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ABSTRACT 

About seventy-five lunar range measurements were obtained. 

during the quarter from 16 Novenber 1971 to 15 February 1972. 

Following the successful installation of the feedback calibration 

system most of the range measurements had an accuracy to + 15 cm. 
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I. DATA ACQUISITION ACTIVITIES 

A) The Observing Log 

The three lunations between Novenb er 16, 1971 and February 

15, 1972 were about average as measured by the number of success

ful range measurEments.. Operations on the thric e daily schedule 

obtained 19 acquisitions in each of the first two lunations and 

about 27 acquisitions during the last. The ratio of succ essful 

range measurenents versus the number of runs tried dropped off to 

about 60% as opposed to 72% in the previous report. Thus, although 

we fired almost an equal nlUTIber of shots, the nlUTIber of acquisi

tions is down somewhat from the previous quarter. As usual, the 

day by day operating schedule can be followed with the aid of the 

observing log which is included as Appendix I. 

The lower number of acquisitions as well as the lower success 

rates can be attributed to known factors of weather and equipment 

problems. Scans through the log sheets will show nlUTIerous laser 

runs taken through light cirrus clouds or substandard. seeing con

ditions. An unusually poor climate prevailed throughout the last 

half of the January-February lunation nearly eliminating ranging 

completely. The accompanying equipment problems were of two sorts. 

The first was an unusually large nlUTIber of laser repairs. ~ee 

Section 2C). The loss of a laser flash lamp, for instance, sorely 

presses the laser crew to effect the repair and realign the systen 

before the next run. Undoubtedly, this repair lowers the efficien

cy of the next ranging effort. In ad.dition, the JPL pred.iction 
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ephemeris was changed (quite coincidentally) during the same week 

that a new calibration system was installed (See Section 3A). The 

new calibration system required that the range gate be kept smaller 

than usual such that choosing the predicted range gate was much 

more critical than before. That change coupled with the use of an 

unfamiliar ephemeris caused the loss of several range measurements 

until the patterns of the range residuals became clear some four 

to six weeks later. 

While the number of acquisitions may have left something to 

be desired, the quality of the range measurements was far better 

than any previous data taking by this ranging station. The im

provement of the new calibration system progressed as scheduled 

such that on 1 December we were able to install an automatic, sub

nanosecond calibration system to the ranging equipment. The re

sult has been system monitering at the subnanosecond level and 

range measurements for the rest of the quarter consistently below 

+ 15 centimeters uncertainty. Section 3A will outline the equip

ment changes which brought about this improvement. The successful 

initiation of subnanosecond ranging was certainly the most signi

ficant step taken at the McDonald Ranging Station during the last 

calendar year. 
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B) Data Reduction Information 

The measurement of all clock and environmental parameters re

mains the same as during the last quarter with two exceptions: 

the laser pulse length and the timekeeping system. The pulse 

width measurement is now done simultaneously with the lunar ranging 

as a sidelight of the new calibration systan. Already it has been 

apparent that the laser pulse length varies appreciably from run 

to run including some pulse structure in the form of narrow spikes. 

No patterns have yet been discovered which allow us to reproduce 

certain pulse structures at will. It is certain, however, that 

the exact pulse shape must be included in the data reduction if we 

are ever to reap the maximum gains from the data set. How and 

where this should be done has not been decided. In anticipation 

that such a decision is forthcoming, the information containing 

the pulse width for every laser run is now included on the magnetic 

tapes which are sent to the University of Texas at Austin for re

duction. 

With the advent of the improved calibration systan, it was 

thought necessary to improve the calculation of our frequency and 

epoch parameters such that they would not contribute to the un

certainty in the measured ranges. The previous method calculat ed 

both frequency and epoch using a linear extrapolation betwe.en suc

cessive Loran C readings. Beginning with the Decanber-January 

lunation, the clock parameters are calculated by fitting a parabola 

to all of the continuous Loran C data which is available. 
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Throughout any month Loran e readings are stored on magnetic tape 

at 20 minute intervals. When the magnetic tapes are copied at the 

end of the lunation, the Loran C readings for 1900 GMT are trans-

ferred to a paper tape copy. The paper tape is converted to cards 

and all of those cards since the last frequency or epoch shift are 

fitted by least squares method to the formula: Loran C = Kl (day -

2 
K2) . Any obviously large residuals (up to 20% of the data) are 

eliminated and the data is refitted until a satisfactory conver-

gency of the constants is obtained. The UTe epoch of our clock is 

then taken to he the Loran C reading at any particular time minus 

74,698 microseconds. The frequency is obtained by differentiating 

the analytic formula which was found as the best fit to the Loran 

e readings. 

