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I. Introduction

Qibla is something very important for Muslims. It is because the Qibla is one of the
requirements for performing prayers. If the prayer being performed does not face the Qibla,
then the prayer is categorized as invalid or invalid. Qibla is the direction that every Muslim
faces when carrying out worship, especially prayer [1]. Qibla can also mean the Kaaba
because Muslims face it when praying [2]. The Kaaba is a building approaching a cube shape
located in the center of the city of Mecca [3]. For Muslims in the city of Mecca and its
surroundings, the order to face the Qibla is easy to do. However, for Muslims who are far
from the city of Mecca, facing the Qibla will be difficult. This can cause problems for Muslims
who live in areas far from the city of Mecca [4].

The Kaaba is around 8 thousand to 13 thousand kilometres from Indonesia. If the
direction of the Qibla is deviated by one degree, it can cause a very long diversion [2]. Many
mosques in Indonesia do not have the Qibla direction towards the Kaaba. It can be caused by
two possibilities. The first possibility is that you incorrectly determined the direction of the
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Qibla when you first built the mosque. The second possibility is natural factors, namely the
movement of the Earth's plates [5]. The methods often used to determine the Qibla direction
in Indonesia are determining the west direction as the Qibla direction, aligning it with the
road layout, and measuring roughly based on the direction of the Qibla from the nearest
mosque [6]. These methods have low accuracy so many mosques do not have the Qibla
direction directly towards the Kaaba. The development of determining the Qibla direction
can be seen from the measuring instruments and calculation systems used. Currently, there
are three types of methods often used to measure the direction of the Qibla, namely using the
shadow of the Qibla, using geographic north (true north), and observing when the Sun is
directly above the Kaaba [7]. The phenomenon of the Sun directly above the Kaaba occurs
because the position of the Sun is always moving from north to south or is known as the
apparent annual movement of the Sun [8].

As a place that is quite far from the Kaaba, the direction of the Qibla in Indonesia can be
determined using spherical trigonometry mathematical equations. Calculating the Qibla
using spherical trigonometry requires three points on the Earth's sphere, namely the point at
the North Pole, at the Kaaba, and in the area where you want to find the direction of the Qibla
[1]. The direction from one place to another on the earth's surface is shown by the shortest
circular arc that connects the two places. Two types of circular arcs can connect two places
on the surface of a ball, namely large circles and small circles. The arc with the shortest
distance is the arc that passes through the great circle of the Earth's surface [9]. The great
circle is the circle of the earth's globe that divides the earth into two equal parts and uses the
center of the earth as a reference [10].

II. Method
For example, X is the place that needed to find the Qibla direction which has geographic
coordinates, namely latitude (¢, )and longitude (4, ). The Kaaba has geographic coordinates,

namely the latitude of the Kaaba (¢, )and the longitude of the Kaaba(4, ), and the North

Pole is written with C. A spherical triangle can be depicted by connecting the city of X, the
Kaaba, and the North Pole on the Earth's surface. The spherical triangle formed is KXC with
sides CK, CX, and KX being large circular arcs as seen in Figure 1. To find out the Qibla
direction of city X, determine the size of angle X. Angle X can be determined using the
spherical triangle formula.

Figure 1. Spherical triangle connecting the X, the Kaaba, and the North Pole
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Angle X can be determined by the cosine formula of a spherical triangle.

cos X =cosccosk +sincsink cos X

€o0s X —cosccosk
cos X = T (1)
sincsink

From equation 1, cosine c and sine c do not yet have values. Then cosine of c substituted
by the cosine formula.

cosc = cosk cosx +sinksin xcosC (2)
Next, substitute equation 2 with equation 1.

cos x —(cosk cos x +sinksin xcosC ) cosk

cos X = - -
sincsink
cos X —cos® k cos x —sink sin xcosk cosC
cos X = - -
sincsink
cos x(l—cos2 k)—sin k sin xcosk cosC
CosS X = - - (3)
sincsink
From trigonometric identities,
sink +cos’k =1, then there is:
1-cos’k =sin’k (4)

Then, substitute equation 4 into equation 3, thus obtaining the following equation.

