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Figh of Moonsighting

Treatise on Imkan al-Ru’ya and Astronomical Data

Mufti Amjad Muhammad

Contents
=11 LeT e X o4 1 =T o - TSRSt 2
SRAUKAE CrIEEIIA ..ottt sttt et e s bt e s bt e st e st e bt e bt e b e e s me e eme e et e ereesneesaeesane e 3
(0 e 1= W0 41 LT T T TSSO PP TROPTON 4
ANGUIAr SEPAratioN DAta...........coooiiiiiiiiiiiii et e et e e e et e e e e e tte e e e e tteeeeebeaeeeabteeeeessasaessteseeeastasasaastaeeeeantaeeeaastanaenanes 6
[ T4 4T 1SS 7
([T 1= 1 [T T 7
1V [oToTo I A Y- OO PP PPPPPPPPPPPPPPPPPRE 7

RECOMMENAALIONS ...ttt sttt e b e e s bt e s bt e s ae e st e s bt e bt e b e e s b e e sbe e s at e et e e sbeesbnesanesanesaneeneennes 8

T IR Ao 10
GZH oo oo ettt s et eeee e e 12

Page 1 0f 12



Defining Imkan al-Ru’ya and the use of Astronomical Data

Yallop Criteria

Studies published by Bradley Schaefer and LeRoy Doggett of Moon Watch programs in the
1980s and 1990s have been used in a method of predicting the new crescent moon developed by
Dr. Bernard Yallop, a former Superintendent of HM Nautical Almanac Office (HMNAO). His
method uses the angular separation of the Sun and Moon, the width of the crescent and the so-
called "best time" of observation to generate a visibility parameter g. Yallop's method uses six
criteria based on the value of g to indicate the ease with which the new crescent moon can be
seen. This is based on 295 first sightings over the period 1859 to 1996. They are below with the
number of records in brackets (). !

Criterion " Remarks
g>+0.216 Crescent easily visible
B (68) +0.216 >=q >-0.014 Crescent visible under perfect conditions

C (26) -0.014 >= g >-0.160 May need optical aid to find crescent
-0.160 >=q > -0.232 Will need optical aid to find crescent
-0.232 >=q > -0.293 Crescent not visible with telescope
-0.293 >=q Crescent not visible, below the Danjon limit

In D there was only 14 records of those two were visible with the unassisted eye; #44 and #278
however #44 was a morning sighting (HM NAO Technical Note 69, 1997). That shows that it
can be visible by eye alone in band D, and that Yallop did not disregard the data.

Record # Age Lag ARCL
278 | 14.8 hrs 38 mins 8.5°

1 out of 14 is 7% probability of sighting.

Given below is the Jamadal-Akhira 1439 graphical representation according to Yallop.23

! http://astro.ukho.gov.uk/moonwatch/background.html
2 https://www.staff.science.uu.nl/~gent0113/islam/1439/1439g_06b.pdf
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First visibility lunar crescent for Jumada ’I-Akhira 1439 AH

Global visibility map for 16 February 2018 [Friday]
Day after luni-solar conjunction

Shaukat Criteria*

The criteria mentioned below are based on statistical data of sighting/moonsighting and are
subject to revision as we accumulate more authentic sighting data:

Moon parameters are calculated at the best time for sighting.
Best time for sighting = sunset + 4/9 * (moonset-sunset)

Visibility factor Q at Best time for sighting = (ARCV-(11.8371-6.3226*WOC+.7319*WOC"2-
.1018*WOC"3))/10

ARCYV = Arccosine [COS(Moon Longitude - Sun Longitude) * COS(Moon Latitude)/
COS(Sun azimuth - Moon azimuth)]

WOC = Width of Crescent (How it can be calculated can be found in astronomy text
books)

IF Q>.27 THEN "Easily visible with naked eye"

IF .27>=Q AND Q>-.024 THEN "Visible if perfect conditions"
IF -.024>=Q AND Q>-.212 THEN "Optical aid to find moon"
IF -.212>=Q AND Q>-.48 THEN "Visible with optical aid only"
IF -.48>=Q THEN "Not visible"
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Crescent Moon Visibility : Jumadall 1439

New Moon : Thursday, February 15,2018 21:05:00 UT
B: Visible if perfect conditions
Criterion: Syed Khalid Shaukat OmegaHilalSighting (c) Developed by Fawzi Kayali

Odeh Criteria®

The graphical representation is generally depicted using colours and the explanation for various
colours is given as follows:

« It is impossible to see the crescent from the areas located under the red colour; because
either the Moon on this day sets before the Sunset and/or the topocentric conjunction
occurs after the Sunset.

« The crescent is expected to be seen by optical aid only from the areas located under the
blue colour.

« The crescent is expected to be seen by optical aid from the areas located under the magenta
colour. In these areas the crescent could be seen by naked eye if the atmospheric conditions
are superb and the observer is experienced.

« The crescent is expected to be easily visible by naked eye from the areas located under the
green colour.

« The crescent cannot be seen from uncoloured areas, even though the Moon sets in these
locations after the Sunset and the topocentric conjunction occurs before the Sunset, but the
Moon is not sufficiently illuminated in order to be seen as crescent even by optical aid.

Here are the visibility curves for Jamadal-Akhira 1439 Odeh and Yallop graphically depicted
and contrasted for the same day.

