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The Making of Prayer Circles (PC) and Prayer Direction Circles (PDC) Map

Abstract

Geographic Information Systems GIS has proven to be an essential tool of

Automated Cartography. The problems of finding the direction to the City of Makkah

is extremely important to Muslims around the globe to perform the five time daily

prayer. The challenge to solve such a problem is a classical example of map

projection on flat surface where distortion may give the wrong impression on

directions. A prayer direction circles and a prayer circle system have been introduced

using GIS to solve the problem. Using spherical triangulation solution with the city of

Makkah at the center of the prayer circles, a prayer map was designed to solve the

problem. Knowing that map making is an art as well as a science, Islamic calligraphy

and designs were added for better enhancement of the map.

Introduction

Map making was always recognized as a science and an art. The science of map

making deals with location and attributes, and is expected to provide accurate

information. With Geographic Information Systems (GIS) technology, it is becoming
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possible to make maps with a higher accuracy and speed. GIS also provides the

mapmakers with a powerful tool to introduce maps to a wider range of audience in

various scales and formats. The pictorial nature of cartographic language makes it the

most understood form of communication for all of mankind. With recent development

in computer and Internet technology, cartographic presentation is taking the lead for

its capability to cross the barrier between cultures and languages. The global usage of

such technology with a wide range of audiences has added a new challenge for map

making.

The challenge is not all new. In all cultures, maps were produced according to own

knowledge, belief, and preference of art. For that, maps are expected to be

aesthetically pleasing “beautiful”(Robinson, 1995 and Woodward, 1987). Traditional

map making used artistic forms of pictorial images to clarify map information and to

add “beauty” to the map. For Muslims, calligraphy is considered the most important

form of art in Islamic culture (Faruqi, 1986). For that, Islamic mapmakers avoided

figurative forms of decoration and used calligraphy and geometrical designs to

enhance their maps (Woodward, 1987). Figures were used only when necessary

(McIntosh, 2000).

While it is possible to measure accuracy, beauty will always remain a challenge. GIS

technology is merely a powerful tool, yet no matter how powerful it is, making

beautiful maps will still require the artistic touch of the mapmaker (Schenck and

Minni, 2001). The Prayer Circles/Prayer Direction Circles (PC/PDC) map is an

example of combined GIS technology with artistic values to produce a spherical

solution on a flat “projected” surface. The map was published by the United Arab

Emirates University and acknowledged by National Geographic (August, 2002), Gulf

News (Fernandes, 2002), the American Journal of Islamic Social Sciences (Massasati,
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2002), and ESRI (Massasati, 2003). It was developed to serve a religious purpose and

that is to find the prayer direction to Makkah. The scientific part of map making

involves spherical triangular calculations to find the vertices of the PC/PDC system.

Applied GIS technology was employed so that maps in various projections could be

produced in both paper and digital format. The calligraphy part of the map was added

as a decoration and designed in accordance with Islamic traditions.

LITERATURE REVIEW

Throughout the history of Cartography, maps reflected the scientific knowledge,

ideas, belief, and the mapmaker’s taste for art. In return, maps made were an

extremely powerful tool that influenced the human vision of the world. In fact, the

power of the map is so hard to resist to the extent that it become a part of human

reality (Cosgrove, 1988). Examples of such power can be found in many maps printed

throughout time (Harvey, 1989, Robinson, 1995, and Harley, 1989). The T in O map

is a good example of a map that is centered on Jerusalem to serve the religious

purpose of its Christian makers (Robinson, 1995). Paradise is at the east where the top

of the map is. The artistic figures printed on the map seemed so real to the extent that

it is impossible not to believe in it. People with no heads or creatures that are half

human and half animal reflect an interesting imagination of that time. Reading the

words of William Shakespeare through his character Othello when he talks about his

travels, confirms such belief.

