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Abstract  

     Computer simulation have been developed to calculate the dates, ecliptical, 

equatorial and horizontal coordinates every month at al Najaf holy city. The new 

moon starts at the moment when the ecliptic longitude of the sun matches that of the 

moon, i.e., the difference between them vanishes. The program can be used to 

predict the birth dates of the moon for the next ten year or more.     
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1:Introduction 
     The moon turns its unilluminated face 

toward the Earth forming the New Moon in 

approximately every 30 days. An observer 

looking down on the north pole of the ecliptic 

would see the Sun, Moon and Earth in a straight 

line. At the time of New Moon, the moon is 

usually above or below the Earth's orbital plane , 

so that it's shadow misses the Earth.. The Moon 

crosses the ecliptic plane on two times each 

month, but one of these dates coincides with 

New Moon, then the Sun, Moon and Earth are in 

line. The time of New Moon is the moment 

when the difference between ecliptic longitudes 

of the Sun and Moon disappears. The mean 

interval between successive New Moons, the 

synodic period, is found to vary between  29.26 

to 29.80 days or on the average of 29.53 days 

due to perturbation effects, at that interval the 

moon passing through a four states that called 

moon phases the first phase is first quarter a 

week later from new moon the second is full 

moon two weeks later and the third quarter 

,these phases differ from each other by the area 

of the segment where waxes(The circumstance 

when the phase of the Moon is increasing from 

new to full)[1] until reach the full moon then 

begin decreasing to wane. The orbit of the Moon 

is inclined with respect to the ecliptic plane over 

the course of the year between the mean angles.. 

9595 ′+′− oo
to .  

The lunar theory was developed by E.W. Brown 

at the beginning of the 20
th
 century [2] which 

described the lunar motion analytically. Lunar 

ephemeris were improved by the Nautical 

Almanac in 1954. for long time the relevant 

tables [3] were the basis for  calculation of lunar 

coordinates, recent progress in computer 

technology and new requirement for accuracy of 

lunar ephemeris stimulated further studies to 

improve (Hill_Brown) method and series [4,5] 
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as well as on the development of new analytical 

theories of lunar motion 

[6,7,8,9,10,11,12,13,14,15,16] at the same time 

numerical ephemerides of moon have been 

successfully developed ,among them the most 

recent and accurate are the ephemerides of 

DE/LE-series don at the jet propulsion 

laboratory JPL ,USA [17,18,19,20,21] the 

ephemerides of EPM-series don at Russian 

institute of applied astronomy [22,23,24,25,26] 

and ephemerides of INPOP-series done at 

IMCCE observatiore de Paris ,France [27]. 

Empirical formulas for predicting the New 

Moon by crescent sighting were put forward by 

[28,29,30,31,32 ,33]. 

 In this paper,  the dates of New Moon, and their 

corresponding ecliptic coordinates at the Al 

Najaf Al Alshraf holy city  are calculated by 

computer simulation .The predicted dates and 

coordinates are estimated for the next ten years 

with high precession. 

2.Theoretical model 
     We can determine the dates of the new 

moon for every month and then investig the 

position of  the moon relative to the ecliptic. The 

time of new moon is the moment when the 

ecliptic longitude of the sun and moon ( sλ  and  

mλ respectively ) agree, i.e. when the difference  

( sm λλ − ) disappear. The latter for its part 

consists of the difference D  between  the mean 

longitude plus the difference between the 

periodic perturbations [2] 

sm λλ − )( smD λλ ∆−∆+=         -------------(1) 

TDDD 1+=
o

                           ---------------(2) 

2
.00143.0

.11135.44526785027.297

T

TD

+

+=
----------(3) 

36525/)2451545( −= JDT           ----------(4) 

Where T is the Julian century, JD is the Julian 

date and D is the elongation also D1 indicates 

the amount of change in D over a Julian century 

the mean interval between two successive new 

moon i.e. the time in which D alters by 360º is 

found to be 29.53 days approximately. This 

enables the approximates times of new moon 

through the year to be simply The periodic 

perturbations of the lunar and solar orbits very 

little over short period of time t∆ , which means 

that over that interval  sm λλ −  essentially varies 

only D1. t∆ /36525
d
  an approximation 

o
t  for the 

time of  new moon can therefore be improved by 

using  

1

1

))()(()(

D

tttD
tt sm ooo

o

λλ ∆−∆+
−=  ------(5) 

If this step is repeated then the time of new 

moon is determined to a sufficient degree of 

accuracy, sλ  and mλ  may be determined by 

short series expressions involving the longitudes 

and anomalies of the sun and the moon[1]. 

