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Lunar Laser Ranging

Laser Ranges between observatories on the
Earth and retroreflectors on the Moon started by
Apollo in 1969 and continue to the present

4 reflectors are ranged:
Apollo 11, 14 & 15 sites
Lunakhod 2 Rover

. LLR attained the
accuracy of less
than 3cm with
observations for
longer than 25
years.
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Appendix B. Measurement Residual Plots
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Figure B-1: Lunar laser ranging residuals.

(Folkner et al., 2008 memo IOM )

2010




AL—Y—HIE TR

- RREE (DER1%E) DEE- ANEEEHTE (JPL)
*Eﬁum*ﬁnﬁ

« AEMOEHA. FHEDM L ($10cm—1cm)
o AlSthmANRE] L21(E#%
. iﬁ}igﬁ*ﬁwﬁﬁg’;ﬁ(Lﬂ dustif:li?ﬂ%ﬁ??) (1. Williams,

. 7/ \'ﬁ-h»f/hs SmTERIRLE (2005~) . BREFEE (
BE I+

« FHOHE TMcDonaldBHVEREH T . APO+OCAD
FIZ (. Williams F41E)

SELENE-2 LLRO#FHLWLE

1. Apollo,Lunokhod /M 5iE L il s IZERE

Z.ﬁ%ﬁiﬁ—ﬁkTé;&E$Uﬂﬁ®%
FBEL

3. EAICLLRATgEGH E/ZERE

(AT A TYTI DI HHEERE
*ﬁ‘ﬁ?%ﬁ’éﬁb‘fiﬂﬂﬁﬁ*ﬁfilﬂi

e

MERBOHRE-ZFE KT
[O

At (206) = —1.0+1.6
At (365) = 4.1+1.8
At (1095) = —26.7+5.9

#E (E#R) AElmas]

Alo (27.6) = 7.5+1.0
Alo (cnst) —264+5.0

#BEA M [mas]

DEEEIR (A1 E) MO REL T
B i) E— Bk YRIEREER L

A153h 55 0D2000kmEg (45°S)
Imas = lem ({REEHFERHDED) ®

REHROBEIRR .
CCRODTLA1EIZLD /N LRIEAY

fEFLITLAEDYE—

-
N

E@mJE—>
ﬁ?Au B—CCRMNSDYE— ‘
VERTEX . FEIE/NLR
! E@mU2—Y

[ 7lx»ﬂtCCRtﬁ—CCRa)IEEJSJ:U#\%L)\EM)%‘S
DYVE—2 L ADEE (A A—E)

RS R DIREHK
oo _rmzalia ____xa ____sx |

JYX L Apolloit E#EHNHZ, AOBBI<&8RE
TLAE  EIEA. BAWTAto-GOREA  HABIFDNALL,
H5, TLAE#HHIEZD

CHE mHENEK

TYXL - REIRIVAMEN AN B EAIS J:"Jﬁ#*
—=AO# S BIFEFEREATERLY

B—ER —ETLRLEEDTLA 'Ti?bfj(i'd%f%m\

2 FYYE—UHKEL, HWELORR,

fhZe—K ADEOS— [ELICHZT.SHICEE Rk,
OFE— RIS(A *tRETRE BT,
EZRE &) AESETEENHD.

Ny E

GTVRTFLER(E) .
MCCS:Mission Control Computer Sub-system

" arn. AT LAY
SMCS: Structure MeChanical Sub-system pegieey 971—7\
PDS: Power Distribution Sub-system —
TECS: Thermal Control Sub-system
ESS: Earth Sensor Sub-system
BCS: BeaCon Sub-system T=EFal—%
LLRU: LLR Unit
LTSS: Level and Tilt Sensor Sub-system

E—ar
L p Rt

SYSTE M

cMD/
TELEMETRY

YoEaL—RIZ&BHRBERETH




MR M EREESITHHN

B

1. EEXRE

2. RKIESE N

3. KYREVWEESE

4. 5L—YHAH

5.4V758F

6. FFERA KLY BN (BEFR AL Bk, AI1RAER)

DY FLFLEBIB A BEE S (APO+OCA)

BIER/\TAZ

Jaj Lini i R — A RS A PN S
HEEm [m] JE A [Hzl
McDonald (k) [0.76 1500md 200ps 532 Nd:YAG 10Hz MCP
2006m
OCA (1) 15 200mJ | 300ps 532 NA'YAG 10Hz | APD
1323m
APOLLO (k) 3.5 115md <100ps 532 Nd:YAG 20Hz APD array
2788m
Matera ({J}) 1.5
536.9m
Wettzell (1) 6 |0.75 180mdJ 50ps 532 Nd:YAG APD, MCP
65m Appendix .\ Residual Plgts 10Hz
MeDonald /2
McDonald / Mt Fowlkes  + Maier

100

Z 500

000

500 £

100
1970 1980 1990 2000 2010
Figure B-1: Lunar laser ranging residuals.
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Results of the Compensated Earth—-Moon—-Earth
Retroreflector Laser Link (CEMERLL)
Experiment

K. E. Wilson
Communications Systems and Research Section

P.R. Leatherman, R. Cleis, J. Spinhime, and R. Q. Fugate
Air Force Laboratory, Kirtland Air Force Base, New Mexico

Adaptive optics techniques can be used to realize a robust low bit-error-rate link
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