Journal Of Anthropological

LU I N And Archaeological Sciences

PUBLISHERS /A DOI: 10.32474/JAAS.2020.02.000131
. )
ISSN: 2690-5752

Research Article

Some Remarks about the Influences of Astronomical
Phenomena on Islamic Architecture “Analytical and
Applied Study on Selected Religious Architectural Models
in Cairo”

Ghadeer Dardier Afify Khalifa*
Islamic Department, Faculty of Archaeology, Fayoum University, Egypt

*Corresponding author: Ghadeer Dardier Afify Khalifa, Associate Professor, Islamic Department, Faculty of Archaeology, Fayoum
University, Egypt

Received: & February 12, 2020 Published: & May 26, 2020

Abstract

In researching for areas of Islamic architecture and Heritage structures, it can be noticed that they included numbers of scientific
applied manifestations and astronomical phenomena. One of these architectural manifestations is the astronomical phenomena
that have not been discussed deeply and have not been concentrated and strongly investigated by researchers . This study seeks
to discuss the extent of effect of astronomical phenomena on Islamic architecture that include a vast layout of architectural styles
and structural designs which were varied from one structure to other building through the different Islamic ages. The main Islamic
architectural models include religious, funeral, civil, urban and military architectures such as Mosques, Mausoleums, Khanqahs,
Zawiyas, Madrassas, Palaces, Turrets or Towers, Castles and Fortresses, in addition to domestic architecture that includes the
public baths or the so-called Hammams, Fountains, Sabils and Kuttabs. For all these architectural models and structural designs
of buildings, the Islamic and Heritage styles of architecture created and developed precious astronomical techniques, which were
necessary to construct these architectures. But due to the wide content of the idea of this study, the topic will be limited on the
influences of astronomical phenomena on Islamic architecture, analytical and applied study on selected religious architectural
models in Cairo. The methodology of this study will be addressed through analytical study of the notable aspects of the extent of
effect of astronomical phenomena on some selected religious architectural models in Cairo, this will be through an analytical study
and discussion on the manifestations of astronomical phenomena that have been used in Islamic architecture through hypothetical
issues and theoretical opinions, revolving around this case of astronomical phenomena emerged and prevailed in these architectural
Islamic buildings.

Keywords: Influences; Astronomy; Astrology; Astronomers; Astronomical Phenomena; Celestial Objects; Islamic Architecture;
Cairo

Introduction

. . . on Islamic architecture? What are the astronomical influences that
Many questions arose when studying the influences of

. . . . have affected on Islamic architecture and how was the utilization
astronomical phenomena on Islamic architecture and Heritage

. of celestial objects and whether they were applied scientifically?
structures, these questions can be represented as follows; Who ) y PP Y

. C o These questions need to be addressed when referencing to
are the astronomers and their scientific contributions? Who 4 g

o ) . the sources of Islamic architecture. In spite of the fact that the
are the most famous scientists in the field of astronomy during

. . . . Islamic architecture has been excessively studied, discussed
the Islamic ages, and how Islamic architecture benefited from y

I . . and investigated, it is still neglected in the views of the scientific
the contributions of astronomers in the Islamic ages? How was

. . applied studies of astronomical aspects and astrological theories
the benefit of astronomy and what are the features of Islamic PP P g

. L that have been strongly involved in the architectural Islamic
astronomy and associated? Are there truly astronomical influences

structures and Heritage buildings. It should be noted that there are
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important key references that discuss the history, methodology and
developments in Islamic architecture; however, they neglect the
influence of scientific issues, astronomical theories and astrological
phenomena in the Islamic architecture. One of early important
key references has been issued in 1913 [1] about the history of
architectural development; however, it neglects the area and issue
of the influence of astronomical phenomena on Islamic architecture
and Heritage structures. Another major reference was issued in
1958 [2] about the account of early Islamic architecture, but it also
did not discuss the issue of astronomical phenomena, in addition
to what was issued in 1961 [3] on the history of architecture; on
the comparative method, as well as what was published in 1994
[4] on the history of world architecture. There are also many early
and recent studies [5-13] (a), but they also have not been clearly
investigated on the subject and issue of the current study. It should
be noted that there are prominent Muslim astronomers, who are the
pioneers of astronomy throughout Islamic times, all of them have
been tried to observe, monitor and control the positions of celestial
objects such as stars, sun and moon; however, there is no focused
study on the contributions the field of astronomy and astronomical
phenomena and the extent of their relevance and effect on Islamic
architecture and Heritage structures, and also how astronomy was
used, as well as how to take advantage of astronomical phenomena
in [slamic architecture and heritage structures. This study will focus
on some remarks on the influences of astronomical phenomena on
some selected religious architectural models in Cairo; it will also
highlight the contributions of the most important scientists in the
field of astronomy, or the so-called pioneers of astronomy through
Islamic ages. The objectives of this study will be revealed through
discussion, investigation, analysis that can be detected through
detailed interrogation of the objects, elements and structure of
the content of this study, particularly as a basis for explaining the
content and significance through the discussion and interpretation.
All of this will be clear through the methodology, structure and
content of this study.

The Methodology, Structure and Questions for
Discussion

It is worth mentioning that the methodology and structure
of this study will be evident through the investigations, answers
and explanations of the questions that are for discussion, these
questions can be represented as follows;

Who are the astronomers and their scientific contribu-
tions?

It should be noted that the astronomy is one of the oldest and
important natural sciences, as well as it is from important sciences
in which the astronomer cannot do and practice the experiments
and tests in a direct way, these experiments are scientific procedures
undertaken to make a detection or discovery, and this in order to
investigate and check a hypothesis, as well as to prove a cosmic fact.

Astronomer is a person who has expert knowledge of one or more

of the natural or physical sciences, and in the case of this study, he
is a person has expert knowledge of astronomy and astronomical
phenomena, who is called a scientist in the fields of astronomy
and what are related to this science [14-21]. Astronomers who
are focused their field of studies on a specific scope outside the
rang of the Earth, where they observe, monitor and control the
astronomical objects, which represent in sun, moons, constellations,
stars, planets, as well as comets and galaxies, where they use the
observation and analysis for the observational data, this is beside
the field of theoretical astronomy, or the so-called theoretical
astronomers. Theyalso studied the fields of astronomy, which known
as planetary science, solar astronomy and physical cosmology, as
well as the ancestry or origin and development or evolution of
stars and orbits, in addition to the emergence and formation of
comets and galaxies [22-31]. The Muslim astronomers have many
contributions, where they were aware of astronomical phenomena
and studied the astronomical models of stars and planets in the
Ptolemaic period, also improved and developed the techniques of
mathematical calculation and computation ways, in addition to
improve the methods of observation, as well as creating precious
observational tools, they also founded extensive observatories, in
addition to improvement of planetary models in order to observe,
monitor and control movement and shifts of constellations, stars
and planets in accordance with the evolution of cosmology [22,
32-38].It is worth mentioning that the contributions of Muslim
astronomers arrived its highest point during the so-called Islamic
Golden Age (during the 8th -13th centuries), where the Islamic
world was seen as a scientific center of innovations and discoveries,
as well as inventions. The contributions of Muslim astronomers
were extended over a wide area of the Arab lands, where the
names of these Muslim scientists became known for their valuable
astronomical observations and scientific calculations, which were
the main cause for the emergence of the light of astronomy during
the modern times. It is worth mentioning that throughout more
than 1400-year of history, a large number of Muslim astronomers
did pioneering works, created valuable inventions, where they
participated, provided and contributed to various fields of science

in general, and astronomy in particular [33, 39-44].

Who are the most famous scientists in the field of as-
tronomy during the Islamic ages, and how Islamic archi-
tecture benefited from the contributions of astronomers
in the Islamic ages?

