Preliminary work has also been carried out to shorten the nulze Lo

5 ns, to use a common detector for both start and stop pulses, and to uze

a transient digitizer and 2 computer as the timine processor. Also improving
L P oy

the telescope's pointing accuracy is under work.

4,

71/
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Future Plan on the Laser Ranging Systems

at the International Latitude Observatory of Mizusawa

S. Yumi and C. Kakuta

Internaticnal Latitude Observatory of Mizusawa
Mizusawa-shi, Iwate-ken, 023 Japan

We are now planning to be equipped with a satellite laser ranging
system in a couple of years and a lunar laser ranging system in the next
couple of years at the International Latitude Observatory of Mizusawa.

OQur interests are concentrated mainly on a cooperative work in a
derivation of the rotation of the Earth and of a relative movement of the
station referred to the other stations.

1) The system for satellites will be of the second generation and should
have a capability of observing Lageos. Details of the system will be
fixed in the near future but the main specifications now in our minds
are as follows : o *

Laser : Yag, Nd, Glass Q
Power : 0.2 Joule
Pulse width : 1 nsec or less
]
Wave length : 5320 A

Pulse rate : 0.33 pps

Optical System
Emitter : ¢ 250"
Receiver : ¢ 60077

Mounting : Alt-Az, Coudé

Accuracy of pointing :

b
<o
* o,
[

2) The system for the Moon is under investigation,




g




OPERATING SATELLITE RANGING SYSTEMS; CONCLUDING SUMMARY

L.Aardoom
Delft University of Technology,Delft (The Netherlands)

Four levels of satellite ranging can be distinguished:
~centralized operation of station networks (NASA,Interkosmos,
CNES,SAQ) ;
~operation of single stations {(Wettzell, Kootwyk, Poitsdam,
Dionysos) ;
~-preparation of staticns for near-future operaticn (Cagliari,
Zimmerwald,Metsadhovi, Tokyo);

-planned preparations of stations.

In all there are about 30 satellite ranging systems in operation
or about to start. Theée'aré”globaiiy deploféa} aiﬁhdﬁghmféi.ffdm
uniformly. Their reported single shot rms precisions range from
about a 100 to about 5 cm,

Three classes of satellite ranging systems are somewhat loosely
defined, retaining their potential single shot rms precision as
the criterion: those of:

~first generation: not better than 50 cm;

~gsecond generation: better than 10 com;

~third generation: better than 3 cm;

There is some concern as regards the implementation of sophisticated
TV-aided visual acquisition devices, in that such devices might divert
the attention from the need to obtain fully automatic blind firing

capabilities.

The requirements put on satellite ranging data by the scientific




satellite range data. It is felt that the ultimate design goals
for satellite ranging systems-should be about 1 cm (rms single

shot) instead, as far as precision is concerned.

Data condensation is a controversial topic. High repetition
rate systems will give rise to questions of practical data
handling, considering on the other hand the requirement that
no signatures of geophysical or other scientific phenomena
should be lost. To retain one data point per second is stated
as the possibly highest demand. On the other hand one could
hardly think of geophysical phenomena which require more than
30 or 50 points per pass in order that no information is lost.
Unless further scientific requirements are specified, this
problem is likely to be solved from a purely datca-handling

point of view.

Although systems precisions-at- the 10 to 5.cm level are .
attainable, the construction of satellite ranging systems
with first generation characteristics could still be
considered of value: '

~-for groups to enter the field in case such first genera-

tion systems are substantially cheaper;

-provided they will be soon, if not immediately available.

The near or mid-term prospects for all-weather satellite
tracking devices are that it iis very unlikely that second and
third generation laser ranging systems are to fear competition.
Even in the long-run, laser ranging is likely to be the only
technique capable of providing data on the 3-1 cm precision
level.

Although there is a tendency to develop precise satellite laser




NASA LASYER SYSTEM
PERFORMANCE SUMMARY

4.

The estimated aceuracy of the NASA systems is between 5 and 10 em
depending upon the characteristics of the satellite being tracked.

Range calibration is performed by prepass and postpass calibration to an
external target. The target position is surveyed with respeet to the laser
station to an accuracy of lem using an AGA Model 76 geodimeter. During
calibration the RMS jitter of the data is typically<5 em and the drift in the
mean values for periods of several hours are typically<4 em.

Epoch time is maintained by using a cesium beam frequency standard as the
local time standard. Synchronization is achieved by & combination of
techniques depending upon the location of the station, to an accuracy of +1
microsecond. These techniques inelude travelling clocks, Loran ~C, Loran -
D, VLF (For frequeney synchronization) and finally NTS reccivers.

Internal safety at the laser sites to protect against accidents with either
high voltages or by exposure to high encrgy laser beams are documented in
detail in & laser system safety manual. They include safety interlocks,
warning signs, use of approved safely goggles, ete. External safety to
avoid illumination of overflying aireraft depends upon the use of a safety
observer for close - in aireraft and a high powered sequisition radar to
detect the approach of aireraft beyond visible ranges.
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SAQ LASER RANGING SYSTEMS

T. SYSTEM ACCURACY (25NSEC PULSE)
SYSTEM NOISE LEVEL:
LOW ORBITING SATELLITES:  15-30CM
HIGH ORBITING SATELLITES:  1-1.5M
SYSTEM STABILITY:  7-10CM(UPPERBOUND)
SYSTEMATIC ERRORS:
LOW ORBITING SATELLITES:  20-30CH
HIGH ORBITING SATELLITES:  1-1.5M
SUBSTANTIAL IMPROVEMENT ON LOW ORBITING SATELLITES
ANTICIPATED WITH CHOPPER({6NSEC PULSE)

2. RANGE CALIBRATION
METHOD:
SURVEYED LAND TARGET
EXTENDED CALIBRATIONS FOR SYSTEM RESPONSE
PRE~ AND POST-PASS CALIBRATIONS
STANDARD DEVIATION AT 100 P.E.: =~ £INSEC
SHORT TERM DRIFT(PASS): 5= 7NSEC

3. EPOCH TIMING
CLOCK SYSTEM: EECO CLOCK (VLF/OMEGA FREQ REF)

OSCILLATORS: RUBIDIUM STANDARDS
EPOCH REFERENCE: NTS RECEIVERS(1978)
EPOCH SET: PORTABLE CLOCK

4. SAFETY

INTERNAL SAFETY: SIGNS; VISUAL ALARMS; NORMAL ELECTRICAL
SAFETY PRECAUTIONS; ROUTINE EYE EXAMINATIONS
EXTERNAL SAFETY: VISUAL SPOTTERS AND DIRECT CONTACT WITH
SO VIATION AUTHORITIES (AUSTRALIA) FOR
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LASER RANGING SYSTEM WETTZELL,
FED, REP, OF GERMANY

1.

© availeble for contact with the NATO Alr Force Command Centre.

The estimated ranging accuracy of the system is s cemor
better.

The range calibration is performed by firing at a fixed
terrestrial target 1,2 km distant. During ranging all variable
parameters influencing the measured range are varied through
their entire range. An average of about 40 ranges are taken
with each setting. The characteristic results are summarised
by

typical spread seeccessenns 2 cm

I+ 1+

1 om
drift over period of 1 pass not observed.

standard error of ranges ...

Epoch timing is performed on-line by system clock (rubidium
frequency standard). This clock is controlled by daily time
comparisons with a cesium standard, itwo Loram-C chains and
periodic clock-transfers between Braunschweig (PTB) and Wett-
zell. Additional comparisons are made with other rubidium
standards at the station.

The station 1s occupied 24 hours/day, 7 days/week. Maintenance
and internal tuning adjustments on the electronics and laser
may only be performed under the supervision of one of the
electronic engineers at the station, with a minimum of two
people present, The station is located in an Air Defence
Identification zone, but there is a local sport flying club

in the vicinity. No civil air traffic is permitted to fly
within 18 km of the station. A special telephone comnection is

tween the loc

ailable
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SUMMARY OF LASER RANGING SYSTEM CHARACTERISTICS

Observatory for Satellite Geodesy, Kootwijk (The Netheriands)

Ranging sccuracy: At present an accuracy level of 15 - 30 c¢m has been

achieved in range measurements to GEOS - 1, GEOS - 3, Starlette and
LAGEOS.

Calivration: Calibration of the system is based on prepsss and postpass
range measurements along a short internal light path. The standard devia-—
tion of these measurements is 5 cm or better.

The stability of the system calibration during a satellite pass is in the

sane order of magnitude.

Epoch timing: Standard frequency and timescale is derived from a rubidium

standard. The station timescale is related directly +o the Netherlands
national time standard (one of the standards contributing to the definition
of UTC), using TV sync pulse comparison. Accuracy of timescale synchroni-

sation: 0.5 microsecond UTC.

Laser safety: The following safety measures have been itaken:

- all legally dictated general safely measures {gogsles, warning signs,
ghielding, etc.)

