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NAO Technical Note No� ��

A Method for Predicting the First Sighting of the New Crescent Moon

by

B�D� Yallop

Summary

A single parameter method is obtained for predicting �rst sighting of the new crescent moon	 based on the
Indian method� Based on the method of Bruin	 a simple rule is given that determines the time of best visibility
in the twilight sky�

The six ranges of the single test parameter q are calibrated by applying the q�test to a standard set of ���
�rst sightings of the new crescent moon that cover the period ���� to ����� The ranges of the parameter
correspond to the following visibility types and visibility codes for the new crescent moon�

�A� easily visible to the unaided eye�
�B� visible under perfect atmospheric conditions�
�C� may need optical aid to �nd the thin crescent moon before it can be seen with the unaided eye�
�D� can only be seen with binoculars or a telescope�
�E� below the normal limit for detection with a telescope�
�F� not visible	 below the Danjon limit�

�� Introduction�

Methods for predicting �rst sighting of the new crescent moon have been around since the time of the
Babylonians and maybe before that� The earliest methods depended upon parameters such as the age of the
Moon �Age� and the time from sunset to moonset �Lag�� In Medieval times the methods became slightly
more sophisticated	 and they included more technical parameters such as ecliptic latitude and longitude�

In the twentieth century empirical methods have been developed based on functional relationships between
the arc of light �ARCL�	 arc of vision �ARCV � and the relative azimuth �DAZ �� In this note I examine three
of the twentieth century methods	 due to Maunder ������	 the Indians	 The Indian Astronomical Ephemeris 	
������	 and Bruin ������� My method is an adaptation of these three methods�

�� The basic variables�

The angles ARCL	 ARCV and DAZ 	 always in degrees	 are de�ned as follows�

ARCL is the angle subtended at the centre of the Earth by the centre of the Sun and the centre of the Moon�

ARCV is the geocentric di�erence in altitude between the centre of the Sun and the centre of the Moon for
a given latitude and longitude	 ignoring the e�ects of refraction�

DAZ is the di�erence in azimuth between the Sun and the Moon at a given latitude and longitude	 the
di�erence is in the sense azimuth of the Sun minus azimuth of the Moon�

Angles ARCL	 ARCV and DAZ satisfy the equation

cosARCL � cosARCV cosDAZ �����

so only two of the angles are independent variables�

For angles less than about ��� this approximates to

ARCL� � ARCV �  DAZ � �����

Although ARCL and ARCV are not directly observable	 for historical reasons it is di
cult to discontinue
using them�
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	� The basic data for three twentieth century methods�

This section gives the basic data for the method of �a� Maunder	 �b� the Indians and �c� Bruin�

�a� The basic data for the Maunder method are given on page ��� of Maunder ������	 and are reproduced
in Table ��

Table �
 Maunder

DAZ �� �� ��� ��� ���

ARCV ���� ���� ��� ��� ���

Table � gives ARCV as a function of DAZ 	 i�e� ARCV � f�DAZ �� If ARCV � f�DAZ � then the crescent is
visible� On the other hand if ARCV � f�DAZ � it is not visible� Thus in principle	 the degree of visibility is
equivalent to testing the value of a single parameter q	 where q � ARCV � f�DAZ �� In section � it is shown
how q is calibrated for the Indian method using a standard data base of observations of lunar �rst sightings�

Fitting a quadratic polynomial in DAZ to ARCV using the data in Table � by the method of least squares	
yields a perfect �t	 which indicates that Maunder was using a quadratic to represent his data� The visibility
criterion is that the crescent is visible if

ARCV � ��� jDAZ j����DAZ ����� �����

�b� Since ����	 the basic data for the Indian method have been given in the Explanation to The Indian

Astronomical Ephemeris 	 which is based on Schoch ������� In the ���� edition	 for example	 they are found
on page ��� under the section�Heliacal rising and setting of planets�� They give the data in a similar form to
Maunder	 i�e� a table of ARCV in terms of DAZ 	 which is reproduced here in Table ��

Table �
 Indian

DAZ �� �� ��� ��� ���

ARCV ���� ���� ��� ��� ���

In this case a quadratic polynomial in DAZ �tted to ARCV by the method of least squares produces the
following criterion�

ARCV � �������� ������ jDAZ j � ������DAZ� �����

�c� The basic data for the Bruin method are contained in �gure �	 page ��� of Bruin ������� This diagram
yields ARCV as a function of W the width of the crescent moon	 and they are reproduced in Table �� Note
that the entry for W � ���� has been extrapolated	 and that Bruin does not extend his curves beyond W � ���

Table 	
 Bruin

W ���� ���� ���� �� �� ��

ARCV ���� ��� ��� ��� ��� ���

In this case a cubic polynomial in W is �tted to ARCV by the method of least squares� A cubic polynomial
is required because the curve has an in�exion� Moreover	 since the coe
cient of W � is negative	 it guarantees
that the test criteria is eventually satis�ed	 provided that W is large enough� The criterion is that the crescent
is visible if

ARCV � �������� ������W  ������W � � ������W � �����

where W is the width of the crescent in minutes of arc and is given by

W � �� ��� cosARCL� � �� ��� cosARCV cosDAZ � �����
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Notice that Bruin took the semi�diameter of the Moon to be a constant ���	 and that W is a function of
ARCV and DAZ �

The criterion for Maunder ����� and the Indian method �����	 can also be expressed as a function of ARCV
and W 	 as follows�

ARCV � �������� ������W  ������W � � ������W � �����

ARCV � �������� ������W  ������W � � ������W � �����

Note that an additional cubic term in W is required to maintain precision�

Finally for comparison I give the expression for Bruin in the alternative form ARCV as a polynomial in
DAZ 	 although the precision is poor when DAZ exceeds about ����

ARCV � ������  ���� jDAZ j � ����DAZ� �����

The curves ARCV � f�DAZ � �i�e� q � �� are drawn in Figure �	 for the three methods� As explained in
section ��a�	 visibility occurs when ARCV � f�DAZ � �i�e� q � ��� Note that the Indian and Bruin test are very
similar between DAZ � �� and DAZ � ���� For DAZ � ��� the Bruin curve behaves quite di�erently from
the Indian curve and has a strong in�exion� At high latitudes	 when the orbit of the Moon is almost parallel
with the horizon	 this shape of curve produces predictions of �rst sighting that are far too late� Experimental
data are required in this region to improve predictions at high latitudes�

From ���� March	 HM Nautical Almanac O
ce decided to abandon its test based on the Bruin method for
one based on the Indian method	 using the expression ����� since it produced more sensible results for old
moonage sightings at high latitudes	 which occur at least once a year for latitudes around ���� It also uses
the topocentric width of the crescent W � in place of W 	 which is calculated as follows�

SD � ������� � �����

SD� � SD ��  sin h sin�� �����

W � � SD� ��� cosARCL� ������

where a dash indicates that a co�ordinate is topocentric	 SD is the semi�diameter of the Moon	 � is the
parallax of the Moon and h is the geocentric altitude of the Moon�

Figure �� Comparison of Maunder	 Indian and Bruin�
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�� The concept of best time�

If the crescent moon is to be observed as early as possible it is important to know when is the best time for
making the observation� If the observation is made too soon after sunset then the twilight sky may be too
bright to pick out the faint crescent moon� The observer has to wait until the contrast between the crescent
moon and the twilight sky has increased su
ciently for the Moon to be seen� Although the twilight sky
becomes darker	 the brightness of the crescent moon also diminishes due to atmospheric extinction as the
altitude of the setting Moon decreases	 so there is an optimum time for making the observation� In critical
cases the observation is only possible within a short period of the best time�

Soon after sunset the observer will be using daylight vision to detect faint objects� Objects like stars are best
found by looking straight at them� As the Sun sinks to about �� below the horizon	 night vision takes over�
In this case much fainter objects can be seen	 but it is necessary to use averted vision� Around this time �rst
magnitude stars begin to pop out of the sky� In critical cases	 with an elongation of say �� and the Sun ��

below the horizon	 and in the perfect geometrical situation with DAZ � ��	 there is not much time left to
observe the Moon before it sets in the murk on the horizon� It becomes increasingly more di
cult to observe
the crescent as the Danjon limit is approached simply due to these geometrical constraints�

Schaefer ������	 �see pages ��� and ���� calculates the best time from the logarithm of the actual total
brightness of the Moon divided by the total brightness of the Moon needed for visibility for the given
observing conditions� I have found it di
cult to repeat his calculations exactly because the reference he
quotes for his theoretical method	 Schaefer ������	 is not readily available in most libraries� Furthermore	 in
his other papers that are relevant to the subject	 he gives insu
cient or con�icting information�

I have found a simple rule	 however	 based on Bruin ������	 which is su
cient for most purposes� Bruin
������ gives a method for calculating the possibility of observing the Moon at any instant after sunset	 and
the results are given in �gure � on page ��� of his paper� He plots a series of curves of visibility of h s �arc of
vision� against s forW � ����	 ����	 ��	 �� and ��	 where ���� s is the geocentric altitude of the Sun	 and h is the
geocentric altitude of the Moon� Hence s is the depression of the Sun below the horizon and h s � ARCV �
Each of these curves has a minimum	 which Bruin says is when the situation is at an optimum� On the curve
for W � ����	 he marks the minimum as point C� If a straight line is drawn through the origin �at h s � ��

and s � ��� and through point C �at h s � ��	 and s � ���	 it is found that this line passes directly through
the minima of the series of curves for di�erent W � Hence at the best time � h � � s� If Ts is the time of sunset
and Tm is the time of moonset	 then the best time is given by

Tb � ��Ts  �Tm��� � Ts 
�

�
Lag �����

Provided the derivation of the Bruin curves is sound	 they yield	 amongst other things	 a very simple rule for
determining the best time� It is therefore an important exercise to re�determine Bruin�s �gure � using modern
theories for the brightness of the twilight sky as a function of s	 �and azimuth of the Sun�	 the brightness
of the Moon as a function of phase	 the minimum contrast observable to the human eye for a thin crescent
shape	 various e�ects of the atmosphere	 such as seeing and extinction	 the e�ects of age of the observer	 and
other relevant e�ects�

To this end I �rst attempted to re�determine �gure � in Bruin ������ using his theories	 with the aid of the
computer package called MathCad� I wanted to extend his curves to a wider range of W 	 and con�rm my
result for determining best time� Unfortunately my attempts failed	 because scaling factors have to be applied
to make the transformations produce sensible results� In his paper Bruin says he has applied a �Gestalt�
factor to obtain his results�

From the curves in Figure � it appears that for DAZ � ��� Bruin adjusted his results to agree with the Indian
method� Doggett and Schaefer ������ have made some strong comments about Bruin�s assumptions for his
model	 and they point out that some of his quantities are orders of magnitude out�

In spite of these di
culties Bruin�s method is a very important approach to the problem because in principle
it provides answers to many questions that the Maunder and Indian method cannot address� I am therefore
making a fresh attempt to calculate Bruin�s curves using the modern approach of Schaefer�
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The problem of predicting heliacal rising and setting of stars is similar to the problem of predicting �rst
sighting of the new crescent moon� Three relevant papers have been written by Schaefer ������	 ������ and
������ on this topic	 and I have managed to reproduce his work	 apart from some inconsistencies between
the three papers	 which still need sorting out� A fourth paper by Schaefer �����a�	 repeats all the relevant
formulae	 but again there are inconsistencies� In this last paper he quotes the expression by Allen ������ for
the apparent magnitude of the Moon as a function of phase� This is the remaining piece of information that
is needed in the calculation to predict �rst sighting of the new crescent moon�

In general	 the magnitudes of the stars are �xed	 and empirical rules are found for predicting heliacal rising
and setting that depend upon magnitude and ARCV 	 Lockyer ������� There is also some dependence upon
DAZ 	 which is �xed for each star�

Unlike the stars	 the Moon is always near to the Sun at �rst sighting� Moreover the apparent magnitude of
the Moon depends upon ARCL	 which in turn is a function of ARCV and DAZ 	 and therefore we would
expect there to be an empirical rule that is a function of ARCV and DAZ for making the prediction� The
problem reduces to �nding an expression for that function� There is one di�erence in the calculation that is
often overlooked in the literature	 a star is a point source	 whilst the Moon is a thin crescent�

I have to agree with Schaefer that his method is very short	 taking only a few lines of programming� I
can now produce theoretically the curves ARCV as a function of DAZ 	 and even predict what happens
in daylight� I could produce and extend the curves of Bruin to �nd the best time using modern theories	
although there are more logical ways of performing this calculation using a computer� As Schaefer points
out	 using di�erent extinction coe
cients I �nd an enormous di�erence between a site at high altitude with
a clear dry atmosphere	 and one at sea level with a humid or dusty atmosphere	 so my empirical approach
must be con�ned to a speci�c type of site where altitudes above sea level and extinction factors are con�ned
to within narrow limits�

�� The basic data set of observations for calibrating rst visibility parameters�

A list of ��� observations of �rst sighting has been published by Schaefer	 ������ and by Doggett	 and
Schaefer	 ������� The list was later extended to ��� observations by Schaefer ������� The list includes cases
of both sightings as well as non�sightings� Even non�sightings provide relevant information for calibration
purposes�

I have re�calculated these data using my simple rule for determining the best time	 and displayed the set of
��� observations in order of decreasing q in Table �� Columns numbered � to �� have the following meaning�

� Number from original list�

�	 �	 � Date of observation in the form year	 month	 day�

� Morning �M� or evening �E� observation�

� Julian Date of astronomical new moon minus � ��� ��� days�

�	 � Latitude and longitude of observation�

�	 ��	 �� Arc of light �ARCL�	 arc of vision �ARCV � and relative azimuth �DAZ � at best time�

�� Age of the Moon �Age� in hours at best time�

�� Time in minutes from sunset to moonset �Lag��

�� Parallax of the Moon ��� in minutes of arc� Semi�diameter � ���������

�� Topocentric width of the crescent W � in minutes of arc�

�� The test parameter �q�	 which is derived from the Indian method	 and is de�ned in section ��

�� Schaefer�s coded description �BES� of how each observation was made� If the only character is a
�V�	 then the Moon was visible to the unaided eye� An �I� means it was not seen with the unaided
eye� If the �rst character is followed by �F� then optical aid was used to �nd the Moon	 which was
then spotted with the unaided eye� If the �rst character is followed by �B� or �T� it was visible with
binoculars or a telescope	 respectively� In the second and third papers	 the rules were changed as
follows� If the �rst character is followed by �I� it was invisible with either binoculars or a telescope�
If the �rst character is followed by �V� it was visible with either binoculars or a telescope�

�� A prediction �BDY� of how the observation would be made	 based on Schaefer�s coded description
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in column ��	 and derived from the value of the test parameter q at the best time of observation�
The methods for setting the empirical limits on q are described in section ��

I found it necessary to reproduce most of the information concerning the ��� observations	 because the
original published tables contained so many errors� For example	 in the original list of ��� observations	 the
column containing the Julian Date of the conjunction has the following errors�

No� �� for ����������� read �����������
No� �� for ����������� read �����������
No� ��� for ����������� read �����������
No� ��� for ����������� read �����������
No� ��� for ����������� read �����������
No� ��� for ����������� read �����������
No� ��� for ����������� read �����������

Schaefer ������ gives corrections for No� �� and ���� He agrees with Loewinger ������ that �� is unreliable
and should be deleted	 and gives the correct conjunction time for ���� I still found errors in his list of ��
additional observations� For example the data for No� ��� is for the following day on ����������	 and the
following signi�cant discrepancies were noticed in the conjunction times�

No� ��� for ����������� read �����������
No� ��� for ����������� read �����������

There are other di�erences in the columns for ARCL	 ARCV 	 DAZ 	 and Age	 some of which can be explained
by a di�erent estimate for the best time� Unfortunately Schaefer did not include his estimate for best time
in the original list	 and there is no simple way of �nding out what it should be� There are also many errors
in Lag 	 which are too frequent to report� See also the report by Loewinger ������	 for further comments on
errors�

Table �
 The ��� observations listed in order of decreasing q

No� Date JD � Lat Long ARCL ARCV DAZ Age Lag � W � q Visibility
� ��� ��� BES BDY

