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I. INTRODUCTION 

This report is the first of what is to become regular pUbli

cations describing the activities of the McDonald Lunar Ranging 

Station. Reports will be issued at approximately quarterly inter

vals. For convenience they will always encompass an integ~al 

number of lunations; thus, not reflecting any specific calendar 

periods.. The purpose of these reports is several fold.. First, 

they will attempt to summarize the quarterly activities in the 

form of a station log, as was the fashion in the previous monthly 

reports. Secondly, they will include data reduction notes re

ga;r-ding the calibration factors, clock corrections and the like, 

as was previously handled in the University of Maryland quarterly 

reports.. In addition, equipment modifications, programming changes, 

and other engineering aspects as related to the improvanent of 

lunar ranging teclmiques will be discussed. 

An attanpt at a total system document will invariably in

volve many readers of widely separated interests. The possible 

audience includes other members of the LURE Team who are active 

in the McDonald Station design as well as future novic es in the 

field interested only in data reduction. The report cannot, un

fortunately, be completely satisfactory at all levels of sophisti

cation. In fact, in order to maintain a certain amount of brevity 

it will be nec essary to incline somewhat towards the more sophis..., 

ticated viewpoint; i. e., assume the reader is quite familiar with 

the ranging system. From that viewpoint it is important that we 

list sources of other information and background guidance regard.

ing the McDonald Lunar Ranging Station. The first thirteen 
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references in the bibliography satisfy this requirement. They 

list, approximately in the order of complexity, a number of ar

ticles giving parameters of the equipment design and the history 

of the lunar ranging project. 

In addition to the published material it should also be noted 

that a considerable amount of archival data has been kept at the 

ranging site and in other analysis centers. At some time this 

material may become important in analyzing the early ranging data. 

Prior to August 15, 1971, a group at the University of Maryland 

under the direction of D. G. Currie was responsible for the pre

liminary reduction of the McDonald ranging data. The early mag

netic data tapes, as well as detailed clock and calibration infor

mation are presently maintained at that site. Similar information 

is being maintained for the period after August 15th at the 

Astronomy Department of the University of Texas in Austin under 

the direction of J. D. Mulholland. In addition, copies of all 

teletype records and experimental notebooks are kept at McDonald 

Observatory as a part of the permanent system documentation. 

This report will be organized into two main sections. The 

first section will contain all of the data handling information; 

i .. e., the station log, data reduction notes, clock corrections, 

calibration corrections, etc. The second section will deal only 

with the system engineering, including the electronic changes, 

th.e software, and any other aspects pertaining to the technical 

development of the lunar ranging station. Hopefully, such a 

dichotomy will add to the readers convenienc e. 



II. DATA ACQUISITION ACTIVITIES 

A) The Observing Log 

Appendix 1 contains the laser ranging log for the three luna

tions between August 15 and Novenber 15, 1971. Most of the ranging 

during this period was concerned with obtaining differential mea

surements between the various corner reflectors. A nonnal ranging 

period started with attEmpting to obtain a range from the Apollo 15 

corner. If successful the crew would ·switch to the next most fa

vorably located corner reflector; followed by a ranging effort on 

the third corner reflector; and then back for ~dditional ranges on 

the first two corner reflectors. By obtaining five ranges on the 

three corner reflectors in this manner it was possible to obtain 

exact differential measurEments without having a clear understanding 

of the d.iurnal drift. During the previous three lunations, six 

ideal sets of such data were obtained. There were in addition, 

however, numerous times when differential measurements on two of 

the corner reflectors or single range measurEments on one corner 

reflector were made. During times of bad seeing ranging was con

fined. to the Apollo 15 corner reflector. No laser shots were fired. 

at the French-Soviet corner reflector located. on Luna 17. 

As can be seen from the log sheets about 90 acquisitions were 

made between August and. November, 1971. About 50 of these measure

ments occurred. during the particularly good. August-September luna

tion. The highlight of this quarter was the all day laser run 

taken on November 9th. This resulted. in eleven evenly spaced. 

lunar range measurements over a nine and. one-half hours. It is 

also worth mentioning that particularly high signals were obtained 
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both on the Apollo 11 and lLJ. corner reflectors during this ranging 

period. The latter shows, among other things, that there is very 

little chance that the Apollo 11 corner reflector has degraded 

during its two years on the lunar surfac e. 

One reason for a loss of ranging data during the past three 

lunations was a long stretch of cloudy weather during early 

Octob ere Weather conditions in general, however, were not parti

cularly damaging. This is due to the rec ent availability of a 

larger corner reflector to use when the seeing conditions are 

marginal. Success rates exceeding 75% on all three Apollo co~ners 

has also lessened the impact of cloudy skies. Equipment failures, 

including relatively normal laser maintenance, were somewhat higher 

than usual and accounted for about 20% of the time lost. Some of 

these failures were associated with interfacing the new equipment 

for the system calibration improvements ~ee Section 3D). The 

only other significant loss of data occurred due to the arrival of 

a noisy Apollo 15 tape just before the Labor Day weekend. As a 

result of the holiday schedule several differential measurements 

were missed until the tape could be replaced. 
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B) Data Reduction Information 

Clock Calibration and Environmental Parameters - For the past 

three months McDonald Observatory has distributed preliminary re

siduals from the laser ranging operations on 80 column cards. These 

cards not only provide the LURE Team members with a head start on 

the data reduction, but transmit the clock calibration and environ

mental parameters to J. D. Mulholland for reducing the subsequent 

magnetic tapes. The cards can also serve as a check on the data 

recognition programs which operate on those magnetic tapes. In 

theory, these cards contain all of the essential parameters neces

sary to reduce a lunar laser range to its maximum accuracy. They 

are not, however, a complete list of all of the astrometric infor

mation and must be augmented by log sheets, which are contained on 

the magnetic tapes,in order to fill the COSPAR archival requirements. 

In order to begin on a fairly firm footing, we will now list how 

each of the significant parameters was derived during the past three 

lunations and submit an estimate of their accuracy. Further reports 

need only amend each of these catagories as necessary. We will 

save the electronic calibration delay until Section IIID, so that the 

essential hardware can be discussed beforehand. 

1. Geometric Delay - The geometric calibration delay has been 

measured several times at widely separated intervals with a steel 

tape measure. The total spread in measurements corresponds to an 

uncertainty of + 0.3 nanoseconds from a mean of 117.3 nanoseconds. 

The cards currently list 117.2 nanoseconds as the geometric cali

bration correction. We will attempt to upgrade this parameter 
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before the next report. 

2. Atmospheric Pressure - The atmospheric pressure is read 

from a mercury barometer which is kept in the. laser room. The es

timated uncertainty is approximately ± 1 millimeter. 

3. TEmperature - The tEmperature is read from a mercury ther

mometer located on the north side of the dome catwalk. The ac

curacy should be about + 1 degree Centigrade. 

4. Humidity - The humidity is estimated from a horsehair 

humidity guage located next to the thermometer. The accuracy of 

the guage appears to be approximately ± 10%. 

5. Windspeed - This is estimated in miles per hour rather 

hastily by the observer who goes out to read the temperature and 

humidity. Occasionally a windspeed. guage is available, but the 

usual subj ective estimate can be in error by + 50%. 

6. Seeing - The diameter of the seeing disk is estimated in 

arc seconds using the main telescope optics. Estimates vary widely 

between various observers and different conditions of background 

illumination. A recent attEmpt to automate the seeing parameter 

with a photoelectric device was not successful. If we base the 

accuracy of the seeing estimates on the spread in measurements be

tween various Observers, the accuracy of the seeing is not now 

estimated to better than +100 or -50%. 

7. Laser Energy - This is estimated by observing the average 

integrated pulse height of the laser pulse as seen by the Korad 

photodiode. As long as the near field pattern of the laser is re

latively uniform, these estimates should be quite reasonable. 
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During the last three lunations the 3 Joule energy estimate is pro

bably accurate to + 30%. 