2.25.33
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Where 0,,, LFll ′  are the moon's mean anomaly 

,the sun's mean anomaly.mean distance of the 

moon from the ascending node and the mean 

longitudeofthemoon 
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The ecliptic latitude and the longitude of the 

moon can also be expressed by a similar 

equation  

...)2sin(04638.0

)2sin(05527.0

)2sin(1733.0)sin(2777.0

)sin(2805.0)sin(128.5
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mm L λλ ∆+= 0                        ----------------(13) 

Also the ecliptic longitude of the sun  is given as 

follows[34 ] 

)3sin(000293.0

)2sin(.0001.0)2sin(020094.0

)sin(.000014.0)sin(.004789.0

)sin(91946.1.0003025.0
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There is another way we use it to compute the 

ecliptic coordinates of the moon firstly by 

solving Kepler equation  using iteration formula 

[35,34]. 

EeEl sin.−=  -------------------------------(15) 

Then the true anomaly can be calculated by the 

formula. 

)
2

tan(
1

1
)

2
tan( E

e

e

−

+
=ν -----------------(16) 

Where ν,, eE  the eccentric anomaly 

,eccentricity and true anomaly of the moon, then 

we compute the rectangular (x,y) coordinates in 

the plane of lunar orbit where computed[36]. 

))cos(.1(

05554552.0
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Where ar ′,  is the radial distance and semi 

major axis, In order to  convert the coordinates 

from the plane of lunar orbit to the moon ecliptic 

coordinates (x,y,z)system[35, 36]. 

irz
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Where i,,ωΩ  longitude of ascending node of 

moon, argument of perihelion and moon 

inclination[37,2]. 
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Then the ecliptic longitude and latitude are 

given by[2]. 
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Where β∆ is the perturbation in moon 

latitude[33] 
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The calculation of the moon equatorial 

coordinates needs conversion of ecliptic 

coordinates into rectangular coordinates 

(x,y,z)[2]. 

)sin(.

)cos().sin(.

)cos().cos(.

β
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Then rotate the rectangular system around the x-

axis by angle of obliquity of the ecliptic (ε ) to 

get a new coordinates ( zyx ′′′ ,, ). 

εε

εε

cos.sin.

sin.cos.
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Then the right ascension and the declination can 

be written as follows: 

)/(sin

)/(tan

1

1
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′=
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−

−

δ

α
----------------------------(23) 

Transformation of equatorial coordinates into 

horizon system can be performed by 

implementing the following spherical 

trigonometric relations. 

The altitude and azimuth are given by[38]. 

)
cos.cos

sin.sinsin
(cos

)cos.cos.cossin.(sinsin

1

1

a

a
A
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φ

φδ
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−
=

+=
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The hour angle is related to the right ascension 

as follows 

α−= LSTH  ---------------------------------(25) 

Where φδα ,,,,,, LSTHAa  are right 

ascension, declination, moon altitude, azimuth  , 

hour angle, local sidereal time and observer 

geographical latitude. 

3. Results and discussion 
     Computer simulation have been developed to 

predict and calculate the New Moon dates and 

coordinates for the next ten years. The birth of 

the New Moon starts from the conjunction 

between the ecliptic longitude of the sun and 

moon. The new moon ecliptic and equatorial 

coordinates are calculated also horizontal 

coordinates at Al Najaf Al Ashraf holly city 

( EN 0244,9531 ′′ oo
) are calculated with 
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accepted accuracy. The results shown in  table 
)١ ( the dates (year and day) are tabulated in the 

first two columns. The time (hour and minute) in 

columns 3 and 4(in UT) .the ecliptic latitude β  

and longitude λ  in columns 5 and 6.the 

conjunction difference λ∆  in column 7 .the 

horizontal coordinates (azimuth  A  and altitude 

a ) in columns 8 and 9 . 

The equatorial coordinates (right ascension α  

(hours) and declination δ  ) in columns 10 and 

11.in order to confirm the results of present 

work, a comparison of the equatorial coordinates 

against time as calculated in the present work 

with those of Almanac [39] is shown in (figures 

1,2,3 and 4). 

Relative error in new moon time calculated for 

our results with respect to United State Naval 

Observatory  Circular No 169[39] for the years 

2009,2010,2011,2012 are shown in (figure 5). 

It can be concluded from these results that the 

model implemented in the present work can give 

good results of the new moon dates with  range 

of  accuracy (95.76%-99.99%) for ten years or 

more. 

Table 1 :The time of new moon and ecliptic, equatorial and horizon coordinates for Al Najaf Al Ashraf 

city at new moon moment 
)(UTTime  oδ )(hourα
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Figure 1: comparison between our results and 

lmanac [39] one of right ascension versus month for 

the year 2009.  
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Figure 2:omparison between our results and 

almanac [39] one of declination versus month for 

the year 2009 
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Figure 3: comparison between our results and 

almanac [39] one of right ascension versus month 

for the year 2010. 
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Figure 4:comparison between our results and 

almanac [39] one of declination versus month for 

the year 2010 
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Figure 5:relationship between the relative error of new moon times for our results and United stats naval 

observatory circular No 169 and months for the years 2009,2010,2011and 2012. 
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