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Abstract. Absolute photoelectric intensity measurements of 104 selected lunar regions are given in 
five interference filters 4035 A,, 4765 A~, 5538/~, 6692 A_ and 7922 A,. Among these regions, eighteen 
lunar regions have been measured repeatedly for several phase angles between ÷86 ° and --43 °. They 
include observations made very close to the full Moon. A catalogue has been compiled to serve as 
a basin for possible investigations of colour contrasts of lunar grounds, variation of the ratio of 
reflectivity with wavelengths and phase angles for morphological studies. The study can be extended 
for the brightness phase variation, opposition effect and radiance factors at zero phase in five colours. 

1. Introduction 

In recent years it has been possible for the first time to investigate the nature of  the 
lunar surface at close with space vehicles of  Russian and American origin. In spite of  
the success of  these lunar probes, the nature of  only a small part  of  the lunar surface 
has been identified. It  is evident that the number of  lunar missions will remain limited 
and the Earth-based observations will continue for further studies of the photometry 
of  lunar surface. In addition to, the Moon is now used as a standard for interpreting 
observations of  other planets and satellites. 

The extensive literature on the photometry of the lunar surface has been reviewed 
by several authors (Minnaert, 1961; Fessenkov, 1962; Barabashov, 1962; Kopal,  
1966; Hapke,  1971). These eminent astronomers have also reviewed previous work of 
other investigators. Therefore, a short bibliography is given in the present work to 

show the need of the present data. 
Modern photometric measurements of  lunar grounds have been made by Fedoretz 

(1952); Gehrels et al. (1964); Peacock (1968); Jones (1969); and Shorthill et al. (1969). 
Fedoretz and Jones'  measurements have been carried out using photographic tech- 
nique. Many studies have been carried out for the data of  Fedoretz. The increase in 
the brightness of some Lunar regions up to 20 ° after zero phase is not confirmed. 

Jones (1969) investigated his data for the evaluation of the uniformity of  the photo- 
metric function over the lunar disc. 

Interesting results have been obtained by the photoelectric measurements of Gehrels 
et al. (1964). They demonstrated the opposition effect of  the lunar surface which re- 
presents a steep increase of  photometric curves of  all lunar surface elements for phase 
angles less than 5 °. Gehrels et aI. (1964) have used cases where good overlap of ob- 
servations have been available to apply the data of  Fedoretz (1952) to their own 
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values. The extensive photoelectric measurements of Peacock (1968) do not include 
measurements near full Moon. Shorthill et al. (1969) have studied the photoelectrical 
properties of 300 selected lunar features from measurements that have been made at 
23 phase angles. Pohn et al. (1969) have made the first determination of lunar radiance 
at zero phase angles by investigating the close up photographs taken from Apollo 8. 

More photoelectric measurements of lunar grounds are suggested, and in particular- 
ly at different wavelengths. Up to the present time, the brightness values of the full 
Moon (absolute or relative to that at a non zero phase angles) remain unknown. The 
data of the light curve measurements obtained photoelectrically are insufficient for 
various studies. The lack of basic empirical data at different wavelengths greatly affect 
the theoretical studies of the optical and scattering properties of the lunar surface. By 
measuring the systematic brightness variation with phase, the reflection characteristics 
of selected lunar grounds can be determined. Further study can be done for the relation 
of brightness of various formations with angle of incidence, reflection and phase. 

The spectral reflectivity differences measured by McCord (1969) have opened a 
new field of study. The curves of the ratio of reflectivity with wavelengths show dif- 
ferent spectral curve shape which are dependent on lunar morphology. It is interesting 
to study on the basis of the present material the variation of the ratio of reflectivity 
with wavelengths for different regions and phases. The shape of the curves of each 
groups of apparently similar grounds will last for morphological studies. 

The colour differences of a large number of lunar regions are much recommended 
for further investigation. The question of the colour differences of the lunar regions 
with possible correlation with physical parameters is not settled up to the present 
time (Hapke, 1971). 

Dollfus and Bowell (1969) have found many disagreements between various deter- 
minations of normal albedos which have measured by various authors. Gehrels et al. 

(1964) have detected higher values of albedos than the previous determination. They 
have found also a difference of 207o between albedos determined by them 1956 and 
1963, and attributed the difference to luminescence. 