 “The Anthropophagi and men whose heads
Do grow beneath their shoulders.” (Shakespeare 2003)

Still the scientific facts of the map cannot be ignored. Viewing Earth as an island

“Terra” surrounded by the ocean “Oceania” is very much accurate especially in a time
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where knowledge of the Americas did not exist. The Muslim geographers such as Al-

Idrisi and Al-Biruni shared a similar vision of the earth but with much scientific

accuracy (Faruqi, 1986). Interesting enough, Muslims oriented the top of the map

towards the south (Harley, 1992). The recent discoveries of the map made by Piri Reis

in 1513 A.D. (figure 1) shows the Americas as a part of Asia (McIntosh, 2000).

Opposite to traditional “Terra” in “Oceania” map, the map of Piri seems to depict the

ocean as a lake inside land.

Africa

Europe
Asia

Asia
(The Americas)

Figure 1. The world according to Piri Reis (Modified from McIntosh, 2000)

In modern times, the image of earth oriented toward the north on a flat surface is so

strong to the extent that it is impossible to imagine earth otherwise. Even when the

north arrow on a map is oriented to other than the top, map users assumes north to be

at the top of the map. This disorientation is very critical when it come to finding

directions especially for Muslims around the globe where prayers have to be

performed five times a day facing the direction of the Sacred Mosque “al-Qiblah” in

Makkah. Muslim geographers have dealt with such a problem for centuries.

Mechanical tools such as the Astrolabe were invented for such purpose (Ilyas, 1984,

Faruqi, 1986, Harley, 1992, King, 1999, and Bilani, 2002). Calculations and maps that

show directions from the known world were made as well. The controversy over the
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correct directions were recognized and dealt with. Projected maps with bended

parallels that can show the correct direction toward Makkah can be traced to the

beginning of the twentieth century (Tobler, 2002). Still doubts surface from time to

time to challenge the geographers (King, 1999). The book written by Nachef and Kadi

(1993) testifies that the direction to “al-Qiblah” from the United States and Canada is

towards the southeast. The book is supported by powerful testimonies made by

recognized organization around the world. This caused a strong disturbance in the

Muslim communities especially in North America. Several articles were published in

response to the problem (Ahmad, 1994, Almakky and Snyder, 1996, Abdali, 1997,

Keller, 2002, and Shawkat, 2002). The PC/PDC map is one of the attempts made to

solve the problem (Massasati, 1994, 2002 and 2003). The PC/PDC vertices were

calculated using traditional spherical trigonometry equations. Using the power of GIS

automated cartography; the PC/PDC system (Figure 2) can be printed on any selected

projection and be used as a tool of education.

Figure 2. The PC/PDC system printed on an Orthographic projection that shows earth

from space. (Modified from Massasati, 2002)

It is very important to note that when the cartographers at National Geographic

decided to print the map, they requested the calculated vertices rather than the map it
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self. Using the vertices, they were able to reconstruct the map to print on a projection

of their choice.

Calligraphy is considered the highest form of art for Muslims (Faruqi, 1986, and

Ulkar, 1987). Using ornamentations and verses from the Quran for decoration is

found throughout Islamic literature as well as maps (Harley, 1992). The Quranic verse

that prescribes the direction of the “Qibla” for prayer is used for decoration as well as

to indicate the purpose of the map. Other calligraphic designs that glorify the Creator

“Allah” were added as well.

APPLIED SPHERICAL TRIGONOMETRY

The general spherical triangulation equations used in the calculations were (Ayres,

1954):

tan 0.5 (B + C) = cos 0.5 (b - c) sec 0.5 (b + c) cot 0.5 A
tan 0.5 (B - C) = sin 0.5 (b - c) csc 0.5 (b + c) cot 0.5 A
tan 0.5 a = tan 0.5(b - c) sin 0.5 (B + C) csc 0.5 (B - C)

Where:

sec = 1/cos, csc = 1/sin, cot = 1/tan,
Vertex C is at the North Pole and C = Longitude of B – Longitude of A,
A = the azimuth from A to B, B = the azimuth from B to A, and
b = 90 – Latitude A, a = 90 – Latitude B, and c = the distance from A to B.
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Figure 1. The general layout of a spherical triangle.

