' 1.85'' E
21° 36' 4.83'' E
21° 36' 12.65'' E
21° 36' 33.12'' E
21° 37' 26.71'' E
21° 39' 47.05'' E
21° 45' 54.70'' E
22° 1' 58.79'' E
22° 44' 13.47'' E
24° 35' 58.95'' E
29° 35' 24.03'' E
43° 1' 49.86'' E
73° 47' 21.79'' E
109° 46' 37.80'' E
145° 24' 18.71'' E
21° 36' 0.00'' E

Region of position
Ropinsalmi/FIN
Lapland/FIN
Lapland/FIN
Lapland/FIN
Lapland/FIN
Lapland/FIN
Lapland/FIN
Lapland/FIN
Lapland/FIN
Lapland/FIN
Lapland/FIN
Lapland/FIN
Kautoke/NOR
Kautoke/NOR
Pitkajar/RUS
Barent Sea/INT
Noryj Ur/RUS
Baotou/CHINA
Wilson/AUS
Ropinsalmi/FIN

Distance
0,458m
1,198m
3,137m
8,214m
21,505m
56,300m
147,397m
385,883m
1010,256m
2644,883m
6924,395m
18128,301m
47460,508m
124253,22m
325299,16m
851644,26m
2229633,6m
5837256,6m
15282136,0m
40009152,0m

The first steps...
Ropinsalmi/Lapland/Finland
Position 68°40’06”N 21°36’21”E

Point 19
Australia 38°24’54”S 145°24’18”E

....................................................
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The Earth - a work of art
By Ulrich Grevsmühl

Land-art, environmental-art and earth-art are notions that
characterize a new direction in the phenomena of fine arts
in the last third of the 20th century. Searching for alternative
forms of visualisation this direction in art has involved the
land, the landscape or even the whole earth where land is
seen in the sense of the original and untouched nature. It is
art that, freed from the disturbing influences of civilisation,
leads the spectator in the solitude of nature to unexpected
experiences and long forgotten mysteries.
Land-art is rare on the European continent. Most works
have been created by English, American or Australien artists and can be found in the vastness of North America and
Australia, in remote regions of Ireland or the British Isles.
The American 'parceling-up' artist Christo, for instance, organised a project called The umbrellas in autumn 1991.
1340 yellows umbrellas were put up in a dried-out valley
near Bakersfield in California and 1340 blue umbrellas in
the rice fields of Ibaraki not far from Tokyo in order to throw
a symbolic bridge across the Pacific and to draw attention
to the different cultures. Walter de Maria installed his Lightningfield in the desert of New Mexico to allow the spectator
to experience lightning in nature. The Englishman Richard
Long went on circular, spiral and rectilinear walks and laid
basic forms like rings, circles and straight lines out of wood,
stone and plants in Dartmoor England, in the Scottish
Highlands, in the Bolivian High Plane, in Alaska and in
many other remote places of the earth. These regions provide of course the conditions for such works but more decisive for their creation is the artistic impetus which sets these
artists on their way to the most distant places in order to
create such works.
Apart from man landscape is actually one of the oldest
themes in fine arts. Formal references of today's land-art
can therefore be traced back to the landscape studies of the
Romantics, a renowned example of which is Caspar David
Friedrich. Until the end of the 19th century the landscapes
were mainly painted in the studio and by memory. A fundamental change in attitude towards nature took place with
William Turner. Turner consciously exposed himself to the
elements of nature, enabling him to receive his impressions
from first hand. He for the first time understood landscape,
nature and weather as the dymanics of a happening which
had to be brought closer to the spectator. The subsequent
times, especially Impressionism, carried this change in atti9