~ attenuation of the laser beam when performing tests and calibraticn
measurements

~ airtraffic protection: an ophical airplane detection system with

automatic laser inhibiting.
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SUMMARY OF THE CHARACTERISTICS OF THE LASER RANGING SYSTEM

AT THE CAGLTIARI OBSERVATORY

Owing to the fact that the laser station has not yet been

assembled, the following characteristics are only indicative.

1. RANGING ACCURACY

The ranging accuracy is expected to be about 20-30 cm.

2. RANGE CALIBRATTON

Two or three targets at different azimuts and distances (500-
1500 m) will be placed around the laser dome; however it is not
excluded to perform prepass and postpass calibration through an

"internal light path.

3. EPOCH TIMING

A cesium standard will control the laser--clock. Daily this

time base is compared with the LORAN-C station of Simeri Crichi
and, by means of TV methods, with the timescale of the Institute

"Galileo Ferraris'of Turin. Accuracy within 1 aus is achieved.

4, LASER SAFETY

For internal security, safety glasses are used. Moreover,
all power supplies are disabled and energy storage banks are

automatically dumped every time the capacitor box doors or the

optical rail cover are opened,
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ZIMMERWALD SATELLITE RANGING STATION

Baversima, G. Beutler, W. Gurtner, P. Xlbckler, M. Schiirer
Astronomisches Institut der Universitit Bern
Barn, Switzerland

Ranging accuracy (see 1 )

- Without waveform-analysis ~ 90 c¢m
- With waveform—analysis v 40 om

Range~calibration

Special method, described by I. Bauersima 1 .
Estimated accuracy * 14 cm (from 10 single calibrations)

Epoch timing

A HBG~receiver, contrelling an internal oscillator is used.
Estimated accuracy of the epoch < 20 us.

Control is done by transporting a cleock to the Zimmerwald
Station.

Security

Internal: An "Interlock-System" allows turning off hicgh
voltage from varicus points of the observatory.

External: During observaticn-pericds the civil and military
flight~control authorities are informed daily
about our operation schedules.

The maintaining of security during operation is
granted by visual observation of the sky.

Reference:

I. Bauversima: Entwicklung, Zweck und Perspektiven der

Satellitengeoddsie, Mitteilungen der Satelfltenbeooachtungs~

staticn Zimmerwald Nr. 1
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The characteristics of the Mets#hovi satellite laser range finder are
the following.

1. Estimated ranging accuracy of the system is about 1 m.

2. The system is calibrated in the 332 m long test line. About 20 shots
are made for each calibration. The calibration is made with formula

T =T -
¢ 's 'm

Ty T 2224.73 + 0,1785(p/T)

T. is the calibration correction factor, p is the athmospheric pressure
inmb, T is the temperature in XKelvins, and r_ is the mean of all 20
calibration range measurements. The result is in ns. The accuracy of
one single shot is from 0.5 to 1 ns corresponding to 7.5 cm to 15 cm.

In some cases drift from 1 to 2 ns per hour has been found.

3. The time in UT units has been determined with a LORAN-C phase locked
quartz clock. The system has been calibrated with a flying cesium
clock (from EISCAT). Accuracy is between 1 and S/HS.

4. Maintaining internal and external safety is not yet arranged.
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For meintaining saltey at the ranging site | separie lines with over
loading switch sre used besides a set of battaries is connected with

CHARACTIERISTICS GF HEIMAW SATELLITE LASER RANGING STATIOM

BY
M. FAHIM end A. 5. ASAAD
The charecteristics of Helwan
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gccuracy ©f + 1 microsceconds is reached. Sigrals from EECO clock isn
ynchronized to wiithin + 1 usec., The iime was
clock two times per year. The signals received

om Home. The firing time, the repetition rate

T
observations are conitreoled by a laser .clock and
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clocks to feed up during electricity failure ., .Cooling systen is
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checked daily end the
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dating water weekly,
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CRIMEAN LUNAR LASER RAWGING SYSTEM

Yu.L.Kokurin, V.V.Kurbasov, V.F.Lobanov,
A‘E,Sukhanovsky
Academy of 3cicences of the USSR
P.N.Lebedev Physical Ingtibtute

The ransing accuracy of the ayaten s calculated on the

*

npasls of measured and calculeted srrorg and delay:

2 1.5 ne, or 2 5cn

1,

where é7é; ig the mean square valué of the error due to lager

pulge duraticn = 0.8 ns; 5%, is the error in electronical

,'/ F)
and geometrical delays =1 ng; 5¥c, is the error due to the
digeretenegs of the counters =~ 0.3 nsy 5 ., ig the srror

p’
tiplier = 0.5 ng.

g

ma gisgnaly tranguiited by T

Tl i
cinanncls .The propogation time of the TV-channecls ig measureﬂ
{ 1

&
by means of the trangporitable c¢lock.
Tire pavamnelers of the aveabem:
lager tranzmitier pulsewidih 2 ng;
regolution time of the counters 1 ng;
time resolution of the photomuliiplier 0.5 ns;

scale -5(usq

time of {the lager pulse in UDC(SU
Internal safaty Tor per

ied by uging

Xl
speclal spectacles. Ixternal H?feﬁy ig provided by nanguard

at the top of the telescope building.
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UHAR LASER RANGIHG SYSTEMS
SESSIOH 3B

REMARKS BY THE SESSION CHAIRMAN

£ric £. Sitiverberg
MeBonald Observatory

The University of Texas at Austin
fustin, Texas 78712

Despite considerable effort over the last three years, routine iunar

ties is still not availeble. It

—

rancing by a number of laser tracking facil
is certainly difficult to characterize in & few words the reasons for the
slowness of development in this technique. Unlike satellite ranging, no two
lunar systems are alike, accounting to some degree for the difficulties,

since each must address an almost unique set of probiems. it is also

_table that this technique has such 8 high threshold of performance before

even rudisentary results can ba delivered. Even the lack of mean!ﬁgfui in-
termediate targets over 5 orders of magafiuée in signal level musi take s
credit for the sporadic development. And lastly, the lessening of priority

for lunar data relative to very intere esting lower targets has, and will con-

tinue, to slow progress. Honetheless, no one would now seriocusly doubt thet
4

routine lunar data cen be attained and, in fact, must be attaincd i tha
high potentisl for gain in celestial wechanics, general relativity, and earth

dynamics is to be realized,
As pointed out by Mulholland and Calame in Session 1, the scientific

goals for lunar renging cover a vide range.of discipliines, some of which are

et}

not sccessible in the foreseeable future in any other practical manner, i rom
the standpoint of station development, it is important to note that many of

these goals can be attained with limited data sets, although a complete solu-
tion of the full set of problems requives an ambiticus global chserving pro-

gram. The latter obsery vation 15 lmportont in the context of cur praosent

!un
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vationy by atiainsa wnene

Ceessible,  even.




widely scattered institutions can be of great importance in many instances.

Station development need not be predicated on the full time supply of data
to expect to be an extremely important contributor ta the scientific goals
of this technique,

The immediate goal at this time is to begin to collect lunar data, how-
ever limited, from more locations. It is particularly important that these
data be well calibrated for, if this is true, even @ dozen range measure-
ments can produce a scientifically meaningful baseline and ecarth orignta-
tion solution. It is equally impartant to start the preliminary data trans-
fers to exercise the technical capabilities at the station and to test
analysis capability for this technique at many analysis centers. Most im-
portantiy, the meaningful results which can be attained with even a few well
calibrated data points should have tremendous scientific and political con-

sequences for all of the nationalities associated with lunar laser ranging.




FRENCH LUNAR LASER RANGING STATION

0. Calame
J. Gaignebet
Centre d'Ftudes et de Recherches Géodynamigues
et Astronomiques
8 bd. Emite Zola
Grasse, France

organlzat;Oﬁs. The equipment is installed at the Calern plateau, while th

sy stom ueing

INTRODUCTIGON

After an initial operating period, partisally successful, at the Pie-
du~Midi Observatory, the French lunar laser ranging experiment started a
new development with the establishment of the CERGA installation (Centre
d'Etudes et de Recherches Géodynamiques et As tronomiques) at Grasse.

The construction of this new station is the responsibility of a laser

team, housed =t both CERGA locations, with funding supplied from various

\

scientific work is performed at Grasse. This is a unique situation for a
lunar laser station in that the entire computation string {predicticn com-
putations, observations, data processing and the scientific analyses) is
performed by the same group. In this paper, only the experimental portions

will be described in some detail.

HARDWARE SYSTEM

The overall system is entirely new and was designed and constructed
specifically for this station, including a new telescope dedicated to this

experiment.

Telescope
The 1.5 meter (f/20) Cassegrain telescope provides the transmitting and
receiving optics. A dichroic mirror splits the return beem between 2 guiding

system and the receiving ensemble. The resciution of the optics is about 3

Careseconds. - The azimuth-aliitude configuration 18 driven by a continuous’

WOET GEGT Sy LOFgUe B

sabOho, to the drive system and checks the posi
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Guiding System

A computer—driven guiding system is placed in the beam passed by the
dichroic mirror. This apparatus is able to offset a television camera in a
polar coerdinate system, allowing & visual tracking of lunar reference fea-

tures, while the main optical axis follows the reflector direction.