The last good run of continuous clock data went from 1 Novem-

ber 1971 to 31 December 1971. After fitting, 80% of the Loran C 

readings between this period described the best parabola with an 

RMS deviation of approximately 2 microseconds. We cannot expect 

to better this with the present system since our least significant 

bit is equal to 1 microsecond of time. 

A good test of the strength of our clock keeping method was 

obtained at the first of this year when UTe was altered in fre-

8 quency by 3 parts 10. This presented an extreme discontinuity 

in the daily Loran e drift and fully taxed the tracking powers of 

the new receiver. The McDonald clock was maintained at the old 

UTe frequency for about a week following the first of the year. 
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This, of course, required that the epoch and frequency relative to 

UTC for this period. be calculated by fitting a separate parabola 

to the seven measurffilents following the redefinition of UTC. Ideal

ly, the slope of the parabola obtained by fitting the data after 

the first of the year should be offset by three parts in 10
8 

to 

that obtained by fitting the 1 Novffilb er to 31 Dec enb er data. The 

parabola which we did obtain missed. this criterion by only 7 parts 

in lOll. It did, however, have a slower aging rate than the old 

parabola such that the proj ected epoch for the two curves was with

in 20 microseconds for most of the period. 



-6-

C) Data Arnmendments 

The most serious data ammendment during this quarter concerns 

the epoch of laser firing. It always has been believed that the 

laser fired some four to six hundred microseconds after our system 

seconds pulse. During tests of the epoch counter early in December, 

it was discovered that some instability in the laser timing allows 

firing as late as 2 milliseconds after the seconds pulse. These 

shots tend to occur in pairs with a repetition of about one pair 

for every 15 laser shots. Although previous data could be recovered 

by reprocessing for this effect, the improvement is probably not 

worth the effort. The shift in a range due to this failure has al

ways been less than the calibration uncertainty. Only the recent 

subnanosecond data requires that each shot be processed at its 

exact epoch such as recorded by the 1 MHz epoch counter. We will 

attempt to isolate and cure this instability such that any future 

loss of the epoch counter will cause no degradation of the ranging 

data. 

Ever since the initial gear difficulties on the 107 TT telescope, 

it has been necessary to operate the slew rate somewhat slower than 

desired. This did not present a serious difficulty to the laser 

project because the time necessary to start up the laser and pre

pare the electronics was nearly matched by the time necessary to 

slew between the previous object and the moon. Unfortunately, it 

has been necessary to slow the slew rates of the telescope even 

further in order to prevent malfunctions in the tracking amplifiers. 
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The new slew rates make obtaining the telescope focus on a star 

quite time consuming. Thus, the laser crew is obtaining the tele

scope focus more and more frequently by using a high contrast fea

ture on the moon. This means, of course, that there will be fre

quent occasions when they will not be obtaining a star reading as 

has been the fashion in the past. The change over to a spur gear 

drive systan, which is scheduled for next August, should appreciably 

raise the slew rates on the telescope and allow obtaining a stellar 

efficiency measuranent on nearly every laser run. 
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II. ENGINEERING CHANGES 

A) Calibration Proc edures 

The new calibration procedures which were installed. on 1 

Decanber 1971 calibrate the entire laser timing systEm by measur

ing the difference in delays between the photodiode and photo

multiplier sides of the electronics. This measurEment is made by 

routing a small portion of the outgoing laser beam back to the 

photomultiplier tube and then timing this light return as if it 

was a lunar corner reflector at a very short range. The intensity 

of the feedback light is adjusted so that it is at the single 

photoelectron level. Thus, the intensity is comparable with that 

obtained from the lunar corner reflectors. This allows us to 

simultaneously calibrate the delay in the electronics system as 

well as measure the jitter which is due to the width of the laser 

pulse, the photomultiplier, and errors in the timing electronics. 