- 2 _ - -
oS X — cos xsin-k _sm k_sm xcosk cosC 5)
sincsink

Next, substitute sin ¢ using the formula for the sine of a spherical triangle.

sinc _ sinx

sinC sin X

SinC:sm_xsmC (6)
sin X

Then substitute equation 6 into equation 5.
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cos xsin® k —sinksin xcosk cosC

cos X = - -
sinxsinC ) ..
—————|sink
sin X
cos xsin?k —sinksin xcosk cosC
cos X = - - -
sinxsinCsink
sin X

cosxsin?k —sinksinxcosk cosC .
cos X = sin X

sinxsinCsink

sinX sinxsinCsink 7)
cos X  cosxsin?k —sinksin xcosk cosC

From trigonometric identities,

tan X = 3% (8)
cos X

So, equation 7 can be changed to the following equation.
sink(sinxsinC)
sink (cosxsink —sin xcosk cosC)

tan X =

sinxsinC (9)
cos xsink —sin xcosk cosC

tan X =

From trigonometric identities,

COS X
cotx=——

sin x
COs X =sin xcot X (10)

Next, substitute equation 10 with equation 9.

tan X = sinxsinC _ sinxsinC
- (sinx cot x) sin k—sinx cos k cos C - sinx(cot x sin k—cos k cos C)
sinC
tan X (11)

" cotxsink —coskcosC
The data from Figure 1 is as follows.

k=CX =90°— g, ; x=CK =90°—¢; C=A — A =AA
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Equation 11 can be changed using trigonometric ratios for related angles to become the

following equation.
Sin A4

= cot(90° — ¢, )sin(90° — ¢, ) —cos(90°— ¢, JcosAA

SinAA
tan X = -
tan ¢, cos¢, —sing, CoOSAAL

tan X = L A/.l (12)
tan ¢, cos¢, —sing, cosAAL

Where X is the gibla angle of the city you want to find, A% is the difference between the
longitude of X and Kaaba, ¢, is the latitude of Kaaba, and ¢, is the latitude of X. when
compass were used to determine the Qibla direction, the Qibla azimuth is the angle
calculated from the north point clockwise through the horizon to the projection of the Kaaba.
Azimuths 90°, 180°, and 270° indicate east, south, and west directions respectively. The value
of X here depends on the denominator and numerator of the right side of the formula tan X.

For simplicity, tan X can be written as % Therefore, the appropriate angle X value also

depends on whether the x and y values are positive or negative. In Ms. Excel, X can be
specified with the format atan2 (x;y) [11].

* If x is positive and y is positive, then AK, =X .

* If x is negative and y is positive, then AK, =180°+ X .

* If x is negative and y is negative, then AK, =180°+ X .

* If x is positive and y is negative, then AK, =360°+ X .

III. Results and Discussion

Indonesia has geographic coordinates of 6° N - 11° S and 95° E - 141° E as shown in
figure 2. And since Indonesia is Wide, there are three Time Zone that separate the zone. The
time zone was needed to know the local time or converted time for determining the sun’s
ephemeris data when some tools were used.

130° 141°BT

I | 6°LU
= 5°LU

5°LS

95°  100° 110° 120°

50,
00—
50

10°LU

100 | |
- 111°LU

WIB = GMT WITA = GMT WIT = GMT

Figure 2. Indonesia Geographic Coordinate and Time zone
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The Kaaba has geographic coordinates of 21° 25' 24" N and 39° 49' 39" E. The direction of
the Qibla is represented in the numbers on a compass scale with a guide of zero degrees at
the North point. Therefore, there are a need to know the true direction of the North. The
direction shown by the compass is the direction that refers to magnetic north. It turns out
that the direction of magnetic north does not have to be the same as true north. This difference
in the north direction is called the magnetic obliquity angle or declination which is also
different in each place and always changes throughout the year [1]. True north can be
determined by knowing the position of the Sun.

The position of the Sun can be calculated using various instruments, such as a theodolite,
gnomon, or mizwala [2]. In determining the Qibla, there are deviation tolerance standards,
namely mathematical tolerance, and sociological tolerance. Mathematical tolerance is the
limit of tolerance for deviation from the Qibla direction resulting from the construction of a
mathematical formula. Sociological tolerance is the limit of tolerance for deviation from the
direction of the Qibla which is built based on social construction in producing the direction
of the Qibla [12]. The calculated Qibla azimuth for various coordinate in Indonesia using
equation (12) can be seen in Tables 1, 2, 3, and 4.