There are prominent Muslim astronomers, who are the pioneers
of astronomy throughout Islamic times, where there are many
important astronomers, but to mention not exclusively, for example
Al-Khwarizmi [45-50](b), the full name is Muhammad ibn Musa al-
Khwarizmi (ca. 780-850), he was born in the oasis of Khwarazm in
Central Asia, between Turkmenistan and Uzbekistan. Al-Khwarizmi
was an astronomer, mathematician, and geographer, who was
the originator of Algebra science, where the name of Algebra was
derived from the book of al-Khwarizmi, known as Al-Jabr wa-al-
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Mugabalah, and he was the innovator of the so-called ‘algorithm’,
which is a spelling transformation of a figure, symbol, or group of
these denoting a number, or the so-called ‘numerals system’ The
contributions of al-Khwarizmi were to astronomy, cartography,
geography and mathematics, where he founded the basics in
trigonometry through his ordinal and organized methodology of
the valuable book, known as “the Compendious Book on Calculation
by Completion and Balancing” [36, 51-57]. In astronomy, the Zij of
al-Khwarizmi or the deviation that is the amount by which a single
measurement differs from a fixed value; it is also the action of
departing from an established course or accepted standard. This
work includes schedules for the motions and shifts of the sun,
and the moon, in addition to five planets, where this work was
considered as a turning point in the field of astronomy through
the Islamic ages [22,55, 58-60]. As well as that Al-Battani [61-66]
(c), the full name is Abu Abd Allah Muhammad ibn Jabir ibn Sinan
al-Raqqi al-Battani (ca. 858 - 929), he was born in ancient village
called Harran is now in the range of Turkey; his father was also a
well-known manufacturer of scientific instruments. Al-Battani was
an astrologer, astronomer and mathematician, and he has many
scientific contributions in the field of astronomy and astronomical
phenomena [61-66]. Moreover, Al-Sufi [67- 80](d), the full name is
Abd al-Rahman Abu al-Husayn al-Sufi (ca. 903-986); he was born in
Ray city of Iran. Al-Sufi was astronomer, where he dedicated his life
on translating astronomical studies of the Greeks, such as the great
work called Almagest of Ptolemy, where he contributed various
rectifications to the list of stars and constellations of Ptolemy, such
as the estimated brightness and extents that often swerved from
what were existed in Ptolemy work of Almagest. Al-Sufi was one of
Muslims astronomers to try to link the traditional names of Arabic
stars with those constellations of the Greeks [81-93].There is also
Ibn Yunus [94-96] (e), the full name is Abu al-Hasan Ali ibn Abd
al-Rahman ibn Ahmad ibn Yunus al-Sadafi Al-Misri, (ca.950-1009);
he was born in Al Fustat of Egypt. Ibn Yunus dedicated his life in
Astrology, Astronomy and used the Pendulum in measuring time,
where he was one of the most important Egyptians astronomers
and mathematician; his scientific works were based on precise
calculations and accurate measurments according to scientific
details [97-102]. Furthermore, Al-Biruni[103-108] (f), the full name
is Abu Rayhan Muhammad ibn Ahmad Al-Biruni (ca. 973- 1050);
he was born in city of Kath of the large oasis called Khwarazm,
now known as Uzbekistan in Central Asia. Al-Biruni devoted his
life to astronomy, astrology, Physics, Pharmacology Mineralogy,
mathematics, and related matters such as mathematical geography,
where he was one of the most important scientists in Islamic times;
this is because of his scientific works, discoveries and scientific
methodology [109-114]. Moreover, Omar Al-Khayyam [115-118],
the full name is Ghiyath Al-Din Abu el-Fath Umar ibn Ibrahim Al-
Nisaburi Al-Khayyami (ca.1048-1131); he was born in the city of

Nishapur in the range of province of Khorasan in the northeast of

Iran. Omar Al-Khayyam devoted his life to astronomy, astrology
and Mathematics, where he addressed some classifications for the
equations of cubics, and geometrical solutions to intersection or
crossing of conic forms, in addition to his valuable work is called”a
commentary on the difficulties concerning the postulates of Euclid’s
Elements”. With regard to astronomy, he contributed to extensive
astronomical observations, as well as modified the astronomical
schedules, and also devised the so-called ‘Jalali calendar’, which was
a precious solar calendar and was more precious than the Julian
calendar devised by Julius Caesar (ca. 46 BC), where it was a repair
of the Roman calendar, in which there is one day represents a fault,
which has accumulated and increased over the years, as well as it
was approached and comparable to the Gregorian calendar of 1582
[119-127].

How was the benefit of astronomy and what are the fea-
tures of Islamic astronomy and associated?

During the 8%-15" centuries, there were some benefits of
astronomy and astronomers, which were carried through precious
observations and exact monitoring of cosmic phenomena and
celestial objects, resulting in valuable astronomical tables that
benefit Islamic architecture. Later, the Islamic astronomy has
a great impact on other astronomical features that prevailed
in other countries across the world such as the astronomy of
Byzantine Empire, Indian astronomy, Chinese and European
astronomy, where there are a great number of names of stars and
constellations are still known by their Arabic names [128-130].
The Muslim scientists and astronomers studied and exceeded in
many fields of scientific knowledge in general, and in astronomy
in particular, this was almost from the 8"-15" centuries, where
there were nearly ten thousands manuscripts related to Islamic
astronomical phenomena and approximately more than a thousand
tools linked to astronomical phenomena during the Islamic ages,
which are kept in museums and libraries of Near, Middle and Far
East, as well as in different counties around the world [36, 131-
136]. It is worth mentioning that the most important features of
Islamic astronomy and what related to astronomical phenomena
are the models of astronomical tools [137-140] and how to apply
astronomical techniques in different fields of religious beliefs and
rituals during the different Islamic ages. Moreover, the Islamic
calendar, or the so-called Islamic lunar calendar that depends on
the phases of the moon, and from an astronomical point of view,
it relates to the times of prayer, as well as the direction of Qiblah,
where it must be oriented towards the direction of the Sacred
Mosque of Kaaba at Mecca, in addition to the only important
architectural requirement in any mosque is to correctly directed
towards the Qiblah of Kaaba. Itis worth mentioning that the locating,
monitoring, directing and determining for the true direction of the
Qiblah was an important matter and critical issue of the Islamic
architectural scientific studies and for Muslim astronomers during
the Islamic Ages [141-146]. There are some links and requirments
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associated with the manifestations of Islamic astronomy, which can

be addressed through the astronomical phenomena that require

survey and surveyor, geography and geographer, mathematics

and mathematician, in addition to scientific observations of
astronomical phenomena related to astronomy and astronomer, as

well as astrology and astrologer [24, 147-154]. Furthermore, there

are scientific studies conducted by Muslim astronomers throughout
the Islamic ages and related to orientation schedules of the Qiblah

[138, 155-163]. It should be noted that there linked studies to

the field of astronomy and astronomical phenomena, known as

Geodetic measurements that are related to geodesy, particularly as
applied to land surveying and what are linked to celestial objects
[164-166]. The science of Al-Miqat or the so-called “ilm al-miqat”
that is linked to the astronomy and astronomical phenomena
during Islamic ages, where Muslim astronomers produced a
technique linked to astronomical phenomena, which was based on
a well-known science of astronomical time-keeping, known as ‘ilm
al-miqat, which is also called ‘ilm al-mawagqit [145,146, 167,168].
It can be said that the mosques and madrasas in Cairo, which were
from early Mamluk age upwards used astronomical tables related
with astronomical phenomena, this was in order to determine
time by the sun and to regulate the five daily prayers times, which
linked to the science of timing or the so-called muwaqit [145,146,
167-169]. Some of these astronomical tables were collected by
the Fatimid astronomer called Ibn Yunus, and other astronomical
tables were gathered by different Mamluk astronomers. One of
these tables regulates the altitude or the rise of the sun in points
or degrees and minutes that agree almost exactly to each day of the
solar year [169-171] (Figure 1).
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Figure 1: One of the astronomical tables which used in
Cairo to regulate the altitude or the rise of the sun.

Are there truly astronomical influences on Islamic
architecture?