8. Laser Frequency - This was measured several months ago on 

the 107 TT coude spectrograph to an accuracy equivalent to + .2 

angstroms. 

9. Pulse Length - The pulse length of the Korad laser has 

been measured (with the Korad diode and a 519 oscilliscope) to be 

as low as 2.5 or as high as 3.5 nanoseconds (a full width measure

ment at one-half maximum). Detailed information on the pulse length 

for any particular laser run is not generally available. Only the 

distribution of lunar returns from high signal nights or the data 

from the recently operating feedback system is available to deter

mine the specific pulse length under any given situation. Both of 

the latter have given same indication that the K2600 pulse may con

tain a number of very narrow spikes whose width is equal to or less 

than 400 picoseconds. Such spikes would be very dangerous in the 

data reduction proc ess if they had a tendency to Ii e either towards 

the front or the back of the normal laser pulse. This topic must 

await further investigation. 

10. The Dark Current - The dark current is read from a scaler 

to an accuracy of about + 2 KHz. The moon count is also read from 

the sam e sc al er and has an accuracy of ab out :!:. 10 KHz. It should 

also be noted that the lunar count reported on the log sheets has 

always been the gross count obtained. at any particular site and. not 

the net count as was stated in the past. 
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11. The Star Count - The star count listed on the log sheets 

is the highest net reading obtained by scanning a bright star across 

the laser ranging receiving apeture. The accuracy of this estimate 

varies from night to night depending on the seeing, the contrast, 

and the patience required for the laser crew to get a accurate 

reading. It should be Emphasized that the primary motive for the 

laser crew using a star is to obtain the proper focus for their 

evening laser observations. Very little time is spent obtaining 

a star count beyond what is necessary to see that the receiver 

system is operating reasonably satisfactorily. Thus, the star 

count readings mayor may not be a good indicator of the systEm 

receiver efficiency and should be imterpreted with caution. 

12. Clock Frequency and Epoch - The laser room recently ac

quired an automatic Loran-C tracking receiver which, when operating 

correctly, constitutes our basic timekeeping system. A small com

puter program has been written which calculates both the epoch and 

frequency for any particular data card from the adj ac ent Loran-C 

readings. A linear day to day approximation is used. When the 

Loran-C receiver is tracking smoothly this should give a frequency 

precision of about.:!:. 2 parts in la-I and a precision on the epoch 

of + 2 microsecond.s. The error in estimating the basic Loran-C 

transient time is not more than + 10 microseconds. It should be 

noted very clearly, however, that the epoch which is listed on the 

data card is not corrected for the error in the Loran-C station 

transmission times. If not removed at a later date the transmis

sion errors could contribute an additional 10 microsecond error 
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to the epoch readings. 

The installation of the Loran-C tracking receiver was not as 

easy as had been hoped. Many weeks pass ed before the rec ei ver would 

track without loss of epoch. This nec essitated the manual calcula

tion of the epoch and frequency for the past two lunations. In such 

a case the VLF recordings constitute the basic frequency measuring 

devic e and the smoothed Loran-C data det ermines the epoch. The 

epoch readings derived in such an instanc e would have a precision 

of about + 30 microseconds with a frequency unc ertainty on any run 

of + 3 X 10-
11 

Both measurements are well within the necessary 

bounds. 

The actual firing epoch of the McDonald ranging systen does 

not correspond exactly to the epoch of our clock seconds pulse, In 

order for the timing electronics to work properly the firing of the 

laser is normally delayed from 400 to 600 microseconds after the 

thr ee sec ond int erval. The firing delay relative to the syst em 

seconds pulse is recorded for every laser shot by a one megahertz 

time interval meter. That information is put onto the magnetic 

tape so that it may be added or subtracted to the clock epoch which 

is given on the data cards. Unfortunately, the firing epoch time 

interval meter has failed several times during the last quarter. 

While the epoch recording is interrupted, one must guess the firing 

epoch from the nearest correct readings. The time of firing has 

not purpos ely been changed during the last six months. Thus, the 

average epoch correction for any laser run should remain relatively 

constant. The variation in the firing time will be determined by 
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the laser operator in setting the pockel c ell. The accuracy by 

which the firing epoch can be estimated in this manner should be 

determined by analyzing the total spread in firing delay during a 

week when the time interval meter was operating correctly. 

Data Amendments - In case it is necessary to change any of 

the environmental parameters on the data cards, it will be the 

policy to issue override cards with the arrunended values. This 

type of system is necessary if the original cards are to be issued 

close to the time of data acquisition. The override cards, how

ever, will be limited to those occasions when the change in para-

meters affects the data at levels greater than 0.5 nanoseconds. 

Any known changes in the parameters which do not effect the data 

at that level or greater will be listed in the quarterly report. 

The following is a list of the known data amendments for the past 

three lunations. 

1. There is a possibility that the automatic Loran-C track

ing receiver slipped two cycles during early August. Unfortunately, 

the Loran .... C readings are not dense enough during this period to 

tell whether or not that is the case. If the rec eiver did slip 

as much as two cycles, the firing epoch derived from the data 

cards would be about 20 microseconds too early. 

2. Exclusive of the problem mentioned in 1, all of the epoch 

values given on the August-September cards are 3 microseconds too 

high. 

3. On several occassions near the end of the October-November 

lunation, false coincidences appeared in the ranging data. In 
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most cases the identity of the true coincidences fran the LRRR is 

not confused. However, one should be alerted to the possibility 

of a false identification near this period. 

'+. Override cards are to be issued for the entire Octob er

November lunation due to a missed. constant in the electronic cali

bration correction. All of the original cards contain an electronic 

calibration correction which is approximately 2.8 nanoseconds too 

large. 

5. The seeing estimates on the data cards for the last three 

lunations are generally over-estimated. This is due to the fact 

that when the log sheets contained a variable seeing estimate, such 

as 3 to 4- arc sec onds, the higher of the two values was plac ed on 

the data cards. 



III. ENGINEERING CHANGES 

A) Software Improvements 

McDonald Magnetic Tape Data Format Change - Starting August 

23, 1971 the prefix of all records contains the number of remain

ing words in a record; all magnetic tape records are written in 

multiples of ten words; and the 50 shot run data is written on mag ... 

netic tape in 10 shot pieces with the prefix written on each re

cord. Anyone or all of the eight different types of records may 

be read from the original magnetic tape and be copied for distri

bution on a magnetic tape. During the copy procedure any word or 

groups of words may be selected from any magnetic tape record and. 

typed on the teletype. (See Appendix II for format documentation.) 

Loran-C Reading ITogram - This program reads the 1 second tick 

comparison between the crystal clock and the Loran-C receiver from 

the buffered I/O. The difference is subtracted from 1,000,000 mi

croseconds. The answer is typed on the teletype along with the da.y, 

hour and minute. 

Ranging Residual Computation Improvement - The omission of a 

masking step in the original real time residual calculating pro

gram guaranteed a ° to 1 nanosecond jitter in the ranging residual. 

The masking step was inserted. The program was also expanded so 

that each vernier is now multiplied by its own conversion constant. 

The difference in the starting points of the verniers is also cali

brated and subtracted from the residual computation. 

Copied Tape Checking Program - This program is used to read 

magnetic tape copies of McDonald ranging d.ata. It types out errors 

that have occurred in qopying. The program reads the 10th (last) 
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RAl word of each laser shot data record to check for the digits 

002X. If HAl \ 002X the day, reflector numb er, and RAI of that 

shot is typed on the teletype. 

Loran-C Search Program - This program was written to further 

automate the crystal clock calibration effort. While copying the 

lunation magnetic tape, this program searches for the housekeeping 

records that were written at 01:00 GMT, 07:00 GMT, 13:00 GMT, and 

19:00 GMT of each day. The Loran-C delay recorded at these times 

is typed and punched on the teletype. This day and hour versus de

lay information is used to determine the clock oscillat-or frequency 

for each laser run. 