Obviously, furhter studies of photoelectrical observations of lunar grounds are 
needed; and to serve this aim, new data for intensity measurements in five interference 
filters are given. Factors are given to transfer the data for absolute values. The present 
data can be investigated for colour as well as intensity variations. 

2. Observations and Data Reductions 

The program of the present observations has been arranged originally in cooperation 
with Astronomy Department of Manchester University and Kottamia Observatory in 
Egypt. The photoelectric observations have been done in the Cassegrain focus (f/18) 
of the 74" telescope of Kottamia Observatory. The photometer used is the three-beam 
photoelectric photometer of Astronomy Department, Manchester University designed 
by Roberts (1964). It uses three independent amplifiers as well as three photomulti- 
pliers of type E.M.I. 9558B. The filters have peak transmissions at 4035 A, 4765 A,  
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5538 A, 6692 A and 7922 A, with bandwidth of 100-200 A. The photometer measures 
the intensity of the selected areas on the lunar surface instantaneously in three wave- 
lengths. 

No deviation from the linearity between the amplifiers and the recorders have 
been noted. A comparison between different steps of input ranges made for calibration 
has proved to show some variations in the corrections of different period of observa- 
tions (Mikhail, 1970; Table III). The corrections applied for the observations of 
August are almost the same as that of October. 

2.1. THE OBSERVATIONS 

As stated before (Mikhail 1970), the nights selected for observations were mostly good 
photometric nights, cloudless, free from dust storms, and the visibility was good. 
However, some nights were interrupted by clouds for a short time, followed by clean- 
ing. Such brief interruption did not show any effect on the stars measurements or the 
intensity of the standard region. On the nights of 8/9 October; 7/8 and 12/13 January; 
4/5, 5/6 and 8/9 February; and 29/30 August the intensity measurements of the stan- 
dard region showed some fluctuations in the observed values. The reason may be due 
to a slight change in the atmospheric condition during observations. However, for the 
colour index investigation, the results of these dates have shown to be reliable. This 
has been expected for the colour measurements as the recorded signals were coherent 
and the measurements were made for corresponding points on each of the three traces 
observed instantaneously. The month of May is among the best for photometric 
nights at Kottamia, and the nights in August have been mostly good photometric 
nights as well. 

On each night of observation four types of readings have been recorded: dark 
current values, stars measurements, background and the measurements of lunar de- 
tails. Star measurements are required to provide an aboslute standard for comparisons 
from night to night and for the detection of the atmospheric extinction coefficients. 
All the data of observations have been reduced to the same date of observations by 
intercomparing the observed stars from night to night. 

2.2. S T A R  M E A S U R E M E N T S  

The atmospheric extinction coefficients have been obtained for each night of observa- 
tions in the usual way by plotting the measured magnitudes of the stars against dif- 
ferent values of air masses. The plots show a straight line from which both the magni- 
tudes of the stars outside the atmosphere and the atmospheric extinction coefficients 
can be determined. Thus, for each night of observations, and for different wavelengths, 
we can obtain the extinction coefficient factors as well as the stellar magnitudes at 
zero atmosphere. The extiction factors are applied to the lunar measurements to ac- 
count for the effects of atmospheric absorption. The stellar magnitudes at zero atmo- 
sphere have been used to provide zero level for the readings. Table I lists the stars, 
their positions, spectral classes, their experimental magnitudes and the corresponding 
intensity at different wavelengths. 
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The experimental intensities of  the stars outside the atmosphere have been reduced 
to the absolute uniform system of brightness units ergs cm -2 s -1 A -1 in order to be 

applied to the lunar results. The standard stars ~ Bootis, e Leonis, c~ Arietis, and e 
Orionis have been used in the determination of the brightness units. The absolute 
spectral energy values of the stars c~ Bootis and e Arietis are obtained according to the 

absolute spectral energy values of  Willstrop (1965) which are limited to wavelengths 
distribution 6500 A. The energy values for the two stars e Orion and e Leonis are 
obtained for all the investigated wavelengths from energy values given by Hayes 
(1970). Table I I  lists for the measured wavelengths the brightness units that can be 
used for conversion to absolute units erg cm -2 s - j  A -~ for a region of 4'.'936 ap- 
parent diameter on the Moon (at 1 A U  from the Sun). In the blue side of the spectrum, 
the transformation factors of  Table II  show low accuracy. The reason may be due to 
the expected changes in the values of  the extinction coefficients at these wavelengths, 
in addition to the long time needed to measure the comparison stars. 

