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Summary

In the previous paper of AEAS Conference of May, 2004 (Practicality of the conventional clocks of Sun and Moon) citations are given of the surprising non existence of accurate data for the moon distance from earth, which is needful to determine its orbital motion.. Existing moon ephemeris proved non accurate, using few simple observations of the moon rise and set times; compared with the existing published data of the Washington DC Naval Observatory. (The rise and set times are in many times off by more than 45 minutes.) These and existing published data of the moon ephemeris are formulations of data available since year 200 before BC. The average moon month period, since that time, is approximately 29.53 days. This means that the moon month is needed to be corrected, from the consecutive 29 and 30 day month periods (previously explained in the paper of AEAS June 2000) by addition of one day, every 33.33 months. It appears also that the phases of the moon following these conclusions are not aligned with the existing real moon ephemeris. This is in concern of the perigee and apogee times and the inclination of the moon orbit. 

In this paper a program is proposed for practical moon observations using one or more of the Middle East observatories (where the sky is clear in long periods of the time) for a time span of, at least, few months. The principal observations are concerned with the exact times of every day moon rise and set times, in combination with the azimuth angles, of every day rise and set locations in the sky. More involved parameters would be the follow up of the moon location in the sky as function of the clock ticking of the day. The latter is a more involved program which would help increase the accuracy of the predicted orbits of the moon. 

The measured data would be compared with parametric computations of the moon rise and set times for different expected orbit configurations of the moon and application of the necessary corrections for the analysis. The computations of the moon rise and set times, in any location of the globe, are already established in the previous May, 2004 AEAS paper and proved to be consistent with the published data of the Washington, DC, Naval Observatory.

Further checking’s for correctness of the conclusions would be confirmed by periodic repetition of some of the previously described measurements in arbitrary time periods. Some repetitions of these measurements would also confirm the monthly expected month periods of the moon month in different earth locations.

These analysis and measurements are of immediate need. Another long term analysis is to be performed for continuity of the study of the moon ephemeris which is being proved to be influenced by the electromagnetic interactions with the varying earth magnetic fields. Long term evaluation of these and other new findings is subject of steady research programs.

Introduction

In a previous paper [4] the computed moon rise delays and set delay, daily times, using ideal moon periods (for 29.5 days of the synodic month and 27.954 days for the sidereal month) are compared with the published data of the Washington Naval Observatory. Agreements were excellent with guises of the moon orbit inclination to be -28.5 degrees and with moon orbit synodic period of 29.53 days and sidereal period of 27.32 days. This moon ephemeris is used by the observatory and established since the times of the Alexandrian period (200 years BC) [4]. It has been proved also in the previous paper that the moon month period can be supported by many specific orbit configurations. The moon orbit computations [4] are shown with the used computation parameters.
The Moon Month period can be supported by Many Orbital Distances
The moon orbit is mainly an elliptic, with near perihelion (perigee) distances and far aphelion (apogee) distances from the center of the earth. The configuration used in the analysis of this paper is as shown:


[image: image1]
Fig. 1. The Moon Orbit configuration
The elliptic orbit of the moon has the semi-major axis “a” and the semi-minor axis “b”, “c” is the offset distance for the center of earth from the center of the elliptic orbit. The Apogee distance “ap” =  c + a , and Perigee distance “pr” = a – c. The eccentricity “e” = c / a. The radial distance between the center of earth and the location of the moon in the orbit is “r”, at an angle “α” (counter clockwise) from the perigee direction (which is the positive direction of the x-axis).

The equation of the elliptic orbit, with the center of coordinates at the earth center, is given by


(x-c)2 b2 + y2 a2 = b2 a2 

Manipulation of the variables yields evaluation of the radial distance “r” = B - A, where,


A = b2 c cos (α ) / { a2 sin2 (α ) + b2 cos2 (α )} and
B = b2a / { a2 sin2 (α ) + b2 cos2 (α )}

The orbit velocity of the moon [3 & 8] is given by
v = { µ [ (2/r) – (1/a) ] }½
Km / Hr,

where
µ = the gravitation constant = 5.164 x 1012
Km3 /Hr2.

The computed moon rise and set delays at Cairo (following the procedures of reference [3] ) is shown for different moon orbit inclination angles of -28.5, -18.5, -8.5, 0 and 18.5 (in degrees) in Figs 1&2.