Hand Typed Data Records - Power failures and operator errors 

can cause the ranging data to not be written on magnetic tape. 

When this happens, a total loss of data can be avoided by putting 

onto magnetic tape the image of the teletype printout of the run. 

A program was written that permits the operator to type by hand the 

teletype printout of the run. Strong emphasis is placed on opera

ting procedures and checks in order to minimize the use of this 

record. 
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B) Changes to Computer Associated Hardware 

Improvements on McDonald Magnetic Tape Decks - A comparison 

of the original data with the copied data indicated that the origin 

of tape copying problem was noise spikes penetrating the cables to 

the controller interface, forcing it to read data bytes when they 

were not present. Thus, bytes of all zeros were interspersed in 

the data.. (3 bytes equal 1 word) To alleviate this problem both 

tape decks were recabled with twisted shielded pairs for all sig

nals, replacing the originally installed single, unshielded con

ductors. 

Power failures at McDonald cause a loss of tension on the data 

magnetic tape deck. When power resumes the tape usually slips in 

its position and the write-head amplifiers go through unstable 

states. A glitch is written either in a blank space at the wrong 

spacing or in the middle of a previously written record. Either 

cas e makes reading the magnetic tape very difficult. Therefore, a 

glitch detector was designed and built. This circuit masks the 

LRCC and upon sensing the presence of data bytes during the first 

half of the IRG, it forces a forward read; forces parity error to 

be true; forces TTdeck stoppedTT signal to be false until after the 

next IRG; and forces TTread buffer readyTT signal to be false until 

after the next IRG. 

The JPL ephemeris tapes are rEmoved and replac ed many times 

in the middle of the reel. When the tape deck power is restored 

the erase head arid the write-amplifiers go through unstable states 

putting glitches on the tape. A switch was installed on the erase 

head of the read/write deck to eliminate its activation when the 
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deck is turned on. Experience has shown that the tape deck will 

have to be modified to permit the releasing of the capstan pincher 

without requiring the AC power to be switched off. Only then will 

the above problem be completely cured. 

In order to provide initialization capability, Tfsysten resetTf 

logic was designed and installed in the read/write deck. Pressing 

the TTsystem reset TT on the Varian forces the direction flip-flop 

forward, forc es the tape deck to stop, and forc es the TTdeck stop

pedTT signal to be true. 

The above changes did improve the McDonald magnetic tape 

copying capability. McDonald is now routinely sending virtually 

error free copies of the ranging data .. 

Varian Buffered I/O Improvements - The counter on the Varian 

buffered 1/0 board was redesigned as follows. The cOlll1ter stop 

cormnand and the Sl and S2 start commands are active on a falling 

edge. S3 start command is active on a rising edge. This elimi

nates the 0.2 second offset that has plagued the ~poch of laser 

firing and the one second tick comparison. Start and stop commands 

now do not depend on a counting frequency. This permits the COlll1-

ter to count zero counts without jamming. 

The sense line was also altered to indicate when the counter 

has gone through a complete start-stop cycle which simplifies the 

programming. 

In addition, a gate was added to invert the IPPS signal from 

the clock to drive the Loran-C receiver. 

Pull up resistors on the start and stop inputs cured the 
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problem of not starting on nominal starting pulses. 

The following drawing shows a recent schematic of the custo

mer built counter on the buffered I/O. 
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C) Timing Electronics 

The timing electronics and detector package systan have re

mained basically as described in references 5 and 7. The few 

alterations made during the last quarter were in preparation for 

the improvan ent of the calibrati on proc edures . Thes e involved: 

a) the installation of a new photanultiplier base and discrimina

tor; b) a change in the photomultiplier gate circuitry; and c) 

the complete recabling of the photomultiplier to electronics rack 

signals. 

The new photomultiplier base is shown in Figure 2. It was 

first installed and used for a laser run on October 1. As can be 

seen, it is essentially a conventional grounded cathode configura

tion. The base is purposely wired with a relatively low dynode 

current in order to protect against accidental light leaks. It 

also uses an RC circuit to filter the power supply lead. When op

erated with our best RCA 31000F phototube, an anode voltage of 3000V 

gives approximately 80% counting efficiency with a discriminating 

threshold of 150 millivolts. The width of the anode pulse is ap

proximately 4 nanoseconds with a slightly sharper leading edge. 

Tests with the calibration photodiode detect no degradation of our 

t'iming resolution due to the new photanultiplier base. 

The gate circuit shown on Page 19 is a simple modification to: 

a) allow using the negative TDG pulse as the gating devic e and b) 

isolate the anti-coincidence input on the start vernier from the 

coincidence input on the stop vernier. Both modifications were 

necessary for contemplated changes in the calibration procedure 
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The recabling of the photomultiplier-photodiode signals installed 

those cables requiring RF shielding into a copper pipe which runs 

from the electronics rack to near the detector package. The pre-

vious cabling job had several noise producing. cables also running 

through the copper pipe and possibly disturbing the photomultiplier 

signal. The cable delays are nearly equal to those present earlier 

and the effect on the calibration constant was minimal. 
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D) Calibration Proc edures 

The calibration systan which was installed during the last 

quarter can be most easily discussed by frequent reference to 

Figure 4-. The calibration is now done in two parts: the photo

diode/photomultiplier calibration; and the vernier A-D calibration. 

During the normal laser firing, a small portion of the outgoing 

laser beam is routed to the photomultiplier (at the single photo

electron level). This signal, along with the electrical pulse from 

the start diode, drives a time-to-pulse-height converter crPHC) and 

the measured time delay stored in a pulse-height analyzer (pHA). 

The results of the run are later recorded by a poloroid camera. 

In this manner we get a calibration of the photodiode/photomulti

plier delays during each lunar firing. The second half of the sys

tem is calibrated weekly by injecting pulses of known separation 

directly into the verniers and reading the resultant nlIDlber on the 

teletype output. An external nonsynchronous clock is used to gene

rate the calibration pulses so that the verniers may be investigated 

both for intrinsic jitter as well as zero offset. In addition, we 

may check the overall value of the calibration constant by connect

ing the points lab eled A to each other and using a photodiode de

vice to generate an electrical start and a single photoelectron 

stop signal at the detector package (See referenc e 14) . 

The present calibration systan differs from that used pre

viously in the following manner. Before October 1 and the instal

lation of the new photomultiplier base, the laser pulse 

feedback had to be measured at the 50-100 photoelectron level. 
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A photon Emitting diode was then used to measure the difference 

in timing between that and the single photoelectron level such as 

attained when the lunar return arrived. The vernier/A-D calibra

tion has remained the same since the basic feedback method was in

stalled in April of 1971. 

Examples of the data obtained from the feedback system are 

shown on the next two pages. Let us first deal with the data ob

tained from the multiphoton feedback system which was used this 

year between the months of April and October. The various cata

gories should be fairly clear in light of the previous discus-

sion. Some of the important parameters to note are the consis

tency of the vernier/A-D calibration (line B) and the value of the 

photod.iode delay (E), which is calculated from the previous four 

numbers. First, there is a great deal of spread in both of these 

numbers at the level of interest to the Lunar Ranging Project. 

The variation in the vernier/A-D calibration is possibly real, 

but not resolved in time due to sparseness of the vernier/A-D tests. 