There are many astronomical influences [172] that are closely
linked to Islamic architecture, which was resulted from the idea

and through the process of linking the architectural structures of
the earth with the celestial objects. The influences are emerged
through the ideas and concepts of linking between the designs of
architecture and some astronomical phenomena that are related
to the apparent movement of the sun and the moon in particular,
or some other constellations and planets that could not be seen
with the naked eye. The astronomical phenomena were used by
Muslim astronomers in monitoring and directing the Qiblah of
mosques to Mecca, as well as these astronomical phenomena were
influential factors in determining prayer times, for this purpose,
the astronomers used an effective method called sundials [173-
175](g), which were particularly used in determing prayer times
of Dhuhr (midday) and ‘Asr (afternoon) [176]. In Islamic religious
architecture of Cairo, the sundials were used effectively, for example
but not limited to the marble sundial of Al-Azhar mosque, dating
back to thel2th century AH [177] (Figure 2). There is also the
sundial of mosque of Muhammad Bey Abu al-Dhahab that is located
beside the mosque of Al-Azhar, Cairo-Egypt, dating back to 1188
AH/ 1704 AD [178-180](h)(Figure 3).

-

Figure 2: The sundial of Al-Azhar mosque, Cairo-Egypt
(by the researcher).

— e - -

Figure 3: The sundial of mosque and of Muhammad Bey
Abu al-Dhahab, Cairo-Egypt (by the researcher).

Often, the design style of Islamic architecture was in many
cases associated with certain astronomical and cosmic phenomena,

where it seems clear how far Muslims astronomers during
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the Islamic ages are looking for the secrets of heavens, virtual
movement and the phases of celestial objects, which affected
the Islamic architecture that was strongly associated with these
astronomical phenomena and was greatly influenced by them,
which was certainly reflected in the ways, designs and styles of
architectural buildings during the Islamic ages. It should be noted
that there are some functional objectives and methodological
requirements needed from the observation processes of these
astronomical phenomena, such as the need for a timeline schedule,
calendar, or a graphic representation of the passage of time as a
line, which should be consistent, accurate and balanced according
to the mathematical and astronomical methods, as well as for the
performance of religious rites and Islamic religious ceremonies [22,
181-191], this is necessarily linked to the process of establishing
astronomical observatories to monitor and control celestial bodies,
which are associated with the time calculation, or the so-called ‘ilm
al-miqat (science of Mawagqit) [24,192-196]. It is worth mentioning
that the seventh century A.H. is one of the most important
historical periods in the construction of Islamic observatories,
where the construction of an observatory was built at this time
in the city of Tabriz, known as the Maragha observatory that was
one of the historical capitals of Iran, which was managed by many
Muslim astronomers such as Nasir al-Din al-Tusi, the full name is
Muhammad ibn Muhammad ibn al-Hasan al-Tusi (ca. 1201-1274)
[24, 197-206].In the fifteenth century, Ulugh Bek, the full name
is Mirza Muhammad Taraghay bin Shahrukh, he was the Timurid
Sultan of the city of Samarkand in eastern Uzbekistan, he also was
a mathematician and astronomer, where he devoted his life to
astronomy and astronomical phenomena, as well as he produced
some astronomical schedules [207-210] and constructed a more
technical and advanced observatory in Samarkand. In 1908, the
archaeological scientist Vassily Lavrentyevich Vyatkin succeeded
in finding an endowment of the construction endowments,
which was identified its exact location and was able, through his
archaeological excavations, to find remains of a large arch that was
used to determine the midday time [76, 95, 211-214]. The Mizwala
or the so-called sundial [215-219] (i) and the astrolabe [220-222]
(j) were astronomical measurement tools, consisted of disks with
the edge marked in degrees as well as pivoted pointers, which were
used as an effective methods linked to celestial objects and were
used to observe, monitor and detect celestial bodies altitudes that
is the height of an object or point in relation to sea level or ground
level. Furthermore, these tools were used in navigation in order to
calculate latitude, which is the angular distance of a place north or
south of the earth’s equator, or of a celestial object north or south
of the celestial equator, usually expressed in degrees and minutes.
Sundials and astrolabes were devices to detect and identify the
time of day when sunlight is in the obvious location in the sky, these
astronomical tools were found on many facades of mosques or
inside the open courtyards (Sahn) of mosques in most countries of
the Islamic world [223-227].

What are the astronomical influences that have affected
on Islamic architecture and how was the utilization of
celestial objects and whether they were applied scien-
tifically?

Islamic architecture was influenced by astronomical objects,
celestial bodies and cosmic phenomena, which lie in the knowledge
of Muslim astronomers and architects of importance and
significance of cosmic phenomena, celestial objects, astronomical
manifestations that influenced the architectural characteristics
of Islamic architecture, in addition to how to benefit from these
phenomena in the processes of architectural construction,as well
as how to take advantage of these phenomena and manifestations
in structural and geometrical building designs. Examples of these
astronomical phenomena lie in the use of astronomical phenomena
to determine the exact and correct direction of the Qiblah
[138,156,158-159,228-229], also the use of sundials [230-234] and
astrolabes [235-239] in mosques to adjust prayer times[240-242],
as well as tracking and monitoring the movement of celestial
objects in their cosmic cycles and astronomical phases [243-244],
in addition to observing, tracking and monitoring the motion of the
sun, as well as the orbits and phases of the moon [22, 129, 145-146,
183-185,187,192,245], this in order to be used in the process of
timekeeping [145-146] and to be benefited from them in adjusting
prayer times [167], where there is a need for determiningand
adjusting the time of certain acts of worship in Islamic beliefs[246],
such as prayer times associated with the movement of the sun, as
well the length of shadows that were differentiated. It should be
noted that some acts of worship in Islamic beliefs such as fasting
or Sawm, Hajj, and Zakat (Zakah) [247-248] which were associated
with monitoring the crescent, or the so-called crescent observation
and also linked to determining the beginnings and ends of Arab
months [249-254]. It is worth mentioning that during 15th century,
it is believed that Samarkand was known as the astronomical
capital of the world, where by the observations of astronomers
in observatory of Samarkand and through the astronomical
tables, it was clear that the planet of Saturn, the sixth planet from
the sun in the solar system, takes about 29 years amongst the
constellations and stars to come back to the same location, this was
its revolution period, a period of 29 years around the Sun, and this
was the expected length period of Saturn revolution as described
by the astronomers and astronomical tables in the observatory of
Samarkand [255-257]. From the above, it is clear that the Islamic
astronomy was applied scientifically and practically, which led to be

influential in astronomy in most countries of the world.

Analytical and Applied study of the Influences of
Astronomical Phenomena on Islamic Architecture

There are many Islamic architectural models that have been
closely associated with astronomical phenomena, and here will
address the most important architectural models as follows;
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The primary Mosques in Islamic times and the process
of directing towards the Qiblah

The first mosques were established in Islamic times depending
on some cosmic and astronomical phenomena such as the sun,
moon, stars and winds, which were the most practical methods
to find thedirection of the Qiblah. These astronomical phenomena
were also used to determine and adjust the calendar, whether it
be solar, lunar, astral, agricultural and religious, as well as these
phenomena used in reckoning the times of day and night-time, this
was by the length of the shadow, in addition to the locations, phases
and passes of the moon and the sun, where from fourteen centuries
ago, there were many verses in the Qur’an that describe how Allah
created the cosmic and astronomical phenomena. For example, but
not limited in the verse five of Surah Yunus from the Qura’n, Allah
Almighty said” He is who made the sun a shining light and the moon
a derived light and determined for it phases that you may know the
number of years and account [of time]”[258-260](k). It is worth
mentioning that the Qiblah has been adjusted and determined
according to the astronomical horizon of the required phenomenon
such as the rise or down of a notable star, as well as the locations
of the sun at the equal point of night and day or the so-called
equinoxes, in which the center of the seen sun is directly above the
equator, in addition to the summer and winter solstices or the so-
called solstices, in which either of the two times, known as summer
solstice and the winter solstice of the year, this when the sun
reaches its highest or lowest point in the sky at noon, marked by the
longest and shortest days [261-265]. For example, it is known that
the stars are raised and dropped at specific ranges on the horizon
for a certain location, where at the time of the equinoxes, the rise
and set of the sun determine the east and west, and the locations
of the sunrise and sunset at the solstices will be about 30 degrees
in a northward position or direction in middle of the summer, and
about 30 degrees in a southward position or direction in middle
of the winter.In North West Africa, the Qiblah will be towards the
sunrise at the time of the equinoxes; in Egypt, the Qiblah will be
towards the sunrise at the time of the middle of the winter; in Syria,
the Qiblah will be towards the rise of the star known as Canopus; in
Iraq, the Qiblah will be towards the sunset at the time of the middle
of the winter; in India, the Qiblah will be towards the sunset at the
time of the equinoxes; in Yemen, the Qiblah will be in the direction
of the northern wind blowing, which will be towards the polar star
that does not rise nor fall, however its location in the north [138,
266-268] (Figures 4-5).

mosques, as well as the design of Islamic structures and cities,
which were associated with the detection and control in the
direction of the Qiblah. It is worth mentioning that some of the first
mosques were directed towards the sunrise in winter time, this is
due to the belief that makes the walls of the Qiblah are paralleled
into the northwest wall of the Kaa’ba, and this applies to some of
the oldest mosques established in Egypt like the mosque of Amr ibn

al-'as in Fustat. However, the major mosque should face the vertical
direction of sunrise in summer time, where the same direction was
identical to the northwestern wall of the Kaa'ba [158, 269]. The
direction of giblah and the orientation of the first mosque built in
Al Fustat, Cairo- Egypt, which oriented to the sunrise in the winter
season, where this mosque was constructed in the winter season of
the year 641-642, so the qiblah was in the direction of sunrise in the
winter at about 27 degrees southeast [169] (Figures 4-5).