The following diagram was copied from the previous quarterly re

port (reference 1) and graphically reviews the calibration system. 

The installation of the completed feedback calibration in

volved a number of important steps over the last nine months of 

operation. The following changes occurred during the last quar

ter. 

1. The vernier constants, that is their slopes as well as 

their zero offsets, are now measured by injecting electrical pulses 

of known separation sequentially into both verniers. This is 

far superior to measuring the verniers separately (reference 2) 
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because it takes into account any differenc es in the control of the 

two units. The test pulses are chosen to have a separation of ap

proximately one second and are derived by discriminating the 1 MHz 

sine wave signal from an external nonsynchronous clock. The timing 

system is then run for 100 shots in normal fashion. The raw ver

nier constants from the A to D converter are stored in core and 

then punched onto paper tape following the test. It is known that 

the two vernier constants must add up to an integral number of 50 

nanosecond intervals plus a small correction for the difference in 

frequency of the nonsynchronous calibration clock. Using this in

formation it is possible to write a least squares program which 

solves the 100 sets of measurements for the vernier constants. 

The resulting knowledge of the vernier constants corresponds to a 

timing accuracy of about + 300 picoseconds for 

val. 

2.5 second inter-

2. The arming of the stop vernier normally occurs at the end 

of the 2~ second interval (reference 3). In order to arm the stop 

vernier such that it receives the return from the feedback path 

it is necessary to generate a pulse with the Korad photodiode" By 

tuning with cable lengths we adjust the time of arrival of the 

Korad diode signal such that it arms the stop vernier precisely 

50 nanoseconds before the arrival of the feedback return. Thus, 

the photomultiplier vernier is armed in such a way that it is very 

unlikely to pick up any noise pulses and can still be rearmed to 

accept the lunar return some 2~ seconds later. 
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3. When the photomultiplier vernier starts,it normally sends 

out a pulse which stops the time interval meter (reference 3). It 

is necessary to disarm this function on the outgoing laser pulse 

such that the feedback calibration does not shut down the TIM and 

inhibit the measurement of the lunar return. The proper logic 

function was obtained by anding the TIM stop signal with the time 

delay generator gate pulse. Thus, The time delay generator now 

arms the TIM stop signal as well as the photomultiplier vernier. 

4. The Varian computer program was changed to write the value 

for the calibration vernier (i. e. the feedback reading of the stop 

vernier) onto the magnetic tape. That vernier reading is now writ

ten in the location which was reserved for AV2 (reference 1). In 

order to see the results of the new calibration system in real time, 

however, it was necessary to devise some way to type out charac

teristic calibration numbers during the lunar ranging. After some 

thought, it was decided that this could best be done during those 

times when the computer would normally indicate that there was no 

return in the range gate. Instead of typing TTno returnTT or simply 

wasting that time, the teletype prints the letter TTKTT and the cal

ibration range which was read by the feedback system. Any residual 

detected during the range gate overrides the outputting of the K 

number and the calibration information is stored on the magnetic 

tape without being typed out on the teletype. Following the laser 

runs, the resulting paper tape is read into the 1800 computer and 

all of those numbers preceded by a K are converted to punched cards .. 

The cards are then plotted, giving the laser crew almost real time 
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access to the system calibration constant. 

During the first few weeks that the calibration system was 

running it was desirable, of course, to observe as many of the 

calibration constants as possible in order to monitor the opera

tion of the new system. The monitoring required that the range 

gate be kept quite short such that the lunar residuals did not fre

quently override the desired calibration information. This shorten

ing of the range gate caused the difficulties mentioned earlier re

lated to following the new ephemeris. 

Figure 2 shows a plot which is a result of processing cali

bration data in the before mentioned manner. Such a graph is pro

duced following every night of ranging when more than 500 shots are 

fired. The small picture shown in the middle of the graph was 

taken with the auxiliary photomultiplier-photodiode calibration 

system shown in Figure 1. When the vernier constants have been 

properly selected, the graph of the paper tape data and the picture 

should agree quite well. There will be small differences, however, 

due to the fact that the graph only represents calibration points 

which occurred when there was no residual during the lunar range 

gate. These graphs may usually be used to estimate the nightly 

calibration constant to approximately + 4-00 picoseconds. The ac

curacy will be slightly better if there were particularly good sta

tistics and a symmetrical pulse shape and somewhat worse if the 

pulse shape is highly irregular or the number of feedback returns 

was low. As one can see, the exact shape of the timing profile is 

recorded by such a system and may be included in the analysis if 

that proves necessary. 
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B) Miscellaneous R&D 