tude further in many ways. Land-art is the consequent continuation of this change in attitude. It abandons the trinity of
painting, graphics and sculptures, which has been valid
since olden times, and emphasizes the event in landscape
and nature by involving the spectator physically in the happening, thus leading him to a direct and immediate visualisation.
In the land-art project 20 points - 20 steps by Jo
Niemeyer the harmonious division of a line segment, which
is based on the golden section, is applied to the circumfe rence of the earth and repeated with each newly formed minor. The division points are then marked by rods on the
earth surface. The procedure of division leads to a series of
rods with increasing distances which span the whole globe
and invite the spectator to a journey around the world.
Journeys of this kind are, at least in the imagination,
nothing new in art or science. Scientists are used to e xpressing very large numbers as well as very small ones in
short terms with the help of the notation of powers of ten.
Philip and Phylis Morrison have shown this in their impressive book Powers of ten: dimensions between quarks and
galaxies by a visual journey through micro and macro cosmos. Many artists have also dealt with the problem of visualisation of geometrical sequences and series. Rune
Mields, for example, took up the Legend of the grains of
wheat on the chess board. On the first square one grain is
placed, on the second two grains, on the third four grains,
and so on. On every field double the amount of grains as on
the preceding one. In order to visualise the resulting sequence of powers of two from 0 to 63 and make it understandable, the problem was reduced to two dimensions
where each grain was represented by a tiny quadratic area.
The visualisation of the problem of doubling is carried out
first on paper, then on the ground-plan of the cathedral of
Cologne, then the plan of the city of Cologne and finally on
the map of Europe. Analogies to the points and rods of
Niemeyer's project become obvious and although Mields'
sequence ends with the 64th field where the whole of
Europe is covered with grains, one could ask how many
grains of wheat would be necessary to cover the total surface of the earth.
The two examples are only journeys in the head of the
spectator and therefore hypothetical. In contrast to this Jo
Niemeyer's journey around the earth is real and can actually be carried out. By application of a systematicconstructive procedure based on the golden section and
employing the circumference of the earth as a unit of length,
Niemeyer bridges the gap between the geometry of the
10

Greeks to the land-art of our days. In particular, the measuring of the whole earth is probably the most consequent
continuation of this art in direction towards a total visualisation.
The author has shown in his proceeding article that the
underlying principle of the project 20 points - 20 steps is the
golden angle, that is the division of the angles of the full circle by means of the golden section, and not the harmonious
division of the circumference of the earth itself. This insight
leads to the spiral principle of arrangement of leaves in botany which is described as phyllotaxis. The helicoid arrangement of leaves in the plant world is quite common and
has inspired many artists. The Dutch artist Sjoerd Buisman,
for example, has extensively used this principle in many of
his sculptures and drawings which brings to light many of its
hidden features. Although his works are mostly based on a
fundamental principle which is found in living nature, the
complementary character to Niemeyer's geographical landart project is apparent as the same mathematical concept is
underlying to both works.
Land-art is really physical. Space and time are essential
components of the work and are activated in the visual
event by the location and movement of the spectator. The
place of the installation or the happening, its geographical
position, its topography, its geological and botanic conditions all contribute to the visual impression of the work in
the same decisive way as the point of time, the time interval
of the happening as well as the light and weather conditions. The visual perception of the minors series in
Niemeyer's project as a sequence of black dots on paper is
totally different to the impression of the same mathematical
sequence, represented by a line of rods in nature. Instant
location and speed of the spectator are crucial to the visual
impression of the rods, of the distances between them and
the ratios of those distances.
On the one hand the rods can be perceived as single
physical objects, the occuring areas of which are coloured
alternately black and white and produce different optical impressions as, for example, the apparent displacement of
parts of the rod on the boarder between the black and white
areas. On the other hand the rods can be seen as elements
belonging to the same linear arrangement where the actual
distances between them as well as the ratios of those distances are perceived. It is interesting for the spectator to
notice the apparently changing distances between the rods
depending on the position of the spectator. Only when the
spectator is far away from the line of rods and orthogonal to
it, about the same mathematical proportions are experi11

enced as on paper. However, the spectator will perceive
distances of nearly the same lengths between those rods
which are placed further away if he or she is situated near
the starting point of the series and looks in the direction of
propagation of the series.
Land-art is as transitory as nature itself. The rods in Jo
Niemeyer's project stood in the initial phase for just four
days, Christo's umbrellas for three weeks. The circles and
rings out of wood or stone which Richard Long laid will stay
until weather and vegetation have made them unrecogni zable and will in fact leave behind only passing traces. But
transiency is not an expression of value. Rather the works
resemble the human existence and become so to speak
more human. Consequently, transiency becomes an e xpression for uniqueness.
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Concrete Art develops beyond its boundaries
By Eugen Gomringer