2.3. LUNAR MEASUREMENTS AND CORRECTIONS 

Hundred and four lunar regions have been selected over the entire visible disk of the 
Moon for our measurements. They have been chosen to represent various types of  
the lunar grounds. Most of  these regions are easy to locate by reference to some near- 
by small craters or other features. Eighteen lunar features representing different types 

of  features and including some details of  particular interest, have been measured every 
night of observations whenever possible. The coordinates are determined to the nearest 
half a degree (selenocentric) from the position of the points on a USAF Lunar Re- 
ference Mosaic and are given in Table III .  These lunar regions are marked on the 
map shown on Figure 1. One area-centre of Plato- has been selected as the standard 
lunar region for frequent observation during each night. This was useful not only as 
a check on the reliability of  the values obtained, but also for other investigations such 
as colour differences from standard region or the ratio of reflectivity and its variation 

with wavelength. 
The observed magnitudes of the lunar regions have been determined with respect 

to phase angle and have been corrected for the dark current and atmospheric extinc- 
tion obtained from stellar measurements. They have been reduced to the same level 
with reference to the stars. At the two wavelengths 5538 A and 4035 A where instan- 
taneous photometric measurements have been carried out are given in Table IVa. 
Again, the photometric data of  the instantaneous measurements at the wavelengths 
4765 A, 7922 A and 6692 A are given in Table IVb. On an arbitrary scale, a magni- 
tude of 0.0 value corresponds to an intensity of  100. To obtain the intensity that 
corresponds to the tabulated magnitude, Pogson's formula can be used 

5 - m  
I = Anti log - - ,  

2.5 

where I is the intensity value corresponds to a magnitude m. The intensity can be 
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TABLE III 

The observed lunar regions 

No. of Name of the region Longitude Latitude 
region 

1. Mare Crisium + 54000 ' + 14000 , 
2. Environs of Mare Crisium +46 00 ÷22 00 
3. Mare Fecunditatis +52 00 --06 30 
4. Western boundary of Mare Fecunditatis +41 30 --06 00 
5. Gutenberg ÷40 30 - 0 9  00 
6. Between Mare Fecunditatis & Mare Nectaris +39 30 -- 10 00 
7. Langrenus ÷61 30 --10 00 
8. Petavius +60 15 --25 00 
9. Stevinus +55 00 --33 00 

10. Mare Tranquillitatis +40 15 +04 30 
11. Mare Tranquillitatis near Maskelyne +31 15 +02 00 
12. MareTranquillitatisnearPalusSomniorum +38 30 +11 30 
13. Mare Tranquillitatis near Northern boundary of the Mare + 30 00 ÷ 16 00 
14. MareTranquillitatis +28 00 ÷11 30 
15. MareTranquillitatis +20 45 +06 00 
16. MareTranquillitatis +21 00 +11 45 
17. Mare Nectaris (near centre) +34 00 -- 17 00 
18. Theophilus +26 30 --10 45 
19. Mare Serenitatis near Haemus Mountains + 10 30 ÷ 19 30 
20. Mare Serenitatis near Haemus Mountains + 12 30 + 19 00 
21. Mare Serenitatis near Menelaus ÷ 15 00 + 16 45 
22. Linn6(MareSerenitatis) +12 30 +27 30 
23. Le Monnier +30 30 +27 00 
24. Taurus Mountains +36 30 +27 30 
25. Lacus Somniorum +33 00 +35 00 
26. Upper limb of Posidonius +29 30 +33 00 
27. Aristoteles ÷18 00 -/50 00 
28. MareFrigoris +00 15 -/59 45 
29. North limb --10 00 -/70 00 
30. Near AIps - 0 3  45 +50 00 
31. Near Plato -- 12 30 -/52 00 
32. Aristillus, northlimb 4-01 30 +34 45 
33. Mare Imbrium near Aristillus --00 15 -t-35 00 
34. Mare Imbrium near Aristillus -/02 45 +36 00 
35. Centre of Aristillus ÷ 01 30 + 34 00 
36. Centre of Autolycus -/02 00 + 30 30 
37. CentreofArchimedes --04 00 +29 30 
38. PalusPutredinis --03 30 +26 30 
39. Mare Imbrium --16 00 +32 00 
40. Mare Imbrium --21 30 +40 00 
41. Mare Imbrium near Delisle --34 00 +28 00 
42. Sinus Iridum --34 00 +43 00 
43. Sinus Iridum --27 00 +45 30 
44. Northern bright limb near Sinus Roris --50 00 +56 00 
45. Near Sinus Roris --41 30 +52 00 
46. Jura Mountains --37 00 +47 00 
47. Aristarchus --47 30 -/23 00 
48. Aristarchus' Peak --49 30 -/24 00 
49. Wood's region --51 30 -/26 30 
50. Wood's region --50 30 -/26 30 
51. OceanusProcellarum --48 00 -/15 30 
52. OceanusProcellarum - 49 00 -/12 00 
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Table III (Continued) 