Laser Transmitter

The contiguration of the QUANTEL ruby Yaser system consists of an os-
ciltiator, a double-pass amplifier and a power amplifier. It generates
pulses of 3 nsec lenath, with an energy of 4 joules, at a repetition rate
of 1 pulse every &I seconds. Coupled to the mount by four mirrors in a
Coude arrangement, the beam is directed through the telescope via a fiip
mirror selecting the transmitting/receiving mode. Fixed at the back of the
first Coude mirror, an optical fiber picks up a sample of transmitted 1ight
and routs it to a photodiode within the ranging system electronics for the

timing of the pulse start.

Receiving System

~Fhe.receiving system.is. placed. near. the telescope's-main-focal poimt,
It is designed to contain principally the multidielectric filters {3-5 ﬁ),
the collimating lenses, a mechanical shutter and the photomul tipltier tube.
This device is maintained in temperature to within 1°C to allow the use of
narrow-band Fabry-Perot filter (about 0.3 ﬁ), now under test. The system is

designed to have the capability of being equipped with two photomultipliers. E

Ranging System Electronics

The Péhgéﬂgusféte&'ébnsiété.é?gméfily.oF é”réﬁéé‘déf?ca? gate control
and an event-timer. The range gate, which eliminates all pulse detection
ocutside a pr“G¢Ioctﬁd Lhaﬁ el, can be chosen with a Tength from 200 micro-
scc to 20 nsec. The range and range rate predictions are supplied by the
main computer in real time.

The event-timer is a very accurate clock which is able to time 5§ suc-

cessive avents (extension to 10 is anticipated) reprasenting either the las-

er start or photon stop or clock stop signals., The precision of the mea-

sured cjorh is ?GG pfe and Lhe rpcovcry t:m baLh@€R_tWQ_CGﬂSQCUtiVB.ﬁ@G“

sures ish nsec, fhcgb event: times are recordcé it m_més




(PMT) pulses, so that the accuracy of the time delay measures can be signi-

ficantly better than the laser pulse length.

Computing Facilities

The CERGA Tunay laser station is equipped with two computers working
in real time:
a) a Data General ECLIPSE scrves as the main computer., lts config~

uration includes:

H

CPU (32 K memory)

1

disk package
- double cassette driver
- aiphanm&eric Tektronix display

- Texas Instruments Silent 700, with modem

i

teletype

b} a DG NOVA 1220 is slaved to the ECLIPSE for the telescope quiding.

SOFTWARE SYSTEM

Four principal tasks have to be performed in real time by the computer

system in the course of observation runs.

Predictions

For both the telescope driving and the determination of the range gate,
o \

as well as for the construction of an histogram, it is necessary o know, at

Lo

[

c

ecach moment, the position in space of the obscrved reflector with ros
the operating station and the position in the guiding fosafxp}aﬂa Qf the
reference craters, These computations are required et o high accuracy
level, such that the programs have a grest complexity and require 2 long
computing tima. Thus, the predictions are evaluated in sdvance on a CDOO

mathematical modal,

7600 computer, using a very accurate ephen

taking into account the small effects acting on the motions of the reflector

with respect to the station. To conserve computer cost, these prodictions
i

are calcuiated at large intervals {every 20-30 minputes)

cassattes. in tﬁ; course o» @t OJ CfVlWU rung t @ EELE?J&
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Driving and Guiding

These tasks are performed by the HOVA computer which converts the co-
ordinates (equatorial to horizontal), computes the refraction effects and
transmits the deduced position of the reflector to the driving system, each
second. At the same time, it checks the values of the encoders, takes into
account the eventual manual offsets, the instrumental flexures and driving
inaccuracies, before making & correction to update subsequent predictions.
In addition, the computer selects the reference points corvesponding to the
observed reflector and the tunar phase; then, it transmits the calculated
positions to the guiding system so that the TV camera is positioned on the

selected crater.

Kanagement of the Experiment

The ECLIPSE computer works as a master control for all the other de-
vices, hoth for inputs and cutputs. Indeed, in several aspects, it ensures
the ties between the various elements themselves and the external world.

The pr|n€|pa1 linkages are with the predrrtuom cassettes, the NOVA computer

Lhe ranging e!cctroﬂ:cs the ovent“timer, and varicus devices for data such

as temperature, pressure, humidity.

Pata Processing

"Vﬁt€Ol dota

In addition to the general control, the ECLIPSE must perform some data
pracessing. For the lunar laser ranging, it is necessary to integrate
several shots, and detect the eventual signal by @ statistical process ¢
s important to have that capability in real time lno ordar to properly di-)
rect the experiment. Therefore, the laser shot end the four ph@tﬁn stop
times are recorded; the corresponding time delays are computed; and, at
cach firing the results are compared with the predigted range. -Using a
statistical process based generally on a Polsson distribution, an histogran
can be built over the course of a series of shots.

*

A series of shots is stopped when the probability that an event can

be atirihuted to the statistics of neoise is sufficiently small., Those re~
sults are then recorded on cassettos and are later processed by the CDC
':-compthV”%ghrthe“c@ng f-ﬁ i ?m;”.g hic% rapza send: the obselr oo

scien ifm "-.*T.U'.'-'

“ttots cﬂ%%??@ﬁ&é that Tt w§}%~be-iﬂ'?uﬁﬁtéeﬂ%ﬁv-in'avﬁaar~£u%u?e.,




RIMEAN LUNAR LASER RANGING SYSTEM

Yu. L. Hekurin, V. V. Kurbasov,
V. ?.,lobanaw “;d Ao N. Sulkhanovshky
Academy of Sciepces of the USSR

P. K. Lebedev Physical Institute

er /2/.

fu}i Pipewidth &A

LASCR TRANSMITTER

In paper /1/ a laser ranging system has been described with the laser
placed in the coude configuration of the telescope. However, due to high
losses in the optical system as well as the lack of ohserving time, work on

further improving this system has been suspended.

-

For these reasons and with accompanying progress in testing a telesopis

amplifier, a new laser transmitter is now belng prepared for ranging. The
new %ystem may be placed on the rotating polar platform as described carli-

A schematic diagram of the system is shown in Figure 1. A driving os-
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£ /37, consists of two cavity mirrors,

cillator, developed on the basis o i :
and 2, with reflection factors 100% and 80%, 2 ruby crysta! 7 mm in diame- 5
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ter and 120 mm long, and G-switch cell with two triggering char
of the contrel channels Is used for Q-switching of & giant pulse, and with
the help of the second one that utilizes a laser-triggered spark gap,

cavity-dumping is carvied cut for time duration = 2 gs. The resulting os

cilltator bean is directed into @ telescopic amplifier. The creray o

tailored pulse is = 50 md with a pulse-width = 2 ns.  The telescopic.

~
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Tier consisis of the mirrors 3 and 4 and a ruby crystal 16 mm

and 250 mm long.  The gain of the ifler is = 60. For details on the

other parts of Figure 1, see reference /i/.
A summary of parameters for the laser transmitier are as follows:

pulse-width oo~ Z ns; pulse encrgy W= 2.5 J; wavelength A = 6843 A,

C.h &; been diveragence 0 ?’;”Qgtpui SRETIMIE

0.5

=16 Cﬁu' u3 = .33 eps.

A

FEU-

e
%)

DNONG MENY  Samp




Pip, 1. Sehematic disgram of the laser ranging systom.
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resolution of +0.5 ns has been obtained for the photomultiplier. The

guiding system was repeatedly described in our papers, and remains un-
changed.

The measuring and recording equipment are based on a TPA-100Y-7 mini~
computer and are modernized in comparison with 1975, The system permitted
us to improve the accuracy for measuring the time of laser signal propa-
gation to c:](‘)m9 s. Moreover, the system performs lunar ephemeris inter-
polation for each 3 seconds using reference poinus with an interval of 0.5h
/1/. There are three independent time counters, having 1 ns resolution,
which may operate parallel as well as in series.

The epoch timing system uses time signals transmitted by TV channels,
This system permits measuring the time of the laser pulse in UTC (SU) scale

with an accuracy +5-6 usec.

ACCURACY

The ranging accuracy of the system is calculated on the basis of mea-

sured and calculated errors and delays:

=V “ 4o 2420240 % = 1,5ns, or 25 em
e eg ¢ P

whare v, is the mean square value of the error due to laser pulse duration
= 0.8 ns; Ueg is the error in electronical and geometrical delays = 1 ns;
GC is the error due to the discreteness of the counters = 0.3 ns; and, ©

P
is the erreor of the photomultipiier = 0.5 ns.