From the beginning Concrete Art has seen itself as universal
in a double sense: as being entire as well as embracing the
whole world. And it was always intended that in the latter
sense the universal self-understanding was not only to be
taken place by world-wide organised individual manifestations but by performing actual universal formations. There is
an increase of signs showing that the latest phase of this
century art is on its way: it is not only developing within and
theoretically beyond itself but in a comprehensive sense as
well, making visible signs. Belonging to this are works like
the ones of Hartmut Böhm whose Progressions via infinity
consist of two parts: the visible real signs and the far bigger
part of imaginative projections. Belonging to this are the
sculptures of Helmut Bruch, formed by the Fibonacci-Series,
which one has to imagine that they continue far into space.
Belonging to this as well are the new media, the constructive
character of which is at least not unfamiliar to Concrete Art.
However, there has not been a project before like the 20
steps by Jo Niemeyer which has demonstrated so convincingly the possibilities of Concrete Art to form world-wide, visible actualities. The project is undoubtedly in its nucleus
stage, but its materialisation is surely more a question of time
than one of technical feasibility. For in Niemeyer's project the
elegance of simplicity takes its part and which can only be
found in the free play of Concrete Art. The project, scientifically realised by Ulrich Grevsmühl, inspires by its simplicity
and magnitude - the magnitude of the earth-embracing vision
but also the inner vision which no doubt proceeds the outer
one. One needs to take a far and deep breath - and perhaps
the belief of Columbus - to acquire afresh the shape and
form of the earth, starting from a piece of paper by application of the Golden Section. On the other hand, for the first
time and with its classical means of proportion art follows a
path which communication and technique have undertaken
long ago. In contrast to this the also spectacular enterprises
of Christo, the »parceling-up« artist, have the effect of only
punctual manifestations. The 20 steps around the earth, undertaken by the proportional extensions of the golden section, are only an aesthetic enterprise but point more to nature
and evolution.
Particularly in this point Jo Niemeyer works in an order of
magnitude which the pioneers of Concrete Art, above all
Kandinsky, had in mind and which they, however, could not
develop to the end in their times but had to leave its realisa13

tion to the art of engineering. Furthermore, Niemeyer proves
that the voices of doom over many years which predicted
time and again the end of Concrete Art and of Constructivism
could only spring from the unjudiciousness of superficial
spectators which orientated themselves more on innovations
of exhibitions rather than on fundamental but hidden lines of
development. The other question, however, is the one of shift
in centres of gravity of such lines of development. Not every
concrete artist can succeed in directing his view from his
work in the studio via his town, his country and around the
earth. An artist like Niemeyer who is attracted to nature, in
particular to Finish nature, is to place here a landmark just at
the right moment which is an important hour in the development of Concrete Art.
Is it not a task worthy of this art to remind us of proportionality in the world and on this earth?

.(translated by Ulrich Grevsmühl)
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20 points – 20 steps:
a journey around the world

written by Ulrich Grevsmühl

1. In 20 steps around the earth

Some time ago the artist and constructivist Jo Niemeyer presented me
with the following consideration:
Divide the circumference of the earth by employing the golden section. Then divide the smaller one of the two line segments, which is called
the minor, again by the golden section and repeat this process of division
for each newly generated minor until its length is reduced to a few centimetres. Mark each of the dividing points by a rod on the earth surface or
by a point on the drawing paper
By repeated application of this algorithm a series of rods are generated on the earth surface with distances becoming increasingly smaller
and being finally concluded on paper by the following series of dots:

Jo Niemeyer now formulates his idea in the following way:
Look at this series of five dots. Can you imagine that - keeping the
scale constant - one can go around the earth once in only 20 further
steps, i.e. that one journeys a distance of about 40 000 km in order to return to the starting point?
Indeed the first rod outside of the paper is about 45 cm away from the
dot depicted on the left of this page, the further ones are at about 1.2 m,
3.1 m, 8.2 m, 22 m, 56 m, 147 m, 386 m, 1 km, 3 km, 7 km, 18 km, 47 km,
124 km, 325 km, 852 km, 2 230 km, 5 837 km and 15 282 km. The 20th
rod finally leads back to the starting point of the series completing the circle of about 40 000 km around the earth.
If one chooses for instance the peak of the Feldberg mountain in the
southern part of the Black Forest as a starting point for the series and
proceeds going around the earth in a north-easterly direction with a constant angle of 78° measured from the meridian of the Feldberg, the points
of the series pass through Hinterzarten and Titisee-Neustadt in the Black
Forest, the north-eastern part of the Hegau region in Southern Germany,
the region east of the Lake of Constance, the the Baar region near the
soruce of the river Danube, Oberschwaben, Bavaria, Czech, the Ukraine,
15