Figure 4: A diagram illustrates how astronomical directions
were determined by Ibn Khordadbeh, the 9 century .
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Figure 5: A diagram explains the cardinal winds, including
the Qabul wind or the so-called Saba, as well as the dabtr
wind and the astronomical objects such as Canopus
that is from the most brightest star in the sky and in the
southern hemisphere, as well as the process of Canopus
rising in a vertical way to the axis through the sunrise in
the summer and sunset in the winter in accordance to the
latitude of Mecca (After: King, D., (2018). Finding the gibla
by the sun and stars, a survey of the sources of Islamic
sacred geography, Johann Wolfgang Goethe University,
Frankfurt, p.8).

The Kaa’ba and its relation to astronomical phenomena

The Kaaba, the most sacred place in Islam, is located in Makkah
in western Saudi Arabia, which means a cube in Arabic; it is a
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square stone building, draped in a veil of silk and cotton, where
Muslims must face during prayer times. Noteworthy that the axis
of the Kaa’ba is oriented towards the real north, with a deviation of
about 7 degrees to the east, the process of directing the Kaa'ba in
this technique made it related to some astronomical phenomena,
where the sun rises in the summer in front of the northern wall,
which by the eastern door of the Kaa'ba, and in winter, the sun
goes down in front of the north-west wall, between the Yamani and
Shami corners, moreover the perpendicular direction to the rib
between the corner of the Black Stone and the Yamani corner takes
the direction of sunrise in winter, and at the same time, it takes

Equinoctial sunset

Winter sunset

sw

the direction of the star Suhail, or the so-called Suhail of Yemen
at sunrise to the south east. The rib between the Iraqi corner and
the Shami corner takes the direction of three stars in the hands of
the plough in the Big Dipper group, which called Banat Na’'sh by
the Arabs, consisting of seven bright stars of the constellation Ursa
Major [143,270-271]. It is clear that the influences of astronomical
phenomena including constellations and stars such as Canopus,
known as Suhayl, along with the azimuth of sunrise and sunset, and
the azimuth for the star Canopus were affected on the Kaa’ba and
on the sacred geography of Makkah (Figures 6-7).

NE
Summer sunrise

Equinoctial sunrise

Winter sunrise

Rising point
of Canopus

SE

Figure 6: Astronomical orientations and alignments of the Kaa’ba, including sacred geography and topography of Makkah
and related methods of directing towards the Kaa’ba according to the azimuth of sunrise and sunset, and the azimuth for the

star Canopus.
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Figure 7: A design of the Kaa'ba and the alignments of its ax:

es with the four directions of the cardinal winds, and this were

described in the Arabic and Islamic sources, dating back to the 7"century.

After 623 AD/Second year AH, the direction of these prayers
was towards the Kaaba of Makkah instead of Jerusalem; this is
right direction and sacred direction to pray, known as the Qiblah
[152,272-279]. The Qiblah was determined by Muslim astronomers
through the direction of the major circle that link the locality to

Makkah, which has been measured by the angle of the regional
meridian that is known as a circle of constant longitude that pass
through a given location on the earth’s surface and the terrestrial
poles [266,275,278] (Figure 8).
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Figure 8: The mathematical issue of finding and determining the Makkah direction of (M) from a grade (X) that involve
detecting the angle that the great-circle arch (XM) produce with (PXA) the so-called meridian at the point of(X), where it is
needed to be known the latitudes or the angular distance of a place north or south of the earth’s equator, or of a celestial object
north or south of the celestial equator, commonly expressed in degrees and minutes, where the latitudes of (X) and (M) will
be measured by(XA) which equals (a),and also (MB) that equals (b), as well as (AB) which is an arch of the equator, then the

longitude difference will be measured by (AB) which equals(c).
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Figure 9: A geometrical diagram for detecting the Qiblah direction, including cardinal directions that are in the circle horizon,
then parallel line to the east and west, where the separated line will be the latitude which measured by the circle, in addition
to the drawn line between the middle point or centre of the circle and the grade of intersection, known as the crossing point,
where the intersection between the last two lines will be direction of the Qiblah.

Since the eighth century onwards, there were a large number
of Islamic astronomical manuscripts [280] that include tables,
known as Zijes, including measurable factors used for astronomical
and mathematical determination of the locations of the sun, moon,
stars, constellations and planets, as well as the procedures for
determining the Qiblah [22,281-282] (Figures 9-10).

From the above mentioned, there are some factors linked to

the influences of astronomical phenomena on Islamic religious

architecture in general, and the architecture of mosques in
particular, including sacred geography and topography of Makkah
and related methods of directing towards the Kaa’ba, constellations
and stars such as Canopus, known as Suhayl which is the brightest
star in the southern sky of Makkah, along with the summer and
winter sunrise or sunset, summer and winter solstices, the cardinal
directions and monsoon, and the orientation of mosques towards
the giblah and mihrab (Figures 4-11).
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Figure 10: An illustration extract from astronomical manuscript of Ibn al-Sarraj al-Dimashqi, dating back to the 14" century,

which reveals the direction of the Qiblah.
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Figure 11: A diagram notifies the directions of the Kaa’ba and orientations of the giblah according to different sites such as

Cairo, Jerusalem and Damascus.

Applied study on selected models of Islamic
religious architecture in Cairo

The Mosque of Amr ibn al-As in Al Fustat, which was built
in 641-642 AD [283-284], the directions of the giblah adjusted
according to the channel that linking the Nile to the Red Sea, this
channel was in the north of Al Fustat that was built by the ancient
Egyptians and reconstructed or restored by the Muslims, so there
were orthogonal streets close to the side of the channel, which was
flowed in a vertical direction to the giblah of the Mosque of Amr
ibn al-As in Al Fustat. Therefore, the whole city of Al Fustat was
designed around 27 degrees southeast of the giblah. It is reported
that the Fatimid astronomer known as Ibn Yunus regulated the

qgiblah of the Mosque of Amr ibn al-As in Al Fustat by mathematical
procedures as about 37 degrees southeast [266, 285](Figure 12).

The historian and geographer called Al-Bakri [286-287](1)
mentioned that when the Fatimid Caliph Al-Mu’izz [288](m) wanted
to convert or change the giblah of the mosque of Amr, almostin 956-
957 AD, there was a great objection due to redirect errors that can
occur [169, 289] (Figures 6-13). It is worth mentioning that there
were several directions for the qiblah that used in the mosques of
Cairo-Egypt, and when the historian called Al-Magqrizi [290](n)
discussed the deviations of the mihrabs[291-292](0) in Islamic
mosques in Egypt, he identified at least four different orientations
for the mihrabs[169, 289](Figure 13).

Citation: Ghadeer Dardier Afify Khalifa. Some Remarks about the Influences of Astronomical Phenomena on Islamic Architecture
“Analytical and Applied Study on Selected Religious Architectural Models in Cairo”. ] Anthro & Archeo Sci 2(2)- 2020. JAAS.MS.ID.000131.

