






SCIENTIFIC OBSERVATION OF HARMONIC DRIFT IN LUNAR DATES AGAINST GREGORIAN CALENDAR.

Salihu Buba Zubairu

Preface.

Astronomy is one of earliest sciences that continued to evolve, through its application particularly in monitoring its evolving time. This has been proven as powerful tool in pegging important events in the evolution of human civilization. One of such phenomena is the lunar movement and it’s implicating on lunar calendar, a template used by many countries around the world, notably Chinese, Jews and Muslim calendar. Observation shows that, dates in Islamic calendar, which are based on counting of days after first sighting of new crescent moon, at about 30 minutes after sunset, are mostly controversial. Considering the present advancement in science and technology, the controversy still persists and there is no available lunar calendar that is reliable for accurate longtime planning for Islamic activities. This resulted to lack of convincing Islamic calendar.

Generally, observation that depends on naked eye sighting which has been widely used locally, cannot give reliable data for scientific analysis of lunar calendar because, the new crescent moon could be above western horizon after sunset, but due to obscurity impinged by weather or visual impairment, it may not be sighted. Therefore, for a true evaluation of lunar calendar, a scientific approach is adopted in order to determine possible first lunar location above western horizon at about 30 minutes after sunset, which is considered for reference location and time. This research shows that, the available lunar calendars are mainly drawn on the basis of numerical difference considered as the only drift before now, known as a consequence of the difference between the Islamic calendar and the Gregorian calendar. In this project, harmonic drift in lunar dates against the Gregorian calendar is noticed as a secondary drift and possible cause of the discrepancy in lunar calendar. The anomaly is in cooperated in developing the lunar calendar, thus aided the development of a reliable lunar calendar that could project dates for many years without showing any discrepancies.

I hope that this book will be exciting to beneficiaries who include educational institutions and research centers, as well as individual enthusiasts of astronomy.

Salihu Buba Zubairu,                                                                                                                                    Department of Physics,                                                                                                                                 University of Maiduguri,                                                                                                                                    Nigeria, West Africa.

Abstract.

Scientific suggestion of lunar calendar against related Gregorian calendar could be useful in guiding many beneficiaries of lunar dates but, observation shows that most if not all available lunar calendars that are drawn to predict dates for many years show discrepancies. To solve this problem, a scientific observation of lunar movement and its implication on lunar calendar was carried out from Nigerian airspace, using 4x60mm telescope, a self-made optical instrument. In the course of the research, findings suggest natural harmonic drift in lunar dates relative to Gregorian dates appeared as the main hindrance in drawing an accurate lunar calendar. This drift is one day in about 5.5 years of lunar calendar implying that, this incremental drift in days balance itself in harmonic dynamics in 33 years of lunar cycle. Hence, the controversy in citing important dates (Ramadan).
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Introduction.

The controversy over moon sighting by Muslims especially during the fasting month of Ramadan, the ninth Islamic month, attracts attention to lunar movement and relevant dates. Observation shows that some Islamic lunar dates, which depend on visibility of first crescent moon above western horizon after sunset, tally with scientific prediction if the weather is favorable, and in some cases, they don’t because, some factors which include weather impairment, obscures the visibility of the new crescent moon. These suggest that, Islamic lunar dates are scientific if the requirement of visibility of the new crescent moon is ignored. But still, available lunar calendars based on scientific prediction appear unreliable and many have relatively less confidence in them, hence the controversies.

It is expected that accurate scientific suggestion of lunar calendar that could predict dates for a long time can contribute immensely in solving the problem of the controversy in moon sighting as a guide. This is expected to be so because, some scientific predictions have proved to be faultless, particularly the determination of, time, location of eclipses. This invariably shows that it is possible to draw a reliable scientific suggestion of lunar calendar if accurate suggestions are obtained.