Ladakh/Kashmir and via South Australia back to the Feldberg.
The distances between the points in the series are determined by the
length of the circumference of the earth and by the type of division. The
series can be continued indefinitely in both directions by decreasing or increasing distances between the points, respectively. But whereas on the
left the series is limited by the fact that the points converge towards the
starting point of the series, the series on the right is unlimited as the distances can grow indefinitely beyond all limits.
The sequence of distances is not based on a simple linear relationship. Looking for clues we might find that a numerical value of the series
is not quite triple that of its smaller predecessor. Still this insight contributes only to a partial understanding of the number series. At a certain
point the numerical values become incomprehensibly large or small. The
numerical values slip our imagination and then the relationships between
them have no meaning any more.
At this point the standard units in the measurement of length provides
us with an important frame of experience. In the transitions from centimetre to metre and further to kilometre we retrace the dimensions of length
of our world according to our experiences and by doing this we condense
our imagination. We think we are able to imagine at least part of the distances but soon find that when leaving the realm of our daily world of e xperiences we reach the limits of our imagination. The problem as such
remains incomprehensible and abstract.
Only the visual impression of the series of points on the drawing paper, the actual, concrete and physical experience of the series of rods in
the landscape, the following up of the plotted points on maps and on the
globe aids comprehension of the relationships within the series. I see and
with amazement I comprehend.
The idea of the series of points and rods based on the golden section
was for
Jo Niemeyer and myself so fascinating that a common land-art project
was set up in which several aspects of the problem were investigated. In
particular we dealt with the following fundamental questions:

Forms of visualisation of various series based on the golden section
as part of the land-art project. Formation of the rods by taking into account
the basic laws of perception.
Mathematical formulation of the problem, geodetic calculations and
design of the computer software for the exact location of the rods.
Selection of suitable routes around the earth by taking account of the
geographical, political and cultural circumstances.
Investigation and documentation of the connections between the
mathematical problem of the series and known structures in animated and
inanimated nature.
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Philosophical considerations of the circumference of the earth as an
arbitrarily introduced measure and of the golden section as an instrument
of measurement. Consideration of the relationships of man to the orders
of magnitude of macro und micro cosmos and to proportion.
In the following chapters a short survey of the land-art project is given
in which some of these points are discussed in more detail.

2. Basis of the project: the golden section

The golden section is known to man as the essence of harmony and
beauty and as a measure for harmonic proportions in nature and art since
the antiquity. Fundamental to this is the fact that the research of the relationships between measurements in systems in living and dead nature as
well as the study of the laws of structure in music, painting, sculpture and
architecture has lead to the insight that the structures of systems are
based on rational and irrational number proportions.
One of the earliest and at the same time most impressive examples of
the connection between order and beauty may be found in the rational
number proportions of the harmonies in music which are thought to have
been discovered by the Greek school of Pythagoreans. When analysing
the proportions of lengths of oscillating chords these researchers found
that the sound intervals are generated by simple proportions based on
whole numbers. Studying the pentagram, which is a regular starpentagon, they finally discovered the proportions of harmonious division,
but the notation golden section was not used until the 19th century (see
e.g. Hagenmaier).
The golden section is a special relationship between measures which
is based on a double proportion. A line segment is divided according to
the golden section when the whole length is related to the larger part as
the larger part to the smaller one.
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One says that a line segment AB has been divided at point S by the
golden section. The ratio AB : SB or SB : AS is called the golden ratio.
The smaller section AS is called the minor m, the larger section SB the
major M. The numerical value of the golden ratio M : m is given by the irrational golden number f = 1.618 033 988 ....
In the geometric construction of the golden section of a line segment
one can by principle distinguish two approaches. The construction of the
inner golden section determines the point S which subdivides a given line
segment AB in the golden ratio. Vice versa, when constructing the outer
golden section the minor m or the major M are given and one determines
in each case the missing endpoint of the line segment AB in such a way
that the point S divides the line segment AB in the golden ratio (see Beutelspacher/Petri p.20-25).
Series with infinitely many divisions are obtained when the two construction methods are repeatedly carried out. The minors series is gene rated by repeated application of the inner and outer golden section to each
newly formed minor. Starting with a line segment AB of length 1 the inner
golden section supplies the decreasing elements, the outer golden section
the increasing elements of the minors sequence:
...f-6, f-4, f-2, 1, f2, f4, f6 , ...