� � � � � � � � 	 �
 �� �� �� �� �� �� �� ��

�A� q � ����� ��� entries
year m day � � � � � h m � �

�� ���
 � �� M �����	�� ���
 ���� �
�� ���� ����� ����� ������ ���� ��� �����
 V V
�� ���	 � �� E ���	���	 ���
 ���� ���� �	�� ���� ���� 		�� ���� ��� ����
� V V
�� ���� 	 �
 M �
�	���� ���
 ���� �	�� �	�� ���� ��
�� ������ ���� ��	 �����	 V V
�� ���	 �� �� M ��	��	�� ���
 ���� ���� ���� ��
�� ����� ������ �
�	 ��� ������ V V
�� ���	 �� �� E ��	��	�� ���
 ���� �
�� ���� ���� ���� ��	�	 �	�	 ��� ������ V V

��� �	�� �
 �� E ��		��

� ���� ���� �	�� ���� ���� ���� �
��� �	�� ��� ����
	 V V
�� ���	 � �� E ���
���� ���
 ���� ���� ���� ���� �
�� ��
�� ���� ��� �����	 V V
�� ���	 � �� E ��	
���� ���
 ���� ���� ���� ���	 �
�� ����� ���
 ��� ������ V V
��
 �	�� � �� E ��	�	���
 ���� ���� ���� ���� ���� ���� 	��
 ���
 ��� ������ V V
��� �	�� � � E �������

 ���� ���� ���
 ���� ��� ���� ����� ���
 ��� ����

 V V

��� �		� � �� E ���	
��	� �	�
 ����� ���� ���� ���� ���� ����� �
�� ��� ���
�� V V
��� �	�� � � E ���	��

� ���� ���� ���� ���� 
�� ���� �
��� ���� ��� ���
�� V V
	 ���� 	 � E �
������ ���
 ���� ���	 ���� ���� ���� ���� �
�� ��� ���
�� V V
�
 ���� �� �� E �������� ���
 ���� �
�� ���� ���� ���� �
	�� ���� ��� ������ V V
�� ���� � �� E ��
����� ���
 ���� �
�� ���� ���
 ���� �
��� �
�� ��� ������ V V

�	 ���� � 	 E �	������ ���
 ���� ���� ���� ��� ���� �
��	 �
�� ��� ������ V V
��� �		� � �� E ��������� �	�
 ����� ���� ���� 
�	 �	�	 ��
�� ���� ��� ������ V V
��� �	�� � � E ��������� ���� ���� ���� ���� ��� ���	 ���
 ���� ��
 ������ V V
�� ���� � �� E �������� ���
 ���� ���� �
�� ��� ���
 �
��� �
�	 ��� ����	� V V
��� �	�	 �
 � E ���		��
� ���� ��
��� ���� ���� ���
 ���� ���
 ���
 ��� ������ V V

�� ���� � � E �	���
�� ���
 ���� ���� �	�� ���� �
�� �
	�� ���� ��� ������ V V
��� �	�� � �
 E ����
���� ���� ���� ���
 �
�� ��
 ���� 	
�� �	�� ��� ������ V V
��� �	�� �� �� E ��
������ ���� ���� ���� �	�� ���� �
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 V V
�� ���� � � E �
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 ���� ���
 ���� �
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 ������ V V
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Table �
 The ��� observations listed in order of decreasing q continued

No� Date JD � Lat Long ARCL ARCV DAZ Age Lag � W � q Visibility
� ��� ��� BES BDY

� � � � � � � � 	 �
 �� �� �� �� �� �� �� ��

�A� q � ����� ��� entries continued
year m day � � � � � h m � �

��� �	�� 	 �� E ��	������ ���� ���� ���� ���	 ���� ���	 ���
 ���
 ��� ������ V V
��� �	�� �� � E ��������� ���� ���� ���� �	�� �
�� ���� ���� ���� ��� ������ V V
�� ���� �� � E �
������ ���
 ���� ���� ���� ���� ���	 �	�� �
�� ��
 ������ V V
�� ���� � �
 E ���	���� ���
 ���� �	�� �	�� ��
 ���� �
��� ���� ��
 ����	� V V
�� ���� � �� E ��
���	� ���
 ���� �
�� ���� 	�	 ���� 	��
 ���� ��� ������ V V
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�� Derivation of the q�test