SAFETY

Internal safety for personnel 1s provided by using special spectacles,
External safety is provided by an observer at the top of the telescope

building.
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STATUS OF MAUT LURE OBSERVATORY

S. F. Cushman
The Institute for Astronomy
University of Hawall
P.0. Box 157
Kuls Maul, Hawail

Essentially, the cbservatory is complete as designed by the LURE team,
The transmitter has been in operation for several years, with minor down
time. It consists of a A1 cm aperture, fixed telescope with a 72 em {lat
mounted as a coelostat in front of it. The telescope points due north,
thereby permitting the flat to direct the laser beam, without diminution, to
the moon at all aspects for an observatory at 20° latitude.

Attached to it is a neodymium:YAG laser which is presently operated at
three hertz, with pulse width of three quarters of a nanoseceond, and about
one third joule per pulse. After considerable trouble getting this device
operational, the laser technicians ¢an now use it virtually as desired. A
full year of cperation has required approximately twelve thousand dollars of
supplies, not including necessary power.

At the opposite end of the building is the multi-eyed telescope consis-
ting of eighty refractors of 19 cm aperture on a common suspension. Opti-
cally, this telescope has performed well; much time was required to align
it initially, but alignment has held well. Mechanically, this telescope has
not yet achieved a satisfactory state. Full cperation is expected before
the end of the year.

To control these devices and to record data, two Nova computers were
chosen. VWhile these seem able to do the job, by hindsight, a single, fTaster
computer would have been a better choice. Complete software has not vet
been developed for the ranging routine, mainly beczuse software provided by
others has been difficult to debug. As the system stands, much manipulation
is reguired by the operators which couild be eliminated with = singie com-

For a1l the shortcomings, the system works as has boen demonstrated on

TseversletesTione durtng Yo and Gree T T8

Tites. The transmitier is being made into a trapsceiver, and it
ps E
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being fitted with better motors. Lupar ranging is temporarily being sus-

pended until these changes are effected. It is hoped that a combined pro-
gram of ranging to both the moon and near earth satellites will become
routine within a few months.

At present therc is an unexplained spreading of lunar ranging data,
which limits the confidence of the data to about five nanoseconds in round
trip time. Range calibrations are performed during ranging by a fibre op-
tic cable between the two telescopes which transmits the laser pulse direct-
ly to the photomultiplier. The same spreading of data is observed. In
addition, ranging is performed to a retroprism mounted on Mauna Kea Obser-
vatory, the round trip time to which is 853,371 nanoseconds. Since a
slightly different system must be used, uncertainties are on the order of
a nanosecond, and this increased precision is also observed in the fibre
optic cable results. The difference between lunar ranging and range cali-
bration has generated much research, which is as yet unrewarded,

The epoch timing is performed by an Event Timer developed by the

University of Maryland, which is driven by an Austron Hodel 1200 Frequency

Standard. Continuous check on the drift of the oscillator is made again
a Loran-C signal originatiag barely one hundred miles away with shout 60%
over-water transmission, with daily calibrations performed during ranging
periods.

Internal safety is governed by OSHA and University of Hawaii Radiation
Safety Office regulations. External safety is governed by visual observa-
tion of the sky in the region of firing before and during laser firing. -At
an elevation of over three thousand meters, few airplanes pass near the

observatory.
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MCDOHALD ODSERVATORY STATION REPORT

Eric €. Silverberg
McBonald Observatory
The University of Texas at Austin
Austin, Texas 78712

1

The University of Texas, McDonald Observatory lunar laser system In
Fort Davis has been in regular operation since September of 1970, The sys-
tem has produced over 2300 ranges to the reflectors on the lunar surface
using the 2.7 meter reflecting telescope a5 both transmitter and recelver,
The recently upgraded pulse-transmission-mode ruby laser permits transmit-
ting approximately 1.2 joules of energy from the telescope once every ihres

seconds, with a pulse width of 2.5 nsec, FWHM. The epoch recording timing

system is based on an EGEG TDC 100, time digitizing module. Guiding is done
either manually or by computer-driven offsets from lumar features.  The sys-

tem is operational three times daily, for 21 days per lupation.
The rangs precision with the Mchonald systen for a single shot is esti-
mated at 420 cms, with range-averaged normal points precise to approximately

7 cms.  Annual signal leveis average about 0.04 photoclectrons per shot, al-

though a sigral of 0.2 photoelectrons per shot is not infreguent, The cali-
bration of the system Is maintained during ranging by routing a highly at-

tenvated portion of the transmitted beam onto the receiver detector at thsa
single photoetectron level. Scatter in the calibration dats, in the retuins
from the lunar reflectors and in the analysis of the data from run to run
indicates that the actual ranging precision is very close to, If nob identi-

cal with, the estimates, with the exception of a few points affected by

laszer pulse shape anomalies., However, a constant bias offset of up to 30 oms

due to telescope geometry is possible in the entire seven year data span.
The relative epoch at the station is maintained to +2 usec by continu-

cus recording of the Loran-f transmissions from a central U.S. station,
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LASER RANGING SYSTEM AT THE TOKYD ASTRONOMICAL GESERVATORY

Yoshihide Kozal and Atsushi Tsuchiya
Tokyo Astronomical Observatory
University of Tokyo
Mitaka, Tokyo, 181 Japan

INTRODUCT I O

The TAD laser ranging System is a combined svstem for lunar and satel-
lite ranging; that is, the electronic system and conputer are commonly used
for both lunar and sateilite observations., The system is installed at the
Dodaira Observatory, which is located about 100 ¥m north-west of downtown
Tokyo. A 3.8 m telescope is used solely for receliving the lunar signal,

while & 0.5 m telescope is used for both satellites and the moon.,

. ...3.8 M TCLESCOPE

The 3.8 m telescope uses a metal mirror with the diameter of 3.8 m
mounted on an azimuth-elevation drive mechanism. The primary focal length
is 3.8 m, i.e., the f number is 1. The combined focal length with the 40 en
Cassegrain mirror s 30 m. The filter has a bandwidth of 0.1 nm at 0.6843

pm.  The photo~detector is an RCA-8052.

50 CHM TELESCOPE

A 50 cm off-axis Cassegrain telescopa is used for transmitiing the

.

laser beam to the moon and also used for receiving the satellite refurn sig-
: : . RiLY elbite

e
nal. Tor satellite observations, the laser beam is transmilied by a smali
telescope commonly mounted on the 50 cm telescope. In both cuzcs, the laser
beam is transmitted through coude optics from the twe lasers. This tele-

scope is mounted on an X-Y drive mechanism.

LASER
The Tunar laser is & three-stage amplified ruby system. The pulse




The satellite laser is one-stage amplified ruby laser with pulse-slicer.

The pulse width is about 3 ns and the output power is about 0.5 J. The beam
divergence is about 5 m-rad. The lasers are installed in an air~conditioned
room and the output laser beams are led to the telescopes through coude

optics.

ELECTROMICS SYSTEM

The main f1ight time counter is HP-5360A computing counter with 1 ns
accuracy. The resolution of the range gate is 0.1 us with the whole system
controtled by an HP-2100 mini-computer.

The timing is controlled by a crystal frequency standard, which is
linked to cesium frequency standards at Mitaka (main office of the Tokyo
Astronomical Observatory) by VHF radic, and also, is calibrated by loran-

€ radio slgnal.

N A T AN

G

AT




R e S L

vt ey i
whoms R L e 4 TR
u_ﬁ Ghoddt d b H -

LNy BAG

st
FRICIND

™
[T}

i

5o

o

»
3

)
Aad

k.

o0

Vo dervonzaay

) | shueaud L oang ualatd M
& * ik i w«ﬁﬂui “dH
~ +h

ks g
4 |

v
A

BHIL ATIG gy W EEV1 BLITIRLV
m

WY Asiyni

L 3dd i@ e ® Cdwie

*

1

{ PRLCIA
N h he
OIS * »

ERCTIe) i MR W

3

R .
TP T
T TF wpy el e Tpg Tiwaw

. ﬁﬁ.-mﬂ P it PtV .u..q.ml!
A.wmx_\umﬁt.l t\(,-.....i._.(:.s...”,.

U

[ETERSTED]
B TP
Jei WHLEAG JVLOL

s (L

i d
R




«5 wle w» Yoo

B2

3705803
0ue3 KOLsAS |
N ovi
Fiily e . 1
; i :
i} - 1 Mg | ] B
‘ GiS b 5010 M A 43501 !
H - J
orl : H T
A Inil

mwnooww u» n

m g \_. W Vi .
< ]!%L\llaj w‘m (T3 3l QLA
i M UETOHLNGY | unya

: HI000NS g
| S— -4 s
s J o &
- .I!.J N

. w. s ANV RHOS
= w.... NI BeIL e " BYId H55VY
1 YE4dng | AVIIE B35V ) :
{ - i
] ,\/mzu..ll‘,l - IR iy ass :

+

- o b TR

BNV !

