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Exploring the Intersection of Science and Tradition in Egyptian Architecture

Mohammed Arish Khan', Ar. Neelam Kushwah’

This research paper explores the intricate fusion of science and tradition in Egyptian architecture, spanning millennia
of innovative design and cultural symbolism. It delves into the historical evolution of Egyptian architectural styles,
from the monumental pyramids of the Old Kingdom to the elaborate temple complexes of the New Kingdom,
highlighting the scientific principles embedded in their construction. This study unveils the seamless integration of
mathematical precision, engineering skills, and symbolic motifs in Egyptian architecture. It examines how ancient
builders utilized scientific knowledge in areas such as geometry, astronomy, and material science to create enduring
monuments imbued with cultural meaning and functional significance. The analysis underscores the profound impact
of scientific advancements on architectural innovation, while also emphasizing the enduring influence of cultural
traditions and religious symbolism. The conclusion offers a unique perspective on leveraging ancient wisdom to
inspire contemporary architectural solutions, advocating for a harmonious balance between scientific hardship and

cultural heritage in the pursuit of sustainable and culturally resonant designs.
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INTRODUCTION

Throughout human history, architecture has served as a reflection of society's values, beliefs, and progress. It tells
the story of our civilizations, showcasing a blend of traditions, technological advancements, and cultural expressions.
Among the diverse architectural legacies of the world, Egyptian architecture stands out as a fascinating example of

how science and tradition intersect to create enduring marvels.

From ancient times, the Egyptians have captivated the world with their architectural achievements, such as the awe-
inspiring pyramids and temples. These structures not only symbolize Egypt's rich heritage but also highlight the

intricate relationship between scientific knowledge and cultural practices.

Ancient Egypt's history is a tale of distinct eras, each with its own flavour and contributions. The Old Kingdom (circa
2686-2181 BCE) saw the construction of awe-inspiring pyramids under strong pharaonic leadership. The Middle
Kingdom (circa 2055-1650 BCE) was a period of cultural resurgence and artistic brilliance. The New Kingdom (circa

1550-1077 BCE) marked Egypt's peak as a regional power, with grand building projects and imperial expansion. The
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Late Period (circa 664-332 BCE) witnessed foreign rule and cultural exchanges. Despite the ups and downs, Egypt's
architectural and cultural heritage endured, leaving behind iconic monuments like the pyramids and temples that still
capture our imagination. Each era, from the splendour of the pharaohs to the complexities of later rule, reflects Egypt's

enduring spirit of innovation and cultural richness along the banks of the Nile.

In this research paper, we embark on a journey to explore the captivating world of Egyptian architecture. By analysing
key elements and delving into historical contexts, we aim to uncover the ways in which science and tradition
harmonize in Egyptian architectural masterpieces. Through this exploration, we not only gain a deeper understanding
of Egypt's architectural mastery but also appreciate the enduring legacy of innovation and cultural significance

embedded in these ancient structures.

HISTORICAL CONTEXT

The historical context of Egyptian architecture spans thousands of years, encompassing dynastic periods marked by
remarkable achievements in art, literature, and governance. It was during these epochs that iconic structures like the
Great Pyramid of Giza, the Sphinx, and the temples of Luxor and Karnak were conceived and constructed,

showcasing the architectural prowess and cultural sophistication of ancient Egypt.

e Old Kingdom (c. 2686-2181 BCE):

The Old Kingdom marked the era of monumental pyramid construction, epitomized by the Great Pyramid of
Giza, built for Pharaoh Khufu. These pyramids served as royal tombs, showcasing the advanced engineering
skills and organizational capabilities of ancient Egyptian builders. Architectural achievements during this
period included the development of stone masonry techniques, the use of precise mathematical calculations

for pyramid dimensions, and the construction of mortuary temples and causeways connected to the pyramids.

e Middle Kingdom (c. 2055-1650 BCE):

The Middle Kingdom saw a resurgence of artistic and architectural endeavours, with a focus on temple
construction and urban development. Temples such as the Temple of Karnak in Thebes (modern-day Luxor)
exemplified the grandeur and religious significance of Egyptian architecture. Architectural innovations
during this period included the use of columned halls, elaborately decorated pylons, and monumental statues

of pharaohs and deities. These structures served as centres of religious worship and political authority.
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e New Kingdom (c. 1550-1070 BCE):