The visibility test parameter q is based on the Indian method	 which is de�ned discretely by Table � and
continuously by inequality ������ The parameter q is calculated at the best time from the equation

q � �ARCV � ��������� ������W �  ������W ��� ������W ������� �����

where W � is the topocentric width of the crescent	 and q has been scaled by a factor of �� to con�ne it
roughly to the range �� to �� �Note the use of the topocentric width of the crescent�� The values of q have
been calculated for the ��� observations referred to in section �	 and the results are listed in Table � in order
of decreasing q� Table � has also been partitioned into six ranges of q� These ranges in the q�test have been
calibrated empirically by comparing the visibility code Schaefer used for the ��� observational records	 with
a similar code derived from the calculated value of q� It has also been found necessary to use theoretical
arguments to obtain some of the limiting values for q� Table � lists the six criteria by type	 A to F	 by range
in q and by visibility code�
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Table �
 The q�test criteria

Criterion Range Remarks Visibility Code

�A� q � ����� Easily visible	 ARCL � ��� V
�B� ����� � q � ������ Visible under perfect conditions V�V�
�C� ������ � q � ������ May need optical aid to �nd crescent V�F�
�D� ������ � q � ������ Will need optical aid to �nd crescent I�V�
�E� ������ � q � ������ Not visible with a telescope	 ARCL � ���� I�I�
�F� ������ � q Not visible	 below Danjon limit	 ARCL � �� I

The limiting values of q were chosen for the six criteria A to F for the following reasons�

�A� A lower limit is required to separate observations that are trivial from those that have some element of
di
culty� After some experimentation	 it was found that the ideal situation ARCL � ��� and DAZ � ��

produces a sensible cut�o� point	 for which q � ������ To avoid ambiguities	 the constant geocentric
quantity W de�ned by equation �����	 that was adopted by Bruin for the crescent width	 was used to
calculate q from equation ����� instead of W ��

There are ��� examples in Table � when q exceeds this value	 and in general it should be very easy to see
the Moon in these cases	 provided there is no obscuring cloud in the sky�

�B� From observers reports it has been found that	 in general	 q � � is close to the lower limit for �rst
visibility under perfect atmospheric conditions at sea level	 without requiring optical aid� Table � is used
to set this lower limit for visibility more precisely� From inspection of Table �	 the signi�cance of q � �
can be seen	 but q � ������ is another possible cut�o� value� There are �� cases in Table � with q in this
range�

�C� Table � was used to �nd the cut�o� point when optical aid is always needed to �nd the crescent moon by
matching the q�test visibility code with Schaefer�s code� The rounded value of q � ������ was chosen for
the cut�o� criterion� Entry number ��	 the �rst entry in the next group	 was ignored because it is false�
In Table � there are �� cases that satisfy this criterion�

�D� In this case Table � has too few entries from which to estimate a lower limit for q� The situation is made
worse by the fact that where there is an entry	 in most cases	 the Moon was not seen even with optical
aid� In fact it is rare for the crescent to be observed below an apparent elongation of about ����	 see
Fatoohi et al� ������� Table � has �� cases� This is the current limit below which it is not possible to see
the thin crescent moon with a telescope�

Allowing �� for horizontal parallax of the Moon	 and ignoring the e�ect of refraction	 for an apparent
elongation of ����	 ARCL � ����� If DAZ � �� this corresponds to a lower limit of q � ������� Without
good �nding telescopes and positional information	 observers are unlikely to see the crescent below this
limit� The only sighting that was seen both optically and visually near this limit was No� ��� for which
q � ������� It is an important observation because it is the observation with the smallest elongation	 see
Table �� If the Moon were observed near this elongation and it was also at or near perigee	 Age would
be about �� hours�

�E� There is a theoretical cut�o� point when the apparent elongation of the Moon from the Sun is ��	 known
as the Danjon limit� This limit is obtained by extrapolating observations made at larger elongations�
Allowing �� for horizontal parallax of the Moon	 and ignoring the e�ect of refraction	 an apparent
elongation of �� is equivalent to ARCL � ��� With ARCL � �� and DAZ � �� the corresponding lower
limit on q is �������

�F� In Table � there are only �� cases in this range of q	 but three of them ����	 ��� and ���� contradict the
q�test	 in particular	 ��� and ��� are anomalous observations� The main reason for the discrepancy must
be due to the extremely clear atmosphere experienced on high altitude mountain sites� The elongations	
however	 are well above the Danjon limit	 and since ARCV is about ��	 the observations were probably
made using daylight vision� These observations show that the curve q � � needs modifying for high
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altitude observations� No ��� was made at ARCL � �����	 and width W � � �����	 which are both large�
Since ARCV � ��	 it should have been possible to make the observation� This observation shows also
that the curve q � � needs modifying when the atmospheric conditions are so perfect�

Earliest sightings are mentioned in the literature	 by Schaefer et al� �����b�� For example	 No� ��� is type
B and Nos� ���	 ��� and ��� are type C� None of these observations were made at such a small elongation
as No� ��� of type D	 for which W � � ������ Table � lists the �rst �fty of the ��� observations in order
of increasing crescent width	 W �	 which is correlated with increasing elongation� Note that the �fteenth
observation No� ��� is the �rst observation designated type V�V� according to Schaefer�s coding� Observation
No� ��� is thirteenth on the list	 so based on the small crescent width	 it was a very sharp observation indeed�

Many people assume that the place of earliest sighting of the new crescent moon	 given some criterion such
as Lag � �� minutes	 will be the most easterly place that the observation can be made from� This assumption
is fallacious� In an ideal situation	 earliest sighting occurs at a place where a �rst sighting parameter such as
Lag or q takes a speci�c value and in addition DAZ � ��� It is easy to show that in general the place on the
parabolic curve on the surface of the Earth where the parameter is a constant will not be the most easterly
point on the curve� At the place of earliest sighting the line of constant altitude of the Sun is tangential to the
parabolic curve �because DAZ � ���	 which leaves the most easterly point in daylight	 except in rare cases
when the declination of the Sun is zero and the tangent will then be at the most easterly point�

The list of ��� observations in Table � shows bias� For example there is a concentration on early sightings	
which occur when DAZ � �� and ARCL � ARCV � Cases when ARCL � DAZ and ARCV is small	 which
regularly occur at high latitudes	 and the Moon is �rst seen in daylight	 are rare� In other words the list of ���
observations concentrates on young moonage sightings at low latitudes	 and ignores old moonage sightings
at high latitudes�

In fact there are only nine cases for latitude � ��� where ARCL�ARCV � ���� Three of these ��	 ��� and
���	 have ratios larger than ���	 which makes them more interesting� There are no contradictory cases	 but
the sample is too small to be helpful for calibration purposes�
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 The rst fty entries of Table � listed in order of increasing W � continued
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�� A few conclusions

In this note I have pointed out that there is too much emphasis on making record breaking observations
of �rst sighting of the new crescent moon� The majority of cases are not critical ones and what we need
are more observations of �rst sighting at latitudes above ��� when the Moon is several days old	 including
observations made in daylight� Northern Europe would be an ideal place to organise another moonwatch
program to solve this problem�

I have given a simple method for determining the time of best visibility	 which is based on the method of
Bruin� His method has many other applications to problems concerning �rst visibility� It would be useful to
update Bruin�s calculations using modern theories�
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Appendix A

