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Highlights:

Geometric principles (axis, proportion, symmetry, rhythm) are not merely technical tools but fundamental aesthetic devices shaping the perceptual

quality and legibility of urban spaces.

The hidden geometric system of Nagsh-e Jahan Square—based on regular pentagons, decagons, and golden-ratio proportions—provides measurable
evidence of deliberate aesthetic ordering that can inform contemporary urban design guidelines.
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Introduction: Throughout history, geometry has served as a fundamental
language for ordering space and creating beauty in architecture and urban
design. From ancient civilizations to the present, geometric principles such as
axis, symmetry, proportion, rhythm, repetition, and hierarchical composition
have shaped the physical structure of cities and influenced how people perceive
urban environments. During the Renaissance, thinkers like Leon Battista Alberti
emphasized the role of numerical and geometric ratios in the creation of beauty,
defining harmony as the rational coherence of all parts of a composition. In the
Islamic tradition, geometry gained a dual significance; due to the avoidance of
human and animal depictions, geometric patterns became the primary visual
language for ornamentation and spatial organization. These patterns not only
serve decorative purposes but also reflect deeper metaphysical concepts such as
unity in diversity and infinity, embodying the divine order and coherence of
creation.Contemporary interdisciplinary research in urban studies,

environmental psychology, and visual perception has demonstrated that
aesthetic qualities of space—including geometric order, proportions, axial
organization, rhythm, repetition, symmetry, and hierarchy—are systematically
linked to important urban outcomes such as legibility, place attachment,
perceived safety, vitality, pedestrian behavior, and even mental health. Urban
geometry acts as a common language mediating between form and perception,
capable of being elevated from descriptive aesthetics to measurable indicators.
However, in many design and regeneration projects, geometry is either reduced
to a mere drafting tool or remains dependent on the personal taste of the
architect, leading to qualitative instability in urban landscapes and the
production of "less legible" urban fabrics.
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Methodology: This study adopts a qualitative, theoretical-analytical approach. The research is conducted in two main
steps. First, a comprehensive literature review was carried out using library resources, including authoritative books
and articles in the fields of geometry in architecture and urban design, as well as urban aesthetics. This step aimed to
extract the theoretical foundations concerning geometric principles (axis, symmetry, proportion, rhythm, repetition, and
geometric compositions) and their role in shaping urban spaces and enhancing aesthetic quality.Second, to explain the

practical application of these principles, a case study method was employed. Nagsh-e Jahan Square (Maidan-e Nagsh-e
Jahan) in Isfahan, one of the most prominent examples of geometric application in Iranian urban design, was selected.
Data related to this case included historical maps, field surveys, architectural drawings, and previously published
analytical documents concerning the geometric organization of the square. The analytical procedure consisted of
drawing geometric networks and regular polygons (such as pentagons and decagons) onto the square's plan, followed
by superimposing the resulting geometric pattern onto the physical elements of the square.Key aspects evaluated

included the alignment of main axes, placement of surrounding buildings (Imam Mosque, Sheikh Lotfollah Mosque, Ali
Qapu Palace, and Qeysarieh Bazaar entrance), dimensional ratios of the square (length, width, distances between
elements), and their comparison with known geometric proportions, including the golden ratio (approximately 1.618).
Through this approach, the research adopted a hybrid methodology combining theoretical content analysis with
empirical evidence derived from the case study, thereby enabling a systematic evaluation of how geometric principles
contribute to the perceived beauty of the urban fabric.

Results: The findings confirm that geometric ordering principles—particularly axis, symmetry, proportion, rhythm, and
repetition—have historically served as the underlying structure for composing architectural and urban spaces and are
recognized as key factors in creating visual order and harmony. The analysis of Nagsh-e Jahan Square revealed that a
hidden geometric system based on concentric and rotated squares, as well as intersecting regular pentagons and
decagons, was deliberately employed in organizing the square's components. The longitudinal (north-south) axis of the

square aligns precisely with one of the primary axes of this hidden geometric network. The Qeysarieh Bazaar entrance
to the north and the dome of Imam Mosque to the south are both positioned on this axis, demonstrating the intentional
use of a strong geometric axis to organize major urban elements. Ali Qapu Palace in the west and Sheikh Lotfollah Mosque
in the east are symmetrically arranged relative to this longitudinal axis and share a common transversal axis,
establishing visual equilibrium across the square.Furthermore, the rectangular open space of the square is enclosed by

four main lines corresponding to the geometric network derived from the decagon. The overall dimensions of the
square—approximately 500 meters in length and 160 meters in width—yield a length-to-width ratio of about 1.6, which
is remarkably close to the golden ratio (1.618).

Discussion: The results indicate that geometry—as a universal and rational ordering language—plays a fundamental
role in shaping the aesthetic qualities of the urban environment. Geometric principles such as axis, symmetry, hierarchy,
rhythm, repetition, proportion, and diversity all contribute to the creation of spatial order and unity, ultimately leading
to the perception of beauty in the urban landscape. The historical continuity of relying on three-dimensional geometric
volumes (cube, cone, cylinder, sphere, and regular polyhedra) in architectural and urban compositions supports Le
Corbusier's assertion that "beautiful forms satisfy our senses through mathematics".In the case of Nagsh-e Jahan Square,

the strong longitudinal axis serves as a "visual spine” that directs the observer's gaze, creates deep perspectives, and
establishes clear focal points at both ends. The symmetrical placement of major buildings (Ali Qapu versus Sheikh
Lotfollah Mosque) reinforces visual balance and legibility. The golden-ratio proportions of the square's rectangular field
evoke a subconscious sense of "rightness" and harmony, consistent with classical aesthetic theories. Moreover, the
rhythmic repetition of two-story arcades (hojrehs) along the square's perimeter, together with the hierarchical
geometric ornamentation- from large-scale iwans down to fine tessellated tile patterns- generates a "unified diversity"
that keeps the visual experience engaging without becoming chaotic or monotonous.

Conclusion: Based on the theoretical foundations and empirical findings of this study, it is concluded that geometry is
not merely a technical drawing tool but a fundamental aesthetic device that shapes the perceptual quality of urban
spaces. The intelligent application of geometric principles -particularly the reinforcement of visual axes, use of balanced
proportions and ratios (e.g., height-to-width ratios of streets and squares, length-to-width ratios of public spaces),
integration of symmetry and rhythm, and repetition of modular units across scales- can significantly enhance the
legibility, coherence, and aesthetic appeal of contemporary urban environments.For urban design practice, it is

recommended that: (1) design guidelines explicitly incorporate geometric principles as scientific-aesthetic criteria, such
as recommending coordinated building heights and alignments along significant view corridors, or establishing
proportion-based dimensional standards for new public spaces; (2) urban designers and architects be trained to
consciously and creatively apply geometric ordering systems rather than relying on arbitrary or purely intuitive
compositional methods; and (3) the balance between geometric order and local identity, contextual diversity, and
cultural specificities be maintained to avoid monotonous uniformity.
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