The New Kingdom witnessed a flourishing of monumental architecture, with the construction of temples
dedicated to gods and goddesses such as Amun-Ra, Hathor, and Ptah. Notable examples include the Temple
of Luxor, the Mortuary Temple of Hatshepsut, and the Ramesseum. Architectural achievements of the New
Kingdom included the elaboration of temple complexes with hypostyle halls, obelisks, colossal statues, and
intricate reliefs depicting religious ceremonies and mythological narratives. These structures reflected the

power and religious devotion of pharaohs and the elite class.

e Late Period and Ptolemaic Era (c. 664-30 BCE):

During the Late Period and Ptolemaic Era, Egyptian architecture underwent further developments influenced
by foreign invasions and cultural exchanges. Greek and Roman architectural elements were incorporated into
traditional Egyptian designs, leading to hybrid styles seen in temples like the Temple of Kom Ombo and the
Temple of Philae. Architectural innovations of this period included the integration of Hellenistic and
Egyptian motifs, the construction of temples dedicated to Greco-Egyptian deities, and the use of new building

materials such as marble and limestone.

SCIENTIFIC PRINCIPLES IN EGYPTIAN ARCHITECTURE

Mathematics and Geometry:

Ancient Egyptians used a variety of mathematical techniques in the design and construction of their pyramids. They
utilized a system of linear measurement based on the Egyptian cubit, which was divided into smaller units called
palms and digits. They also used simple geometric shapes such as squares and triangles to design the pyramids' base
and angles. Additionally, they used the technique of triangulation to ensure that the pyramids were built on level
ground and to align the pyramid's corners to the cardinal points. They also used the technique of slope and height
calculation to design the pyramid's shape and to make sure that the pyramid was of a consistent slope along
all four sides. The angle of the pyramid's slope was another mathematical marvel, Ancient Egyptians employed
trigonometric principles to determine the ideal angle, balancing structural stability with aesthetic appeal. The primary

pyramid angle was around 51 degrees, meticulously calculated and vital for the pyramid's stability.
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Pyramid showing the seked

seked =-uL - 180CUDS _ ot g mg/cupit

rise ~ 250 cubits

Example - The Egyptians employed the equivalent of similar triangles to measure distances. For instance, the seked
(Seked is an ancient Egyptian term describing the inclination of the triangular faces of a right pyramid and is
measured as so many horizontal units per one vertical unit rise. It is thus a measure equivalent to our modern
cotangent of the angle of slope.) of a pyramid is stated as the number of palms in the horizontal corresponding to a

rise of one cubit (seven palms). Thus, if the seked is 51/4 and the base is 140 cubits, the height becomes 931 cubits.

Engineering and Construction Techniques:

The Great Pyramid of Giza is a remarkable structure that has stood for over 4,500 years. The ancient Egyptians used

a number of engineering practices to ensure its stability and longevity. These practices include,

Using high-quality materials i.e. The pyramid was constructed from blocks of limestone, which are very durable and

resistant to weathering.

Precise construction techniques i.e. The blocks of limestone were cut to very precise dimensions and fit together with

near-perfect precision. This helped ensure the stability of the pyramid.

The Egyptians used ramps to transport the heavy blocks of limestone to the construction site. This allowed them to

move the blocks more easily and helped prevent damage to the blocks or the pyramid.

Using counterweights: The pyramid was built with a slope, and the Egyptians may have used counterweights to help

balance the weight of the blocks as they were lifted into place.
The pyramid has a number of internal chambers and passages that may have served as additional support structures.

Subsequently only the pyramid of Khafre (Chephren), Khufu’s successor, approached the size and perfection of the
Great Pyramid. The simple measurements of the Great Pyramid indicate very adequately its scale, monumentality,
and precision: its sides are 755.43 feet (230.26 metres; north), 756.08 feet (230.45 metres; south), 755.88 feet (230.39

metres; east), 755.77 feet (230.36 metres; west); its orientation on the cardinal points is almost exact; its height upon
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completion was 481.4 feet (146.7 metres); and its area at the base is just over 13 acres (5.3 hectares). The core is

formed of huge limestone blocks, once covered by a casing of dressed limestone.