Laser Repair - In general the Korad. 2600 ruby laser which we 

have used. since November of 1969 has performed. quite well. We have 

recently, however, experienced an unusually large number of time 

consuming flashlamp failures. In addition, various other anomalous 

symptoms such as head arcing, high pockel cell noise and. low power 

output have required considerable attention to insure that a pos

sible safety hazard was not developing. Detailed. discussion of the 

various problems is not particularly useful due to the fact that 

each laser system will probably have a unique personality; but, 

in view of the amount of manpower devoted to this problen, a brief 

summary is warranted. 

The bulk of the problems with the laser heads seEmS to be re

lated to two causes: improper return paths for the flashlamp cur

rent; and low water flow through the #3 amplifier. When the water 

flow was increased toward the end of the quarter, the problem of 

failures in the #3 flashlamp appeared to diminish. Why the inter

nal flow meters did not indicate the insufficient flow is not yet 

clear. The problen with the flashlamp return current is still un

settled. If even a minute resistance develops between the laser 

head and the systEm ground, the resultant arcing in the laser head 

eats through cables, destroys flashlamps and can cause a consider

able hazard. A complete refurbishing of the laser grounds during 

the January new moon period. seemed to help this problen consider

ably but a few failures of this type still rEmain. 
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PMT Noise - The installation of the final feedback calibration 

system is a result of a long and painful program to lower the elec

trical noise pickup in the receiver electronics. Prior to the ini

tiation of the noise suppression campaign, the electrical inter

ference presented when firing the pockel cell destroyed any possi

bility of using the feedback calibration system. The progress to

ward the present system took several distinct steps. First, the 

Ortec photomultiplier base was discarded and the phototube installed 

in a well shielded grounded cathode configuration. Secondly, iso

lation photodiodes were installed on all lines running from laser 

to the electronics rack. Thirdly, all cabling carrying the photo

tube signals was enclosed in a copper pipe from the shielded base 

to the el ectronic s rack. This proc edure succ eded in lowering the 

RF noise created upon firing the pockel cell to below 100 millivolts. 

This allows operating the C31000F PMT at 2800 volts. The present 

electrical noise, however, does not allow operating the new galiurn 

arsenide PMTT s with the feedback calibration system. Further work 

on noise suppression must proc eed during the next few months if we 

are to retain the excellent calibration accuracy while raising our 

signal levels with the galium arsenide PMTT s. 
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APPENDIX I 

McDonald Laser Ranging Log 

from 

NovEmber 16, 1971 to February 15, 1972 



STATION LOG, NOV.-DEC. 1971 

DATE TIME RUN NO. NO. OF SHOTS RETURNS WEATHER SEEING (n) COMMENTS 

Nov. 19 Cloudy 

Nov. 20 Cloudy 

Nov. 21 13:00-20:00 Clear 107 encoder out. 
Relinquished to 
interferometer 
group. 

Nov. 22 14-:00 Clear 

Nov. 23 17:00-18:00 (394-) 210/0 Maybe 3 Clear 3 

20:00-21:00 (395) 100/0 10/0 Clear 2 Laser paddle 
finished. 

(396) 120/3 0/3 Clear 2 Computer driven. 

Nov. 24- Cloudy 

Nov. 25 16:00 Clear 2 Telescope 
trouble. 

19:00 (397) 210/3 4-2/3 Clear 1-2 Laser below par. 

22:15 (398) 50/3 4-/3 Clear 2 Tt 

(399) 120/1 None obvious Clear 2 IT 

Nov. 26 16:00 Clear Laser repair. 

19:00 (4-00) 60/3 9/3 Clear 3 

(4-01) 150/1 0/1 Clear 3 

22:00 (4-02) 80/3 5/3 Clear 3-4-

(4-03) 200/1 0/1 Clear 3- 4-

Nov. 27 18:00 (4-04-) 120/2 9/2 Clear 2 Heavy image 
motion. 