The spread in the pulser delay measurements (E) is not well under

stood. We know from other measurements that the diode/pulser de

lay is approximately 1.8 + .4 nanoseconds. The statistics of the 

various measurements imply reaching somewhat closer to that value 

than is shown on the following pages. We suspect the weakest 

measurement of the group to be the overall photodiode measure

ment which is shown in line A. Line A, however, represents the 

only way which we have of reliably recovering the ranging 

data which was taken in between February of 



CALIBRATION DATA (MULTI PHOTON FEEDBACK SYSTEM) 
I 

A. Calibration constant 
derived with the light 
pulser at the spe level 
and corrected for the 2.2 
nanosecond geometric de- I 2.7 1.7 .5 .1 +.8 
lay. 21.6 18.9 17.2 16.9 16.1 16.9 22.0 17.4-

B. Vernier/A-D correc-
tion derived by running 
pulses of know sep. di-
rectly into the verniers. 11.9 2.5 2.2 2.5 2.0 2.0 

C. The feedback calibra-
tion constant as taken 
from the ends of the dis-
criminator cables. (Cor-
rected for a 2.8 nano-
second geometric delay.) 118 . 0 12.0 12.0 10.6 13.4- 11.4- 11.6 ---

I 
N 
+' 

D. The correction which 
I 

must be applied to Item C 
to get to the spe level. 
(Measured with the light 1-1. 3 +1.0 -.1 -.3 0 +.7 +.6 
puls er.) (70) (l00) (30) (30) (75) (l25) (l00) 

E. The delay in the pul-
ser and the start diode 
as calculated from the 
above data. 13.0 ~.O 3.~ 3.9 .7 2.9 2.7 

F. T.otal: 117.2 plus 135.8 132.7 131.3 130.0 132.6 131.3 136.4- 132.1 
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CALIBRATION DATA SINGLE PHOTON FEEDBACK SYSTE 

A. Calibration constant I 

derived with the light cO 
~ 

pulser at the spe level ..0 
"'r-! 

and correct ed for the 2.2 ~~ 
nanosecond geometric de- ~CJ 
lay. 37.5 34-.0 CJ W 32.0 30.5 29.9 37.4- 36.1 

CJ 

B. Vernier/A-D correc- rtj~ 
OJ OJ 

tion derived by running +Jrtj 
CJ'r-! 

pulses of know sep. di- W4-l 

rectly into the verniers. 4.2 § § .5+.7 .5 1.1 2.3 2.7 o CJ 

c. The feedback calibra-
CJ ~ ("".5 by 
(J) :3 0 

tion constant as taken 'r-! O'r-! new system) 
~I"""{+J 

from the ends of the dis-
criminator cables. (Cor-
rect ed for a 2.8 nano- I 

second geometric delay.) 28.6 75. 27.5 28.6 32.2 30.0 33.4- I\.J 
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1J1 

E. The delay in the pul-
I 

ser and the start diode Possible cable 

as calculated from the error 
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1970 and April of 1971. Thus, we conclude that the spread in the 

measurements shown in line E is a fair indication of the recovery 

accuracy possible for the entire February 1970 to October 1971 

period. 

It should be apparent at this point that the interpretation of 

the calibration data requires a great deal of subj ectiveness. One 

must continually decide if there were mistakes in measuring some 

of the numbers; real fluctuations in the system calibration con

stant; and simply statistical fluctuations based on the accuracy of 

the various parameters. The automatic feedback calibration describ ed 

earlier was implemented to get more data on the system and remove 

some of the uncertainties associated with the line C parameter. 

The single photoelectron measurements since October 1 indicated 

that we were calibrating the photodiode/photomultiplier delay to 

an accuracy of about + 0.4 nanoseconds. Nevertheless, improving 

that accuracy did not appreciably alter the situation. The total 

calibration still fluctuated widely. By eliminating the error in 

line C, however, it became apparent that we were not getting re

liable measurements of the vernier/A-D correction. Thus, although 

the installation of the single photon feedback system did not im

mediately improve the system accuracy, it did isolate the cause of 

the difficulties and allow a better method to be devised .. 

The next step in the calibration improvement is to add automatic 

calibration of the total ranging system during each run. This will 

be done by reading the delay at points 1 and 2 through the vernier/A-D 

system at the time of laser firing. The stop vernier will then be 
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rearmed to accept a lunar return at the end of two and one-half 

seconds. The pulse routing logic to allow such a change has been 

constructed and tested. The revision to the automatic system only 

awaits changes in the software routines. The vernier constants will 

be adjusted at the time of change to give a zero contribution to 

the photodiode/photomultiplier delay. The present photodiode/photo

multiplier calibration system will be kept on line as a check. 

This automatic and nightly calibration of the entire timing system 

should vastly improve our knowledge of the calibration constant and 

greatly lower the uncertainty in the range measurements. 
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E) Miscellaneous R&D 

Laser Handpaddle - During the last quarter the laser room hand 

paddle was completed and installed. in the laser room. This completes 

the construction of the upstairs guiding station which was initiated 

last February. The handpaddle contains all the controls necessary 

to operate the 2.7 meter telescope with the exception of the track 

rate thurnbwheels. In addition, it contains two light emitting diode 

arrays capable of displaying all of the essential telescope para

meters. Although the paddle is compatible with other guide stations 

on the telescope, it was particularly designed for the laser offset 

guiding by the inclusion of dual speed motion buttons. A picture 

of the completed instrument is shown on the next page. It is 14-.5 

centimeters wide and is easily held and operated with one hand. 

Photomultiplier Testing - During the last quarter the laser 

proj ect purchased a RCA C31034-A photomultiplier. This photomulti

plier employs a new GaAs photocathode and is reputed to have much 

higher quantum efficiency than the tube we are now using. Unfor

tunately, the tube failed soon after we began to test it due to a 

cracked base. The cause of the failure is not now known. During 

the time that the photomultiplier was operating, however, it was 

apparent that the claims of high sensitivity were well founded. We 

estimate that the photomultiplier had a quantum efficiency at 7000 

angstroms of almost 20%, or, more than three times our present val

ue. The dark current on the tube was also quite good compared to 

our present model. Unfortunately, the gain was very low and it will 

require some care in order to get the singl e photoelectron level 
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above the pockel cell noise. Such a photomultiplier represents a 

tremendous improvement in signal over our present system. A re

placEment was ordered as soon as the failure was discovered. 

Image Tube Testing - During the last quarter a single stage 

Westinghouse image tube with fiber optic readout was modified so as 

to fit into the eyepiece holder of the laser reducing optics. It 

was hoped that by using this tube we would be able to guide on the 

unilluminated portions of the lunar surface and, thus, make a more 

reliable search for the corner reflector located on Luna 17. A 

night of testing showed the following problems. Although we were 

able to see the dark limb of the moon quite clearly, the scattered 

light from the illuminated crescent, as well as the fact that the 

dark portion is lighted from the same angle as your viewing, made 

the contrast extrEmely low. It was only possible to recognize one 

or two of the highest contrast features. Thus, we conclude that 

this technique would be usable for a very limited portion of the 

month when the crescent was small and the scattering extremely low. 

Time did not permit the testing of various filters to improve the 

contrast situation. While the image tube was not helpful at McDonald, 

it should be pointed out that it may very well prove useful at a 

higher altitude site. The major contrast problem comes from scat

tered moonlight in the sky and the telescope optics. Both sources 

of light could. be appreciably lower in a well designed. optical systEm 

placed. at a high transparency site. 

Timekeeping SystEm - During the last quarter the laser project 

purchased a Model 2005-01 automatic tracking receiver from Austron, 
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Inc. While the receiver was being built we were lent a Model 2000C 

for temporary use. The arrival of the 2000C turned our timekeeping 

problems from a very arduous task to an almost effortless situation. 

Some tracking difficulties were encountered. when the final receiver 

was delivered, but after several weeks of shake-down that receiver 

appears to be tracking reliably. Our experience at McDonald would. 

indicate that an automatic Loran-C tracking rec eiver is an expen

sive, but well worthwhile investment. 

Seeing Monitor - Early in the last quarter, it was hoped to in

stall a photoelectric seeing monitor in order to obtain high quality 

estimates of the divergence of our outgoing laser beam. A photo

meter was borrowed, equipped with a wobble plate device so as to 

scan the star image across a small slit. A small electrical con

troller was constructed and installed on the optics during September. 

It was positioned at the place normally occuppied by the ruby/helium

neon alignment telescope. Unfortunately, the device did not operate 

as had been hoped. The light level at that point was somewhat lower 

than had been calculated. The lower light level made it impossible 

to get adequate resolution on stellar scans without long periods of 

digital pulse averaging. The complexity of adding an additional 

digital counting system did not seem warranted. 