Step-by-step guide

Slope grew with
p, ~

pyramid 7

Posts, 50cm in diameter,
- were buried deep into
~ Gradientwasup  the slope so blocks could
be hauled from below

to 20 per cent

Astronomy and Celestial Alignments:
polar point; one of the stars was Thuban. Nearly 4,500 years ago, the two stars were about 10° degrees from the

celestial pole which lay directly between them. Polaris was not the pole star in that period; the star Thuban — a dim

Ancient Egyptian astronomers aligned the pyramids due north possibly by using two stars that circled the celestial
star in the constellation Draco - was closest to the celestial pole. When the first accurate survey of the Giza pyramids

was carried out in the 19th century, they found that each of the four edges of the pyramids’ bases accurately point

towards a cardinal direction.
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The Three Great Pyramids of Egyp

Material Science:

Egyptians worked extensively with limestone from the cliffs of the Nile Valley. Alongside this they used other soft
rocks such as sedimentary sandstone and greywacke (quartz, feldspar and dark, mineral-based sandstone), the mineral
calcite (crystalline calcium carbonate) and metamorphic schist. They also made use of harder rock such as the
sedimentary diorite and granodiorite, igneous granite and basalt, and metamorphic quartzite. All these were used for
statues, temples, tombs, stelae and temple furniture. To shape and smooth hard rocks such as granite, the Egyptians
used copper saws and drills with abrasive sand, dolerite as hammer stones, and sand containing quartz. Evidence of

this can be seen on the famous “unfinished obelisk’ in the Aswan quarries.
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Unfinished obelisk in Aswan quarries

The soft stone was often covered with a plaster layer and then painted while the harder stone was often left natural
and chosen for its colour in relation to use. Black rocks referred to the life-giving silt of the Nile. Because they were
black, they were used for art relating to life-giving situations, like Osiris, the god of resurrection. Green stones were

used for living things and red, brown, and yellow to refer to sun gods.

TRADITIONAL ELEMENTS AND SYMBOLISM

Hieroglyphs and Inscriptions:

Hieroglyphs, meaning 'sacred carving', were largely carved into stone and commonly used in temples, tombs and on
other monuments for nearly 3000 years. As the script evolved, it also came to be written with a brush or a reed pen
and ink on papyrus. This led to the development of less pictorial, more abbreviated cursive handwritten scripts called

'hieratic' and 'demotic'. All three scripts recorded the ancient Egyptian language in writing.

The glyphs are usually read from right to left, top to bottom and do not use spaces or punctuation. On the walls of
temples and tombs in Egypt, they generally appear in columns. Priests used hieroglyphs to write down prayers and

texts related to life after death and worship of the gods. When preparing their tombs, many citizens in Egypt had
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hieroglyphic guides of the afterworld written on the surfaces of tomb walls and on the insides of coffins. Hieroglyphic

inscriptions on temple walls and other monuments were used for decorative and sacred purposes.

Inscriptions found on temple walls, graves, and monuments were destined for ‘eternity.” Hieroglyphs retained their
importance as a means of communication with the Gods and the Egyptians believed their language was a gift from

Thoth, their moon God of wisdom, and goddess Seshat.

Religious Motifs and Symbols:

Religion in ancient Egypt was fully integrated into the people's daily lives. The gods were present at one's birth,
throughout one's life, in the transition from earthly life to the eternal, and continued their care for the soul in the
afterlife of the Field of Reeds. The spiritual world was ever present in the physical world and this understanding was
symbolized through images in art, architecture, in amulets, statuary, and the objects used by nobility and clergy in

the performance of their duties.

Some of the important symbols are-

e The Ankh is a cross with a looped top which, besides the concept of life, also symbolized eternal life, the
morning sun, the male and female principles, the heavens and the earth. Its form embodied these concepts in
its key-like shape; in carrying the ankh, one was holding the key to the secrets of existence. The union of
opposites (male and female, earth and heaven) and the extension of earthly life to eternal, time to eternity,
were all represented in the form of the looped cross. The symbol was so potent, and so long-lived in Egyptian

culture (dating from the Early Dynastic Period in Egypt, c. 3150-c. 2613 BCE)

© 2024, IJSREM | www.ijsrem.com | Page 8



http://www.ijsrem.com/

YZARLY
1ISREM . e : : .
a7 nternational Journal of Scientific Research in Engineering and Management (I[JSREM)
RS~ Volume: 08 Issue: 03 | March - 2024 SJIF Rating: 8.448 ISSN: 2582-3930

Ankh E Djed

o The Djed is a column with a broad base narrowing as it rises to a capital and crossed by four parallel lines.
It first appears in the Predynastic Period in Egypt (c. 6000-c. 3150 BCE) and remains a staple of Egyptian
iconography through the Ptolemaic Period (323-30 BCE), the last to rule the country before the coming of
Rome. Although understood as representing stability, the symbol served to remind one of the close presence
of the gods as it also referenced the god Osiris and so was linked with resurrection and eternal life. The djed
was thought to represent the god's backbone and frequently appears on the bottom of sarcophagi to help the
newly arrived soul stand up and walk into the afterlife.

e The Udjat is another well-known symbol from Egypt: the Eye of Ra. The symbol of the eye is associated
with the protective goddess Wadjet during the Predynastic Period and continued to be even though it was
later more regularly linked to Horus, Ra, and others through the motif of the Distant Goddess. The distant
goddess story has many forms in Egyptian mythology but one consistent plot: a goddess in some way rebels

against the king of the gods, leaves her home and responsibilities behind to journey to a far-off land and must

be brought back (or tricked into returning) thus initiating some kind of transformation.