ET2Y YRS | ! < y . -
we | J - k/ i L
e 1 ﬁ.'n-.l!.ia A o]
| ooz g o HUNATS .ﬁmﬁ oree ] w NG9 _ z“ : e
f i | | LM
! g 1 INIL IHOTIE e - i y . L

FM.MAWJML | A cteliibontll a2=vra D WY NIV ﬁ”\rzrwﬁuwm.—l s

. @ VOG-0 ¥ Y035 :

BT~ M

¥igr-un

S T

8reZ | . :
¥ ) 2
&......!...:.i [k B R mﬁﬂqﬁ%p%
by T | .
<4 BAAER TR b
. Qi — g i




LUNAR RANGING MOBIFICATIONS
FOR THE LASER BRANGING SYSTEM
IN WETTZELL, FED. REP. OF GERMANY

Peter Wilson
Institut fur Angewandie Geodasie (Abtlg.!i, DGFI)
Frankfurt and Qonderforschungsbe;ezgh ?8,
Satellitengeodasie, der TU Munchen
Fed. Rep. of Germany

HARDWARE

Introduction

Already prior to installation of thz new laser ranging system in
Wettzell, 1t was recognized that the system has potentially the capability
for ranging to the moon. The computation of the energy balance, assuming

the laser to be operating at full energy, showed that the transmitted

energy per second, divergence, receiver diameter and detector efficiency

more than meet the minimum requirements for lunar ranging. However, to
implement this capability a number of hardware modifications are necessary

and the technigues for applying the system have to be define

Hardware Modifications

The hardware modifications may be considered under the following

grouping:

- changes in the computer interface unit, system control and modifi-
cation of the servo amplifier to achieve the optimally smoothed
low-rate pointing of the mount required for lunar ranging;

- introduction of a lunar range gate unit and modification of the
system range timing counter to permit event timing, since some
12 Yaser puises will be in flight before the return signal asso-
ciated with the first one is detected;

- modification of the receiver control unit pemitting operation

in the normal satellite mode {uqing a range-time counter) and

RS i lanar mode {event: ti%ing}

- lntroductlon of remcie mount cowtra% to permit fine pointing,
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- upgrading of the photomultiplier by introduction of the newest

Varian static crossed field unit, with 2E8% guaranteed minimum
quantum efficiency (35% typical);

- introduction of a theirmostatically controlled 3 A narrow-band
filter to replace the current 258 unit;

- introduction of a video tracker to permit optimal target pointing

during the calibration procedures.

SOFTWARE

Besides the software support to be described implicitly during the
session on calibration, an extensive software package is being developed in
support of the Tunar ranging modifications. This package is being planned
as an independent operating system,

The lunar ranging procedures controlled by this software visualize
the computation of the lunar ephemerides, system calibration, ranging exe-

cution, preliminary data precessing and system diagnostics. The ranging

Cexecution consists of the selection of and pointing to a suitable star

towards which the lunar reflector 1s moving, to determine the momentary
differential offscts due to instantancous refraction and optical deforma-
ticns. The differential offset will then be extrapoleted to the predicted
lunar pointing angles to obtain the anticipated reflector position. In
the event that returns are still not possible an automatic search pattern

can be introduced.
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STATION DESCRIPTION
ORRORAL, AUSTRALIA
CPERATED BY THE DIVISIGN OF NATIOHAL MAPPING

B. A. Greene®
Division of Naticnal Mapping
P.0. Box 548
Queanbevan, New Scuth Wales 2620

T

The Orroral astro-geodetic complex has, as its basic alms, the pro-
vision of cbservations relating to the changes in the earth's size and
shape: the inclination of its pole and the rate of rotation; and the
movement of crust. These aims are being tackled by optical (Jaser) and
radio frequeacy ranging. The former is to be used for all precise deter-
minations of geodetic guantities, such as geocentric coordinates, position
of the instantapeous pole, universal time, and other similar parameters.
The tatter is used for time transfer, time scale and lower order geodetic

~work..

The central feature of the Orroral complex s its HP-21M/X computer
which operates under a real time executive, currently RTE-3, which allows
it to provide both control and analysis capacity to system users. In par-
ticular, it has the capacity to provide all ranging activity with dif-
ferences between observed and predicted ranges. The residuals, termed &
deltas, violate the Poisson distribution law and hence they can be detected
against this background. Satellite chservations, at this ifnstant derived
from radio frequency observations, usually chey the classical Doppler §
shape curve, &s the greatest error is ths along~track error. This allows
a different but useful criteria to be adopted. A marriage of the current
tunar laser technology and the current NTS radio frequency techrology ap-
pears to be necessary for single photon detection of high altitude satel-

Tites.

HP-21H/X HARDWARE




Counter

1

firmware implementation of double precision and

common FORTRAN functions

3

DMA at 1.5 megabytes per second

Mass Storage - 4 discs each of 2.5 megabytes

]

magnetic tape unit, 9-track, 800 8P1, NZRI standard

Peripherals
and Terminals ~ paper tape reader

two visual display units operating at 2400 Baud,
terminals have local memory and enhanced character

sets

300 Baud hard copy terminal

f

200 line per minute printer

The second common system in the Orroral complex is the time scale. At
Orroral we are not blessed with access to global time systems such as lLoran-
¢ and hence we have been forced into the art of time keeping with the neces-
sary ancillary function of performing time transfers. This function of time

keepina provides us with a time base capable of measuring time of flicht of
g P £ g

‘a photen package to a Felarive precision greater than Tri0, 000,000,000 1t

i= to be noted that 1 nanosccond in 2.5 seconds is 4:10,000,000,000. The
time scale also provides us with epoch of event capacity which is limited
by the long-term stability of the clock system. This is about 5 micro~

seconds per year rvelative to the UTC scale.

TIME SCALE HARDWARE

Cesium Clocks - 4 F 50 6 1A type units to provide long-term stability
Rubidium Clocks - HPS06GA type with excellent stability in region up to
1000 seconds

Linear Phase
Comparators

two HP units to record at 200 nanoseconds full scale
to provide analogue monitoring

Distribution

Amplifiers - two HP units to correctly balance loads onto cesium

and rubidium clocks; output drives linear phase

cmmﬁarétor% aﬁd cﬁu&terf.:;;p:'~

Eldorado one nanosecond counter for time interval

.




the bigoest component, It consists of the laser, the 1.5 meter Cassegrain

The radio range system is commonly referred to as the timation or NTS

system since it is used exclusively vo track this series of satellites.
Briefly speaking, the system uses a sequence of range tones from 100 Hr up
to 6.5 Mz to resolve a range which is currently accurate to less than 10
nanoseconds if both the L and P bands are available. The system uses both
the Hp~21M/% computer and the time scale since the one way range is resolved
in terms of the propagation time from the satellite to the ground station,
In addition to these components, the following form up the total radio fre-

quency system.

HTS HARDWARE

Receiver - Magnavox duai frequency receiver and associated
decoders and storage units, Receiver capable of
resolving range to 1% of highest tone - 6.4 MHz

fAntenna Systen - Steerable antenna system comprising helix for P
band and dish for L band.

The optical tracking, laser, portion of the Orroral complex is by far
telescope which doubles as both the transmitter and receiver and a detector
consisting of a photomultiplier tube and discriminator. All of these sub-
systems are connected to the HP-2IM/X and clock system. 1t is appropriate

to discuss these subsystems.

The Laser Subsystem

Laser Type ~ rod size 10 ¥ 100 mm operating at 0.6943 microns

H

Pulse Frinciples reflection mode with on to off pockels cell

Oscilliator Pulse
Characteristics

- 20-25 nsec, FWHM long pulse of ebout 100 millijoules,
low transverse mode content . - |
Cavity Parameters - 0.74 meter long, plano-concave geometry, saphire
etalon used as front element, a 10 meter $9%
reflecting mirror is the back element, a 3 mms
aperture is used to suppress high order trans-

verse modes

Rupiifiers “'f?fﬁf‘&ﬁ?gif%é?”“'?ﬂ”%”?ﬁ@”ﬁﬂ“ﬁu&"ﬁUﬂpéd'tﬁ“E:?'ﬁj@ﬁ?éﬁn.
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senting the desired offsets are then inserted into these registers under

The Telescopo Subsysten

The telescope is driven dynamically by pulse trains which can be ap-
plied to both the polar and declination axis. The rates on both axes are
infinitely variable with 25 pulses per second on the polar axis approxi-
mating the sidereal rate. The rates apnlied to the respective axes are
computed via a program called TRACK which generates lunar rates from
Chebyshev coefficients of the moon's right ascensicn, decliration, and
horizontal parallax, while satellite rates are generaied Trom fundamental
theory. The program is self-scheduling at any required repetition rate,
nominally set as once per minute. The telescope is resonance free up to
eight times the sidereal rate. Currently, it is not possible to point the
telescope in an absolute mode; however, 1t is possible to drive the tele-
scope from a known position to ancther position. This is accomplished
through an offset facility which operates in conjunction with the track pro-
gram. The essential Teature of method is that a known or determinable

position is located on which certain registers are zeroed., Steps vepre-

computer or mapual control and the telescope is then driven until the number

of steps applied to each axis enuals ths nusber held in the appropriate
{ ¢

registers.  Program HOWIR does this Tor lunar features while an independant
module does 1t for offscts which originate from a star position. These
latter positions ere determined through an interactive program which is
capablie of searching the SAD catalogue on visual magnitude, right ascension,
decliination and spectral type. Options are also included for automatic up-
dating of positicns. These features allow the telescope to track slow tar-

gets such as the moon and the siow high altitude satellites.