Following the failure of the photoelectric seeing monitor, we 

began to investigate using the 2.7 meter telescope motions to scan 

the receiving apeture across the star and measure the seeing disc 

in that manner. K. Hinkle, a graduate student at the University of 

Texas at Austin, was employed to study the problSTl analytically and 
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determine :the chanc es of succ esse The question was asked: TTIf a 

six arc second apeture was scanned in a raster pattern across a 

gaussian shaped star image, and the light level produced was suffi

cient to get 1% counting statistics, what would be the sensitivity 

of the system to detect the size of the seeing image?TT A family of 

graphs was produced showing the output of the photometer for various 

seeing discs between one-half and six arc seconds in diameter. Again 

the outlook was discouraging. In the range of particular interest 

(seeing between 2 and l+ arc seconds) it appeared unlikely that an 

observer could determine the seeing to an accuracy of better than 

+ 50% with the raster scans. The additional complexity and effort 

in implementing this method did not seem justified by the small 

predict ed gains. 

Apparently the human eye is the only inexpensive seeing moni

tor we have at our disposal. A fairly complex photoelectric system 

using digital pulse averaging could produce a seeing measurement 

which is appreciably better, but the present list of priorities does 

not permit assigning the necessary manpower to developing such a 

system. We will instead reduce the subjectiveness of the seeing 

parameter to as Iowa level as possible by supplying well reticled 

eyepieces and normalizing the estimates among the various observers. 
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APPENDIX I 

McDonald Laser Ranging Station Log 

from 

August 15, 1971 to NovEmber 15, 1971 



STATION LOG, AUG.-SEPT. 1971 

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

Aug. 25 5-7PM Cloudy 

Aug. 26 8-9PM (273) 250/0 7/0 P. Cloudy 2 

(274) 100/3 0/0 P. Cloudy 2 Computer Driver 
reached 20 0 limit 

Aug. 27 8: 50-9: 30PM (275) 240/0 7/0 Cirrus 2 Delayed by clouds 

Aug. 28 7:30-9:30PM (276) 150/3 7/3 P. Cloudy 2-3 Variable trans-
mission 

(277) 100/0 5/0 P. Cloudy 2-3 Shooting between 
clouds 

(27B) 120/2 Possibly 3 P. Cloudy 2-3 Computer guided 

(279) 50/3 5/3 P. Cloudy 2-3 Ran out of time 

Aug. 29 7:30-9:30PM (280) 150/3 10/3 P. Cloudy 2 

(281) 130/0 5/0 P. Cloudy 2 Used TTCatTs PawTT 

(282) 50/3 9/3 P. Cloudy 2 

(283) 360/2 6/2 P. Cloudy 2 Telescope not 
driving well 

(284) 50/0 4/0 P. Cloudy 2 

Aug. 30 7:30-9:30PM (285) 100/3 6/3 Cirrus 2-3 

(286) 50/2 5/2 Cirrus 2-3 

(287) 100/0 5/0 Cirrus 2-3 

(288) 50/3 7/3 Cirrus 2-3 

(289) 250/2 3/2 Cirrus 2-3 

Aug. 31 10:00-11:00PM (290) 50/3 7/3 Clear 3 

(291) 150/2 2/2? Clear 3 

(292) 100/0 7/0 Clear 3 

(293) 50/3 8/3 Clear 3 

(294) 50/2 2/2? Clear 3 

12: 25-1: 20PM (295) 50/3 7/3 Clear 3 

(296) 250/0 ?/O Clear 3 



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

Sept. 1 11:30-12:00PM No runs, Clouds, Very poor transparancy 

Sept. 2 Date Change 

Sept. 3 00:00-2:00AM (297) 350/2 14/2 Clear 2-3 

(298) 250/0 10/0 Clear 2-3 

(299) 50/2 8/2 Clear 2-3 

Sept. 4 No runs, Clouds, Rain 

Sept. 5 00: 50-2: 50AM (300) 250/2 ?/2 Intermittent 2-3 Very poor contrast 
Clouds 

(301) 150/0 10/0 I nt ermi tt ent 2-3 
Clouds 

(302) 100/2 ?/2 Intermittent 2-3 Tap e troubl es 
Clouds 

Sept. 6 1:00-3:00AM (303) 250/2 3/2 Clear 1 Tape troubles 

(304) 100/2 19/2 Clear 1 Tape troubles 

(305) 100/0 22/0 (16 in 50) Clear 1 Tape troubles 

Sept. 7 1:45-3:45AM (306) 400/2 41/2 (24 in 50) Clear 1 defocus to 3 Bad cable 

(307) 150/0 14/0 Clear 1 defocus to 3 

(308) 50/2 16/2 Clear 1 defocus to 3 Tape troubles 

Sept. 8 2:00-3:00AM (309) 100/2 9/2 Clear 3 

(310) 100/0 4/0 Clear 3 

(311) 100/2 15/2 Clear 3 

Sept. 9 2:00-3:00AM (312) 250/2 8/2 P. Cloudy 3 Delayed by clouds 

(313) 180/0 4/0? P. Cloudy 3 

Sept. 10 6:15-8:00AM (314) 50/3 18/3 Clear 3 

(315) 75/2 9/2 Clear 3 

(316) 150/0 5/0 Clear 3 Offset from 
Diow/sivs A 

(317) 50/3 7/3 Clear 3 

(318) 50/2 7/2 Clear 3 Last 50 not on 
magnetic tape 

Sept. 11 5: 30 - 7 : 15AM (319) 50/3 14/3 Clear 4 



DATE TIME RUN NO. NO. OF SHOTS RETURNS WEATHER SEEING 6r') COMMENTS 

(320) 50/2 4/2 Clear 4 

(321) 230/0 ?/O Clear 4 Windy 

(322) 50/3 16/3 Clear 4 

(323) 100/2 4/2 Clear 4 

Sept. 12 6:00-8:00AM (324) 250/2 7/2 Hazy 4 

(325) 150/3 7/3 Hazy 4 120 from Fra Mauro 
D. Last 30 from 
Gambart B 

(326) 180/0 0/0 Hazy 4 Computer from 
Gambart B 

(327) 50/2 3/2 Hazy 4-

(328) 30/3 6/3 Hazy 4 Computer from 
Gambart B 

Sept. 13 7:30-9:00AM (329) 80/2 9/2 Light cirrus 2 

(330) 30/3 6/3 Light cirrus 2 Computer from 
Gambart A 

(331) 210/0 0/0 Light cirrus 2 

Sept. 14- 9:15-10:30AM (332) 360/3 4/3? Clear 2 C omput er from 
Hermann 

Sept. 15 8:20-9:30AM (333) 330/3 ?/3 Clear 2 Computer from 
Hermann 

Sept. 16 New Moon -

Totals for Aug.-Sept. lunation Tries Successful Range Measurements 

19/0 14/0 
24/2 19/2 
18/3 16/3 



STATION LOG, SEPT.-OCT. 1971 

DATE TIME RUN NO. NO. OF SHOTS RETURNS WEATHER SEEING ( 2 COMMENTS 

Sept. 23 Cloudy 

Sept. 24 Cloudy 

Sept. 25 6-7:30PM 334 250/3 5? Clear 4--5 Blew Flashlamp 
to end run. 

Sept. 26· 6-8PM 335 4-70/3 None Clear 5-6 Computer guided 
336 300/3 None Clear 5-6 Visual guided 

Sept. 27 6-8PM 337 275/3 ? Cloudy 3 Visual 

Sept. 28 6-8PM 338 300/3 7 Partly Cloudy 2-3 Visual 
339 30/0 0 Partly Cloudy 2-3 Stopped by clouds 

Sept. 29 6-8PM 340 300/3 ? Partly Cloudy 2-3 Stopped by clouds 

Sept. 30 7-8PM 34-1 220/3 10 Partly Cloudy 1-2 New EMT installed 
Telescope guiding 
erratically. 