Analogously, the majors series is obtained by the starting element 1 and
by all the majors which occur in the repeated application of the inner and
outer golden section:
...f-3, f-2, f-1, 1, f1, f2, f3 , ...
18

One can see that the elements of the minors sequence are identical with
every second element of the majors sequence.
In his work as an artist Jo Niemeyer has extensively and in various
ways dealt with the golden section and the visualisation of the mathematical relationships connected with it (Grevsmühl). His object "modulon" is
an example of this where a set of 16 building blocks based on the golden
ratio is used to experience the proportional system in creative and constructive play.

"modulon" blocks of seven different »Golden Section« masses by J.N.

His works often reveal parts and applications of the majors and minors
series. The different laws of formation of these sequences are mirrored in
their visualisation. The majors series is a so-called Lucas series, i.e. that
each element is equal to the sum of its two smaller predecessors. In other
words, when the distances between neighbouring points of the majors sequence are calculated, one obtains again the same majors sequence.
When perceiving the linear sequence of points the distances between
neighbouring points are grasped before relationships to other points and
to the whole sequence are seen. Therefore, the visual presentation of the
majors sequence provides us via the perception of neighbouring points
with the individual elements of the majors series.
In the case of the minors sequence such a connection does not exist.
It was said that the elements of the minors sequence are identical to
every second element of the majors sequence. All remaining elements of
the majors sequence are obtained from the distances of neighbouring
19

points which can be calculated as the differences of proceeding elements
of the minors sequence.
As a consequence of the principles stated above one might assume
that the visual presentation of the majors series is more interesting for an
observer as the law of formation of this sequence is more easily perceptable and therefore more easily to understand. Visual investigations by
Jo Niemeyer have shown however that the minors series appears much
more dynamic than the majors series which has its reason no doubt in the
fact that the minors series does not have the calculable transparency of
the major series. It is because of this reason that the minors series is being used in this land-art project.

3. Golden angle and geodetic calculations

The algorithm cited in the introduction for calculating the points of the minors series is not sufficient to carry out geodetic calculations in practice.
For the mathematical formulation of the problem one has to take into account that every route around the earth is a natural fractal. Because of the
topography the circumference of the earth increases as the scale by
which we measure becomes smaller, whereas the enclosed area remains
limited and finite. Whereas the objects of Euclidian geometry show the
tendency of linearisation when observed more closely, objects of the socalled fractal geometry keep their roughness and structure and remain
essentially unchanged when successive enlargements of sections are
made.
Due to these facts the actual circumference of the earth is in principle
not suitable for a mathematically exact formulation of the problem. Therefore a method independent of the circumference of the earth has to be
found. The division of angles of the full circle proves to be a solution. Applying the golden section to the full circle, given in degrees as the unit of
angular measurement, yields the golden angle f = 137.507 764 050 ...°.
Repeated application of the golden section to each newly generated minor
in the division process provides the increasing elements of the minors series in degrees.
As a consequence of the above considerations a computer program
was developed by applying elementary relationships of spherical trigonometry where for any starting point on the earth and any direction the
latitude and longitude of every point of the minors series can be calc ulated for distances between a few centimeters and up to a complete circling of the earth. Taking this into account we choose the routes around
the earth which are the result of the so-called great circles, i.e. cuts
through the centre of the earth.