DOI: 10.32474/JAAS.2020.02.000131

AN


http://dx.doi.org/10.32474/JAAS.2020.02.000131

J Anthro & Archeo Sci

Volume 2 - Issue 2

Copyrights @ Ghadeer Dardier Afify Khalifa.

Figure 12: A scene of the Old Islamic Cairo, where the channel is illustrated.
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Figure 13: The different orientations for the giblahs that was used in Islamic mosques of Egypt according to Al-Magqrizi.

In the previous diagram (Figure 13) and as Al-Mqrizi mentioned
that the first direction of the giblah was in the mosque of Amr in
Al Fustat, this was according to the sunrise in winter season at
about 117 degrees, which known as the giblah of Al sahabah or the
companions of the Prophet [293](p), while the second direction
of the giblah and orientation of the mihrab was in the mosque
of Ibn Tulun[283](q) at about 141 degrees south of the giblah of
astronomers that was calculated mathematically; the third qiblah
direction was in the mosque of Al Azhar that was also adjusted
and calculated mathematically, and the fourth giblah direction
and orientation of the mihrab was in the city of the dead, or the
so-called Al-Qarafa of Cairo [294-295](r), the main layout axis of
Al-Qarafa and most of the surrounding mosques were oriented in a
southwards, this is due to the astronomical phenomena accounts of
the Qiblah direction, where the internal and external layouts of Al-

Qarafa and its architectural components were roughly arranged and

aligned with the astronomical direction of the Qiblah [138,169,266].
The first mosques of the Fatimid religious architecture in Cairo,
such as the Mosque of Al-Hakim bi-Amr Allah [296-299] (s) and
the Mosque of Al-Azhar [300-301] (t) were constructed at about
10 degrees inclined to the street design in order to agree with
the direction of the giblah [266]. It was noted that some Mamlik
religious architecture in Cairo are arranged in a straight line with the
outside design of the Fatimid city and the internal giblah direction
of the Fatimid mosques, which was in 117 degree according to
winter sunrise, and during the 10th century upwards the direction
of qiblah was in 127 degree. In some districts of Cairo, the direction
of the qiblah was adjusted according to the rising and setting of the
star called Canopus; this was between 156 and 204 degrees [138,
266,302]. So there are some adjustments that have occured in the
direction of the giblah and there were different directions for the
giblah and various orientations for mosques (Figure 14).
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Figure 14: A diagram illustrates the changes and adjustments of the orientations of giblah and mosques in Cairo by mathematical

procedures.

From the above mentioned, it is clear that the astronomical
phenomena affected the construction of the Fatimid mosques
in Cairo [303-304](u), including the mosque of Al-Hakim bi-Amr
Allah [296-299](s), as well as Al-Azhar mosque [300-301](t), which
were built at a deviation of 10 degrees to the main planning of the
street, this was according to the astronomical calculations of the
Qiblah direction. Furthermore, it was observed that the prayer area
of al-Azhar mosque was crossed by a passage at right angles to the
Qibla direction; this is similar to the Fatimid architectural design
of the great mosque of Mahdiya in Tunisia [9, 305-306](v). As for
the Mamluk religious architecture in Cairo [10, 307-308](w), the
exterior layout of the main street was arrange and aligned with

the astronomical phenomena calculations of the Qiblah direction.
Regarding to the city of the dead or the so-called Al-Qarafa of
Cairo [294-295](r), it is observed that the main layout axis of Al-
Qarafa and most of the surrounding mosques were oriented in a
southwards, this is due to the astronomical phenomena accounts
of the Qiblah direction, where the internal and external layouts of
Al-Qarafa and its architectural components were roughly arranged
and aligned with the astronomical direction of the Qiblah[138, 169,
266]. In accordance with the Egyptian historian Al-Magqrizi and the

fifteenth century sources [138, 266], there are different directions

for the giblah in Cairo-Egypt as shown in the following diagram
(Figure 15).

9 f

Figure 15: A diagram clarifies the giblah directions and the mosques orientations in Cairo according to astronomical sources,

where there were different directions and various deviations.

In the previous diagram (Figure 15), it is clear that in (a) of
the diagram, the giblah directions adjusted according to the east,
in (b) of the diagram, the direction detected due to winter sunrise,
in (c), the direction regulated by the astronomer Ibn Yunus, and
from (e) to (g), the direction adjusted according to the rising and
setting of Canopus / Suhayl [138, 266] (Figures 5-7, 13). It is worth
mentioning that in some Mamluk religious architecture bordering
the main road of the Fatimid city, like the madrassa and mausoleum
of Al-Nasir Muhammad [309-310](x) dating back to the early
fourteenth century (Figure 16).

The previous design (Figure 16), it is clear that the external wall
of the madrasa was aligned or arranged according to the main street
planning, and was vertical to the giblah of Al sahabah in a straight
line at an angle of 90 degrees, while the facade of the madrassa
was not aligned to the street planning, but rather to the axis of the
city, and the external and the inner of the facade wall were inclined
to each other at about 10 degrees, and this was the deviation and
variation between the two qiblas of Al sahabah and astronomers
[138,169,266], where it is observed that the facade of this madrassa

and mausoleum was aligned or arranged in a straight line according
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to the street, however the inner part of this building was inclined to
the orientation of the giblah that was astronomically adjusted, and

this was in order to align or arrang the the external parts of this

QIBLA OF THE ASTRONOMERS

M mihrdb

T trench

Figure 16: A design for Al-Nasir Muhammad madrassa.
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buildings with the true giblah of Al sahabah [138,169,266] (Figure
17).

shaft W window

Figure 17: A diagram illustrates orientations of the giblah in three main areas.

The previous diagram (Figure 17), it is clear that the Fatimid
city (A), which was aligned with the giblah of Al sahabah, while the
Mamluk religious architecture(B) was aligned with the giblah of the
astronomers that mathematically determined, and the city of the
dead or the area of Al-Qarafa (C) was aligned towards the south
[138,169,266] (Figures 4-7, 11-13). From the above mentioned, it
is clear that there were differences and deviations in the directing
procedures throughout the ages of Islamic religious architecture,
and this is due to the influences of astronomical phenomena on
Islamic architecture in general, and on Islamic religious architecture

of Cairo in particular.

Conclusion and Analysis of the Study

The Islamic architecture and Heritage structures included
numbers of scientific applied manifestations and astronomical
phenomena. One of these architectural manifestations is the
astronomical phenomena that have not been discussed deeply and
have not been concentrated and strongly investigated by
researchers. This study seeks to discuss the extent of effect of
astronomical phenomena on Islamic architecture that include a
vast layout of architectural styles and structural designs which
were varied from one structure to other building through the
different Islamic ages. The main Islamic architectural models
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include religious, funeral, civil, urban and military architectures
such as Mosques, Mausoleums, Khanqahs, Zawiyas, Madrassas,
Palaces, Turrets or Towers, Castles and Fortresses, in addition to
domestic architecture that includes the public baths or the so-
called Hammams, Fountains, Sabils and Kuttabs. For all these
architectural models and structural designs of buildings, the Islamic
and Heritage styles of architecture created and developed precious
astronomical techniques, which were necessary to construct these
architectures. But due to the wide content of the idea of this study,
the topic will be limited on the influences of astronomical
phenomena on Islamic architecture, analytical and applied study on
selected religious architectural models in Cairo. There are many
questions arose when studying the influences of astronomical
phenomena on Islamic architecture and Heritage structures, the
answers to these questions proved that the astronomy is one of the
oldest and important natural sciences, and it also has significant
contributions to Islamic civilization. The Muslim astronomers have
many contributions, where they were aware of astronomical
phenomena and studied the astronomical models of stars and
planets in the Ptolemaic period, also improved the techniques of
mathematical calculation and computation ways, in addition to
develop the methods of observation, as well as creating precious
observational tools, they also founded extensive observatories, in
addition to improvement of planetary models in order to observe,
monitor and control movement and shifts of constellations, stars
and planets in accordance with the evolution of cosmology. The
contributions of Muslim astronomers arrived its highest point
during the so-called Islamic Golden Age (during the 8th -13th
centuries), where the Islamic world was seen as a scientific center
of innovations and discoveries. The contributions of Muslim
astronomers were extended over a wide area of the Arab lands,
where the names of these Muslim scientists became known for
their valuable astronomical observations and scientific calculations,
which were the main cause for the emergence of the light of
astronomy during the modern times. There are prominent Muslim
astronomers, who are the pioneers of astronomy throughout
Islamic times, where there are many important astronomers, but to
mention not exclusively, for example Al-Khwarizmi (ca. 780-850),
Al-Battani (ca. 858 - 929), Al-Sufi (ca. 903-986), Ibn Yunus (ca.950-
1009), Al-Biruni (ca. 973- 1050), and Omar al- Khayyam (ca.1048-
1131). During the 8th-15th centuries, there were some benefits of
astronomy and astronomers, which were carried through precious
observations and exact monitoring of cosmic phenomena and
celestial objects, resulting in valuable astronomical tables that
benefit Islamic architecture. Later, the Islamic astronomy has a
great impact on other astronomical features that prevailed in other
countries across the world such as the astronomy of Byzantine
Empire, Indian astronomy, Chinese and European astronomy,
where there are a great number of names of stars and constellations
are still known by their Arabic names. From the 8th-15th centuries,
there were nearly ten thousands manuscripts related to Islamic