Study, shows that lunar months alternate between 29 and 30 days and that one year is 12 months, constituting of infrequent 354 and 355 days (Doggett, 1992). If one Gregorian year is 365 days and lunar year is 354 days, these suggest a difference of about 11 days as backward drift of the lunar calendar against the Gregorian calendar in one year; suggesting that the lunar dates corroborate with its previously tallied Gregorian date after every 33 years, hence forming one complete circle of lunar calendar. Though, Chronologist suggest otherwise, indicating that one cycle is 30 years, and that each year the odd months comprises of 30 days while each of the even months comprises 29 days, producing an average lunar year of 354.3670694 (354 days; 8hrs; 48min;35s), therefore civil lunar years are divided into 355 day-leap year and 354 day-non-leap year (McPartlan, 1996).

However, this research shows a different approach and suggestions considering the fact that the number of days in each month is not fixed but rather revert periodically, hence the need for re-evaluation. In view of this, the present work is aimed at drawing an accurate scientific evaluation of the lunar calendar against the Gregorian calendar, which can be used to determine specific dates (Ramadan) for many years, based on first possible sighting location of new crescent moon above western horizon after sunset.


Theory.

Study show that, it takes the moon an average of 29.5306 days to complete one orbital period relative to the sun, which is the synodic month. When the moon passes the sun i.e. when the Sun, Earth and Moon fall into a straight line, it is said to be in conjunction, which also occurs once in an average period of 29.5306 days (Doggett 1992; Wyatt, 1977) and considering one decimal place means about 29.5 days. Then, if one orbit is 360 degrees and divided by 29.5days, which is equal to about 12.2 degrees, then it suggests that, as the Moon continues its movement in its easterly direction, it gains about 12.2 degrees as one lap per day (Wyatt, 1977
)
. Now, consider one orbital circle of the moon around the earth as 360 degrees. Thus,

If one lap per day is =12.2 degrees,

Then, 360 degrees divided by 12.2 laps; 360/12.2 =29.5 laps approximately.

If one lap = 1 day,

Then, 29.5 laps x 1= 29.5 days approximately (see fig.1).
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Fig. 1. One synodic period.

Instrument and Method.

A self-designed and developed refracting telescope is mounted on a calibrated tripod stand of about 1.5m total height and is used as the main instrument. it is calibrated with two protractors in such a way that, it can be used to monitor vertical and horizontal variations of location of moving bodies in degrees. The instrument was set for use, with its horizontal position oriented to 0.00 degree (as zero point).

The location of the Instrument is in Maiduguri-Nigerian, latitude N110
48’36.4”: longitude E130
10’46.9”; Altitude of 352.2m elevation. To use the instrument, the objective lens of the instrument is turned towards the moon as its object, until the image of the moon is seen through its eyepiece lens, then the image is made clear and sharp by focusing and moved to the center of the field of view of the telescope until there is no parallax. The angle subtended by the moon above the horizon can be read from the calibration attached to the tripod stand as the lunar location in degrees, using 30 minutes after sunset as constant reference time. Obtained data are used for analysis, and the method of counting Islamic dates and its sequence and titles of months of lunar calendar was adopted for this project.

[image: ]


Fig 2. Calibrated 4x60mm self made optical telescope

Results (Observation).

Observation of lunar location on the 25th
 of December, 2006, shows that it was the 5th
 day of the lunar month as determined by counting the number of days after sighting the new crescent moon after conjunction and sunset. Using 4x60mm calibrated telescope, first reading of lunar angle of elevation above western horizon shows about 6.10
 and second reading of about 134.20
 is obtained from western horizon on the 31st
 December, 2006.                

If one-day lap is 12.20
,

Then, 61.00
 divided by 12.20
 = 5 laps.

And 134.2 divided by 12.20
 = 11 laps.

If one lap is equal to one day, then 5 laps and 11 laps at 61.0 and 134.2 respectively are locations of 5th
 and 11th
 day of that very lunar month. The month is Dhu al-hijjah, the twelfth lunar month of Islamic year 1429AH (see fig.3).

For the subsequent month, counting of number of days after acceptable sighting of new crescent, shows 5th
 of Muharram, the first lunar month of the Islamic year 1427AH, was the equivalent of 24th
 January, 2007, and on that day, reading shows lunar location to be at about 67.1 above western horizon. Second reading of about 140.3 is obtained on the 30th
 of January, 2007, and counting of number of days after sighting of new crescent moon shows that, it was the equivalent to 11th
 Muharram, 1427AH (see fig. 4).  These observations also show that the dates for the said two months are the same but, lunar locations have a difference. Thus,

1.  (a).First reading of fig 4 (Muharram 1427AH). = 67.1 degrees.