5 www.icoproject.org/icop/jut39.html
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Odeh (New Criterion for Lunar Crescent Visibility, 2006) used 737 observations utilising the
following data; 294 records (Schaefer list), 6 records (Jim Stamm), 42 records (SAAOQ list), 15
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records (Mohsen Mirsaeed list), 37 records (Alireza Mehrani list), and 323 records from ICOP.,
The data is spread in the following way:

e A —306 data points — Easily Seen by Unassisted Eye
e B — 267 data points — Seen by Unassisted Eye

C — 118 data points — Visible with Optical Aid

D — 46 data points — Not Visible

See observations #389, #455 and #274 in which crescent was visible by unassisted eye in Area
C; again, demonstrating that the unassisted eye can sight the moon in this category.

Record # Age | Lag ARCL
389 23 hrs 34 mins 10.4°

455 16.8 hrs 36 mins 8.2°
274 15.5 hrs 39 mins 7.6°

Additional point #286 detected the moon at 29 minutes lag time albeit a 40.3 hour old moon with
an ACRL of 18.4°. 3 out of 118 is 2.5% if we add both Yallop and Odeh data then that is 4 out
of 132 which is 3% probability. We can also observe that with the extra data (nearly 500 more
records compared to Yallop) the possibility of observing the moon has increased. For instance,
whereas Yallop criteria states that the crescent could not be sighted from Cape Town on the
evening of Friday 16" February 2018, Odeh criteria states it is possible albeit with assistance in
the majority of times. One can imagine if this data was to increase ten-fold then the crescent
visibility possibilities would further increase.

Angular Separation Data®

If the moonset is 37 minutes after sunset, it does not mean it is visible for 37 minutes. All it means
is that the moon is above horizon for 37 minutes, and if it is less than 7° to 10° from the sun,
then it is not visible. Visibility depends upon angular separation of the moon from the sun. If the
angular separation is not enough to make a crescent, just the presence of moon above horizon is
not enough for it to be seen.

6 http://www.moonsighting.com/faq_ms.html
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Lagtime’

If the moon is above horizon, its visibility may be impossible because of its relative position from
the sun. If sun is in such a position that the crescent is not formed as seen from the earth, then
moon cannot be seen, even if it remains above horizon after sunset. The visibility does not depend
on age, but on the angular separation of moon and sun. A 13 hours age moon generally does
not have enough angular separation for it to be visible. Also it takes about 20 to 25 minutes
for the sun to go below horizon such that the background light of sun's glare diminishes to
an extent that a crescent can be seen. However, a very thin crescent cannot be seen until after
38 minutes past sunset.

Elongation®

Minimum separation (elongation) for visibility, statistically known, is about 10.5 to 11° for
naked eye, and about 7.5 to 8 for powerful telescopes. Remember, these are for perfect
atmospheric conditions, which do not exist most of the times and places. To calculate this
separation is not easy. It requires a lot of mathematical terms to calculate the positions of sun and
moon based on local horizon in question, and then their separation angle is calculated using
spherical trigonometry. The more accurate lunar theory and calculation methods you use, the
better the results would be.

Moon Age’®

It takes a minimum of approximately 8.5 hours to 15.5 hours for the moon to move 7° away
from the sun. 8.5 hours is the case when the moon is closest to earth and is 5° from the ecliptic
plane at the time of moon birth (example: Dec 14, 1955). 15.5 hours is the case when moon is
farthest from the earth and is 0° from the ecliptic plane at the time of moon birth (example: Dec
10, 1977). The crescent will be visible to the high-powered telescopes about 2.5 hours after it has
attained 7° angle from sun, i.e., at 11 to 18 hours of age. To the naked eye it would be visible
at 16 to 23 hours of age.

" http://www.moonsighting.com/faq_ms.html
8 http://www.moonsighting.com/faq_ms.html
® http://www.moonsighting.com/faq_ms.html
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It is not easy to say what safe limits are, because there are so many other factors to be
considered that cannot be put into calculations at all for example the human optics, specific
atmospheric conditions on the day of sighting etc. Crudely speaking, the safe limit to
disregard any claim of sighting in terms of age of the moon in hours for naked eye is about
14 hours and for high powered telescope is about 10 hours and these are for experienced
observers only, who have enough preparation and practice to see the moon. For a casual observer
who just looks in the sky without any preparation, the lower limit for the naked eye is 17 hours
and for high-powered telescope it is 13.5 hours. It should be clarified here that this limit means
that any claims before this limit should be very critically examined. However, it does not
mean that before such limits all claims should be rejected. It should also be noted that meeting
such limits does not necessarily mean that the claim has a merit to be accepted.

Recommendations

We switch to the Odeh Criteria as that takes into consideration more data than Yallop.
A — Easily Seen by Unassisted Eye GREEN
B — Highly Possibility to be Seen by Unassisted Eye | MAGENTA
C — Easily Seen with Optical Aid and Possibility of Unassisted Eye BLUE
D — No Evidence that it can be Seen NO COLOUR

However, it would make more sense to devise our own criteria taking into consideration the
shari‘a; hence the following is proposed

Moonset before Sunset — Impossible; witnesses should be rejected.

Moonset after Sunset but below Imkan al-Ru’ya — ; witnesses should
be thoroughly interrogated and if are not an experienced, large group of people which is
supported by other countries then it should be rejected.

After Imkan al-Ru’ya - Possible

The definitive criteria for Imkan al-Ru’ya cannot be set as the parameters are inter-related,
therefore each witness statement will have to be assessed individually taking all the parameters
into consideration. However, the following may be used as a rough guideline.

Elongation — minimum 10°
Minutes above the horizon — minimum 30 minutes

Age of moon — minimum 16 hours

Page 8 of 12



Amjad M Mohammed — May Allah pardon him
24" Jamad al-Thani 1439/12" March 2018
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