astronomical phenomena and approximately more than a thousand
tools linked to astronomical phenomena during the Islamic ages,
which are kept in museums and libraries of Near, Middle and Far
East, as well as in different counties around the world. The most
important features of Islamic astronomy and what related to
astronomical phenomena are the models of astronomical tools and
how to apply astronomical techniques in different fields of religious
beliefs and rituals during the different Islamic ages. Moreover, the
Islamic calendar, or the so-called Islamic lunar calendar that
depends on the phases of the moon, and from an astronomical point
of view, it relates to the times of prayer, as well as the direction of
Qiblah, where it must be oriented towards the direction of the
Sacred Mosque of Kaa’ba at Mecca, in addition to the only important
architectural requirement in any mosque is to correctly directed
towards the Qiblah of Kaa'ba. The locating, monitoring, directing
and determining for the true direction of the Qiblah was an
important matter and critical issue of the Islamic architectural
scientific studies and for Muslim astronomers throughout the
Islamic ages. There are some links and requirements associated
with the manifestations of Islamic astronomy, which can be
addressed through the astronomical phenomena that require
survey and surveyor, geography and geographer, mathematics and
mathematician,in addition to scientific observations of astronomical
phenomena related to astronomy and astronomer, as well as
astrology and astrologer. Furthermore, there are scientific studies
conducted by Muslim astronomers throughout the Islamic ages and
related to orientation schedules of the Qiblah. The mosques and
madrasas in Cairo, which were from early Mamluk age upwards
used astronomical tables related with astronomical phenomena,
this was in order to determine time by the sun and to regulate the
five daily prayers times, which linked to the science of timing or the
so-called muwagqit. Some of these astronomical tables were
collected by the Fatimid astronomer called Ibn Yunus, and other
tables Mamluk

astronomers. One of these tables regulates the altitude or the rise of

astronomical were gathered by different
the sun in points or degrees and minutes that agree almost exactly
to each day of the solar year. There are many astronomical
influences that are closely linked to Islamic architecture, which was
resulted from the idea and through the process of linking the
architectural structures of the earth with the celestial objects. The
influences are emerged through the ideas and concepts of linking
between the designs of architecture and some astronomical
phenomena that are related to the apparent movement of the sun
and the moon in particular, or some other constellations and
planets that could not be seen with the naked eye. The astronomical
phenomena were used by Muslim astronomers in monitoring and
directing the Qiblah of mosques to Mecca, as well as these
astronomical phenomena were influential factors in determining
prayer times, for this purpose, the astronomers used an effective
method called sundials, which were particularly used in determining
prayer times of Dhuhr (midday) and ‘Asr (afternoon). In Islamic
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religious architecture of Cairo, the sundials were used effectively,
for example but not limited to the marble sundial of Al-Azhar
mosque, and the sundial of mosque of Muhammad Bey Abu al-
Dhahab. The seventh century AH is one of the most important
historical periods in the construction of Islamic observatories,
where the construction of an observatory was built at this time in
the city of Tabriz, known as the Maragha observatory that was one
of the historical capitals of Iran, which was managed by many
Muslim astronomers such as Nasir al-Din al-Tusi (ca. 1201-1274).
Islamic architecture was influenced by astronomical objects,
celestial bodies and cosmic phenomena, which lie in the knowledge
of Muslim astronomers and architects of importance and
significance of cosmic phenomena, celestial objects, astronomical
manifestations that influenced the architectural characteristics of
Islamic architecture, in addition to how to benefit from these
phenomena in the processes of architectural construction, as well
as how to take advantage of these phenomena and manifestations
in structural and geometrical building designs. Examples of these
astronomical phenomena lie in the use of astronomical phenomena
to determine the exact and correct direction of the Qiblah, also the
use of sundials and astrolabes in mosques to adjust prayer times, as
well as tracking and monitoring the movement of celestial objects
in their cosmic cycles and astronomical phases , in addition to
observing, tracking and monitoring the motion of the sun, as well as
the orbits and phases of the moon , this in order to be used in the
process of timekeeping and to be benefited from them in adjusting
prayer times , where there is a need for determining and adjusting
the time of certain acts of worship in Islamic beliefs, such as prayer
times associated with the movement of the sun, as well as the length
of shadows that were differentiated. It is worth mentioning that
some acts of worship in Islamic beliefs such as fasting or Sawm,
Hajj, and Zakat or Zakah that were associated with monitoring the
crescent, or the so-called crescent observation and also linked to
determining the beginnings and ends of Arab months. There are
many Islamic architectural models that have been closely associated
with astronomical phenomena, for example but not limited to the
first mosques were established in Islamic times depending on some
cosmic and astronomical phenomena such as the sun, moon, stars
and winds, which were the most practical methods to find
thedirection of the Qiblah. These astronomical phenomena were
also used to determine and adjust the calendar, whether it be solar,
lunar, astral, agricultural and religious, as well as these phenomena
used in reckoning the times of day and night-time, this was by the
length of the shadow, in addition to the locations, phases and passes
of the moon and the sun, where from fourteen centuries ago, there
were many verses in the Qur’an that describe how Allah created the
cosmic and astronomical phenomena. It is known that the stars are
raised and dropped at specific ranges on the horizon for a certain
location, where at the time of the equinoxes, the rise and set of the
sun determine the east and west, and the locations of the sunrise
and sunset at the solstices will be about 30 degrees in a northward

position or direction in middle of the summer, and about 30 degrees
in a southward position or direction in middle of the winter. In
North West Africa, the Qiblah will be towards the sunrise at the
time of the equinoxes; in Egypt, the Qiblah will be towards the
sunrise at the time of the middle of the winter; in Syria, the Qiblah
will be towards the rise of the star known as Canopus; in Iraq, the
Qiblah will be towards the sunset at the time of the middle of the
winter; in India, the Qiblah will be towards the sunset at the time of
the equinoxes; in Yemen, the Qiblah will be in the direction in which
the northern wind blowing, which will be towards the polar star
that does not rise nor fall, however its location in the north. From
the above, it is clear that the astronomical phenomena have affected
the architecture of mosques, as well as the design of Islamic
structures and cities, which were associated with the detection and
control in the direction of the Qiblah. It is worth mentioning that
some of the first mosques were directed towards the sunrise in
winter time, this is due to the belief that makes the walls of the
Qiblah are paralleled into the northwest wall of the Kaa’'ba, and this
applies to some of the oldest mosques established in Egypt like the
mosque of Amr ibn al-’as in Fustat. However, the major mosque
should face the vertical direction of sunrise in summer time, where
the same direction was identical to the northwestern wall of the
Kaa’ba .The direction of giblah and the orientation of the first
mosque built in Al Fustat, Cairo- Egypt, which oriented to the
sunrise in the winter season, where this mosque was constructed in
the winter season of the year 641-642, so the giblah was in the
direction of sunrise in the winter at about 27 degrees southeast. It
is clear that the influences of astronomical phenomena, including
constellations and stars such as Canopus, known as Suhayl, along
with the azimuth of sunrise and sunset, and the azimuth for the star
Canopus, which were affected on the Kaa’ba and on the sacred
geography of Makkah. After 623 AD/Second year AH, the direction
of these prayers was towards the Kaaba of Makkah instead of
Jerusalem; this is right direction and sacred direction to pray,
known as the Qiblahand since the eighth century onwards, there
were a large number of Islamic astronomical manuscripts that
include tables, known as Zijes, including measurable factors used
for astronomical and mathematical determination of the locations
of the sun, moon, stars, constellations and planets, as well as the
procedures for determining the Qiblah. From the above mentioned,
there are some factors linked to the influences of astronomical
phenomena on Islamic religious architecture in general, and the
architecture of mosques in particular, including sacred geography
and topography of Makkah and related methods of directing
towards the Kaa'ba, constellations and stars such as Canopus,
known as Suhayl which is the brightest star in the southern sky of
Makkah, along with the summer and winter sunrise or sunset,
summer and winter solstices, the cardinal directions and monsoon,
and the orientation of mosques towards the giblah and mihrab.
There were several directions for the giblah that used in the
mosques of Cairo-Egypt, and when the historian called Al-Magqrizi