No. of Name of the region Longitude Latitude 
region 

53. Oceanus Procellarum near Reiner --59°00" +07°00 , 
54. Kepler --38 30 +08 30 
55. Kepler's ray system --37 30 +07 30 
56. Kepler's ray system --38 30 -t-06 30 
57. Kepler's raysystem --36 45 -t-09 00 
58. Kepler's ray system --40 30 ÷ 11 00 
59. Grimaldi --68 30 --07 00 
60. Copernicus --20 30 +10 30 
61. Copernicus environs --23 00 --09 30 
62. Carpathians --21 00 +14 00 
63. Bright limb --63 00 +40 30 
64. Bright limb near Wood's region --63 00 +23 15 
65. Bright limb to the west --69 00 +07 00 
66. Bright limb near Grimaldi --78 00 --07 45 
67. Bright limb west of Mare Humorum - 6 6  00 --25 30 
68. Bright limb near Schickard - 6 4  00 - 4 3  00 
69. Bright limb south of Schiller --52 00 --59 00 
70. MareHumorum --36 00 --22 30 
71. Gassendi --39 00 - 1 8  00 
72. Bullialdus --22 30 --21 15 
73. MareNubium - 17 30 --17 30 
74. Circular notch in ther ray between Mare Nubium and 

Oceanus Procellarum 30 30 -- 17 00 
75. Mare Nubium west of Straight wall - 12 00 --22 00 
76. Boundary ray between Mare Nubium and Oceanus 

Procellarum - 2 5  00 --15 00 
77. Alphonsus, south --04 00 -- 15 00 
78. Alphonsus, north --03 30 -- 13 30 
79. Ptolemaeus --02 00 --08 30 
80. Fra Mauro --17 15 06 30 
81. Oceanus Procellarum near Riphaeus --27 30 --05 00 
82. Boundary Oceanus Procellarum -- 24 30 -- 12 00 
83. Albategnius +05 00 --12 00 
84. Sinus Aestuum --04 00 +12 00 
85. Sinus Aestuum South Apennines --07 30 +15 00 
86. Manilius in Mare Vaporum ÷09 00 + 14 30 
87. Mare Vaporum +06 00 ÷ 14 00 
88. Tycho -- 12 00 --44 00 
89. Tycho, south rim -- 12 00 --45 00 
90. South bright limb - 2 6  30 --72 00 
91. Highlands near Mare Nubium --07 00 --32 00 
92. Lexell --04 00 --36 30 
93. Southern Highland +05 00 --38 00 
94. St6fler +05 30 --42 00 
95. Southern Highland +08 30 --38 00 
96. Gemma Frisius +13 00 --34 00 
97. Wilkins +20 00 --29 30 
98. Zagut ÷23 00 --33 00 
99. Southern Highlands near Zagut +24 00 --31 30 

100. Southern Highlands ÷23 30 --46 00 
101. Southern Highlands +25 00 --51 00 
102. Highlands south of Mare Nectaris ÷29 30 --28 00 
1 0 3 .  Piccolomini ÷32 00 --29 00 
104. Centre of Plato --09 00 +52 30 
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defined as the radiation from a particular projected area of the lunar surface corre- 
sponds to a solid angle 1.474 × 10 -6 square degree. 