20

table A

From the theoretically infinite numbers of routes only the ones where
the positions of all the rods are situated on land are interesting for further
pursuit. If one chooses the peak of the Feldberg mountain as a starting
point and a cut of 78° in north-easterly direction, the series of points are
generated which follow the route described above.
The calculations of the positions of the points provide exact values for
latitudes and longitudes. However, one has to take into account that the
values for the distances are only approximations as they are based on an
idealised sphere of the earth with a mean value for the earth radius. Furthermore, as a result of the projection used for the map of the world the
points of the series do not appear in a straight line.

21

Map B

The series of points considered in the algorithm quoted in the introduction is generated by repeated application of the golden section to the
circumference of the earth. The length of the circumference of the earth is
therefore the measure for determining the actual distances between the
points. Consequently, by using a different measure other distances would
be generated. However, only the proportions between the distances are
essential for the perception and the understanding of the laws of formation. Jo Niemeyer says: There is no measure - only the proportion exists.
Formulating the problem with the help of the angle leads out of this dilemma as it is not only independent of the radius of the earth but also of
the actual shape and form of the earth.

4. The golden angle in phyllotaxis

All efforts of the past to trace the golden section in the measurements of
human bodies, of plants and animals are considered today with scientific
caution and scepticism. One of the few scientifically proven cases where
the golden section occurs in living nature is phyllotaxis which shall briefly
be outlined in this chapter. In dead nature examples include on the one
22

hand the quasi-periodical movements of mechanical systems like the
movements of the planets which with the golden section as the proportions of frequencies
show the possibly biggest stability against perturbations. Another example
for the golden section is found in quasi-crystals with a five-fold symmetry
axis which were first discovered in 1984 (see Richter/Scholz).
Phyllotaxis is the teaching of the arrangement of leaves in the plant
kingdom and provides impressive examples for the occurance of rational
as well as irrational proportions where the different forms of positioning
the leaves have longitudinal and lateral symmetries. Vegetative shoots
with whorled (verticillated) positions of the leaves as found in clover, lilac
and the frond of the fir-tree, are for instance characterised by two or more
leaves situated on one node. The angle between two successive leaves
are therefore factors of 360° and truly rational.
In contrast to the whorled arrangement of leaves the helicoid arrangement differs in such a way that each node carries only one leaf.
Here the leaves are all distributed in helicoid arrangement around the
stem. Between each leaf and its predecessor there is a certain, usually
constant angle which is known as the angle of divergence. In the simplest
case one finds shoots with a distichous arrangement of leaves where the
leaves are arranged alternatively alongside the shoot axis in only two
lines facing each other. For this arrangement of leaves the divergence
takes an angle of 180°, as it occurs for instance in the monocots, and is
therefore called orthodistichy. In this case the leaf succession can be
compared with the successive deflections of a pendulum (Troll p.59-60).

For many monocots with distichous arrangement of leaves, however,
a striking tendency towards a spiral movement can be observed and
which can be traced back to a gradual turning of the pendulum axis. The
leaf primordia at the growing points occur here in two screw-like lines
wound in the same direction which is also called spirodistichy (Troll p.5960).
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In phyllotaxis it is not customary to express the angle in terms of a
numerical value but to state the divergence as part of the circumference
of the circle. The numerator of the fraction of divergence is found by the
number of circulations which are necessary in order to reach the next fo llowing leaf in the same straight line above. The denominator states the
number of leaves in between.
The empirically found fractions of divergence are obtained by the socalled Schimper-Braun main series
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Nominator and denominator of successive fractions are based on the Fibonacci series with the starting elements 0 and 1 where each element is a
result of the sum of the two immediately proceeding numbers:
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For each of the fractions of divergence an angle of divergence can be calculated as a product of the fraction of divergence times 360°. One then
finds that with increasing divergence, the angle of divergence approaches
the golden angle f m.
For a helicoid arrangement two successive leaves can therefore be
made to coincide by carrying out a spiral movement according to the respective angle of divergence. All leaves can be linked according to their
genetic succession by a spiral where the direction of rotation of this socalled genetic helix is in most cases arbitrary. The figure shows the leaf
rosette of a greater plantain or ratstail viewed from above and the corresponding diagrammatic plan with a divergence of 3/8 (Troll p.60).