At the first step, Makkah/Madinah great circle was used as a prime meridian for the

PC/PDC system. The equations were modified to fit the Makkah, Madinah, and the

North Pole spherical triangle so that the direction and distance calculation could be

made. The Latitude/Longitude of the cities of Makkah (at A) and Madinah (at B)

taken from ArcView map are 21o 27' N, 39 o 45' E and 24 o 26' N, 39 o 42' E.

The modified equations to solve for the true azimuth and distance between the two

cities (angle A) are:

tan 0.5 (B + A) = cos 0.5 (b - a) sec 0.5 (b + a) cot 0.5 C
tan 0.5 (B - A) = sin 0.5 (b - a) csc 0.5 (b + a) cot 0.5 C
tan 0.5 c = tan 0.5(b - a) sin 0.5 (B + A) csc 0.5 (B - A)

Where:

b = 90 – 21.45 = 68.55 o, a = 90 – 24.4333 = 65.5667 o, and C = 39.75 – 39.7 = 0.05 o

tan 0.5 (B + A) = cos 0.5 (68.55  - 65.5667) sec 0.5 (68.55  + 65.5667 ) cot 0.5 (0.05)
tan 0.5 (B - A) = sin 0.5 (68.55  - 65.5667) csc 0.5 (68.55  + 65.5667 ) cot 0.5 (0.05)
tan A = 0.015265682
A = 0.8745912 o

The calculated initial direction (azimuth) from Makkah to Madinah is 0.8745912

Degrees west. Once the initial direction is set, the Latitude/longitude of a point on the

PC/PDC system can be made using a 10 degrees interval starting from Makkah.



8

b = 90 o – 21.45 o = 68.55 o

c = 10 o

A = 0.8745912 o

tan 0.5 (B + C) = cos 0.5 (b - c) sec 0.5 (b + c) cot 0.5 A
tan 0.5 (B - C) = sin 0.5 (b - c) csc 0.5 (b + c) cot 0.5 A
tan 0.5 a = tan 0.5(b - c) sin 0.5 (B + C) csc 0.5 (B - C)

By solving the first equation:
tan 0.5 (B + C) = cos 0.5 (68.55  - 10) sec 0.5 (68.55  + 10) cot 0.5 (0.8745912)
tan 0.5 (B + C) = 147.6351624
0.5 (B + C) = 89.6119156 o

By solving the second equation
tan 0.5 (B - C) = sin 0.5 (68.55  - 10) csc 0.5 (68.55  + 10) cot 0.5 (0.8745912)
tan 0.5 (B - C) = 101.2082882
0.5 (B - C) = 89.43390096 o

Using the two solutions to solve the third equation:
tan 0.5 a = tan 0.5(68.55  - 10) sin 89.6119156  csc 89.43390096
tan 0.5 a = 0.560614732
0.5 a = 29.27563229 o

From the previous solutions:
a = 58.55126458 o

C = 89.6119156 o  - 89.43390096 o  = 0.17801464 o

The latitude of the vertex is (90 – a) = 90 – 58.55126458 = 31.44873542 o

The longitude of the vertex is (39.75 - 0.17801464) = 39.57198536 o

The process was repeated by adding 10 degrees to the angle “c” till a full PDC was

formed. Then 10 degrees were added to the “A” angle and another PDC circle was

calculated till 360 degrees to cover the globe. The 10 degrees vertices were used to

form the PCs.

AUTOMATED CARTOGRAPHY

Using the power of GIS and automated cartography, the vertices were displayed on

the world map shape file from ESRI using ArcView to make a visual check of the

calculation. The vertices were then converted to ArcInfo files so that they could be

connected to form the lines of the PDC/PC system. The files were converted again to

ArcView to utilize its map projection capabilities. Other graphic programs were used
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to add the artistic components of the map. Figure 4, is the PC/PDC map published by

the United Arab Emirates University.

Figure 4. The PC/PDC map Published by the UAE University

.