Table 1. Azimuth of regional Qibla in Indonesia from 95° - 106° E
Longitude (°)

Latitude (°)

95 96 97 98 99 100 101 102 103 104 105 106
-11 301.05 300.60 30018  299.76 29935 29896 29857 29820 297.84 29749 29714  296.81
-10 300.61  300.18 299.76 29936 29897 29859 29822 29786 29751 29717  296.84  296.52
9 300.15  299.74 29934 29895 29857 29821 29785 29751 29718  296.85 296.54  296.23
-8 299.69  299.29 29891 29853 29817 297.82 29748 29715 29683 29652 29622 29593
-7 299.21  298.83  298.46 29810 297.75 29742 297.09 296.78 29648 29618 29590  295.62
-6 29873 29836  298.00 29766 29733 297.01 29670 29640 29611 29583 29556  295.30
-5 29823 29788 29754 29721  296.89 29659 29630 296.01 295.74 29547 29522 29497
-4 29771 29738  297.06 29675 29645 296.16 29588  295.61 29536 29511 29487 294.64
-3 29719  296.87  296.57 29627 29599 29572 29546 29521 29496 29473 29451  294.30
-2 296.66 29635  296.07 29579 29552 29527  295.02 29479 29456 29435 29414  293.94
-1 29611 29582 295,55 29529  295.04 29481 29458 29436 29415 29395 29377  293.58

0 29555 29528 29503 29479 29456 29434 29413 29393 29373 29355 29338  293.22
1 29497 29473 29449 29427 29406 29385 29366 29348 29331 29314 29299 29284
2 29439 29416 29395 29374 29355 29336 29319 293.02 29287 29272 29258 29245
3 29379 29359 29339 29320 293.03 29286 29271 29256 29242 29229 29217  292.06
4 29318  293.00 29282 29265 29250 29235 29221 29209 29197 29185 291.75  291.66
5 29256 29240 29224 29209 29196 29183 29171 29160 29150 29141 29132 29125
6 29193 29179 29165 29152 29141 29130 29120 29111  291.03 29095 290.89  290.83
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Table 2. Regional Qibla azimuth in Indonesia from 107° - 118° E

) Longitude (°)
Latitude (°)
107 108 109 110 111 112 113 114 115 116 117 118
-11 29648 29617 29586 29556 29527 29498 29471 29444 29418 29392  293.68 293.43
-10 296.21 295.91 295.62 29533  295.05 29478 29452 29427  294.02  293.78  293.55 293.32
9 29593 29565 29537 29510 294.83 29458 29433 29409 29386 293.63 29342  293.20
-8 295.65 29537 29511 29485 29461 29437 29413 29391 293.69 29348  293.28 293.08
-7 29535  295.09 29485 29460 29437 29415 29393 29372 29351 293.32  293.13 292.95
-6 295.05  294.81 29457 29435 29413 29392  293.71 293.52 29333 29315 29298 292.81
-5 29474 29451 29429 29408 293.88 293.68 29350 293.31 293.14 29298 29282  292.67
-4 29442 29421 294.00  293.81 293.62 29344 29327 29310 29295 29279  292.65 292,51
-3 294.09 29390 293.71 293.53 29336 29319 293.03 29288 29274 29261 292.48 292.36
-2 293.76 29358 29340 29324 293.08 29293 29279 29266 29253 29241 29230 29219
-1 293.41 293.25 293.09 29294 29280 292,67 29254 29243 29231 292.21 29211 292.02
0 293.06 29291 29277 29264 29252 29240 29229 29219 29209 29200 29192 291.84
1 292.70 292.57 292.44 292.33 292.22 29212 292.03 291.94 291.86 291.79 291.72 291.66
2 29233 29222 29211 292.01 29192 29183 29176  291.69 291.62 29157 29151 291.47
3 29195 29186 291.77 291.68 29161 29154 29148 29143 29138 29134 29130 291.27
4 291.57 291.49 291.42 291.35 291.29 291.24 291.20 291.16 291.13 291.10 291.08 291.07
5 29118  291.11 291.06  291.01 29097 29093 29091  290.88 290.87 290.86 290.86  290.86
6 290.78  290.73  290.69  290.66  290.64 290.62 290.61 290.60  290.61 290.61 290.63 290.65
Table 3. Azimuth of regional Qibla in Indonesia from 119° - 130° E
Latitude (°) Longitude (*
119 120 121 122 123 124 125 126 127 128 129 130