Udjat eye Sesen

e The sesen is the lotus flower which appears so often in Egyptian art and symbolizes life, creation, rebirth
and, especially, the sun. The symbol dates to the Early Dynastic Period but became most popular from the
Old Kingdom onwards. The lotus flower closes at evening and sinks down beneath the water, then at

daybreak, it emerges to open again; this pattern identified it with the sun and, therefore, with life.
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Ritualistic Spaces and Functionality:

The most remarkable monument of Ramses II, the great builder, is undoubtedly the temple dedicated to the sun gods
Amon-Re and Re-Horakhte at Abu Simbel. Although excavated from the living rock, the structure follows generally
the plan of the usual Egyptian temple. Four colossal seated statues emerge from the cliff face: two on either side of
the entrance to the main temple. Carved around their feet are small figures representing Ramses’s children, his queen,

Nefertari, and his mother, Muttuy (Mut-tuy, or Queen Ti). Three consecutive halls extend 185 feet (56 metres) into

the cliff, decorated with more colossal statues of the king—here, disguised as Osiris, god of the underworld—and
with painted scenes of Ramses’s purported victory at the Battle of Kadesh. On two days of the year (about February
22 and October 22), the first rays of the morning sun penetrate the whole length of the temple and illuminate the

shrine in its innermost sanctuary.

=
S

Inner sanctum of Abu Simbel

The other type of temple, the funerary temple, belongs to the mortuary and valley temples included in the pyramid
complex of the Old and Middle Kingdoms. The so-called valley temple stood at the lower end of the causeway that
led up to the pyramid. It had a columnar hall and storerooms; basins and drainage channels have occasionally been
found in the floors. Its exact function is uncertain. It may have been for the purification of the dead king’s body by
ritualistic washing and even for the embalming ceremony. It might have served, moreover, as a landing stage during

the inundation.
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ANALYSIS AND INTERPRETATION

The exploration of the intersection of science and tradition in Egyptian architecture reveals a rich tapestry of technical
innovations, cultural symbolism, and religious significance. Through a comprehensive analysis and interpretation,
we understand deeper insights into how scientific principles and traditional elements harmoniously coexist in

architectural masterpieces.

e The precise mathematical calculations and geometric proportions present in structures like the Great Pyramid
of Giza showcase the Egyptians' advanced understanding of geometry. The use of golden ratio highlights

their mathematical sophistication.

pyramid of the Giza, where Phi (golden ratio) and Pi are noticeably present to a high degree of accuracy.
According to Sir W.M. Flinders Petrie (Egyptologist),
The number & also appears in the Great Pyramid of Khufu:

(base side x 2)/height =t

base side (measured by Petrie) = 755.7333 feet

height (measured by Petrie) = 481.3333 feet

(base side x 2)/height = (2 x 755.7333)/481.3333 = 3.140166

n=3.141593

3.140166/x = 0.9995, or 0.05% discrepancy.

All, there is an exceptionally close agreement between the dimensions of the Great Pyramid as measured by

archaeologists between 1883 and 2015, and the dimensions of a square pyramid base on the numbers Phi (as

well as Pi).

e Advanced engineering techniques, including quarrying, shaping, and transporting massive stone blocks,
enabled the construction of monumental pyramids and temples. The use of ramps, levers, and pulleys
demonstrates their capability in overcoming logistical challenges.

