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Abstract

The art and techniques of colorful tiling in domes, inscriptions, minarets of mosques, buildings and
historical monuments from antiquity, is a valuable and important document about the decorations of
ancient Iranian architecture [1].Ancient mathematicians, designers, and practitioners used the
geometric methods of knot arrangement, Yazdi-bandi, Mugarnas,(Ahu pai) and other methods, with
the help of geometric arrangement of squates, diagonals, thombuses, and techniques such as "square-
to-circle correlation” with the term "mandala. The identification and production of the primary units
of geometrical "motifs" began centuties ago and includes geometric units in two dimensions. These
motifs have been developed in different historical periods by geometers and designers. It is clear that
mathematical-geometric laws have remained fixed in motifs throughout the past. This means that the
laws of symmetry have a main origin, in a way that they have been fixed in different historical periods.
On the other hand, alignment, balance and symmetry are necessary for each other. Geometry has
been used since ancient times to measure the surfaces of buildings and agricultural lands. Points, line
segments, angles, circles, squares and triangles have been used in the production of two-dimensional
patterns in the order of regular patterns.
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Introduction

In 1912, symmetry was applied to the science of crystallography using X-ray diffraction by the
German  Physicist “Max von Laue”. The terms “symmetry elements” and “symmetry operations”
are the main foundations of the science of symmetry [4], which are used and recognizable in the
geometric patterns of tiles although the designers of tile motifs in the past have not mentioned it in
geometric patterns and there are no reports of it available. A Symmetry element is a geometrical entity
about which a symmetry operation is performed; an element can be : a point, axis, or plane, A
symmetry operation is the Movement of an element such that after the movement appears the same

as before.

In this study, while examining the geometric patterns of ancient tiles, using two-dimensional visual
methods and adapting it to the science of symmetry used in the structure of crystalline solids,
including the mapping of atoms in a three-dimensional, two-dimensional and one-dimensional lattice
of atoms, it was determined that both types of arrangements follow the basic rules and science of

symmetry.
While the length of the primary cell of the crystal lattice structure is about a few angstroms, the length
of one side of the geometric motifs in the geometric patterns of the tiles is about 1010 times bigger;

Therefore, it is concluded that the science of symmetry for very small (invisible) and very large
components is established under special conditions. In this regard, the knowledge of symmetry can

exist and be studied and used in other sciences.

In ancient times, geometry and mathematical knowledge were associated with mystical sciences. Plato
and later Pythagoras addressed this issue in a spiritual way, because they considered the concept of
geometry as a path to perfection and believed that geometry strengthens the notion to comprehend
the structure of the universe. Knowledge of geometric patterns also creates unity in the spatial order.
Burkhart Titus has said that every art is science and every science is art. It has been said that geometry
is a science that is used in Islamic art to reflect the images of the imaginary world, which is related to

the nature “well-conditioned” of geometry and mathematics.

Tiling is the knowledge of experimental sciences and original Iranian arts, examples of which are
found in monuments and holy places in different cities of Iran. Tilework has been used as beautiful
and attractive decorations in the buildings of Tehran [5], such as Shams al-Amara mansion and
Golestan palace and older buildings in the cities of Isfahan, Tabriz, Yazd, Mashhad and other cities

of Iran. |7]

Methods

This article uses the method of comparison and similarity. The knowledge of symmetry is used to
determine the atomic structure of crystalline materials (International Union of Crystallography).
Symmetry knowledge was developed by European scientists in the 19th century to form symmetric
groups. The methods of producing ancient geometric patterns in Iran have been implemented using
experimental designs based on complex and "cryptographic" drawings. While the methods of
determining the atomic structure of crystalline solids have been based on the use of x-ray diffraction.
The geometry of ancient Iran with the invisible arrangement of atoms in the structure of crystals

shows the existence of knowledge of symmetry in both methods in the same way.

Results and Discussion
In the tile works, each motif has a special meaning and concept. A general overview shows that the

origin of the patterns used in the tiles can be divided into three main groups:
A) Motifs of objects that are present and visible around; Such as human, animal, plant, landscape and

so on.
B) Imaginary motifs engraved in the mind. Such patterns can be observed in many tiles.
C) Symmetrical geometric patterns that are produced using the science of symmetry.

D) Picture of imaginary shapes.
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Geometric units in motifs can be seen in detail and specific types, and one who is familiar with the
science of symmetry can observe a variety of symmetric laws in the form of specific geometric types
in motifs. Because the knowledge of symmetry also governs the structure of atoms in crystals, it is

concluded that symmetry also exists for components in invisible states.

In this study, it was shown that ancient designers performed geometric patterns based on
experimental, complex and strenuous illustrations, along with "decoding" and were able to obtain the

principles of symmetry in their work.

By observing the geometric patterns designed in the tiles, we established a relationship between the
composition of the geometric units and the formation of a symmetric pattern that can be expanded
in two dimensions. The two-dimensional growth and development of such designs can continue
indefinitely. We adjusted the following formula based on the mixed geometric patterns and its
expansion in two dimensions.