24

In recent times a more precise analysis of the angles between the leaf
primordia on the stem axes has shown that the higher divergences like
2/5, 3/8, 5/13, etc. do not occur in reality. For example, for a divergence of
3/8 the ninth leaf should be positioned above the first, the tenth above the
second, and so on so that the leaves form eight straight lines, so-called
orthostichies. All higher divergences can be traced back to the golden
section where, because of its irrationality, a newly formed leaf is theoretically never exactly situated above an already existing one by which optimal use is made of the incidence of light. Consequently, with the numbers of primordia and of circulations increasing a number of oblique lines
curved to the right and to the left, so-called parastichies, become visible.
This for instance becomes clear in the fir-cone (see left fig.), the pineapple
and the inflorescences of composites like sunflower (see right fig.), thistle,
dandelion, margarite and daisy where the adjacent leaf organs exhibit a
broad contact area (Strasburger et al p.141-142).
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Furthermore, within the development of individual plants one can frequently observe how various divergencies of the Schimper-Braun main
series occur one after the other and overlap each other. Which of the divergencies is finally being observed is essentially dependent on the type
of contacts between the younger and older leaf primordia which as a
function of the relative size of the leaves and of the circumference of the
vegetative cone determine the number of possible parastichies.
The structures of leaf arrangements can be investigated by computer
generated graphics. In order to simulate the generative principle of the
spiral positioning of the leaves the polar coordinates of a blossom are recursively being calculated by the preceding blossom where radius and
angle of divergence increase by the same amount, respectively. The following three computer graphics show three receptacles with angles of divergence of 136.5°, 137.5°, 138.0° (from left to right). This reveals that
parastichies curved to the right as well as to the left occur only when the
value of angle of divergence reaches the golden angle (Richter/Scholz
p.191).

136.5°

137.5°

138.0°

5. Macro and micro cosmos
In the 5th century B.C. the Greek philosopher Protagoras from the school
of Sophists was led by the maxim Man is the measure of all things to a
direct subjectivism and relativism (see e.g. Geyer). Man as the realising
subject determines the object of the cognition, not vice versa. The process of cognition is solely based on the sensory part of perception. This is
why distances and sizes appear to a spectator as large or small if the
sizes are large or small compared to her or his human measures.
The lengths that occur in our environment in form of distances, sizes,
line segments, etc are specified by the units of measure and by the numbers relating the lengths to these units. Geometrical series are suitable as
instruments of comparison in order to establish relationships between
lengths and between the different units of length. Scientists are used to
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represent in compact simplicity the largest as well as the smallest numbers and orders of magnitude by powers of ten, based on the meter as
the unit of measure.
The minors series, although not a geometrical series, offers here an
alternative. It is interesting to experience the relationships of length in the
macro and micro cosmos by means of the circumference of the Earth as
the unit of measure and its division in the golden section. If one continues
the minors series by repeatedly dividing the circumference of the Earth in
the outer and inner golden section in a linear way, we set out on an
imagined excursion in the worlds of large or small orders of magnitude. In
the following some prominent stages of this journey through the macro
and micro cosmos are indicated.

Macro and micro cosmos... Sketch by Jo Niemeyer

If one denotes the end-point of the circumference with 00 (see table A
page 13), point 01 provides us with a total line segment which consists of
the circumference of the Earth and the first outer major and has a length
of nearly 100 000 kilometers, corresponding to about a quarter of the distance between Earth and Moon. With the next four points the length of the
line segment increases to about two-thirds, the double, the five-fold and
the thirteen-fold of the distance of the Moon from the Earth and reaches
with point 05 nearly exactly 5 million kilometers.
Points 08 to 13 lead us to orders of magnitude of our solar system.
The mean distance between Earth and Sun is about 150 million kilome27