The Detection Subsystem

The deteciion system consists of the following componsntis:

Photomultiplier = The PHT is an RCA 3100F tube operated in the side
position at =1950 volts. Measured efficiency is 8%

Amplifier - a quad amp is connected by rigid coax to the PMT. The

total gain IS 64 thu rise time fis 1.4 nsec per

amphifier

fTL Subﬁ
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a small photediode 18 mounted in Lhe dotlector area

Calibration
which can be driven at the single photon rate.
in conjunction with a constant rance control pro-
gram and the clock system, it is possible to pre

and post calibrate the system clectronic delay.

Frequency Filter a 3 Angstrom interference filter is used

Spatial Ancle - the receiver Is limited 1o 12 arcseconds

Nanosecond Counter the current counter is arranged so that the start
divde pulse and the stop PHT pulse both enter the
same channel of the Eldorado counter. The stop
channel is a 100 KHz pulse from the clock system.
This overcomss variations in the levels of the
different channels and lowers the reguirement for
a stable time base in the Eldorado counter,

Predicted Event

Window -~ this is provided by software in the HP-218/X counter.

CSudrveys have recéntly bien done to efisure that the optical dnd madhan

cal invariant points of the telescope are known relative to standerd ox-

=

ternas! geodetic marks. The precision reached for the optical Invariang
point was + 3 centimeters. The principal problem being the lack of coin-

cidence between the optical and mechanical invariant points.

CONCLUSION

In conclusion, we have attempted to put together a complex aimed at
tackling some of the problems of modern geodesy., We have altespted to make
our system as general as possible and to ensure that it is readily switch-
alle from one mode to another,

The system described above hes been in operation for about & vear, ale
though as with any system, constant improvements are always being mada. In

particuler, we are attempting to refine the laser so that we can deliver

more energy to the target without increasing the total power of the laser.

3

nationally used UTC and TA! time scales. Similarly, our clock system and




time scale function with such reliability that the Orroral system provides
coordinated time for the whole of Australia.

In the important optical area, the first statistical Tunar ranging
events were recorded last June (1977). Since that time a small number of
events have been recorded with August 1977 and February 1978 being the most
suceessful months to date. 1t is hoped that as the next round of modifica-
tions and Improvements to the system are effected that this data yield will
increase. lmprovements that will shortly be completed include a TV image
enhancement system, a one Angstrom Etalon filter in the receiver/detector

area, and hopefully, an improved laser.
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STARD - FULOE

JF. Hengin and J. Gaignebet
GRES/CERGA ~ Qbs, Du Jalern
06460 St Vallier de Thiey (France)

INTRODUCTTION

The time delay & measurad {fig.1) by a laser ranging system mush

be as accurate zs pessible,

MW Shapt Pulse

AN
L [
al Dalibion of T

going puls of the laser may change in widih and energ

&ﬁﬁ

C’l‘

As the ouw
Centroid detector is developed to minimise the jithter of the

signal,

2%

The device is a combination of ar
%

s

conshant fraction degerimination.

of_noze:

ke

nror

fraction of the omithad 1ignd




and 1o routed to u Tast response photodiode, To maintain a rela-

tively long time copstant, the photodiode load is quite high:

1 W3, 82 KO and a pair of raacaded common collector transigtorse in
parailel. BDelore its Aigtribution on the entries of an MC1651

double comparator, the integrated ouupul is divided, on one

chisnnel by 2N =~ 6,on = second one by He 3 (fig. 3}

The signal of the Tirst charnel is distributed on the entries 6

snd 11 while the second champel delayed 12,518 by a coaxial cable,

1s wired on entries 9 and 12, To ovald any noise-triggered outputes;

the last entries are prepolarised by a 5.6 K resistance.

fhere sre four output pins: 1, 2, 15, 16 wich must be loaded by

5G 0 to ground.

A test point allows :

%) A visuelisetion of the integrated pulse on the screen at an
oscilloscope

b) A test of comparators by means of injection of calibrated
pulses.

?PRPTBF‘&E ES

The -esolution of the comparstor is 20mV, IT we 1imit the integrated
signal to 4V (12V at the photodiode level) in 4ns {Isser pulse
2. PWHA ), the theorical time resolution is 20ps.

Ty fact, =28 we use the =s%me device for pulses of 2ns, tne and 10ns
340 12 joules the integrated signal slew rate is of 250V/ 5 or &
time resolution of BUps.

CONCLUBION

The lamek of time hes not =2ilowed us to 2o through a complete
sbudy of the stability

prWQﬁﬁ tWr 1denf1Cd} 6@V1ceh,

)

S been be?@ﬁ*?ﬁ. %év\r*hﬂ}ewu,

Cpulse contered with an-aoourse]
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LASER WAVEFR

Bize D,

2 av.

Cbeg, du Ca

Belin -

lern —

CERT / DERO
055 Toulouse

Goignebal J.
GRGS/CERGA

CHA60 3% Vallier de

ONT DISTORTION WMEASURLMENTS
and Duchenco B,

in order to improve the

directions are mainly followed 1
— Reduction of the pulse width to sub-nznosecond

o
Pulse shape

accurscy of

lasger ranging systems two

values

Thias second way is limited by the wavefront distortion of the
transmitted laser beam., The device devm]oppea by CERT, to mes—
sure these distortions will be described.

PRINCIPLE
The beam's light is sampled at nte by a set of op-

al Tibers, Each of the
respect to one of them (g
vulse width).

the output dis

They are

then

played on an

aamples

g glight by longer than

Tooused

oscilloscope (fig.?).

o ’t}g_@ &_’

The oscillogram allows us to know

.

€,

20 ,~——ng with
the overall
whodiode and




The device 18 a 25cm-side cubic box. Within the box are stored

optical fiber rolls.

One of it

in two crosses of

fitted the end of an optical fiber (fig.2). :
The oppoesite fac

of the opticzl fibers are visible in a single bundle. It is then
to det

photodetector as scon as its sensitive area is homogoneous

possible

onn & diam

The delay
each optical Tiber. The length differences are chosen to give &
time delay of 12ns (2.5m of fiber),

Coupled with a fast photodetector (RIC XA 1003 for example),
laser pulse navrover than 10ns is transformed in a successlon of

.20 separate pulses, sllowing the study of the wavefront distor-

tion shot

The choic
fact that

a) The outgoing pulse

telescope

s foces 19 drilled with two geries of

eter larger than 10mm.

DESCRIFTION

20 holes displayed

20mm snd 20cm width., In each of the holes 18

-

e shows 2 single hole where all the second ends
£

4]

¢t the output of all the fibers with a single

belween each way is done for a different length of

1

by shot.
¢ of the width of the two crosses is governed by the

T LSed s - - o g
we want to study

¢
o)

2t the end of our 2Cem collinmating

b) The pulse at a focal point of the beam 1o ?now the farfleld

pattern,

FIRST TRIALS

After ansdjustment of the laser and the emitting optical system,

the first

— on the beam at the ou

500m at = oint obltained by o convergent adjustment

trigls were done @

tput of the first afocal telescope {(f 45mm)

S =1 S5 C}"l{idl K




amplifiers (Y£AV it is necessary to divide the i

attemuation al the fibers oubput).

With the laser set up to 10ns pul
phase partition but an irregular

irregularities vary from Shot to

CONCIUST

The device designed

by, MY, Bize

|
a
oy 3V ! PP t S T G e e
GRGS/CERGA Second Generation stat
T
I

satislactory way.

£2s
-

wavelront distortion allowing a

oy
"

i

joh

pattern

WOTH &
It seems very promising to determine
better knowledge of the fz;

a more efficient processing received

e

-T2

e R

grial {optics

3. to study
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THy CALIBRATICH PROCEDURES FOR
o

UDE TN WRDTZELL

Ingtitut fiir Ange
Senderforachungsbe rc=6ﬂ

ar-w
L]

\1»62 (PR

ad

With the increasing sccurscy of

o -

Z renging it 1s necessary to
adept more stringent and possibly more tinme-consuming methods

e gy
*'3-? Sremn

in view of other problens,

3 i

¢
to date, the technigues described here are being vrovosed as
oundation of future calibration exmeriments for the

&

d in VWettzell., Experience with the svstem will then show
extent the extensive calibration proceduresmust be
‘repeated for ezch pass.