(b). First reading of fig 3 (Dhu al-hijjah, 1426). = 61.0 degrees.

Difference is; 67.1 – 61.0 = 6.1 degrees.

2. (a).Second reading of fig. 4 (Muharram 1427). = 140.3 degrees.

(b).Second reading of fig. 3( Dhu al-hijja). = 134.2 degrees.

Difference = 140.3 – 134.2 = 6.1 degrees.
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Fig.3. observed lunar locations on the 25
th
 & 31
st
 December, 2006=5
th
 & 11
th
 Dhu al-Hijja, 1429AH.
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Fig. 4. Observed Lunar locations on the 24
th
 & 30
th
 January, 2007= 5
TH
 & 11
TH
 Muharram, 2007.


07.

Discussion.

Lunar locations and related dates.

Now, if observed lunar movement above the horizon shows about 12.2 degrees as daily one lap gain eastwardly then, this suggest similar movement below the horizon until it reaches western horizon. Other lunar locations before the observed locations can also be determined by subtracting 12.2 degrees westward. Based on that, table 1 is obtained and then, used in drawing fig. 5 & 6.     

Table 1. Approximate angles subtended by lunar locations and related dates, about 30 minutes after sunset.











	
Serial

number


	

(A)
Lunar location in degrees for Dhu al-Hijjah
, 1426AH (30 laps/days).


	
Lunar dates


	
Serial number


	

(B)
Lunar location

in degrees for Muharram
,1427AH (29 laps/days).


	
Lunar dates





	
1.


	
0.0= approximate location for new crescent moon.


	
0.0


	
1.


	
6.1= approximate location for new crescent moon.


	
0.0





	
2.


	
12.2


	
1=1st



	
2.


	
18.3


	
1=1st






	
3.


	
24.4


	
2=2nd



	
3.


	
30.5


	
2=2nd






	
4.


	
36.6


	
3=3rd



	
4.


	
42.7


	
3=3rd






	
5.


	
48.8


	
4=4th



	
5.


	
54.9


	
4=4th






	
6.


	
61.0


	
5=5th



	
6.


	
67.1


	
5=5th






	
7.


	
73.2


	
6=6th



	
7.


	
79.3


	
6=6th






	
8.


	
85.4


	
7=7th



	
8.


	
91.5


	
7=7th






	
9.


	
97.6


	
8=8th



	
9.


	
103.7


	
8=8th






	
10.


	
109.8


	
9=9th



	
10.


	
115.9


	
9=9th






	
11.


	
122.0


	
10=10th



	
11.


	
128.1


	
10=10th






	
12.


	
134.2


	
11=11th



	
12.


	
140.3


	
11=11th






	
13.


	
146.4


	
12=12th



	
13.


	
152.5


	
12=12th






	
14.


	
158.6


	
13=13th



	
14.


	
164.7


	
13=13th






	
15.


	
170.8


	
14=14th



	
15.


	
176.9


	
14=14th






	
16.


	
183.0


	
15=15th



	
16.


	
189.1


	
15=15th






	
17.


	
195.2


	
16=16th



	
17.


	
201.3


	
16=16th






	
18.


	
207.4


	
17=17th



	
18.


	
213.5


	
17=17th






	
19.


	
219.6


	
18=18th



	
19.


	
225.7


	
18=18th






	
20.


	
231.8


	
19=19th



	
20.


	
237.9


	
19=19th






	
21.


	
244.0


	
20=20th



	
21.


	
250.1


	
20=20th






	
22.


	
256.2


	
21=21st



	
22.


	
262.3


	
21=21st






	
23.


	
268.4


	
22=22nd



	
23.


	
274.5


	
22=22nd






	
24.


	
280.6


	
23=23rd



	
24.


	
286.7


	
23=23rd






	
25.


	
292.8


	
24=24th



	
25.