(4-05) 50/3 6/3 Clear 2 TT 

21:00 (4-06) 150/2 7/2 Clear 2 It 

( 4-07) 250/1 0/1 Clear 2 Offset guided. 

24-:00 Clear Too windy. 



DATE TIME RUN NO. NO. OF SHOTS RETURNS WEATHER SEEING(ii) COMMENTS 

Nov. 28 19:00 Cloudy 

21:00 P. Cloudy 

24:00 Clear 3-4 Laser repair. 

Nov. 29 19:30 (408) 100/3 6/3 Clear 3-4 Light cirrus. 

22:30 (409) 100/3 8/3 P. Clear 2 TT 

22:30 (410) 200/0 0/0 P. Clear 2 TT 

01:30 (411) 150/3 10/3 Clear 2 

Nov. 30 21:00 Cloudy Heavy cirrus. 

00:30 Cloudy 5-8 

03:00 Foggy 

Dec. 1 Fog, ice 

Fog, ice 

Fog, ice 

Dec. 2 22:45 (412) 250/0 0/0 Clear 2 Wrong range gate. 

01:40 (413) 200/3 5/3 Clear 3 

250/0 5/0 Clear 3 First day with 
new corner 
coordinates. 

04:30 (414) 200/3 8/3 Clear 4-5 

Dec. 3 23: 05- 23: 40 (415) 110/3 8/3 Clear 3 

02: 30- 0315 (416) 200/3 31/3 P. Clear 3 Moderate cirrus 
at times. 

05:30 Cloudy 

Dec. 4 All runs Foggy, ice, snow 

Dec. 5 01:30 Foggy, ice, snow 5-7 

05:00 Net a tau of 90, clear 5-7 

07:00 Clear 4-5 



DATE TH1E RUN NO. NO. OF SHOTS RETURNS WEATHER SEEING en) COMMENTS 

Dec. 7 02:15 ( 4-17) 250/0 7/0 Clear 4- Flip mirror 
trouble. 

05: 4-5 (4-18) 100/0 11/0 Clear 2 

(4-19) 200/3 5/3 Clear 2 

(4-20) 150/2 6/2 Clear 2 

08:30 Clear 2 Blew flash lamp 
on 8th shot. 

Dec. 8 03:00 (4-21) 150/2 9/2 Clear 3 

06:00 (4-22) 200/2 5/2 Clear 3 

100/3 9/3 Clear 3 

09:00 (4-24-) 250/2 0/2 Light cirrus 4-

Dec. 9 03:4-0 Fog 

06:4-0 Fog 

09: 4-0 Cloudy 

Dec. 10 04-:30 Windy 

07:30 Windy 

Dec. 11 06:00 (4-25) 150/3 Maybe 2 Clear Stopped by flash 
lamp failure. 

10:15 (4-26) 110/3 TT Clear 3 Low Contrast. 

Dec. 12 07:00 (4-27) 60/3 0 Clear 3 More laser 
trouble. 

10:00 Cloudy Las er repa ir. 

Dec. 13-19 New Hoon Reworked laser grounds and replaced 3rd amplifier housing. 

Totals for Nov.-Dec. Lunation Tries Successful Range Acquisitions 

7/0 4-/0 
4-/1 0/1 
6/2 5/2 

18/3 15/3 



STATION LOG, DEC. 1971 - JAN. 1972 

DATE TIME RUN NO. NO. OF SHOTS RETURNS WEATHER SEEING(ii') COMMENTS 

Dec. 20 Work on laser & 
alignment. 

Dec. 21 16: 00-18: 00 Cirrus clouds 

Dec. 22 16:00 (428) 300/3 Maybe 4 Clear _4/i 

19:00 (429) 240/3 0/3 Clear -3" Delayed for re-
alignment. 

Dec. 23 14:00 Cloudy 

17:00 Cloudy 

20:00 Cloudy 

Dec. 24 14:00 Cirrus 

19:00 Cirrus 

22:00 (430) 100/0 5/0 Clear -1 Laser power 
supply failed. 

(431) 100/3 0/3 

Dec. 25 16:00 Laser repair & 
alignment. 

19:00 (432) 175/3 9/3 Clear 2 

(433) 200/0 Maybe 3 Clear 2 

22:00 (434) 50/3 6/3 Clear 2 

(435) 150/0 1110 Clear 2 

(436) 50/3 3/3 Clear 2 

Dec. 26 18:00 (437) 200/3 34/3 Light cirrus 2 Stayed on 3 to 
test epoch of 
firing. 