The photometric measurements of  the lunar regions have been observed over a 
long period of lunation and can be affected by libration of the Moon both in longitude 
and latitude. The present results are corrected for the mean libration in longitude 

using Peacock's method (1968). 
The method is based on using the curves published by Minnaert (1961) for the 

distribution of the radiance along the equator for different phase angles. Along the 

USAF LUNAR REFERENCE MOSAIC 

SCALE 1:10.000.000 
ORTHOGRAPHIC PROJECTION 

LEM-1A 
LUNAR EARTHSIDE HEMISPHERE 

3RD EDITION JULY 1967 

Fig. 1. The observed regions marked on the lunar map. 
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equator, the angle of reflection is equivalent to the longitude. The isophotes show 
approximate meridians and the distribution of intensity is taken as applying to any 
line of latitude and reading angle of reflection as longitude. For certain phase angle, 
the libration in longitude can vary the distance of any detail from the terminator and 
produce a range of possible brightness. Thus, the gradient of the distribution of the 
intensity of the requisite phase will give the expected intensity change per degree of 
libartion. Thus the correction L to mean libration is equal LoG(~o/~ ), where L o is 
the selenographic longitude of the Earth corrected for topocentric values, G is 
the gradient at the requisite longitude and phase angle and ~o/~ is the ratio of the 
observed radiance to the radiance obtained from the intensities distribution at the 
same phase angle and longitude of the region. 

t .  0 "L= q° ' 

0.8 

0.2, 

I I l I ! I 1 I I 

-go -L/0 o 40 80 

Fig. 2. Distribution of radiance along the equator. 

The present data are reduced to the mean libration by applying the previously 
mentioned method but using the modern curves for the distribution of the radiance 
along the equator for difference phase angles, as given by Morozhenko and Yano- 
vitsky (1971), Figure 2, on the basis of the data by Gehrels et al. (1964). For the ob- 
servation carried out before and after full Moon, the same curves of distribution are 
used. Before full Moon, the brightest regions of the lunar surface will be at positive 
longitudes and will have higher radiances. After full Moon, the brightest regions of 
the lunar surface will be at negative longitudes but will possess higher radiances. 
The correction to mean libration may be positive or negative. For negative phase 
angles a positive libration moves a lunar feature into a position of diminishing inten- 
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sity. Thus a correction of intensity to mean libration will have positive value. A nega- 
tive libration requires negative value. 

In addition, the data have been normalized using the same method mentioned by 
Gehrels et al. (1964). The correction to the mean Earth-Sun distance is applied by 
taking the distance R of the Sun to the Earth in astronomical units as it is published 
in the Nautical Almanac. The small corrections for the position of the Moon with 
respect to the Earth can be ignored. To correct for the light scattered into the lunar 
aureole, mainly by the Earth's atmosphere, the values given by previous workers are 
used. Gehrels et al. (1964) used the analysis of scattered sunlight which have been 
made by Pierce (1954); they have made several measurements of the lunar aureole 
and published a table for the scattered light at various distances from the centre of 
the lunar disk. The correction values given by Gehrels et al. (1964) for the 82" re- 
flector of McDonald Observatory at Cassegrain focus of the scale 7"4 mm -~ is used 
in the present correction for the observations of the 74" reflector of the Kottamia 
Observatory at the Cassegrain focus of scale 6"17 mm -~. Actually, the relative in- 
tensity of the aureole differs by different telescope but the differences are small as 
shown in the table given by Gehrels et al. (1964). 

The corrections for the mean libration in longitude L are given in Tables IVa and IVb 
while both the corrections for the mean Earth-Sun distance and that of the scattered 
light are included in the corrected intensity I(c) given for each wavelength. In view of 
any possible correction that may be proposed in future, the arbitrary magnitudes at 
each wavelength referred to the same scale corrected only for dark current and extinc- 
tion are tabulated in separate columns. The first six columns of Table IVa list, re- 
spectively, the regions, date of observations, Greenwich mean time, phase angle of 
incidence and angle of reflection. The following three columns list for each of the 
wavelengths 5538 A and 4035 A, the magnitudes rn corrected for dark current and 
extinction, the correction L for mean libration in longitude, and the intensity I ( c )  

including all the previous mentioned corrections. Table IVb lists for the first four 
columns observed regions, dates of observation, Greenwich mean time and phase 
angles. Each of the following three columns lists for the wavelengths 4765, 6692 and 
7922 respectively, the magnitudes of observations rn corrected for background and 
extinction, the correction L for mean libration in longitude and the intensity I(c) 
corrected for all the previous mentioned corrections. The last column of Table IVb 
lists Lo, the selenographic longitude of the Earth corrected for the topocentric values. 
Due to the small differences in the observational time between Table IVa and Table 
IVb, the values of the angles of incidence and reflection of Table IVa, can be used for 
the measurements of Table IVb. 