	
298.9


	
24=24th






	
26.


	
305.0


	
25=25th



	
26.


	
311.1


	
25=25th






	
27.


	
317.2


	
26=26th



	
27.


	
323.3


	
26=26th






	
28.


	
329.4


	
27=27th



	
28.


	
335.5


	
27=27th






	
29.


	
341.6


	
28=28th



	
29.


	
347.7


	
28=28th






	
30.


	
353.8


	
29=29th



	
30.


	
359.9(0.0/360                  


	
29=29th






	
31.


	
6.0 above western

Horizon.


	
30=30th
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Fig. 5. Observed & other projected lunar locations/related dates for, Dhu al-hijja, 1426AH.
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Fig. 6. Observed & other projected lunar locations/their related dates for Muharram, 1427AH.


Fig. 7. Superimposed drawing of fig. 5 on fig. 6.


Fig.5 shows possible lunar locations and corresponding dates for Dhu al-hijja, 1426 AH. It also shows possible day and location for new crescent moon as the 30th
 day at 6.1 degrees, which is represented on the drawing as 6.1/30, above western horizon which is the end of the month as well as commencement of the new month. After that, counting for the new month of Muharram, 1427AH, starts one day after at 18.3 degrees i.e. after gaining one day lap of 12.2 degrees (6.1+12.2=18.3), represented on the drawing as 18.3/1 in fig. 6. Counting in fig. 6 continues and the 29th
 day, represented as 0.00/29 is the end of the month and also the possible location for new crescent moon. One day after that, when the new moon must have gained one day lap of 12.2 degrees, lunar location for the first day is at 12.2 above western horizon and represented as 12.2/1 as in fig.5.

Then, if fig. 5 is superimposed on fig. 6 as shown by fig. 7, it shows that, the two merged and constantly separated by 6.1 degrees, including the two locations for new crescent moon. Then, this suggests that, the lunar locations for most of two months are alternating locations from that of 30 days to 29 days or vice versa in a vicious circle, where the total number of days for the two months (30+29) is equal 59 days, a consequence of two synodic period (29.5 + 29.5=59days).           

One pattern consisting of 11 years of lunar months.

Lunar months alternate between 29 and 30 days or vice versa, and one year is made of 12 months, having 354 and sometimes 355 days for each. If the synodic period is considered to be 29.5 days (one decimal place), the total number of days for one year will be equal to 354 days (29.5 x 12=354). If the synodic period of two decimal places is considered i.e. 29.53. Then, some of the years are expected to have 355 days due to cumulative effect of the fraction after 29.5, which is 29.53-29.5=.03. Then, the time required for the value of 0.03 of a day to accumulate and become one day can be determined. Thus,

If the value for second decimal place = 0.03 day,

one day =24 hours.

and .03 X 24 = 0.72 hours.

then one day is, .72x = 24.

Where x = unknown number of required months for the fraction to become one day.

x = 24/.72

= 33.3333333 months.

Then, 33 months is considered as the average period that is required for the discussed fraction to become 24 hours as one day, and it is logical to expect the month that has 29 days as possible month that could gain the said one day and convert it to 30 days. Thereafter, all other months of 29 days will automatically become 30 and those of 30 will revert to 29 days, in order where every two months will have a total of 59 days as a consequence of two synodic months for a period of 33 months before reverting.

For further analysis, it was necessary to identify one of the possible months of 29 days that could gain one day in every 33 months. Therefore, sustained observation showed, Dhu al-Qidah
, 1429AH, the eleventh lunar month of 1429AH, which was expected to have 29 days as earlier determined but instead, it was observed at a location which suggest that it has gained one day and become 30 days. From there, continuous counting from this finding suggest lunar months of, Sha’aban
, 1432AH; Jummada-Awwal
, 1435AH and Safar
, 1438AH are other months that could gain one day in 11 years. Further counting shows a continuous repeat of the same yearly patterns of months in every 11 years as one cycle, having 9 non-leap years of 354 days each and the other two are leap years of 355 days from the year 1429AH to 1439AH lunar years as shown in table 2.


Table 2. One pattern of 11 years.




