-11 293.20 29297 29275 29254 29233 29213 29193 29174 29156 29138 29120 291.04
-10 29310 29289 29268 29248 29229 29210 29192 29175 29158 29141 291.25 291.10
-9 293.00 29280  292.61 29242 29225 29207 29191 291.75 29159 29144 29130 291.16
-8 29289 29271 29253 29236 29219 292.04 29188 291.74 291.60 29146 29134 291.21
-7 29277 29260 29244 29229 29214 29199 29186 29173 291.60 29148 29137 291.26
-6 292.65 29250 29235 29221 292.07 29194 29182 291.71 291.60 29149 29139  291.30
-5 29252 29238 29225 29212 29200 291.89 291.78 29168 29159 29150 29141 291.34
-4 29238 29226 29214 29203 29193 29183 291.74 29165 29157 29150 29143 291.37
-3 29224 29213 29203 29193 29185 291.76 291.68  291.61 29155 29149 29144  291.39
-2 292.09 29200 29191 29183 29176  291.69 291.63 29157 29152 29148 29144 29141
-1 29194 29186  291.79 291.72 29166  291.61 29156 29152 29149 29146 29143 291.42
0 291.78  291.71 291.66  291.61 29156 29152 29149 29147 29145 29143 29143 291.42
1 291.61 29156 29152 29148 29146 29143 29142 29141 29140 29140 29141 291.42
2 29143 29140 291.38 29136 29134 291.34 29133 29134 291.35 29137 29139 29142
3 29125 29124 29123 291.22 29122 291.23 29125 29127 29129 29132 29136  291.40
4 291.06  291.06 291.07 291.08 291.10 291.12 29115 29119 291.23 291.27 29133 291.39
5 290.87  290.89  290.91 29093 29097  291.01 291.05 29110 291.16  291.22  291.29  291.36
6 290.67  290.70  290.74  290.78  290.83  290.89  290.95 291.01 291.08 29116 29124  291.33
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Table 4. Azimuth of regional Qibla in Indonesia from 131° - 141° E

) Longitude (°)
Latitude (°)
131 132 133 134 135 136 137 138 139 140 141
-11 290.87 290.72 290.56 290.42 290.28 290.14 290.01 289.89 289.76 289.65 289.54
-10 290.95 290.81 290.67 290.54 290.42 290.30 290.18 290.07 289.97 289.87 289.78
-9 291.03 290.90 290.78 290.66 290.55 290.45 290.35 290.26 290.17 290.08 290.01
-8 291.10 290.98 290.88 290.78 290.68 290.59 290.51 290.43 290.36 290.29 290.23
-7 291.16 291.06 290.97 290.89 290.81 290.73 290.66 290.60 290.55 290.50 290.45
-6 291.21 291.13 291.06 290.99 290.92 290.87 290.81 290.77 290.73 290.69 290.66
-5 291.26 291.20 291.14 291.08 291.04 290.99 290.96 290.92 290.90 290.88 290.87
-4 291.31 291.26 291.21 291.17 291.14 291.11 291.09 291.08 291.07 291.06 291.07
-3 291.35 291.31 291.28 291.26 291.24 291.23 291.22 291.22 291.23 291.24 291.26
2 291.38 291.36 291.34 291.34 291.33 291.34 291.35 291.36 291.38 291.41 291.44
-1 29141 291.40 291.40 291.41 29142 291.44 291.46 291.50 291.53 291.58 291.62
0 291.43 291.44 291.45 291.47 291.50 291.54 291.58 291.62 291.67 291.73 291.80
1 291.44 291.47 291.50 291.53 291.58 291.63 291.68 291.74 291.81 291.89 291.97
2 291.45 291.49 291.54 291.59 291.65 291.71 291.78 291.86 291.94 292.03 292.13
3 291.45 291.51 291.57 291.64 291.71 291.79 291.88 291.97 292.07 292.17 292.28
4 291.45 291.52 291.60 291.68 291.77 291.86 291.96 292.07 292.18 292.30 292.43
5 291.44 291.53 291.62 291.72 291.82 291.93 292.04 29217 292.29 292.43 292.57
6 291.43 291.53 291.63 291.75 291.86 291.99 292.12 292.26 292.40 292.55 292.70

From the tables 1,2,3 and 4 above, the gibla azimuth direction for Indonesia ranged from
289.54° from East Indonesia to 301.05° in West Indonesia. This table can help whoever wanted
to know their gibla direction in correspondent coordinate so they can make sure whether the
prayer facility is correct facing the qibla direction or not.

IV. Conclusion

The Qibla direction of various coordinates in Indonesia can be a guide in determining
the Qibla direction. The direction is calculated using spherical trigonometry. For the results
to point directly to the Kaaba, the north direction is very necessary. The true north can be
determined using various instruments such as theodolite, gnomon, or mizwala. The gibla
azimuth direction for Indonesia ranged from 289.54° from East Indonesia to 301.05° in West
Indonesia.
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