Visibility Predictions for the New Crescent Moon

London

Longitude W��� ��

Latitude N�� ��

Times are in GMT

New Moon Birth Date Sun Moon at Sunset Moon Lag BEST Code

� Set Az Age Alt Az DAZ Mag El Set Time TIME

year mth day h m d mth day h m o h m o o o o h m m h m

���� Jan 	� �
 �� Wed

� Wed Jan 	� �
 �� 	�� �� �	 � 	�� 	 ��� 
 �� 	� �� �� �� F

� Thur Jan 	� �
 �� 	�	 �� �� �� 	�� �	 ��� 	� �� �� ��� �� �� A

���� Feb 	
 �� 	
 Thur

� Thur Feb 	
 �� �� 	�� � �� �	 	�� � ��� � �� �� �
 �� �� F

� Fri Feb 	� �� �� 	�� 	� �� �� 	�� � ��� �� �� �� �� �� �� A

���� Mar 	� �� �� Sat

� Sat Mar 	� �� 	� 	�
 �� �� � 	
� � ��� �� �� �� �� �� �� F

� Sun Mar 	� �� 	� 	�� �� �� �
 	
� �� ��� 	� 	� 	
 ��� �� 	� A

���� Apr 	
 �� �� Sun

� Sun Apr 	
 �� �� 	�� � �� �� 	�� 
 ��� 
 �� �
 � �� �
 F

� Mon Apr 	� �� �� 	�� �� �
 �� 	�� �� ��� �� 	� �
 �� �� �	 A

���� May 	� �� �	 Mon

� Mon May 	� 	� �� ��
 � 	� �� ��� � ��� � �� 	� ��� �� �� F

� Tues May 	
 	� �� ��� 	� 	� � 	�� �� ��� �� 	� �� �
 	� �� F

	 Wed May 	� 	� �	 ��� �� �� �� 	�� 	� �
� 	� 	� �� �� 	� �
 A

���� June 	� �� �� Wed

� Wed June 	� 	� 		 ��� �
 �	 �� ��� �� ��� �� 	� 		 � 	� 		 F

� Thur June 	� 	� 		 ��� �� �	 
 	�� 	� ��� 		 	� �� �� 	� �� B

���� July 	� �� �� Thur

� Thur July 	� 	� �	 ��� 
 �� �� ��� � ��� � �� �� ��
 �� �� F

� Fri July 	� 	� �� ��� �� �� 	 	�� �� ��� �� 	� 	� 		 	� �� F

	 Sat July 	� 	� �� ��� �� �
 � 	�� 	
 �
	 	� 	� �� �� 	� 	� A

���� Aug 		 �	 �� Sat

� Sat Aug 		 �� �� 	�� �� �
 � 	�	 � ��� � �� 		 �� �� �� F

� Sun Aug 	� �� �� 	�� �� �� � 	�� �� ��� 	� �� �� �� �� 	� B

���� Sept 	� �� �� Sun

� Sun Sept 	� �� �� 	�� � �� � 	�� � ��
 	 �� �� �� �� �� F

� Mon Sept 	� �� �	 	�	 	� �� � 	
	 �� ��� �	 �� �
 �� �� �� F

	 Tues Sept 		 �� �� 	�� �� �� � 	�� 	� ��� 	� �� �� �� �� 	
 A

���� Oct 	� �� �� Tues

� Tues Oct 	� �
 �� 	�� 
 �� � 	�	 	 ��� � �� 	
 	� �� �� F

� Wed Oct 	� �
 �� 	�� �� �
 � 	�	 �	 ��� �� �� �� �� �� 	� B

���� Nov �� �� 	� Thur

� Thur Nov �� �
 �� 	�� �� �� � 	�
 � ��	 � �
 �� �� �
 	
 F

� Fri Nov 	� �
 �� 	�� �� �� � 		� �� ��	 �� �� 	� �� �
 �� A

���� Dec �� 		 �	 Fri

� Sat Dec �� �� �� 	�	 �� �� 
 		� � ��� � �
 �� �� �
 �� F

	 Sun Dec 	� �� �� 	�	 �� �� �� 	�
 �� ��� 	� �� �� ��� �
 �� A

A Easily visible

B Visible under perfect conditions

C May need optical aid to find the crescent Moon

D Will need optical aid to find the crescent Moon

E Not visible with a telescope

F Not visible� below the Danjon limit

Copyright is reserved on this material Permission must be granted to reproduce this material

The following acknowledgement should be given in any publication in which it is reproduced�

� reproduced� with permission� from data supplied by HM Nautical Almanac Office Copyright

Particle Physics and Astronomy Research Council� PPARC does not accept any responsibility

for loss or damage arising from the use of information contained in any of its reports or in

any communication about its tests or investigations

Computed on ��Apr���

��



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG (HMNAO Almanacs)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