ters and is called the astronomic unit. Point 08 corresponds with a total
line segment of nearly 88 million kilometers to about half an astronomic
unit which is a bit smaller than the distance between Venus and Sun. The
distance between the 8th and 9th point amounts to nearly exactly one astronomic unit. Point 09 therefore provides with about 1.5 astronomic units
the distance between Mars and Sun, correspondingly point 11 with 11 astronomic units the distance between Saturn and Sun and point 12 with 28
astronomic units the distance of Neptune to the Sun. With the 13th step
we leave our solar system at 73 astronomic units or 10 million kilometers.
With the 20th point we have travelled on our excursion through the
universe a line segment of nearly exactly one light year or about 10 billion
kilometers. One light year is the distance which light travels in space in
one year. Up to the 32nd point we move in the orders of magnitude of our
spiral galaxy, the Milky Way. Point 24, for instance, corresponds to the
distance of the star Capella, point 30 with 15 000 light years to the depth
of the Milky Way and point 32 with 100 000 light years to its diameter.
In our next step we leave the Milky Way and arrive with point 35 at the
Andromeda galaxy nearly 2 million light years away. With the 44th point
we finally advance at 10 milliards light years to the most distant galaxy
and reach the momentary limit of the expanding universe.
We start a journey in the micro cosmos when the division of the circumference in the inner golden section is continued backwards beyond
the points -20 to -24. These points are represented on page 7 by a sequence of five small red circles. Point -23, which is the second circle from
the left, is about 10 millimeters away from the left end of the circumference which has not been drawn and which represents at the same time
the starting point of the series. Point -24 on the far left corresponds to a
distance of about 4 millimeters from the starting point. All points which are
further left would overlap with point -24 due to the extension of the circles
if they had been drawn.
Points -25 to -27 provide distances between 1.4 and 0.2 millimeters,
which are for instance comparable with the sizes of a unicellular organism
or a grain of salt and just visible to the naked eye. In order to see the distances created during the next steps we need, however, a lens or a microscope. Points -28 to -31 correspond to distances between 80 and 4
micrometers and are in an order of magnitude, in which most cells can be
found. For instance the red and white blood corpuscles and also most
cells have a diameter of 5 to 10 micrometers. In human or animal cells the
nucleus contains the DNS, the thready molecules of which are several
micrometers long and wound up within the chromosomes.
With the 38th to the 42nd step in the micro cosmos we reach atomic
orders of magnitude at about 50 to 1 angstrom. The smallest atom, for instance, the hydrogen atom in its ground state, has a diameter of about
one angstrom which corresponds to a distance of 10 millionth of a millimeter.
Points -52 to -54 compare with 7 to 1 hundred thousendth of an angstrom, thus coming in the range of diameters of the atomic cores. The diameter of the atomic core of hydrogen as well as of single nucleons like
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the proton or the neutron is given almost exactly by 1 billionth of a millimeter.
With the 60th step we finally advance to those particles, which are regarded at the moment as the most elementary and smallest elements in
the structure of matter, the leptons and the quarks. There exist three families of leptons, consisting of electron, myon, tau and three neutrinos, and
three families of quarks which are denoted by up-down, charm-strange,
bottom-top. For the radii of these particles an upper limit of 1 billiardth of a
millimeter was experimentally determined. For instance, the inside of
protons or neutrons consist of three quarks which are bound by gluons,
the field quanta of the strong force (Schopper).
When investigating the structure of matter one consecuatively found
smaller and smaller building elements. The immediate question here is if
matter can be divided further and further or if there is a limit by principle.
Since if we find last building elements with finite extensions, then it has
also to be expected that these can be divided further. The experimental
evidence contradicts however the naive materialistic partical concept. For
instance, one has not succeeded to produce quarks as free particles.
Quarks have to be seen rather as a special excitement of a fundamental
field force, as a complex state, and because of that no exact specifications of size can be given.

6. Getting started and outlook

The preceding considerations have shown that the golden angle and the
minors series, on which it is based, are found to be the fundamental pri nciple in the helicoid arrangement of leaves and blossoms. The golden
section, or harmonic proportion, has crucially influenced and formed
man's sense for aesthetics in many cultures, particularly in the western
world. It is therefore natural that this principle should be experienced and
made accessible and conceivable for modern man in an intercultural and
interdisciplinarian land-art project. In a time and age when, as a result of
the care for the preservation of our environment and living conditions,
man's interest is directed towards the whole of the earth and in which it
has been made technically possible that even the largest distances on the
earth can be overcome more easily and more comfortably, the ball of the
earth appears to be the suitable object to realise this idea.
Ulrich Grevsmühl
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