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Discussion on Some Key Physical and Technical Problems
About Lunar Laser Ranging

Rao Ruizhong”
Key Laboratory of Atmospheric Optics, Anhui Institute of Optics and Fine Mechanics,
Chinese Academy of Sciences, Hefei, Anhui 230031

Abstract Based on published literatures about lunar laser ranging with three retro-reflectors landed on the Moon by
the astronauts of Apollo 11, 14, and 15 missions in 1969—1972 and the two retro-reflectors landed on the Soviet
roving vehicles in 1970-—1971, some related physical and technical problems in lunar laser ranging are analyzed and
discussed. These problems include: 1) the direction of the retro-reflector array and the accurate determination of its
position on the lunar surface; 2) the identification of laser echo signals from the retro-reflector; 3) the intensity of
receiving signals and the signal-to-noise ratio; 4) the precision of the lunar laser ranging results; 5) the difficulty of
ranging in the full moon period; 6) the effect of the Earth's atmosphere on lunar laser ranging and its precision.
Some key technical details in the ranging loop have not been given in the published literature. There is a lack of di-
rect physical evidences for the identification of signals as the laser back from retro-reflectors. The further analysis
on the relationship between the lunar ranging precision claimed and the laser characteristics is needed.

Key words measurement; lunar laser ranging; retro-reflector; signal-to-noise ratio; Poisson probability distribu-
tion; measurement accuracy
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Fig. 1 Retro-reflectors landed on the Moon by Apollo 15
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Fig. 2 Positions of three Apollo retro-reflectors (All, Al4, and Al15) and two Lunakhod retro-reflectors (L1 and 1.2) on

surface of the Moon
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Fig. 4 LLR residual data of Apollo 1502
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Table 1 Earliest LLR data measured by Lick observatory™
Total counts Time for Time of
No. of Channel )
Run Channel middle first
shots width, ps
1 2 3 4 5 6 7 8 9 10 11 12 of run channel” ps
10 12 8 16 18 12 14 10 17 13 *27 12 12 20 10.21 2.0 —20
11 12 12 12 11 11 6 13 11 14 "26 10 14 14 10:32 2.0 —20
12 (o (o (© @ @ @ © @ © © © © 16 — 2.0 —10
13 13 8 8 12 7 "18 11 5 6 7 8 12 13 11:04 2.0 —10
14 (o (o (© @ @ @ © @ © © © © 6 — 1.0 —10
15 1 3 3 5 1 b17 6 8 10 5 6 8 18 11:23 1.0 —5
16 1 1 2 2 "6 3 3 1 2 1 3 2 10 11:36 0.5 —1
17 6 3 4 2 "1 t9 2 7 2 4 2 5 16 11:45 0.5 —1
18 3 1 3 5 3 "19 3 3 4 1 0 4 22 12.03 0.5 —1
‘19 3 3 3 10 4 3 5 2 5 5 8 5 22 12:19 0.5 —1
20 2 1 1 0 3 4 b6 2 4 2 2 4 10 12.23 0.5 —1
21 5 2 2 3 2 1 21 11 3 4 5 2 22 12:45 0.5 —1
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Fig. 7 Sequence distributions of APOLLO lunar laser ranging data on March 23, 2010. (a) Reference signal reflected by
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