
MOON LITERATURE PROJECT 

MLP# 7 +-- left, (J 
lUN~R SCIENCE INSTITUTE LIBRARY 

THE UNIVERSITY OF TEXAS ATTl tls TYN 

ANNUAL REPORT OF THE MCDONALD OBSERVATORY 
LUNAR LASER RANGING PROJECT* 

for the period 
1 Sept. 1973 - August 31, 1974 

by 
~E. C . Silverberg 

The University of Texas, McDonald Observatory 
Fort Davis, Texas 

October 1974 
University of Texas 

Research Memoranda in Astronomy #74-008 

DEPARTMENT OF· ASTRONOMY 

and 

McDONALD OBSERVATORY 

Austin, Texas 78712 

LIBRARY 
LUNAR SCIENCE INSTITUTE 1- . 
HOUSTO~!' TEXAS 77058 , ---.... 



• 

• 

ANNUAL REPORT OF THE MCDONALD OBSERVATORY 
LUNAR LASER RANGING PROJECT* 

for the period 
1 Sept. 1973 - August 31, 1974 

by 
E.C. Silverberg 

The University of Texas, McDonald Observatory 
Fort Davis, Texas 

October 1974 
University of Texas 

Research Memoranda in Astronomy #74-008 

* This research is supported by NASA Grant NGR-44-012-165 



• 
Annual Report for the McDonald Lunar Laser Ranging Project 

for the Fiscal Year 1974 

Introduction: The following is a report on the operations 

of the McDonald Observatory Lunar Laser Ranging Project for 

the period 1 September, 1973 to 31 August, 1974. This re

search is supported by NASA Grant NGR-44-012-165. The experi

ment began in the summer of 1969 with the deployment of the 

first of three retroref1ectors on the lunar surface by the 

Apollo astronauts. These retroref1ectors provide a greatly 

enhanced return of short laser pulses from ground based ob

servatories, and permit measuring the lunar distance with an 

uncertainty of only a few centimeters. The accurate lunar 

range data will contribute greatly to our knowledge of the 

moon's orbit, its internal structure, and se1enodesy. They 

also contain the signatures of various aspects of the Earth's 

rotation, continental drift, general relativity, and many 

other diverse parameters. 

Since the summer of 1969 over 1500 lunar ranges have 

been measured at the McDonald station, varying in accuracy 

from ~ 30 centimeters, for the early data, to better than 6 

centimeters for some of those ranges in the summer in 1974. 

In addition to the daily measurements,the McDonald station 

has also conducted a continuing research effort to improve 
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the accuracy and consistency with which the data is taken. 

In this report we will review both the operational as well 

as research activities which occurred during the last 

fiscal year, the fifth year of regular operation. We will 

close the report with an assessment of our current status 

and the immediate plans for fiscal 1975. 
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Summary of Operations: For most of the fiscal year McDonald 

operations were conducted on a thrice per day schedule. This 

normally involved short laser runs three hours before, after, 

and near lunar meridian crossing~ The laser crew switched 

to two longer laser runs per night when the moon was either 

below declination -23 degrees, or in the event of unreconcil

able conflict with the primary observer. Ranging took place 

in about 21 days in each lunar month, necessitating on 

occasion. a twice daily changing of the telescope secondary 

assembly to permit cassegrain observing. A more detailed 

day to day log of the operations is available in the form 

of the regularly published quarterly reports. 