GE~CALTERATTION - THT PROBLEM QUTLINED

fomd
ot
j =

s a commonly acknowledged characteristic of such renging

e A
systens, that the range measured varies with certain paramciers
[l

the systen. These perameters are typiczlly those vhich in

ot

ffect determine received power, i.e. divergence, attenustion,

laser pover ct it has been

chenge can be cxpressed as

—
o
St




singly over the range of possible settings and recording ranges

to the terrestrial target over e.g. 10 seconds (40 shots) per
setting, a multi-dimensional matrix of calibration numbers can be
recorded. The calibration number, tagged with its characteristic

parameters ig computed as :
additive constent = reference range ~ observed range

The satellilte ranging may then be performed with complete freedon

to vary all parameters, Drift and randen scattering may be i
estimated from the changes in observed renge monitored over the
ranging period and over subsequent ranging pericds,

2.2 THE CORRECTICN PROCEDUNE

Each observed range requires the application of a calibration
correction. For sztellite passes the calibration number is inter-
polated from the celibration matrix durlng pre~-processing.

S2.% -80VE- PROBLENMS WITH CURRENT REFLECTOR HARDWARE ...

are possible, the parallax resulting from the e r-centy
receiver relationship results in certain difficulties in ranging.
These difficulties are v gh degree of repeatsa bility

eflected in a hi
the differences being only

*

e
for each of three different solutionsg,
 wvisible on the digitiger. The three solutions CFQTQC ise the

zero-point uncertainty and are seperated
c

+ should alse he noted here thet in the caose where time intor-
& 5

ignificant errcr can cccur which

rom the delay gating inter-

rogator procedures. This
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REVIEY OF ATMOSPHER!
LASE R HANGH

it Center

t, MD 20771

During the past three years we have devoted considarable effort in time
and funds to the Improvement of the refractive-index corroction to laser ranging
data. The starting point for this work was the November 1973 Goddard
Flight Center Report X-591-73-351, "Correction of Laser 2a ge Tracking Data fo
Atmospheric Refraction at Elevations above 19 Degrees" ?*“j I, Marini and C.W
Murray. This report was drawn from the available literatuce on refractive index
corrections and produced an improved formula for corraction that is in use to this

day for all NASA laser tracking data. - The Marini and %Eurray (A3 formula-

requires the use of only surface level measurements of pressure, temperaturs and
retative humidity to predict the total range correction for | propagation on a vertical

path through the atmosphere. The formula is most sensitive to the value of surface

1 -
aopove

atmospheric pressure, since this is in effect a measure of the column densit ty
the surface. the connection hetween range error in cm oand
aout 9.%cm/mb at 20° elevation angle, Marini and Murray checked their formula

against a series of ray trace calculations made on radicssnde-based vertical

prafiles of refractive-index,  Agreement between the ray trace results and the
. N {
formula was found to be better than a few millimeters above 20° elevation ansle,

Prespite this
and ray trace

eteorniogical da

iy

the atmosphere. The real atmosphere varies in threc
important to investigate the effoct of horizontal sradients on the refraciive~index

correction, At about this time a




their own unique 3-D ray trace program to compute reiractive-index corrections

tor any selected azimuth and elevation angle of propagation through the
atrnosphere.  They compared the 3-D ray trace results with a 1-D {spherically
symmetric) ray trace and the MM formula. Results indicated an rms difference of
about 1 to 2 cm near 20° elevation angle between the 3-D ray trace and 1-D ray
trace. The 1-D ray frace results and MM formula results were much closer in
agreement as expected. This indicated a possible 1 to 2 cm error in the MM
formula due to horizontal gradients'in the atmosphere.

In a parallel effort the Univ. of Illincis reported on turbulence effects on
range tneasurements and concluded that for most combinations of turbulence
strength, turbulence scale sizes and propagation path lengths the turbulence-
induced errors are below | mm. For long, nearly horizontal paths near the earth's
surface, such as in calibration links, turbulence-induced errors could be on the
order of a cm,

Subsequent work by the Univ. of lllinois showed that, at least in the
Washington, D.C. area, the mean difference between the 3-D ray trace and 1-D ray
trace or MM formula is a sinuseidal function of azimuth with a maximum to the

South md a minimum to the North. This suggests that there is a strong

temperame Gewndeme for the azimuthal variation in refractive-index correction.

A correction formula was then developed to modal these variations. It required
temperature and pressure data at a remote point directly underneath the slant path
of laser beam propagation to the satellite. The remote data was obtained by
interpolation between existing surface weather stations. It was found that residual
etrors between the 3-D ray trace and the new surface correction formula with
azimuthal dependence were reduced to the level of several mm at the worst case of
20° elevation angle. Further data analysis showed that expected errors in the raw

metecrological data (+1 mb, +1 °C) would produce about this same level of

uncertainty or more in the range correction. Henge, there was little to be gained

by further reduction of model errors. We felt that the MM formula plus the
horizontal gradient correction term for azimuthal variations represented the best
available range correction formula.

The Univ. of Illinois surface data correction models have also been applied

to ana l_y ze the refractive-index correction for a spaceborne laser ranging syste%

i




vectors of the graund-based laser retroreflector targets, Resulls indicated thar

range uncertainties could be held to about the | om level. Once again interpolation
techaéquess were used to cstimate surface meteorological data at the reqguire

lorations when data was available only at a s pattern of existing weather

.

stations. Interpolation proved to be a valuable tool in suppressing the magnitude of

ticular ground station, This resulted from the

issuad by the Radio Research L ﬁwraiory {ERL) of

AR Gengs b bt d fieed A e ey Ay s ey Py el b
the Unive of Jlincis (see attached list), A summary of thelr malor resoli

companion GSFC study of the range correction is available in four publications (see
C

The major results of this work can be summarized as followss

(1} Laser range correction based on a formula such as that of Marini and
Murray is accurate (within +2 cm) under most circumstances for ground-
based laser ranging.

+

(2} The first step to be taken in improving upon the result of (1) is installation

~of-a pressure sensor at the-taser site-capable of subamillisar data 560
(0.2 mb is recommended. Then the limiting errors should be node! ervors,
&) The model can be improved by the use of a horizontal gradient correction
tetm such as that developed by the Univ. of Hlinois. This term de epends
largely on the temperature field {within 50 km) surrounding the laser tracking
site. At this point model errors and data errors are approximately equal

and lzss than ] om in total effect at 20° elevation angle,

{t:) - When multiple paths through th ¢ atmosphere must be considered, as with
spaceborne laser ranging to e series of ground basad targets, a statistical
covarience model based on interpolated surface data gives good results,
The interpolation has the added advantage of suppressing meteo Qil ical

mMeasurement errors.
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CALIERATION
t i S H ey . - e
trophysical ﬂ‘:é%‘ﬂaﬁiv iagers

Catibration procedures for the Smithsenian As
fall into three catecories: Start T cal

tions, and prepass and posipass targel calibrations.

The start-channei calibration procadure is a Tull electr
ulse-processing system, which provides the routine parameisors
o . S

-

operations. The calibration of the start channel i3 developed fro
of sysiem delay on the output-pulise charactevistics. It is nerf
pulses with a rangs of widths inte both the start and the ston ¢h
varying the pulse amplitudes at the stari~channel input. In each
widths and amplitudes are varied azhout the normal las

System delay is then meesured es a function of pulse width or are:

Calibration runs Tor the 25-nsec-wide pulse range (using ele

[
annals and then

&
*

with widths of 20, 25, and 30 nsec and +3 d¢bh Trom nominai %mp]iiq~w

3

relationships with mezsured pulse widths with standavd deviations

nsec. Similar calibraetions. for the 6-nsec pulse vegion {using pu

i

and & nsec) give linear relationships to measurad puitse widths o

deviations of 0.2 to (.3 nsec.

arget calibration 1s used extensively to measure svstem de
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CALIBRATION AND FRRORS

Yu.L.Kokurin, V RLTLu V. E, Lobanov,
h,ﬁ,Su ATV S kv
Academy of Sciences of the USSR
P.N. Lebedev Physical Institute

(transit time) and the delay in the amplifiss Constitutc the mais COnponents !

Cthe ma

Cﬁ[zh[&iioﬂ

In contrast to the satellite laser systems our lunar laser Tanging equip-
ment is not calibrated by the target, Onc of the reasons heve lies in the
failure of the telescope to descend to zenith ancles 73809,

&

Determination of the equipment corrections and estimation of th 2 Systen

errors are porformed as a whole and in parts. The delay in the photodetector

. R St

of the electronic delay of the "stop' channel in relation to the “start' chan-
nel.  Besides, there is the correction which is caused by the difference in
the length of the coupling cables. The correction as a vhole is measurcd

by the time counters at laser action. Here thh time counters were as usvally
initiated by th@-ph@ﬁedéeﬁe; and stopped by tﬁe laser pulse (a small part of
which is directed to photomudtiplier). Measuring of the delay components in
parts wus performed by the same time counters.