Several theories propose different types of ramps that might have been used, each with its own advantages

and challenges. Some of the ramp theories include:
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o Straight Ramps: One theory suggests that long straight ramps were built adjacent to the sides of the
pyramids. Workers would have hauled the massive stone blocks on sledges up these ramps to reach
the higher levels of the pyramid.

o Spiral Ramps: Another theory posits that spiral ramps, wrapping around the pyramid's exterior, might
have been used. This design would have provided a more gradual incline for transporting heavy
stones to the upper levels.

o Internal Ramps: Some researchers propose the possibility of internal ramps, located within the
pyramid's structure, to move stones to higher levels. These ramps could have been filled in or

dismantled as construction progressed.

o The temples and tombs of ancient Egypt were heavily decorated with intricate carvings and hieroglyphs,
depicting scenes from religious texts and myths, conveying the power and importance of the pharaohs and
their relationship to the gods. Architecture was closely linked to the concept of Maat, which was the order of
the universe, and buildings were designed to reflect this harmony and balance. The design of temples and
tombs was influenced by religious beliefs, such as the orientation towards the east, where the sun would rise,
as the sun was an important symbol for the god Ra, and burials located on the west bank of the Nile,

associated with the afterlife in Egyptian mythology.

e Symbolic motifs such as the Ankh, Djed pillar, and Udjat Eye adorn architectural elements, representing
concepts of life, stability, and protection. These symbols were imbued with religious and metaphysical

meanings, reflecting the Egyptians' spiritual beliefs.

e Ancient Egyptians combined science and tradition in their buildings by using clever engineering, like
aligning temples with the sun for practical reasons and building strong walls to withstand earthquakes. They
were good at managing water, which helped with farming and made their temples more beautiful with water
features. They also knew a lot about stones and used them wisely in their construction. Egyptians cared about
staying cool, so they designed buildings with windows and air vents to let in fresh air. They even made rooms

that sounded nice for music and chanting during rituals.
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CONCLUSION

As we conclude our exploration of the intersection of science and tradition in Egyptian architecture, a unique

perspective emerges, one that invites us to reimagine ancient wisdom for addressing modern challenges.

The unique blend of scientific ingenuity and cultural symbolism found in Egyptian architecture serves as a timeless
blueprint for navigating contemporary complexities. The precision in construction techniques, harmonious
proportions, and celestial alignments reflect not only the technical skills of ancient builders but also their deep
understanding of cosmic order and spiritual harmony. In reimagining ancient wisdom, we can draw inspiration from
the sustainable practices embedded in Egyptian architecture. The use of durable materials, efficient water
management systems, and harmonious design principles offer insights into addressing environmental concerns and

fostering resilience in the face of climate change.
We have some examples that illustrates the intersection of Egyptian style of architecture in modern buildings.

1. The Egyptian Building, Richmond, Virginia: -

It is a college building of the medical department of Hampden- Sydney college. The building is constructed
from brick, stucco and cast iron. Its battered walls—thinner at the top than at the bottom—give an impression
of solidity and height. This effect is emphasized by the relatively minimal windows for a five-story building.
These windows are diamond paned and incorporated without a style break. A primary feature of the building
is its distyle in antis porticoes with monumental columns at each end. The columns have intricate palm frond
capitals. The shafts of each column represent bundles of reeds. Several obelisks flank the structure and are

connected by a cast-iron fence that incorporates what appears to be hermai, resembling sarcophagi (mummy

cases), forged by R. W. Barnes of Richmond.

2. Louvre pyramid, Paris: -

The Louvre Pyramid is a large glass-and-metal structure designed by the Chinese American architect 1. M.
Pei. Constructed entirely with glass segments and metal poles, it reaches a height of 21.6 metres (71 ft). Its

square base has sides of 34 metres (112 ft) and a base surface area of 1,000 square metres (11,000 sq. ft). It
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consists of 603 rhombus-shaped and 70 triangular glass segments. The sides' angle relative to the base is

51.52 degrees, an angle similar to that of Ancient Egyptian pyramids.

3. In Interior Designs: -
Egyptian-style interior design brings a sense of ancient charm and luxury to homes and spaces. It uses
symbols like hieroglyphics and colours like gold and turquoise to create a rich and elegant look. Furniture
can have detailed carvings and there are often beautiful fabrics with patterns inspired by ancient Egypt.
Lighting is soft and warm, making rooms feel cozy and inviting. Overall, Egyptian-style interiors make

spaces feel special and add a touch of history and beauty to everyday life.

The rich cultural heritage and meaningful symbols found in Egyptian architecture offer a wealth of inspiration for
modern architects. By blending traditional motifs, cultural stories, and thoughtful design methods, architects and city
planners can craft spaces that connect deeply with people, reflect cultural identities, and embody shared dreams. This

reimagining of ancient wisdom for today's challenges requires a balanced approach that respects both scientific
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progress and historical legacy. It encourages us to unite the past with the present, using timeless principles to create

sustainable, inclusive, and meaningful places for future generations.
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