Citation: Ghadeer Dardier Afify Khalifa. Some Remarks about the Influences of Astronomical Phenomena on Islamic Architecture
“Analytical and Applied Study on Selected Religious Architectural Models in Cairo”. ] Anthro & Archeo Sci 2(2)- 2020. JAAS.MS.ID.000131.

DOI: 10.32474/JAAS.2020.02.000131

N


http://dx.doi.org/10.32474/JAAS.2020.02.000131

J Anthro & Archeo Sci

Volume 2 - Issue 2

Copyrights @ Ghadeer Dardier Afify Khalifa.

discussed the deviations of the mihrabs in Islamic mosques in
Egypt, he identified at least four different orientations for the
mihrabs; the first direction of the giblah was in the mosque of Amr
in Al Fustat in accordance with the sunrise in winter season at
about 117 degrees, this was known as the giblah of Al sahabah or
the companions of the Prophet, while the second direction of the
giblah and orientation of the mihrab was in the mosque of Ibn
Tulun at about 141 degrees south of the giblah of astronomers that
was calculated mathematically; the third giblah direction was in the
mosque of Al Azhar that was also adjusted and calculated
mathematically, and the fourth giblah direction and orientation of
the mihrab was in the city of the dead, or the so-called Al-Qarafa of
Cairo, the main layout axis of Al-Qarafa and most of the surrounding
mosques were oriented in a southwards, this is due to the
astronomical phenomena accounts of the Qiblah direction, where
the internal and external layouts of Al-Qarafa and its architectural
components were roughly arranged and aligned with the
astronomical direction of the Qiblah. From the above mentioned, it
is clear that the astronomical phenomena affected the construction
of the Fatimid mosques in Cairo, including the mosque of Al-Hakim
bi-Amr Allah, as well as Al-Azhar mosque, which were built at a
deviation of 10 degrees to the main planning of the street, this was
according to the astronomical calculations of the Qiblah direction.
Furthermore, it was observed that the prayer area of al-Azhar
mosque was crossed by a passage at right angles to the Qiblah
direction; this is similar to the Fatimid architectural design of the
great mosque of Mahdiya in Tunisia. As for the Mamluk religious
architecture in Cairo, the exterior layout of the main street was
arrange and aligned with the astronomical phenomena calculations
of the Qiblah direction. Regarding to the city of the dead, or the so-
called Al-Qarafa of Cairo, where the main layout axis of Al-Qarafa
and most of the surrounding mosques were oriented in a
southwards, this is due to the astronomical phenomena accounts of
the Qiblah direction, where the internal and external layouts of Al-
Qarafa and its architectural components were roughly arranged
and aligned with the astronomical direction of the Qiblah. In
accordance with the Egyptian historian Al-Maqrizi and the fifteenth
century sources, there are different directions for the giblah in
Cairo-Egypt, where the first qiblah direction was adjusted according
to the east, the second giblah direction was detected due to winter
sunrise, the third giblah direction was regulated by the astronomer
Ibn Yunus, and other giblah directions were adjusted according to
the rising and setting of Canopus/Suhayl. From the above
mentioned, it is clear that there were differences and deviations in
the directing procedures throughout the ages of Islamic religious
architecture, and this is due to the influences of astronomical
phenomena on Islamic architecture in general and on Islamic
religious architecture of Cairo in particular.

Results of the Study

1.  The astronomy is one of the oldest and important natural
sciences, and it also has significant contributions to Islamic

civilization. The Muslim astronomers have many contributions,
where they were aware of astronomical phenomena and studied
the astronomical models of stars and planets in the Ptolemaic
period, also improved the techniques of mathematical calculation
and computation ways, in addition to develop the methods of
observation, as well as creating precious observational tools, they
also founded extensive observatories, in addition to improvement
of planetary models in order to observe, monitor and control
movement and shifts of constellations, stars and planets in
accordance with the evolution of cosmology. The contributions of
Muslim astronomers arrived its highest point during the so-called
Islamic Golden Age (during the 8th -13th centuries), where the
Islamic world was seen as a scientific center of innovations and

discoveries.

2. There are prominent Muslim astronomers, who are the
pioneers of astronomy throughout Islamic times, where there are
many important astronomers, but to mention not exclusively, for
example Al-Khwarizmi (ca. 780-850),Al-Battani (ca. 858 - 929),
Al-Sufi (ca. 903- 986), Ibn Yunus (ca.950-1009), Al-Biruni (ca.
973- 1050), and Omar al- Khayyam (ca.1048-1131). Throughout
the 8th-15th centuries, there were some benefits of astronomy and
astronomers, which were carried through precious observations
and exact monitoring of cosmic phenomena and celestial objects,
resulting in valuable astronomical tables that benefit Islamic

architecture.

3.  The Islamic astronomy has a great impact on other
astronomical features that prevailed in other countries across
the world such as the astronomy of Byzantine Empire, Indian
astronomy, Chinese and European astronomy, where there are a
great number of names of stars and constellations are still known
by their Arabic names. From the 8th-15th centuries, there were
nearly ten thousands manuscripts related to Islamic astronomical
phenomena and approximately more than a thousand tools linked
to astronomical phenomena during the Islamic ages, which are kept
in museums and libraries of Near, Middle and Far East, as well as in
different counties around the world.

4. The most important features of Islamic astronomy
and what related to astronomical phenomena are the models of
astronomical tools and how to apply astronomical techniques in
different fields of religious beliefs and rituals during the different
[slamic ages. Moreover, the Islamic calendar or the so-called Islamic
lunar calendar that depends on the phases of the moon, and from
an astronomical point of view, it relates to the times of prayer, as
well as the direction of Qiblah, where it must be oriented towards
the direction of the Sacred Mosque of Kaa’ba at Mecca, in addition
to the only important architectural requirement in any mosque is to
correctly directed towards the Qiblah of Kaa’ba.

.5.  The locating, monitoring, directing and determining for
the true direction of the Qiblah was an important matter and critical
issue of the Islamic architectural scientific studies and for Muslim
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astronomers throughout the Islamic ages. There are some links
and requirements associated with the manifestations of Islamic
astronomy, which can be addressed through the astronomical
phenomena that require survey and surveyor, geography and
geographer, mathematics and mathematician, in addition to
scientific observations of astronomical phenomena related to
astronomy and astronomer, as well as astrology and astrologer.

6. There are scientific studies conducted by Muslim
astronomers throughout the Islamic ages and related to orientation
schedules of the Qiblah. The mosques and madrasas in Cairo,
which were from early Mamluk age upwards used astronomical
tables related with astronomical phenomena, this was in order to
determine time by the sun and to regulate the five daily prayers
times, which linked to the science of timing or the so-called
muwagqit. Some of these astronomical tables were collected by
the Fatimid astronomer called Ibn Yunus, and other astronomical
tables were gathered by different Mamluk astronomers. One of
these tables regulates the altitude or the rise of the sun in points
or degrees and minutes that agree almost exactly to each day of the
solar year.