	
	
	
Mu


	
Saf


	
R/A


	
R/T


	
J/A


	
J/T


	
RJ


	
S/ban


	
R/dan


	
S/wal


	
DQ


	
DH


	



	
Serial No.


	
Islamic   year


	
1


	
2


	
3


	
4


	
5


	
6


	
7


	
8


	
9


	
10


	
11


	
12


	
AH





	
1


	
Islamic   year. 1429.


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
30


	
29


	
1429=354 days





	
2


	
Islamic   year. 1430.


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
1430=354 days





	
3


	
Islamic   year. 1431.


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
1431=354 days





	
4


	
Islamicleap   year. 1432.


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
30


	
29


	
30


	
29


	
30


	
1432=355 days.





	
5


	
Islamic   year. 1433.


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
1433=354 days





	
6


	
Islamic   year. 1434.


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
1434=354 days





	
7


	
Islamic   year. 1435.


	
29


	
30


	
29


	
30


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
1435=354 days





	
8


	
Islamic   year. 1436.


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
1436=354 days





	
9


	
Islamic   year. 1437.


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
1437=354 days





	
10


	
Islamicleap year. 1438.


	
30


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
1438=355 days





	
11


	
Islamic   year. 1439.


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
29


	
30


	
1439  354 days.







Table 2, shows 11 years, noticed as one pattern that repeat itself as one circle. The months are accordingly arranged as; 1st
 month as Mu=Muharram
; second 2nd
 month as Saf=Safar
; 3rd
 month as R/A=Rabi al-Awwal
; 4th
 month as R/T=Rabi al-Thani
; 5th
 month as J/A=Jummada al-Awwal
; 6th
 month as J/T=Jummada al-Thani
; 7th
 month as RJ=Rajab
; 8th
 month as S/ban=Sha’aban
; 9th
 month as R/dan=Ramadan
; 10th
 month as S/wal=Shawwal
; 11th
 month as DQ=Dhu al-Qiddah
 and 12th
 month as DH=Dhu al-Hijjah
. The table also shows 9 years of 354 days each and 2 possible leap years of 355 days each, and the emboldened numbers, which are D/Q in 1429AH, S/ban in 1432AH, J/A in 1435AH and, Saf in 1438AH, are the suggested months that could gain one day as discussed. 

Plotting lunar dates against Gregorian equivalent.

Subsequently, the pattern of the said 11 years as one cycle is plotted continuously against the Gregorian calendar and three of it forms one cycle of lunar dates against Gregorian calendar, equal to 33 lunar years, consisting of three smaller cycle of 11 years, as the projected period that takes lunar dates to return to its previously related Gregorian dates, which is also noticed as equal to 32 years of Gregorian calendar i.e. from 1st
 Muharram, 1429AH equivalent to 9th
 January, 2008 to 1st
 Muharram, 1462AH equivalent 9th
 January, 2040, as drawn in this project and used as the appendix of this report.

Observed harmonic drift in lunar calendar against Gregorian calendar.         

To check accuracy of the projected calendar, sustained scientific observation of dates showed one-day drift of lunar date in the forward direction from its previously related Gregorian date in about 5 years of the projected calendar in the appendix.

In 1436AH, the number of drift is noticed as two days in the same forward direction because, 1st
 Muharram, 1436AH was observed as equivalent to 25th
 October, 2014, but the projected calendar showed the same 1st
 Muharram, 1436AH as equivalent to 23rd
 October, 2014 i.e. two days drift in the forward direction from its previously related Gregorian date in the appendix. 

Also, 1st
Jummada-al-Awwal, 1439AH was observed as equivalent to 18th
 January, 2018, and the projected calendar showed it as equivalent to 16th
 January, 2018 i.e. two days drift is retained from its previously related date in about 11 years period of the projected lunar calendar in appendix. 

If in a period of about five and ten years of projected lunar calendar, one-day drift is noticed in the forward direction in about every 5 years as compared with subsequent accepted lunar dates. It then appears to suggest that, if the drift continued as discussed, it will show about six days drift in 33 years instead of having no drift because, in 33 years the lunar dates naturally return to their previously related Gregorian equivalent dates as in appendix.