The English translation on the map state that:

“When Muslims are gathered in Makkah, they pray in a circle around the

Kabah, This is called “the prayer circle”. The circles start small at the

Kabah and grow larger until they reach a great circle, then grow smaller

until reaching a point at the other side of the earth. At that point, a

person can perform prayer at any direction. In order to for a person to be

praying correctly facing the Kabah, the prayer direction has to be

perpendicular to the prayer circle. Persons standing behind each other

will form another circle called “the prayer direction circle”.

The antipode of Makkah is located at 21o 27' S and 140 o 11' W.

Figure 5, shows the PC/PDC system on an Equidistance Conic projection where it is

possible to see both Makkah and its antipode.
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Figure 5. The PC/PDC system printed on an Equidistance Conic projection.

Figure 6, shows a Genomic projection of the Middle East. The central meridian of the

map is 40 East and the reference latitude is 22 North. Note that all great circles appear

as straight lines.

Figure 6. The PC/PDC system of central Middle East printed on a Genomic

projection.

Figure 7, shows the prayer directions and prayer circles for North America. Note that

the prayer direction start from east at central America, but changes to North in Alaska
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and become North-West in Hawaii. The calculated azimuth from Honolulu, Hawaii

(21 o 18 ‘ N 157 o 51 ‘ W) is – 23.00078385 degrees.

Figure 7. The prayer directions and prayer circles for North America.

THE ISLAMIC CALLIGRAPHY

In keeping up with Islamic traditions, the map is topped by the phrase “ In the name

of Allah the most Merciful, the most Beneficent”. The phrase is digitized in Thuluth

Jaly style. Followed by the verse 2:150 from the Quran that prescribes the Qibla

direction for prayer (Figure 8).

Figure 8. The top calligraphy plates designed in Thuluth Jaly and Kufi Jaly.

The verse is designed in Kufi Jaly style. And can be translated as “And wherever you

are, turn your faces in its (the Sacred Mosque) direction”. The calligraphy plates

surrounding earth (Figure 9) is inspired by thirteen-century plates found in Turkey
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(Schimmel, 1970).  The four plates read as “ Supremacy belong to Allah, Thanks to

Allah, Sovereignty belong to Allah, and Might belongs to Allah”. Each of the plates

can be rotated 180 degrees to fit on another one forming a plate. The style of the

plates is Kufi Jaly.

4. al-'izzatu Lil-lah

1. al-'azamatu Lil-lah 2. al-'shukru Lil-lah

3. al-'mulki Lil-lah

Figure 9. The designs of the surrounding calligraphy units in Kufi Jaly style with

transliteration.

ACCURACY PROBLEM

Users of the PC/PDC system need to realize that relative accuracy will always be a

problem. The difference in calculation between a “spheroid” earths versus “ellipsoid”

was discussed (Almakky and Snyder, 1996). The difference is small and can be

ignored. A similar issue can be raised when it comes to the initial values of the cities

of Makkah and Madinah location. Different maps and references give different values

for the location of the two cities. For example, the Latitude/Longitude given by the

following references for Makkah and Madinah are:

Times Atlas of the World, 1999: 21 o 25’ N 39 o 47’ E, and 24 o 31’ N 39 o 32’ E

The 21st Century World Atlas, 1998: 21o 27’ N 39o  49’ E, and 24o  28’ N 39o  36’ E

The values used in the paper: 21o 27' N, 39 o 45'  E and 24 o 26' N, 39 o  42' E

The difference in calculation could be ignored but if accuracy is needed, a more

precise location of the Sacred Mosque in Makkah will be required.
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CONCLUSION

The power of the map on shaping the human vision of the world is well recognized. A

Projected maps on flat surface can be deceiving. Education is the key to correct any

misleading information that could be conveyed by the map. GIS is an excellent tool

that can provide a solution for that problem. Map projection and presentation

capabilities can play a crucial role in presenting information in various forms. In the

hand of an experienced cartographer, the tools of GIS can provide “good maps”. The

need to provide “beautiful” maps will still be a challenge. With the Internet

technology and its universal audience, this challenge is going to be even greater.
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