7. There are many astronomical influences that are closely
linked to Islamic architecture, which was resulted from the idea
and through the process of linking the architectural structures of
the earth with the celestial objects. The influences are emerged
through the ideas and concepts of linking between the designs of
architecture and some astronomical phenomena that are related
to the apparent movement of the sun and the moon in particular,
or some other constellations and planets that could not be seen
with the naked eye. The astronomical phenomena were used by
Muslim astronomers in monitoring and directing the Qiblah of
mosques to Mecca, as well as these astronomical phenomena were
influential factors in determining prayer times, for this purpose, the
astronomers used an effective method called sundials, which were
particularly used in determining prayer times of Dhuhr (midday)
and ‘Asr (afternoon). In Islamic religious architecture of Cairo, the
sundials were used effectively, for example but not limited to the
marble sundial of Al-Azhar mosque, and the sundial of mosque of
Muhammad Bey Abu al-Dhahab.

8. There are many Islamic architectural models that
have been closely associated with astronomical phenomena, for
example but not limited to the first mosques were established
in Islamic times depending on some cosmic and astronomical
phenomena such as the sun, moon, stars and winds, which were
the most practical methods to find the direction of the Qiblah.
These astronomical phenomena were also used to determine and
adjust the calendar, whether it be solar, lunar, astral, agricultural
and religious, as well as these phenomena used in reckoning the
times of day and night-time, this was by the length of the shadow,
in addition to the locations, phases and passes of the moon and the

sun, where from fourteen centuries ago, there were many verses

in the Qur'an that describe how Allah created the cosmic and

astronomical phenomena.

9. InNorth West Africa, the Qiblah will be towards the sunrise
at the time of the equinoxes; in Egypt, the Qiblah will be towards the
sunrise at the time of the middle of the winter; in Syria, the Qiblah
will be towards the rise of the star known as Canopus; in Iraq, the
Qiblah will be towards the sunset at the time of the middle of the
winter; in India, the Qiblah will be towards the sunset at the time of
the equinoxes; in Yemen, the Qiblah will be in the direction in which
the northern wind blowing, which will be towards the polar star
that does not rise nor fall, however its location in the north. Some
of the first mosques were directed towards the sunrise in winter
time, this is due to the belief that makes the walls of the Qiblah are
paralleled into the northwest wall of the Kaa’'ba, and this applies to
some of the oldest mosques established in Egypt like the mosque
of Amr ibn al-'as in Fustat. However, the major mosque should face
the vertical direction of sunrise in summer time, where the same
direction was identical to the northwestern wall of the Kaa’ba .The
direction of giblah and the orientation of the first mosque built in
Al Fustat, Cairo- Egypt, which oriented to the sunrise in the winter
season, where this mosque was constructed in the winter season of
the year 641-642, so the qiblah was in the direction of sunrise in the
winter at about 27 degrees southeast.

10. There are some factors linked to the influences of
astronomical phenomena on Islamic religious architecture in
general, and the architecture of mosques in particular, including
sacred geography and topography of Makkah and related methods
of directing towards the Kaa'ba, constellations and stars such
as Canopus, known as Suhayl which is the brightest star in the
southern sky of Makkah, along with the summer and winter sunrise
or sunset, summer and winter solstices, the cardinal directions and
monsoon, and the orientation of mosques towards the giblah and
mihrab. There were several directions for the giblah that used in
the mosques of Cairo-Egypt, and there were at least four kinds of
deviations of the mihrabs in Islamic mosques in Egypt; the first was
in the mosque of Amr in Al Fustat, while the second direction of
the giblah and orientation of the mihrab was in the mosque of Ibn
Tulun, the third giblah direction was in the mosque of Al Azhar, and
the fourth giblah direction and orientation of the mihrab was in the
city of the dead, or the so-called Al-Qarafa of Cairo.

11. The astronomical phenomena affected the construction of
the Fatimid mosques in Cairo, including the mosque of Al-Hakim
bi-Amr Allah, as well as Al-Azhar mosque, and the prayer area of
al-Azhar mosque was crossed by a passage at right angles to the
Qiblah direction; this is similar to the Fatimid architectural design
of the great mosque of Mahdiya in Tunisia. The Mamluk religious
architecture in Cairo, the exterior layout of the main street was
arrange and aligned with the astronomical phenomena calculations
of the Qiblah direction, and it is clear that there were differences

and deviations in the directing procedures throughout the ages of
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Islamic religious architecture, and this is due to the influences of
astronomical phenomena on Islamic architecture in general, and on
Islamic religious architecture of Cairo in particular.
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[q]

Doris, B., (1993).Early Islamic Architecture in Cairo, Islamic

For more information about the mosque of Ibn Tulun See:

Architecture in Cairo: an Introduction, AUC Press, Cairo, pp. 47-
57.

[r] For more information the city of the dead or Al-Qarafa of
Cairo See: El Kadi, G.,& Bonnamy, A., (2007). Architecture for the
Dead: Cairo’s Medieval Necropolis. The American University in
Cairo Press, Cairo; David, S., (2010). Understanding Cairo: The
logic of a city out of control, AUC Press, Cairo, pp. 20-24.

[s] For more information about the Mosque of Al-Hakim
bi-Amr Allah See: ‘Abd al-Wahhab, H.(1940). Al-Asr al-
Vol.2, Issue 5/6,pp.310-324;
Bloom, ].,(1983).The Mosque of al-Hakim in Cairo, Muqarnas,

Fatimi, Majallat al-Imara,
Mugarnas: An Annual on Islamic Art and Architecture,
Vol.1, pp.15-36;King].R.(1984).The Restoration of the Al-
Hakim Mosque in Cairo, Islamic Studies, Vol. 23, Issue 4, pp.
325-335;Williams,C.,&Doris,B., (1992).Islamic Architecture in
Cairo: An Introduction,Vol. II], Journal of the American Research
Center in Egypt, Vol.29, pp.226-229.

[t]
Barraclough, S.,(1998). Al-Azhar: Between the Government and
the Islamists, Middle East Journal,Vol.52, Issue 2,pp. 236-249;
Rabbat,N.,(1996). Al-Azhar Mosque: An Architectural Chronicle
of Cairo’s History, Mugarnas- An Annual on the Visual Culture of
the Islamic World, Vol.13, Brill Press, pp. 45-67.

[u]
Cairo See: Dadoyan, S.B. & Parsumean-Tatoyean, S., (1997).

For more information about the Mosque of Al-Azhar See:

For more information about the Fatimid mosques in

The Fatimid Armenians: Cultural and Political Interaction in
the Near East, Brill, Leiden, pp. 81.ff; Jarzombek, M. & Prakash,
V, (2011). A Global History of Architecture, John Wiley & Sons
Press, USA, pp. 383-385.

[v]
in Tunisia See: Doris, B., (1992). Islamic Architecture in Cairo:
An Introduction, Brill, Leiden, pp.62-63; Yeomans, R., (2006).
The art and architecture of Islamic Cairo, Garnet & Ithaca Press,
New York, pp. 58-60; Hadda, L., (2008). Nella Tunisia Medievale,

Architettura e Decorazione Islamica(IX-XVI secolo),Liguori

For more information about the great mosque of Mahdiya

editore,Naples, pp.70-73.

[w] For more information about the Mamluk religious
architecture in Cairo See: Meinecke, M.,(1992). Die Mamlukische
Architektur in Agypten und Syrien (648/1250 bis 923/1517),
2 Vols. J. J. Augustin, Gliickstadt; Bloom, J.,(1999). Mamluk Art
and Architectural History, Mamluk Studies Review, Vol. III,
Middle East Documentation Center (MEDOC), the University
of Chicago Press, pp.31-57; Rabbat, N., (2002). Perception of
Architecture in Mamluk Sources, Mamluk Studies Review, Vol.
VI, Middle East Documentation Center(MEDOC), the University
of Chicago Press, pp.155-176.

For more information about the madrassa and mausoleum

[x]
of Al-Nasir Muhammad See: O’Kane, B., (2016).The Mosques of
Egypt, AUC Press, Cairo, pp. 66-70; Williams, C.,(2018). Islamic
Monuments in Cairo: The Practical Guide (7th ed.), AUC Press,
Cairo, pp. 225-226.
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