11: 30PM-12: 3 DAM 34-2 150/3 8 Partly Cloudy 2 Stopped by clouds 

Oct. 1 Date change 

Oct. 2 2-4AM 343 250/3 8 Partly Cloudy 3 Start diode not 
344- 150/2 5 Partly Cloudy 3 connected proper-
345 250/0 3? Partly Cloudy 3 ly and stopped by 

Varian 

Oct. 2&3 11:15PM-l:15AM 346 50/3 11 Clear 2 1800 in loop, de-
layed 

347 250/2 8 Clear 2 
34-8 50/0 0 Clear 2 
349 100/0 7 Clear 2 Start diode con-

nected properly 
350 100/3 13 Clear 2 
351 200/2 6 Clear 2 

Oct. 4 Cloudy 

Oct. 5 Cloudy 

Oct. 6 Clouds 6-8 Bad Seeing 

Oct. 7 Clouds 

Oct. 8 Cloudy 

Oct. 9 Cloudy 

Oct. 10 6-8PM 352 50/3 5 Clear 3 
353 150/2 5 Clear 3 Magnetic tape 

trouble 



DATE TIME RUN NO. 

Oct. 11 

Oct. 12 

Oct. 13 

Oct. 14 7-9AM 354 

Oct. 15 - 22 New Moon Break. 

Totals for Sept. - October lunation 

NO. OF SHOTS 

210/3 

Tries 

3/0 
0/1 
4/2 

13/3 

RETURNS 

o 

WEATHER 

Cloudy 

Cloudy 

Cloudy 

Clear 

Successful Range Measurements 

1/0 
0/1 
4/2 
8/3 

SEEING () COMMENTS 

'+ Log show corner 0 



STATION LOG, OCTOBER-NOVEMBER 1971 

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

Oct. 23 1630-1700 Clear 3-5 Very poor contrast 

1900-2000 355 350/0 Cirrus 3-4- Computer guiding 
Dec not tracking 

Oct. 24- 1630-1730 Clouds Operating with 
another PMT 

1930-2030 Clouds 

Oct. 25 NO RUNS Clouds 

Oct. 26 1830-1900 Wind 20 to 30MPH 6-8 Bad seeing 

2030-2100 Wind 5 to 10MPH 6-8 Bad seeing 

Oct. 27 1730-1815 356 100/3 9/3 Clear 2-3 
2030-2115 357 50/3 5/3 Clear 2-3 
2030-2115 358 150/0 5/0 Clear 2-3 

2300-234-5 Cloudy 

Oct. 28 NO RUNS Clouds 

Oct. 29 1915-2000 Clouds 

2215-2300 359 300/2 2/2 Clear 3-4- Dec not tracking 

0140-0225 360 250/2 5/2 Clear 3 Dec not tracking 

Oct. 30 2015-2100 361 250/0 5/0 Clear 3 

2330-2400 362 100/0 7/0 Clear 3 

363 100/3 11/3 Clear 3 

0230-0315 364 250/0 Clear 3 

Oct. 31 NO RUNS Clouds 

Nov. 1 2100-2150 365 200/3 9 Clear, Cool 3 Changes PMT voltage 

0005-0050 366 300/3 22 Clear, Cool 3 

0315-0400 367 200/3 8 Clear 4 Poor seeing 

Nov. 2 2100-2150 368 250/2 ? Clear 3 Possible error 

0005-0045 369 300/2 ? Clear 3 in setting gate 

0345-0400 Clear 6-8 Bad seeing 

Nov. 3 DATE CHANGE 



DATE TIME RUN NO. NO. OF SHOTS RETURNS WEATHER SEEING ( 2 COMMENTS 

Nov. 4- 0215-0300 370 250/0 0 Clear 3-4- Wrong Delta 

0500-0545 371 350/0 9 Clear 3 Wrong Delta 1st 
150 shots 

Nov. 5 0115-0200 372 50/3 12/3 Clear 3 AI. #4-

0300-0345 373 50/3 9/3 Hazy 3 

374 200/0 8/0 Hazy 3 

0600-064-5 375 250/3 3/3 Light cirrus 3 

Nov. 6 NO RUNS Clouds 

Nov. 7 NO RUNS Clouds 

Nov. 8 0245-0330 376 300/3 ? Cloudy 4-6 
0630-074-5 377 250/3 6/3 Clear 3 

0900-0930 378 150/3 6/3 Clear 3 

Nov. 9 0140-0200 379 150/3 7/3 Cirrus 3-4 

0315-0330 380 100/3 11/3 Clear 3 

0400-0415 381 50/3 8/3 Clear 3 

0455-0505 382 22/3 6/3 Clear 3 

0550-0605 383 50/3 8/3 Clear 3 

0640-0650 384 28/3 6/3 Clear 3 

0715-0725 385 28/3 6/3 Clear 3 

0755-0835 386 83/3 7/3 Clear 3 Telescope problens 

0910-0925 387 145/3 7/3 Cirrus 

1010-1020 388 200/3 6/3 Clear 

1055-1120 389 210/3 5/3 Light cirrus 

Nov. 10 0425-0510 390 210/2 3/2 Clear 2 Varian computer 
problEm 

0730-0800 391 141/2 4/2 Clear 2 Same as above 

1025-1155 392 50/2 0/2 Clear 3-6 Poor contrast. Much 
image motion 

Nov. 11 0500-0545 Testing Image Intensifier 

0830-0915 393 70/2 Clear 2 Blew flashlamp 



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

Nov. 11 1100-1200 Laser Repair 

Nov. 12 Runs Cancelled for Laser Repair 

Nov. 13-19 New Moon Break 

Totals for Oct.-Nov. Lunation Tries Successful Range Measurements 

8/0 5/0 
0/1 0/1 
7/2 3/2 

23/3 22/3 

Totals for the Quarter Tries Succ essful Range Measurements 

30/0 20/0 
0/1 0/1 
35/2 2.6/2 
54/3 46/3 

119 92 



APPENDIX II 

MCDONALD OBSERVATORY 

MAGNETIC TAPE FORMATS 
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MCDONALD MAGNETIC TAPE FORMATS 

Effective August 23, 1971 

Magnetic tapes written at McDonald are 7-track, 556 bytes-per

inch, IBM compatible, 0.5 inch standard width. Tapes are written 

in odd. parity with an IBM compatible Longitudinal Redundancy Check 

Character written at the end of each record. The end-of-file char

acter or file mark is the standard octal 017 byte with a LRCC byte. 

Inter-Record Gaps are greater than 0.75 inches. 

A 16 bit Varian data word is written in three 6 bit bytes. The 

higher order bits are written first with the two high order bits of 

the first byte always zero. 

Every record is a multiple of ten words long with zeros writ

ten to fill shorter records. The first word of every record is a 

-1 flag. The second word of each record is the number of words re

maining in the record. 



Record. T~l2e 

0 

1 

2 

3 

4 

5 

6 

7 
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RECORD TYPES 

Number Record. 

Ranging Data 

Calibration Data 

Not Used. 

Not Used. 

Housekeeping Data 

Operation Log 

Comments 

Hand. Typed. Data 
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RANGING DATA TAPE FORMAT 

Runs are normally 50 shots long. The results of each run are 

stored in one to seven records. Every record contains the data 

prefix (10 words) plus 10 shots (1LJ. words per shot) for a total of 

150 words maximlIDl. The last record of each run contains the data 

prefix plus N shots plus zeros to force the record length to be a 

multiple of 10 words. 
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RANGING DATA PREFIX FORMAT 

Legend: a = Always a 

1 = Always 1 

X = a or 1 

Word No. Bit Descri]2tion S~bol Word 

1 1111 1111 1111 1111 -1 -1, Flag 

2 0000 0000 XXXX XXXX Renaining no. 
words in record 

3 0000 0000 0000 0000 a Record type a 

4- 0000 0001 XXXX XXXX 0171 McDonald site 
and year 

5 0000 OOXX XXXX XXXX DAY Day, GMT 

6 a OXX XXXX OXXX XXXX HM Hour & Minute, 
GMT 

7 0000 0000 0000 XXXX REFL Reflector number 

8 XXXX XXXX XXXX XXXX DRl Delta 

9 XXXX XXXX XXXX XXXX DR2 Delta 

10 XXXX XXXX XXXX XXXX DR3 Delta 

Reflector Number: a = Apollo 11, 1 = Luna 17, 2 = Apollo 14-, 

3 = Apollo 15, 15 ; Calibration Run 

A negative delta is expressed in 10 T S complenent form. 