During FY 74 the experiment was able to obtain 443 

lunar range measurements. Table 1 summarizes the activities 

of the year which lead to those data. The number of measure

ments compares favorably with that obtained in previous years, 

surpassing the totals of 432 and 339 for FY72 and 73 re

spectively. The number of measurements was due primarily 

to the very fine weather which maintained for most of the 

year. As can be seen from Table 1, we were able to use 467 

out of the 753 scheduled laser runs. This is about 100 more 

laser runs than in use -during the previous fiscal year. Since 

we had 31 cancellations due to equipment problems, it indi

cates that 66% of the scheduled laser runs had acceptable 



TABLE I 

SUMMARY OF THE OPERATIONS FOR FY74 

Laser Runs Laser Runs Number of Number of Number of Number ·of 
Scheduled Used Attempts Ranges Laser Shots Returns 

100/0* 83/0 (83%) 21063 628 

753 467 
105/2 82/2 (78%) 21394 735 

(66% good 311/3 255/3 (82%) 69755 2814 
weather) 

37/4 23/4 (62%) 9778 201 

all corners 553 443 (80% ) 121,987+ 4378 

+275 laser shots/acquisition 

*/0 refers to the Apollo 11 retroref1ector in the Sea of Tranquility 
/2 refers to the Apollo 14 retroref1ector near Fra Mauro 
/3 refers to the Apollo 15 retroref1ector near Hadley Rill 
/4 refers to the Luna 21 retroref1ector in the crater Le Monnier 

( 1 per 3·3 shots) 

(1 per 29 shots) 

(1 per 24 shots) 

(1 per 49 shots) 

(1 per 28 shots) 
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weather, i.e.: the transparency exceeded 80%; the seeing 

was less than 5 arc seconds; and the contrast was suitable 

for guiding on the lunar surface. This is excellent weather 

statistics for our site, and reflects the nine month drought 

which was prevalent throughout the region. The best 

lunation, December, produced 69 observations, a mark which 

is unmatched in the five years of operation. 

In light of these excellent observing conditions, the 

number of range measurements should have been much higher. 

Had the average signal been as high as in FY72, for instance, 

we would have expected at least a hundred more acquisitions 

for that number of observations and the amount of laser firing. 

We were prevented from obtaining this goal by four poor 

lunations between February and May which were troubled by 

numerous equipment problems. Breakdowns in both the timing 

electronics and in the laser caused considerable loss of 

data, and resulted in other runs which were of poorer quality 

than they might otherwise have been. The most troublesome 

of the equipment failures, the transmission of a long laser 

pulse by the ruby laser, was with us for nearly three lunations 

before we were able to diagnose the problem. A general 

pattern thus developed that it was necessary to fire a higher 

number of shots in order to obtain the necessary data. Al

though the success rate remained reasonably good, the average 
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signal decreased and the experiment had less time with 

which to range the smaller reflectors. The result was few 

acquisitions on Apollo 11 and 14 during the spring lunations. 

One of the better aspects of the year was our ability 

to acquire the Luna 21 corner reflector almost at will during 

the unilluminated portions of the month. This corner had 

previously been thought covered with dust so as to make it 

unusable. A tip from the Soviets that ranging had been 

accomplished at the Crimean Observatory reinitiated our 

program on this reflector. We anticipate that the availa

bility of the French corner reflector will prove quite 

valuable during near moon observations anticipated for the 

next fiscal year. 

As a result of the west Texas drought, the summer 

months were unusually productive. Not only did we lose 

few observations to cloud cover, or high water vapor content, 

but we were able to take advantage of a laser improvement 

to reach the highest accuracy ranging we have had to date, 

approximately 6 cm. In all, we were relatively satisfied 

with a fiscal year that could have been better, but still 

produced more and better quality range observations than 

any previous year of operation. 
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Personnel and Travel: From 10 October, 1973 to 1 June, 1974 

the principal investigator relocated to Maui, Hawaii to help 

with the construction of the Hawaiian Lunar Laser Ranging 

Station. During his stay he helped the Hawaii personnel de

velop software for pointing their two alt-az instruments and 

setup the electronic timing equipment. In his absence, 

E. Barker assumed the role of operations supervisor at McDonald 

Observatory. Upon Silverberg's return Barker reassumed his 

position with the NASA-~ponsored planetary program. 