At each wavelength, the arbitrary intensity values I(c) of Tables IVa and IVb can 
be converted into absolute units by multiplying each value of intensity by the corre- 
sponding brightness units given before in Table II, in ergs cm -2 s -1 A -1 for a region 
of 4':936 apparent diameter on the Moon (at 1 AU from the Sun). The date and time 
of observations are given in the data for any possible dependence of the brightness or 
the colour on the solar activities. 
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The phase angles are computed for the time of observations using the formula 

cosa = sinB 0 sinB e + cosB o cosB o sin(C o + Lo) , 

where a is the phase angle, B o and Lo are the selenographic latitude and longitude of 
the Earth corrected for topocentric values as explained by Kopal  (1962), C G is the 
complement of  the Sun's selenographic longitude and B G is the Sun's selenographic 
latitude. The phase angles are positive after full Moon and negative before. 

The angles of incidence and reflections are computed from the equations 

cosi = sinB o sinBp + cosB@ cosBp cos()~ + 2o) , 

c o s s =  sinBo sinBp + cosB o cosB b cos (2p + Lo) , 

where i and e are the angles of incidence and reflections, 2 o is selenographic longitude 
of the Sun and Bp and 2p are selenographic latitudes and longitudes of the observed 
point p on the surface of the Moon. 

2.4. ERRORS 

The errors affecting our observations can stem from a variety of  sources. On few 
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nights, the atmospheric conditions have been far from ideal. However, the extinction 
coefficients detected from two different stars observed on many nights of  observations 
showed an error of  +0?01. An error is expected in the detected values of  the stars 
magnitudes at zero atmosphere. Some lunar regions are actually found to be rather 
nonuniform. This causes an additional scatter in the measurements. This lack of 
uniformity of  lunar regions occurs especially in the region of Aristarchus. In fact, 
some fluctuations may be ascribed to the macrostructure, of  the observed region, 
inclination of its ground, luminescence or variation in the solar activities. Some of the 
regions lack distinct landmarks to re-set on each night and each observing period - 
such as Grimaldi. Errors become more important  when comparison from night to 
night have to be made. The probable error may vary from one wavelength to an 
other. As the observations are carried out over a long period of time, and for above - 
mentioned reasons, the probable error of  each point may have risen to almost +0."035. 

Apart  f rom minor irregularities, the intensity measurements are ideal for the series 
of  measurements in December and May. All the present data can be investigated for 
colour differences of  lunar surface. As the error of  the colour index of each point of  

observation is almost that of the standard region when observed under the same ob- 
serving conditions, the error for the colour differences investigation from that of  the 

standard region will not exceed one per cent. 
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3. Comparison with Previous Investigations 

Variations of intensities of  lunar features with phase angles are given in Tables IVa 
and IVb (see pp. 163-195) for the specific narrow band filters. The intensities at the 
waVelength 5538 ~ have been plotted in Figures 3-15. The observations are mostly 
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well distributed over phase angles between - 4 3  ° and + 86 °. They show the shape of 
the change and in particularly near full Moon. Some of the points show an amount of  
scatter about the mean. However, the mean light curves are sufficient to show the 
nature of the change. Similar curves can be obtained at different wavelengths for 
possible investigation. 

Obviously, the behaviour of  the light curves varies from region to region and de- 
pends on the phase range. The phase factors differ from region to region and the 
smaller values of  phase factors are mostly detected for region of low albedos. 

The opposition effect which is the steep increase in the brightness near full Moon 
detected by Gehrels et al. (1964), appears also in the present representation and for all 
wavelengths. The two bright craters - centre of Tycho and Aristarchus peak - show 
the steepest rise towards full Moon. The opposition effect shows up at different phase 
angles and mostly in the range of 10 ° on both sides of full Moon. 

All the features reach their maximum intensity at full Moon. This is contrary to 
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what was detected for some regions by Fedoretz (1952). However, Gehrels et al. (1964) 
as well as Van Diggelen (1965) have not confirmed Fedoretz finding. 