Zuc+d—>gp

In this formula, uc (unit cell) means “geometric unit”, d means “decoding” and gp means “geometric
pattern” (fig 2).

Conclusion

Considering the adaptation of tiling patterns with the atomic structure of the crystalline material’s
network, (Tab.3) itis concluded that the origin of the knowledge of symmetry was due to the antiquity
of symmetrical pattern products in Iran. Elements and operations of symmetry used by European
Scientists H. Maguin and Schoenflies to establish the knowledge of symmetry to determine the atomic
structure of crystals, and has also been used in geometric tile designs. In general, it was found that
the knowledge of symmetry in the 19th century is harmonious with the symmetrical motifs of ancient
Iranian designers and performers. On the other hand, considering the large number of designs that
exist in ancient tiles, it can be claimed that most of the designed patterns in the world belong to
ancient Iran It is observed that in the texture of some tileworks, from the aggregation of the primary
components, a larger complex unit is produced, so that the larger unit itself can be expanded the
design. Based on the knowledge and contemplation of traditional architects, such cases were known
as "unity and plurality", the concept of which has been discussed in the sciences of mysticism and
wisdom [4].

Considering that the tile pieces of antiquity and BC were made and polished with the characteristics
of that period and in different periods of history, the design and construction of patterns has gradually
expanded, it is possible to determine the age of the discovered pieces, related to different time petiods
by preparation and utilization of evidence and standard tables and obtain useful archaeological

information from them.
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Fig. 1: The sciences used in the construction of tiles
1.History, Culture and Art: Selection of Patterns in Relation to Historical Culture and Art, Selection Using Physical
Observation of Parts
2. Materials Science: Mineralogy and soil science in tile production, knowledge of pigments, discoloration of pigments

before and after curing, thermodynamics of phase formation, curing conditions and firing.

3. Production technical knowledge: Processes of preparation of raw materials for the body and glaze, preparation of
materials, granulation, training, formation of the lower and upper layers of the glaze, heating technique, analysis of

materials, purity and quality.

4. Design, symmetric patterns: Creation and design of patterns, knowledge of symmetry and selection of meaningful
geometric shapes, defects and expressive language of designs in parts
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Table 4: Symmetric Elements Herman Mogan, Schoenflies
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Table 5: Estrogram of symmetric plates and axes [15]
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Fig. 3: Application of symmetrical elements and factors in two types of identical symmetrical tiling roles
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Table 6: Combination of simple geometric units and production of combined geometric units
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Table 7: The Elementary Units of Geometrical Design of Iranian Ancient Ceramic and Kashi

Shape of

Shape of

No The Name of Unit Gnmﬂul s-yl"s‘mf No The Name of Unit Geoi-]:it:-lul s‘{';;‘::;‘f
1| Triangle A Cy 27 | Octagon O Civ
2 | Square OJ Cy 28 | Tetra bale E Cyy
3 | (Sabunak) Diagonal Square <> Cy 29 | Drum 0 C 2v
4 | Lozenge (Tokhmeh) <> C, 30 | Wing Tetra bale i:j C,
5 | Narrow tail Bergamot = 3, 31 | Narrow Grain Q dy
6 | Wide tail Bergamot Q) 3, 32 | Shuttle 53 Cyy
7 | Butterfly PAN 3, 33 | Collyrium (;<>:I C,,
8 | Pentagon Q Cs 34 | Cross (‘83 Civ
9 | Wide Pentane star {} Csy 35 | Four Headed pannier (Four C(} oD
10 | Narrow Pentane star 7{\\( Gz Armlet) -

2 36 | Plane tree-leat nery Q 3,
11| Wide seat Pentane patulous )_} S, 37 | Venus \r;\\) Sv

13 | Fenier Q O 38 | Intervention A 3,
13 | Hexagon O Cﬁ
14| Wide tail Hexagonal O 3y Shashiee Crow
15 | Narrow tail Hexagonal O 3, 3 }rl:: ;:Z‘:?jn(g::;::;ﬂ)l ;/T { i
16 | Jug (Barsni) O Cyy triangle ¥
17 | Pinnacle Q 3, 40 | Intervention Square Ornamental {NP Caw
18 | Espadrille O 3, 41 | Half Square Ornamental Db e
19 | Concave tow-bale = Cyy 42 | Quarter Square Ornamental B Sd
20 | Convex two-bale I:j 3, 43 | Narrow Hexapetalous % Cey
21 | Firecracker /\>‘ 3, 44 | Wide Hexapetalous < ':)‘ Cev

22a | Raven 'J;\\/ 3, 45 | Wide Octapetalous O Cyq

221 | Coach 3 3y 46 | Wide ninepetalous " Cyq

23 | (Pili) & Cy 47 | Wide decapetalous {1 Cs,
24 | Wave Cyy 48 | Wide Seat decapetalous 3 oy
25 | Asian Wave C, 49 | Wide dodecapetalous i\ 3 Cysa
26 | Doll ﬁ 3 v 50 | Narrow dodecapetalous {:} C 45d
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