20:30 (438) 100/3 6/3 Light cirrus 2 

(439) 150/2 13/2 Light cirrus 2 



DATE TIME RUN NO, NO! OF SHOTS RETURNS WEATHER SEEING(i1} COMMENTS 

Dec. 26 23:30 100/3 14/3 Light cirrus 3 

(440) 100/2 13/2 Light cirrus 3 

Dec. 27 Cloudy 

Dec. 28 Cloudy 

Dec. 29 20:30-21:15 (441) 150/3 Maybe Light cirrus 4 

23:30-00:15 Light cirrus 6-10 

02:15-03:00 Light cirrus 6-8 Bad seeing. 

Dec. 31 Clouds 

Jan. 1 2 2 : 00- 22 : 3 5 (1) 250/3 4/3 Clear 4 

00:15-01:00 Cloudy 

04:15-05:00 Cloudy 

Jan. 2 02:15-03:00 (2) 250/3 Maybe 4 P. Cloudy 4 

05:30-06:00 (3) 205/3 Maybe P. Cloudy 3 Image motion. 

Jan. 3 No runs Cloudy 

Jan. 5 02 : 00- 02 : 45 (4) 250/3 ?/3 Clear 4-6 

Ol~:45-05:30 (5) 200/3 0/3 Clear 2 

(6) 100/0 0/0 

07:30-08:30 (7) 350/3 13/3 Clear 4 9 in last 100. 

Jan. 6 02:45-03:30 (8) 120/3 13/3 Clear 4-6 Bad image motion. 

05:45-06:30 (9) 200/0 7/0 Clear 3 

(10) 50/3 6/3 Clear 3 

(11) 450/2 0/2 Clear 3 

(12) 120/3 5/3 Clear 3 
(13) 150/2 0/2 Clear 3 

Jan. 7 03: 30- 04: 45 (14) 150/2 14/2 Clear 2-3 



DATE TIME RUN NO. NO. OF SHOTS RETURNS WEATHER SEEING ( ) COMMENTS 

Jan. 7 (15) 50/3 9/3 Clear 2-3 

06:30-07:00 (16) 175/2 0/2 Clear 2-3 Blew flash lamp. 

Jan. 8 03:45-05:00 (17) 180/2 6/2 Intermittent cloudy Image motion. 
holes 

07 : 00- 07 : 45 (18) 250/2 2/2? Tt 

09 :15-10:00 (19) 300/2 None P. Cloudy 3 Poor contrast. 

Jan. 9 06:30 Cleuds No runs. 

09:30 TT Tt 

Jan. 10 06:30 Bad seeing 5-8 Lots of image 
motion. 

08:30 3-7 

Jan. 11 06:30 (20) 210/3 6/3 Clear 3 Computer from 
Encke C. 

09:30 (21) 240/2 0 Clear 3 Computer from 
Hermann. 

Jan. 12 06:30 0 0 Clear _4 Sidereal clock 
trouble 

10:00 0 0 Clear ? Too windy. 

Jan. 13 06: 00-10: 00 0 0 Cloudy ,windy 

Jan. 14 New moon, Cassegrain run 

Totals for Dec.-Jan. lunation Tries Successful Range Acquisitions 

4/0 2/0 
0/1 0/1 

10/2 2/2 
21/3 15/3 



STATION LOG, JAN. - FEB. 1972 

DATE TIME RUN NO. NO. OF SHOTS RETURNS WEATHER SEEING(~) COMMENTS 

Jan. 19 Clear Laser electronics 
inoperable. 

Jan. 20 1400-1500 Clear Laser repair. 
2000- 2045 (22) 250/0 3/0 Clear 3 

Jan. 21 1730-1815 (23) 150/0 13/0 Clear 3 
(24) 110/3 0/3 Clear 3 

2030- 2100 (25) 120/3 0/3 Clear 3 Very windy_ 

Jan. 22 1530-1615 Hea vy cirrus 4 Poor contrast. 
1815-1845 (26) 120/3 0/3 Light cirrus 4 Blew 3rd amp. 

flash lamp. 
2130- 2215 (27) 250/3 0/3 Light cirrus 4 Image motion, 

missed range 
gate. 