Asymmetry in the light curves are often detected. Regions to the east like Mare 
Crisium show increase to full Moon after which the brightness fall rapidly from its 
maximum. This is reversed for the details to the west. Lunar details near the centre 
of the disk-l ike Archimedes -gives more symmetrical variation along zero phase. This 
asymmetry has been detected also by previous workers. The reason for the asymme- 
tric light curves before and after the effect is clearly due to the conditions obtaining 
on the lunar grounds. The angles of incidence and reflections as well as the longitude 
of the regions play the great role in the behaviour of the light curves. According to the 
symmetry principle (Minnaert, 1961), two points symmetric with respect to the central 
meridian will have the same radiance if measured at phases symmetric with respect to 
full Moon, but their light curves will of course show opposite symmetries. 

or 
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Fig. 1 l. Intensity-phase curve for Kepler's ray system. 
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The arbitrary magnitudes of the ligt curves of the present data are compared with 
the photoelectric data of Gehrels e~ al. (1964). The comparison has been made for the 
light curves of centre of Plato and centre of Tycho. As can be seen on Figure 16, the 
two investigations are in good agreement for most phase angles. However, the ab- 
solute comparison between the two data are different. The reason is not clear. Gehrels 
et al. (1964) estimated 100~ increase in the radiance as phase angle decreases from 
5 ° to 0 °. 

The radiance factors at zero phase obtained by Gehrels et al. (1964) are quite high. 
They determined two radiance factors at zero phase for their two periods of observa- 
tions. The values obtained by them for centre of Plato are 0.138 for the period of 
1956/57 and 0.106 for the period of 1963/64. The absolute transformation of the 
present data gives radiance factor for the centre of Plato equals 0.071 at 2=  5538 A. 
The present value is comparable with that of Orlova (1954) which determine a radiance 
factor equals 0.076. Again the results of Sytinskaya (1953) and that of Fedoretz (1952) 
give for centre of plato radiance factor of 0.068 and 0.072, repectively. As stated by 
Hapke (1971), the quantitative agreement with different investigators are reasonable 
except for the values given by Gehrels et al. (1964) and van Diggelen (1965). 

The present data shows an increase in the radiance from five to zero degree phase 
angle according to the wavelength of the measurements. For the wavelength 4765 A, 
it gives an increase of 17~ for the centre of Tycho, 31~ for Aristarchus peak, 33~ 
for Copernicus north, 33~ for centre of Plato and 37}/0 for Archimedes. The other 
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regions show higher values. Mare Tranquillitatis gives 40~ Mare Crisium 41~, Le 
Monnier 41~, Aristarchus 46~o, Kepler 47~o, Mare Sevenitatis 47~, Grimaldi 51~ 
and Kepler's ray system 52~. These previous values are comparable with what ob- 
tained from the investigation of Pohn et al. (1969) for the photographs of Apollo 8. 
Without giving a particular location on lunar grounds, Pohn et al. (1969) detected an 
increase in the radiance from five to zero degree phase equals 44~. The variations in 
the gradient of the intensity of lunar grounds from 5 ° to zero phase are expected due 
to porosity of lunar grounds which varies from region to other. 

Few results are obtained previously from the present data. The eighteen lunar re- 
gions measured frequently at different phase are investigated for the colour indices 
variation with phase (Mikhail, 1968, 1970). The results proved to be comparable with 
previous investigators and more complete. Again the reddening factors obtained by 
Lane and Irvine (1972), for the lunar disk showed to be consistent with the results 
obtained from the present data. 
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4. Conclusions 

Data attempted to constitute one of the most comprehensive photoelectric sets of mea- 
surements available up to the present. They have been given in the form of absolute 
intensity measurements at different wavelengths in order to provide the first direct 
evidence for a wavelength dependence of selected grounds of lunar surface on phase. 

The instantaneous photoelectric measurements obtained by a three-beam photo- 
electric photometer provided highly accurate results. The reproducibility of a part of 
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these da ta  showed that  an expected error  of  less than  two per  cent magni tude  can 

easily be ob ta ined  for  the invest igat ion of  co lour  indices var ia t ion  with phase (Mik-  

hail,  1968, 1970). 

The colour  differences f rom a s t andard  region measured  under  the same observa- 

t ional  condi t ions  are subject  to errors  of  less than  one percent.  This high accuracy is 

necessary to establ ish in view of  the small  na ture  o f  the colour  differences. A sub- 

s tant ia l  da t a  of  the colour  differences of  lunar  g rounds  are much needed to explain  

the physical  na ture  of  different types of  the lunar  ground.  I t  is interest ing to s tudy 

the spectral  gradient  o f  lunar  regions that  character ize  the reflection proper t ies  of  the 

M o o n  as well as for morpho log ica l  studies. Fur the r  s tudy is clearly required for  the 

es t imat ion of  the oppos i t ion  effect as well as o ther  possible  investigations.  
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