Form 

BIN 

BIN 

BCD 

BCD 

BCD 

BCD 

BIN 

BCD 

BCD 

BCD 
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RANGING DATA LASER SHOT FORMAT 

Legend: 0 = Always 0 

1 = Always 1 

X = 0 or 1 

N = Shot Numb er 

Word No. Bit Description 

14 (N-l) +1 0000 OOXX XXXX XXXX 

2 OOXX XXXX OXXX XXXX 

3 0000 0000 OXXX XXXX 

4- OXXX XXXX XXXX XXXX 

5 xxxx XXXX XXXX XXXX 

6 xxxx XXXX XXXX XXXX 

7 0000 0000 OOXX XXXX 

8 XXXX XXXX XXXX XXXX 

9 xxxx XXXX XXXX XXXX 

10 xxxx XXXX xxxx 0000 

II xxxx XXXX XXXX 0001 

12 xxxx XXXX XXXX 0010 

13 0000 ooxx XXXX XXXX 

14- 0000 ooxx XXXX XXXX 

Symbol 

Day 1 

HMl 

SECI 

RBI 

RB2 

RB3 

RAl 

RA2 

RA3 

AVO 

AVI 

AV2 

EPI 

EP2 

Word Form 

Day, GMT BCD 

Hour & Minute, GMT BCD 

Second BCD 

Time interval meter BCD 
1 

Time interval meter BCD 
2 

Calculated range 
1 nanosecond 

Proj ected r.ange 1 

Projected range 2 

Proj ect ed range 3 

Initial vernier a 

Final vernier 1 

Final vernier 2 

Firing Epoch 1 

Firing Epoch 2 

BIN 

BCD 

BCD 

BCD 

BIN 

BIN 

BIN 

BIN 

BIN 

EPI contains 219 through 210 , EP2 contains 29 through 20. 
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CALIBRATION DATA FORMAT 

Verniers numbered 0, 1, and 2 can be calibrated in several 

calibration schenes. The CODE word indicates in which scheme the 

vernier is being calibrated. The analog to digital conversion of 

each vernier contains 12 bits for magnitude and 4 bits for vernier 

number identification. This record ends with zero fill to force 

the record to be a multiple of 10 words. 
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CALIBRATION DATA FORMAT 

Legend: a = Always a 

1 = Always 1 

x = a or 1 

Word No. Bit DescriEtion Symbol Word 

1 1111 1111 1111 1111 -1 -1, Flag 

2 XXXX XXXX XXXX XXXX Renaining no. words 
in record 

3 0000 0000 0000 0001 1 Rec ord typ e 1 

4- 0000 0001 XXXX XXXX 0171 McDonald site and 
year 

5 0000 OOXX XXXX XXXX DAY Day, GMT 

6 a OXX XXXX OXXX XXXX HM Hour & Minute, GMT 

7 0000 0000 0000 OOXX CODE * 

8 XXXX XXXX xxxx a oxx ADC Vernier reading and 
vernier no. 

9 CODE 

10 ect. 

a 

Zeros to force record 
to be a multiple of 

a 10 words long 

*Currie, D. G., University of Maryland Technical Report 
70-090, (1970) page 31 

Form 

BIN 

BIN 

BCD 

BCD 

BCD 

BCD 

BCD 

BIN 

BCD 

BIN 
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HOUSEKEEPING FORMAT 

The housekeeping routine is exercised every 20 minutes at the 

00, 20, and 4-0 minute mark. The VLF versus crystal comparison is 

one of the five astroverter channels read. The other channels are 

available for future application. 

LCI with LC2 is the one second Loran C versus crystal compari

son. The Maryland built counting logic on the Varian Buffered 1/0 

board was improved in September 1971 thus starting day 24-6, the 

200,OOOfs offset has been removed. 

page.) 

(See Figure on the following 

The record is finished with 10 slots for expansion plus seven 

zeros to force the record to be a multiple of 10 words. 
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HOUSEKEEPING FORMAT 

Legend: 0 = Always 0 

1 = Always 1 

x = 0 or 1 

Word No. Bit Description Symbol Word. Form 

1 1111 1111 1111 1111 -1 -1, Flag BIN 

2 XXXX XXXX XXXX XXXX REmaining no. words BIN 
in record 

3 0000 0000 0000 0100 4 Rec ord typ e 4 BCD 

4 0000 0001 XXXX XXXX 0171 McDonald. site and BCD 
year 

5 0000 OOXX XXXX XXXX DAY Day, GMT BCD 

6 OOXX XXXX OXXO 0000 HM Hour & Minute, GMT BCD 

7 0000 0000 0000 0011 CH3 Not used. BIN 

8 XXXX XXXX XXXX 0100 CH4 VLF vs crystal BIN 

9 0000 0000 0000 0101 CH5 Not used BIN 

10 0000 0000 0000 0110 CH6 Not used. BIN 

11 0000 0000 0000 0111 CH7 Not used BIN 

12 0000 o OXX XXXX XXXX LCI 1 second comparison BIN 

13 0000 o OXX XXXX XXXX LC2 Loran C vs crystal BIN 

14 0 

15 0 

16 0 Future use 

17 0 

18 0 

19 0 

20 0 



Word No. Bit 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Description 

0 

0 

0 

0 

0 

° 

0 

° 

° 

° 
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Word 

Future use 

Zeros to force record 
to be a multiple of 
10 words long 

LCI contains 219 through 210 , LC2 contains 2
9 

through 2°. 

Form 
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LORAN C vs CRYSTAL I SECOND COMPARISON 
BEFORE DAY 243, 1971 

I~ 1 200,000f'S 

CRYSTAL 1"...--.... 1 
ISECOND~ ~---------------------~ 

TICK t ONE SECOND EPOCH OF 

_____ ..... ~ CRYSTAL CLOCK L 
LORAN C 
I SECOND ~------------------------~ 

TICK I I rr-- LC I WITH LC2-------1 

WHEN LC I WITH LC2 ~ 700,OOO,u.s 

THE LORAN C DELAY ~ IOO,OOOps 

LORAN C vs CRYSTAL I SECOND COMPARISON 
STARTING DAY 246, 1971 

I"" ~I 200,000f's 

CRYSTAL 1 .... --... 1 
ISECOND~ ~. --------------------~ 

TICK t ONE SECOND EPOCH OF 

_
____ ...... ~ CRYSTAL CLOCK 

LORAN C L 
I SECOND ~------------------------~ 

TICK I ......... E----- LCI WITH LC2 -------.1Il0041 

WHEN LCI WITH LC2 ~ 900,000,u.s 

THE LORAN C DELAY ~ IOO,OOO,u.s 
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OPERATION LOG TAPE FORMAT 

The answers to the operation log questions are stored in one 

variable length record. Zeros are written to yield a multiple of 

10 words. Two ASCII characters are packed into one 16 bit Varian 

word. Answers are seperated by the ASCII character 233 (octal), 

which is generated by the escape key on the McDonald-Varian tele

type. 

The ASCII character .ooaE- (337 octal) is used when the previous 

character should be deleted. 