Other personnel with the Lunar Laser Project remained 

basically the same. J. Wiant, an electronic engineer, carries 

the bulk of the load for new equipment construction and 

software development. W. Williams, laser operator, R. Gonzales, 

electronic technician, and T. Carrillo, night assistant make 

the thrice daily observing runs with the help of the regular 

telescope operator. In addition the project has continued 

to receive strong assistance from the regular observatory 

personnel, particularly programmer Fred Hudson, for additional 

research assistance. 

Aside from the Maui relocation, travel was limited to 

the usual appearances at the Quarterly Team meetings. Silverberg 

also delivered one paper at a symposium on Exterrestrial Geodesy 

and made one trip to Washington, D. C. to discuss the status 
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of the transportable'lunar laser station proposal. 

Research and Development: In view of the assistance given 

to the Maui Laser Station, as well as the operational diffi

culties during the spring of 1974, McDonald personnel kept 

the research and development to a minimum during the last 

fiscal year. The primary motive behind development efforts 

was to achieve the background necessary to modify the system 

to 3 cm capability, sometime in fiscal '75. This goal was 

pursued on two fronts. One of these efforts lowered the 

single shot uncertainty by shortening the laser pulse width. 

We also ordered new timing electronics for installation next 

winter. The laser modifications, which were pursued during 

new moon periods throughout the year, were particularly 

successful. We were able to nearly double our accuracy by 

the results of this effort. Unfortunately, some of the 

modifications were, in fact, responsible for the poor oper

ation during the spring months of the year. We feel, however, 

that short period of uncertainty will be more than compensated 

by the increased accuracy during the years ahead. 

The second area in which we are trying to make progress 

is to jncrease our signal level. This is being attacked 

through the development of better guiding techniques for the 

2.7 meter reflector. The positioning of the telescope now 

seems good. We are able to make quite lengthy computer driven 
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offsets and acquire the corner reflectors near the new 

moon period. What we require is a means by which to 

keep the telescope tracking exactly at the corner re

flector sites during slight rate errors, wind loading, 

and varible flexure patterns. We hope to moniter a silicon

diode camera by means of the Varian computer and then use 

software to correct the telescope positioning. This concept 

was tested during the last fiscal year and seemed to work 

very well. We await the arrival of the new timing elec

tronics such that we can implement both improvements at one 

time and prevent two major dislocations in the operation. 

The only other significant development effort during 

the last fiscal year was the construction of a Hawaii de

tector package. McDonald has a definite interest in having 

the operation of the Maui station begin as soon as possible 

and attempted to serve this goal with the detector package 

construction. We have attempted to lend assistance 

whereever possible during the last couple of years of the 

Maui station construction. These contacts have been well 

rewarded by the experience gained with their new types of 

equipment. The experience was put to particularly good use 

during the lengthy design of a transportable lunar laser 

ranging station, a task which occupied the principal investi-
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gator during July and August of '74. (A proposal for the 

transportable station has recently been submitted to NASA 

for consideration.) 

Current Status and Future Plans: At present, the operation 

of the McDonald laser project is running fairly smoothly. 

We have reasonable acquisition rates (greater than 30 per 

month) and range accuracies as high as 6 cm. We appear to 

have former pointing problems well under control, and have 

no major equipment difficulties. The only area which is 

currently troublesome is near new moon, where the contrast 

on the daytime lunar image still gives considerable diffi

culty. Since we are reasonably satisfied with the status 

quo, our goal for the next fiscal year is to gradually 

upgrade the system to 3 cm capability without causing any 

large dislocations in the data rate. We now schedule the 

first upgrade period for December 1974, in the form of an 

extended break around new moon. We are hopeful that the 

rest of the changeover can be accomplished in ap additional 

extended break sometime about February or March of '75. 

Since we expect this to be the last major equipment modi

fication at McDonald for some time it is imperative that the 

construction be meticulous rather than expedient. Fortunately, 

the current data rates and accuracy do not dictate the latter. 

We hope to reach an upgraded McDonald laser system about the 
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same time as the startup of the Maui station; thus, turning 

two, 3 cm lunar laser ranging stations to the task of 

Earth orientation and continental drift measurements. 