Jan. 23 1600-1645 (28) 50/3 13/3 Clear 3 
(29) 100/0 6/0 Clear 3 

1900- 2000 (30) 100/3 9/3 Clear 3 
(31) 100/0 10/0 Clear 3 
(32) 120/2 0/2 Clear 3 

Jan. 24 1700-1800 (33) 300/2 6/2 Clear 1 
(34) 50/3 6/3 Clear 1 

2030- 2130 (35) 100/3 5/3 Hazy 4 
(36) 300/2 3/2 Hazy 4 
(37) 150/0 3/0 Hazy 4 

Jan. 25 1820-1900 (38) 300/3 8/3 Clear 2 Run delayed, 
replaced calcite 
prism. 

2100- 2145 (39) 100/3 13/3 Clear 3 
(40) 100/2 4/2 Clear 3 
(41) 60/0 9/0 Clear 3 

0000- 0100 Clouds 

Jan. 26 1845-1945 (42) 50/3 0/3 Clear 3 Blew 3rd amp. 
flash lamp. 



DATE TIME RUN NO, NO! OF SHOTS RETURNS WEATHER SEEING(1i) COMMENTS 

Jan. 26 2130- 2230 (4-3) 200/3 7/3 Clear 4-
(4-4-) 100/0 3/0 Clear 4-
(4-5) 150/2 7/2 Clear 4-

Jan. 27 No Runs Cloudy 

Jan. 28 1050-114-0 (4-6) 150/3 7/3 Clear 2 
(4-7) 50/0 5/0 Clear 2 
(4-8) 100/2 4-/2 Clear 2 

Jan. 29 Date Change 

Jan. 30 1st and 3rd, No Runs Cloudy 
2nd Run Blew #2 amp. 

flash lamp. 

Jan. 31 No Runs Cloudy & Snow 

Feb. 1 1st Run Bad seeing, blew 
osc. flash lamp. 

2nd Run Blowing Snow 
3rd Run High winds & 

blowing snow 

Feb. 2 No Runs Cloudy, windy Worked on laser. 

Feb. 3 No Runs Bad seeing, 
cirrus on last 
run. 

Feb. 4- 0130- 0230 (4-9) 50/3 7/3 Light cirrus 2 
(50) 200/0 0/0 Light cirrus 

04-30- 054-5 (51) 100/3 0/3 Light cirrus 2 Cirrus bad after 
100 shots. 

0700- 0730 (52) 75/3 0/3 Medium cirrus 2 Cirrus bad, 
stopped run. 

Feb. 5 Heavy cirrus 



DATE TIME RUN NO. NOs SHOTS 

Feb. 5 0430-0700 (53) 650/3 

Feb. 6 
0630- 0730 (54) 150/3 

Feb. 7 0330- 0400 (55) 200/2 
0640- 0805 (56) 250/2 

(57) 50/3 
(58) 150/0 
(59) 200/2 

Feb. 8 0600- 0645 (60) 100/2 
(61) 60/3 

0800- (62) 120/3 
(63) 150/2 
(64) 150/3 

Feb. 9 No Runs 

Feb. 10 No Runs 

Feb. 11 No Runs 

Feb. 12-17 New Moon Cassegrain Run 

Totals for Jan. - Feb. Lunation Tries 

10/0 
0/1 
11/2 
22/3 

Totals for the Quarter 21/0 
4/1 
27/2 
61/3 
l~ 

RETURNS 

0/3 

5/3 

5/2 
5/2 
9/3 
0/0 
3/2 

5/2 
7/3 
5/3 
3/2 
4/3 

WEATHER SEEING(1i) COMMENTS 

Light cirrus 2 Cirrus, maybe 
program error. 

Heavy cirrus 

Clouds 
Cirrus 4 
Clouds 

Clear 4 
Clear 3 
Clear 3 
Clear 3 
Clear 3 
Clouds 

Clear 2 
Clear 2 Computer guided. 
Clear 2 TT 

Clear 2 
Clear 2 Computer guided. 

Cloudy 

Cloudy 

Cloudy 

Successful Range Measurements 

8/0 
0/1 
10/2 
14/3 

14/0 
0/1 
17/2 
44/3 
75 