Therefore, it seems to suggest that, the amount of increase of drift in days is equally distributed and the midpoint of 33 years is where the highest obtainable number of 3 days of drift in the forward direction is attainable, and from there the drift naturally decreases in the backward direction at the rate it increased as in harmonic drift. Thus,

If one circle of Islamic lunar calendar = 33 years,

Midpoint = 33 x 1/2,

=16.5 years.

And if expected drift in 16.5 years = 3 days,

then, one-day drift = 16.5/3,

= 5.5 years

Then, this one-day drift in 5.5 years can be illustrated as in table 3.

Table 3.An illustration of one-day drift in 5.5 years in forward and backward direction of lunar dates against the Gregorian dates.






	
Forward drift of lunar dates against Gregorian dates.




	



	
Lunar Years.  0​
          5.5                             11                               16.5





	
(A)                       
1429AH                 (B)                              (C)                               (D)





	
L.  1 2 3 4 5 6 7         1 2 3 4 5 6 7                  1 2 3 4 5 6 7               1 2 3 4 5 6 7





	
G. 2 3 4 5 6 7 8      2 3 4 5 6 7 8               2 3 4 5 6 7 8             2 3 4 5 6 7 8





	
Backward drift of lunar dates against Gregorian dates.





	
22                             27.5                        33                                





	
(E)                            (F)                           (G)1462AH





	
1 2 3 4 5 6 7                 1 2 3 4 5 6 7        1 2 3 4 5 6 7





	
2 3 4 5 6 7 8                    2 3 4 5 6 7 8           2 3 4 5 6 7 8







Table 3, shows that, (A)1429AH represents the projected lunar calendar, where L are lunar dates placed on top of Gregorian equivalent dates G. It also shows that 1st
 of lunar date is equivalent to 2nd
 of Gregorian date below it. In 5.5 years, the lunar date drifts by one day in the forward direction relative to the Gregorian dates as in B, where 1st
 of the lunar date is equivalent to 3rd
 of the Gregorian date. In the 11th
 year, it shows drift of 2 days, where the 1st
 lunar date is equivalent 4th
 of the Gregorian date and by another 5.5 years, that is by 16.5years time, 1st
 of the lunar date become equivalent to 5th
 of the Gregorian date. Then, after that the drift naturally decreases in the backward direction at the rate it increased as shown by E, F, G respectively, where G is the 33rd
 year i.e. when the lunar dates returns to its previously related Gregorian equivalent as shown by A and G.

Therefore, it suggests that the lunar dates naturally exist in harmonic drift relative to Gregorian dates.

Conclusion.

Observation shows that the Gregorian calendar can be produced accurately for many years without any problem, however tying it against the lunar dates generated discrepancies in time equivalence. The available lunar calendars are drawn on the basis of the numerical difference between the Islamic calendar and the Gregorian calendar, which showed a backward drift in days. Ideally, the number of days in one-year lunar calendar is 354 days and could be 355 days as a consequence of accumulation of fractions of days of lunar synodic period. This notwithstanding, the research herein shows that with every 33 months of the projected lunar calendar a day is gained with a corresponding reversion effects in number of days per month. Therefore, every 11 years shows a pattern of smaller cycle that repeat itself with 9 years having 354 days each, while those with 355 days are 2 in number. Furthermore, 3 of the 11 years pattern of smaller cycle form one big cycle of 33 years as the period that takes the lunar dates to return to its previously related Gregorian equivalent. However, induced discrepancies appeared within the region of 33 years as a result of natural harmonic drift as secondary drift in lunar dates, acting simultaneously with its backward drift as primary drift. The lunar calendar is drawn by considering the primary drift without taking note of the secondary drift. The harmonic drift appeared as 1 day in about 5.5 years and if in-cooperated in drawing the lunar calendar, it will contribute in developing lunar calendar that could project dates for many years without showing any discrepancies, and hopefully the issue of controversy in lunar dates in regards to the Ramadan
 will be resolved. 
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Appendix


(Scientific Suggestion of Lunar Calendar)


1429AH = 1462AH.
​
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