The ASCII character + (336 octal) is used to delete every

thing back to the question. 
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QUESTIONS AND TYPICAL ANSWERS TO OPERATION LOG 

OPERATION LOG (20AUG 71) 

DATE <LOCAL) 3 NOV 1971 
START TIME <GMT) 337:16:40 
STOP TIME (GMT> 337:17:00 

CREW ROBERT WINDY CHARLEY 

TRA~SPARENCY GOOD 
PRESSURE 599 
TEMP 32 
HUMIDITY 10 
'WIND SPEED 10 
DIRECTION NW 

HOUR ANGLE -3.2 
ZE1\1I TH DI ST. Ij8 

SPECTRAL FILTER 0.7 
SPATIAL FILTER 6 

DARK COUNT 20. 
WHICH STAR B TAU 
STAR AIR MASS 2.0 
SEEING 3 
BEAM COLLIMATION 3 
NET STAR COUNT 135. 
NET SITE COUNT 235/0 180/3 200/0 

EXTERNAL POCKEL DELAY 1.25MS 
ENERGY 3 
BEAM SAMPLE VOLTAGE 100 

LORAN DELAY 75632 

GUIDING METHOD VISUAL 

MUMBER OF SHOTS FIRED 100/0 250/3 150/0 
RESULTS 6/0 11/3 7/0 

COMM~TS THUM~NDER STORM IN THE NORTH 



Word No. 

1 

2 

3 

4-

5 

6 

7 

8 
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OPERATION LOG FORMAT 

Legend: 0 = Always 0 

Bit DescriEtion 

1111 1111 1111 1111 

XXXX XXXX XXXX XXXX 

0000 0000 0000 0101 

0000 0001 XXXX XXXX 

0000 OOXX XXXX XXXX 

o OXX XXXX OXXX XXXX 

XXXX XXXX XXXX XXXX 

XXXX XXXX XXXX XXXX 

XXXX XXXX 1001 1011 

XXXX XXXX XXXX XXXX 

1001 1011 XXXX XXXX 

XXXX XXXX 1001 1011 
or 

1001 1011 0000 0000 

0 

o 

1 = Always 1 

x = 0 or 1 

Symbol 

-1 

5 

0171 

DAY 

HM 

Word 

-1, Flag 

Remaining no. words 
in record 

Record type 5 

McDonald site and 
year 

Day, GMT 

Hour & Minute, GMT 

First two characters 
of first answer 

Two charact ers 

Last character of 
first answer plus 
escape 

First two characters 
of second answer 

Escape plus first 
charact er of third 
answer 

Last character and 
escape of last answer 

or 
Escape of last answer 
and zero 

Zeros to forc e record 
to be a multiple of 
10 words long 

Form 

BIN 

BIN 

BCD 

BCD 

BCD 

BCD 

BIN 

BIN 

BIN 

BIN 

BIN 

BIN 
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COMMENT FORMAT 

The comment record is used to clarify calibration proc edures 

and to make note of any anomaly that has occured. The comment re

cord is stored. in one variable length record with zeros written to 

yield a multiple of 10 words. Two ASCII characters are packed into 

one 16 bit Varian word. The comment record is ended by the ASCII 

character 233 (octal), which is generated by the escape key on the 

McDonald-Varian teletype. 

The ASCII character ~ (337 octal) is used when the previous 

character should be deleted. 

The ASCII character t (336 octal) is used to delete every

thing back to the question. 



Word No. 

1 

2 

3 

4-

5 

6 

7 
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COMMENT FORMAT 

Legend: 0 = Always 0 

Bit Description 

1111 1111 1111 1111 , 

xxxx xxxx xxxx xxxx 

0000 0000 0000 0110 

0000 0001 XXXX XXXX 

0000 OOXX XXXX XXXX 

o OXX XXXX OXXX XXXX 

XXXX XXXX XXXX XXXX 

etcetera 

XXXX XXXX 1001 1011 

or 
1001 1011 0000 0000 

o 

o 

o 

1 = Always 1 

x = 0 or 1 

Symbol Word Form 

-1 

6 

0171 

DAY 

HM 

-1, Flag BIN 

REmaining no. words BIN 
in record 

Record type 6 BCD 

McDonald site and BCD 
year 

Day, GMT BCD 

Hour & Minute, GMT BCD 

First 2 characters BIN 
of comment 

etcetera BIN 

Last character and 
escape character 

or BIN 
Escape character 
and zero 

Zeros to force record 
to be a multiple of 
10 words long 
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HAND TYPED DATA FORMAT 

This record is used if the ranging data was not written on 

magnetic tape. The data is typed to look exactly like the original 

teletype printout of the ranging run. Use of this record is kept 

to a minimum. 

The hand typed data record is stored in one variable length 

record with zeros written to yield a multiple of 10 words. Two 

ASCII characters are packed into one 16 bit Varian word. The re

cord is ended by the ASCII character 233 (octal), which is generated 

by the escape key on the McDonald-Varian teletype. 

The ASCII character -.(- (337 octal) is used when the previous 

character should be deleted. 

The ASCII character t (336 octal) is used to delete every

thing back to the question. 



Word No. 

1 

2 

3 

4-

S 

6 

7 
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HAND TYPED DATA FORMAT 

Legend: 0 = Always 0 

1 = Always 1 

x = 0 or 1 

Bit Description SyPbol Word Form 

1111 1111 1111 1111 -1 -1, Flag BlN 

XXXX XXXX XXXX XXXX REmaining no. words BIN 
in record 

0000 0000 0000 0111 7 Record type 7 BCD 

0000 0001 XXXX XXXX 0171 McDonald site and BCD 
year 

0000 OOXX XXXX XXXX DAY Day, GMT BCD 

o OXX XXXX OXXX x:xxx HM Hour & Minute, GMT BCD 

XXXX XXXX XXxx XXXX First 2 character BIN 

etcetera etcetera BIN 

XXXX XXXX 1001 1011 Last character and 
escape character 

or 
BIN or 

1001 1011 0000 0000 

o 

o 

o 

Escape character 
and zero 

Zeros to fore e rec ord 
to be a multiple of 
10 words long 
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TELETYPE CHARACTER CODES 

(NOT TRUE ASC I I) 

Teletype DATA 620/i Teletype DATA 620/i 
Character Internal Cod.e Character Internal Code 

NUL 200 0 260 
SOM 201 1 261 
EOA 202 2 262 
EOM 203 3 263 
EDT 204 4 264 
WRU 205 5 265 
RU 206 6 266 
BEL 207 7 267 
FE 210 8 270 
H TAB 211 9 271 
LINE FEED 212 272 
V TAB 213 273 
FORM 214 < 274 
RETURN 215 = 275 
SO 216 > 276 
SI 217 ? 277 
DCO 220 @ 300 
X-ON 221 A 301 
TAPE AUX ON 222 B 302 
X-OFF 223 C 303 
TAPE AUX OFF 224 D 304-
ERROR 225 E 305 
8YNC 226 F 306 
LEM 227 G 307 
80 230 H 310 
Sl 231 I 311 
82 232 J 312 
83 233 K 313 
84- 234 L 314 
85 235 M 315 
86 236 N 316 
87 237 0 317 
blank 24-0 P 320 

241 Q 321 
TT 24-2 R 322 
# 24-3 S 323 
$ 244- T 324 
% 245 U 325 
& 24-6 V 326 

247 W 327 
( 250 X 330 

) 251 Y 331 

* 252 Z 332 
+ 253 [ 333 

254 \ 334-
255 ] 335 
256 + 336 

/ 257 ... 337 
Delete 377 



Label 

MCD 31 
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MCDONALD MAGNETIC TAPE LABEL FORMAT 

Effective August 1, 1970 

Comment 

Each reel is numbered consecutively 
and contains all the magnetic tape 
data generated during one lunation 
period at McDonald. Also includ ed 
are power failure glitches and ac
cidental garbage records of various 
forms. 

MCD 31C 0, 5 Direct copies of record types 0 
and 5 from McDonald tape number 
31. A blank record-type-field 
indicated. a total tape copy. 

Record Types 

0 Ranging Data 4 Housekeeping 

1 Calibration 5 Operation Log 

2 Not Used. 6 Comments 

3 Not Used. 7 Hand. Typed Data 