[image: image2.emf]Rise Delays for different Moon Orbit Tilts
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fig. 1. The Rise delays during one sidereal period starting from the perigee

[image: image3.emf]Set Delays at different Orbit angles
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Fig. 2. The Set delays during one sidereal period starting from the perigee

These delays, when measured, would check many moon orbit parameters. 

1. The points, on the charts, of maximum delay steepness indicates the location of the apogee on the time scale. 

2. The points of maximum steepness (of item 1) are approximately 10 minutes lower than the equal rise delay and set delays that occur at the perigee.

3. The shape of the delay curves, with the values of maximum and minimum describes the moon orbit inclination angle, related to the equatorial plane.

4. It is interesting to note that the rise delay curve for the negative orbit inclination angle is the same as the set delay curve for the positive inclination angle of the same value. This is evident from the rise delay curve of Fig1 for orbit inclination angle of 18.5o degrees and the Set delay curve of Fig 2 for orbit inclination of -18.5degrees. This means that the rise and set delay curves are reversed for the reverse of the sign of the orbit inclination angle.

These curves are generated for Cairo, Egypt (at Latitude of 29.85o). The moon orbit has a major axis (effective moon distance) a = 382892.1 Km and eccentricity of 0.055. The used radius of earth is re = 6378 Km, the moon velocity (at apogee) va = 3477.5 Km/Hr, the moon velocity (at perigee) vp = 3878.4 Km/Hr and the moon diameter Dm = 3480 Km. The apogee distance is 403761 Km and the perigee distance is 362023.2 Km. The employed facts, used in a measurement procedure for determination of the accurate epochs for the moon ephemeris, are as follows:

Practical Measurements Procedure

The described method of observing the moon rise and set delays is powerful in describing the moon monthly schedule and its ephemeris epochs. It has the following aspects:

1. The shape of the pattern can indicate the phase of the moon (concerning the epoch of its apogee and perigee, at the point of observation) as previously described.

2. The inclination of the moon orbit can be computed using the information of the appendix of reference [2], for moon locations at the apogee and at the perigee. The moon distance in this case needs to be tried in order to verify the measured azimuth and elevation angles. 

3. Noting the repeated pattern for the sidereal period (normally around 27.3 days) and measuring its value as accurate as possible in combination of counting the accumulated daily delays and knowing the shape of its monthly pattern predicts the ends of the sidereal and the synodic months. The repeatability of the sidereal period is very important for determination of the expected moon ephemeris.

4. The moon distance can be also checked using the telescopic moon images and evaluating its diameter related to the calculated moon distances. For example the case given in figures 1 and 2 should indicate moon visible subtended angles of (3480*180/403761/п) 0.49383o at the apogee and (3480*180/362023.2/ п) 0.55o at the perigee.

5. The established orbit parameters from the first few month measurements would be used to recalculate the set and rise delays of Figures 1 and 2 to confirm its validation.

6. Programming of telescopes in areas where the observation of moon rise and moon sets are possible would deliver accurate counts of the delay patterns and automatically extrapolate the moon phase predictions.

7. It is a tool for moon amateurs to practice involvement with the subject and produce more of its useful applications. 

Rise and Set Delays for different Moon Orbit Eccentricities.   

For a synodic month period of 29.5 days (27.2954 sidereal days) the orbit distances using (effective moon distance) a = 382892.1 Km and eccentricity of 0.07, with radius of earth re = 6378 Km, the moon velocity (at apogee) va = 3423.2 Km/Hr, the moon velocity (at perigee) vp = 3939.9 Km/Hr and the moon diameter Dm = 3480 Km. The apogee distance is 409761 Km and perigee distance 356023.2 Km. For the eccentricity of 0.41 the apogee distance is 398761 Km and the perigee distance is 367023.2 Km. the apogee velocity is 3523.3 Km/Hr and the perigee velocity is 3827.9 Km/Hr. 

Comparison of the Rise delays for eccentricities of 0.07, 0.055 and 0.041 are shown in Fig 3. It can be seen that the differences are minor for different eccentricities, using a fixed orbit period of 29.5 days.

[image: image4.emf]Rise Delay Curves for Eccentricities of 0.041, 0.055 and 0.07 
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Fig 3. The Delay curves for different orbit Eccentricities and fixed orbit period of 29.5 days

CONCLUSION

· The proposed procedurs of following up the moon rise and moon set appear to be very effective in correcting the moon ephemeris.

· It might be possible to establish in a reasonable period of time the catch up with the background of ephemeris, generated with observations for more than 500 years, of the moon orbits BC.
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