~

The valuszs of the

I oy e - 5o
determined in parts and as
i} : eninrids wirhdy fha P + o v
a whole, coincide within the accuracy of the conmters,

The eryer of the counters is determined by measur ing time intorvals with

duration 1-% sec. 11 was nsiderad that

‘,fif?i"f; %?”’ ?}‘u T OY

SR vy e x e w&éﬂh i?*{ : <-4;3?§ 1




Those tests were performed before and after each laser tun. As a rule,

after one héur operation there is no systematic drift of the counters. To
refer the measurcnentsto immovable point of the telescope, i.e. to the centre
of the diagonal mirror, the measured time intervals are corrected for the path
of light inside the telescope (Fig. 1). This path is measured directly with

accuracy + 3 cm or + (.1 ns.

Atmospheric refraction.

The trajectory of the laser beam in the atmosphere is curved because of
the atmospheric refraction. It may be demonstrated that the path's extension

. . .. i .
due to curvaturc for zenith angles up to 70 is negligible. Besides, the opti-

cal path of the beam in the atmosphere is extended in comparison with the geo-

metrical one, because of the nomunity vefraction index value, This extension
way reach some meters.

The calculation of the extension is carried out by the method, taking
into account the temperature, pressure and humidity near the surface of the

earth, and which was developed in /1,Z/. For the Crimean observvatory (550 m

I

above sea level) at

@

0°C temperature and the pressure 1013 Mb this cxtension
is 225 om.

At chanpes of m@teorejcgicai conditions this Vaiuc.may change for 15 cﬁ;
Taking into account, that up to now the msasurements of lunar distances have
been performed with an accuracy of + 60 cm (laser of the first generation,

electronics of the sceond gencration), it was not expedient to determine the

~atmospheric correction move accurately.  This correction was calculated, there-. .

fo

by the fomula:
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correcticns we have been carrying out for the last two vears the measurements

of pressure (with an accuracy I mm Hg) and of temperature {(with accuracy (.2°0)

That permits one, if necessary, to find the atmospheric correction with an
error = 0.3 nsec /1,2/.

Epoch Timing.

The propogation time of the light signals from the telescope to lunar
corner reflector snd back must be referved to the moments of the laser pulses.
For the formation of the local time scale the rubidium frequency standard is
used. long period of instability of the standard is 2*5.10”11, Hence, for one
day period the local clock may give an error -~ 2-5 usec.

Tq rgiaﬁe the.}ocal time scale to the UIC (SU) scale the tine signals.
transmitted by the TV-chamels zre used. The correction is introduced heve for
the propogation time of the TV-signal from TV-transmitter to the chservatory.
This correction is measured with an accuracy 1.0 jnsec by means of transportable

clock. 'The correction for the delay in receiving system is also estimated

%
)

with an accuracy 0.2 psec. The sumary error of the moment of the jaser puise
in UIC (8U) scale is not higher than 5-6 unsec,

Overall System Fyrors.

The swmary error in the propogation time consists of: a) an crrer due o

laser pulse duration, its mesn sguare value is " 1= 0.8 ns; b) en error in

electronical end geometrical delays W, _ =insec: ¢) an error due to

resolution of the counters =03 £=0.3 ns, where £=1.0ns, this errvor

ariged {i

codyanerror ot photosntt

(8]

be ¥= 1.5 ns or = 75 o

*
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CALIBRATION PRNCEDURE AT KOOTWIJE

F.W.%ceman

- - 5 viy - . ! - .
Delft University of Technolosy, Dolfi {The Yetherlands)
o o 3

Calibration of the Kootwiik ranging system is bvased on range measuremsnts
(prepass and pos stpass) along a short internsl light path. This light path
has been measured with an AGA 700 laser geodineter o a preliminary accuracy

of 3 om.

To reduce the total dynamic range of the gignal at the ancde of the photo-
muitiplier different cathode voltages are used for measuremsnts on diffeyent
satellites (i.c. ~1600 V, <1700 ¥, -2250 V), in combination with different
beam divergences

The calibration values for these three voltages are determined from a

minimum of 10 prepass and prostpass calibration measurements at a standard

.

average return signal level (- 60C mV) at the discriminator. The electricnl

caltenuation in the detection circuitry is set according to the averasge

value used during the satellite pass; the optical astenuation is adjusted

then to reach the standard 600 mV rulse smplitude. The trigmer level of
the return signal disceriminater is constant at -250 mv,

During the actual satellite pass the operator tries to keep the average
return-signal strength at the same -600 mV by giving manual correcticns o

the predicted attenuator settings.

Figure 1 gives examples of prepass and postpass calibration measuremsnis
for the three photomuliiplier voltages.

Figure 2 gives a summary of the mean velues of ithe two ecalibration runsg
Tor all passes in the period 1. March te 11. May 1978,

The differences in the mean value of each of ihe two calibration runs, for

all passes in the period 1. March to 11, May 1678, are given in Tigure 3.

The main cause of the spread in these calibration neasurenents is time

TAN

valk along the lead ng edge resulting from ﬂhaf”ea in p“?"e am

“(rigetine of the pulses: as 2.5 pad. mnrtvei performance can we hXﬂect




The main source of systematic error in the present system is the rather

poor relation between the average return pulse ampliude during calibration
and the average return pulse emplitude during actual ssiellite ranging.

This error can easily be greater than 1 ns ( 15 em } in spite of the effort

of the operator to keep the signal within limits.

Pulse analysis will alsc improve this situation.
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CALIBRATION OF A PULSE LASER RANGING SYSTEM

H, Billiris and N. Tsolakig

National Technical University of Athens, Greecce

ABSTRACT

The Pulse Laser Ranging System Calibration is one of the
most important activities in Laser Range measurements and we
must pay the right attention to it. It has been showed experi-
mentally that the system delay has not a "constant" value but
it changes with the various conditions of the experiments, In
this paper we give a new procedure for the system calibration
which takes into account the basic factors which influence the

value of the system delay.
INTRODUCTION

The experiments took place in Dionysos Satellite Center
using its own old Pulse Laser Ranging System, consisting of the
following basic units:

a. The transmitter which consists of a TRG type 104A ruby
laser head with an output pulse of about 60 MW and a half power
width of about 25 ns. It is”an air_cooled.unit with a rate of
two firings ?er minute. As a monitor it uses a FW 114A photodicde.

b. The receiver: It consists of a cassegrain mirror tele-
scope designed for maximum light gathering capacity and of a
PMT type RCA-7265 multiplier phototube.

¢. The Time-Interval Counter which is made by Hewlett
Packard, #Hp COﬂnutlnG Counter Model 5360A _with the HP moﬁel 537 A
Pime Interval- Plug in unit, - '

Model 437) @UJQL Jmpllflgr,_aoupled alih an attenuator so




any laser pulse up to 60 db with a step of

that we can amplify

one db.

Although we had used a "first generation” laser head, we
believe all the pulse Laser Ranging Systems have similar behaviour
so that the proposed procedure can be used for any of those -

systems in order to find the "instant" system delay.

FACTORS WHICH INFLUENCE THE SYSTEM DELAY
1966 ,1967, Billiris and Tsolakis

gtudies of Korobkin et al.
1975, and Billiris, 1977, showed that the laser pulse has a corru-
show the laser pulse wavefront

gated wavefront. Figures 1 and 2,
as derived experimentally using different methods.

z 20 nsec

Fig. 1. Laser beam waverfront as was photografed by a streak

camera (Korobkin and all, 1966).
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This wavefront characterizes basically the laser transmitter,
but, in general, it depends in some way on the whole system. So
it might be better to discuss about "an effective pulse wavefront"”
which depends on the special conditions of each measurement or
experiment, Every laser ranging system generates its own "effechive
pulse wavefront" which influences all distance measurements
according to the degree of development of its unit. Their close
study and confrontment will improve the accuracy of the distance
measurements and the value of the "real" system delay.

Figure 3, showg the rate of change of counter readings vs

pulse height by using different neutral density (ND) filters before

nsec
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the system's PMT. An explanation of the differences in counter

reading is given in figure 4, for the various filters. This

means that the choice of the right ND filter is of great importance
in measuring the system delay, for a given number of range
measurements,

7 'gjnimg.__m"'_{?ﬂ_g Aot amplification

Fig. 4. An ND filter absorbes a glven laser pulse, some parts
of which remain with very low energy which is below the thresholé

of been ampllfled In this way the pulse (a) coming out of ayND

flltef(TE) behaves as having less W1éth(5;;;;::]?&%;;T;;;f;;p11w_

fication (c) {but with the same final pulse height), than the one
coming out of a smaller’ND filter.

CALIBRATION PROCEDURE

In or@er to take into consiéeration the influence of the

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Ccons 1sted each of 6 cube CoOrners at a dlStance of 19”*“;“Gvér """"""""
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one.

During every working night we run measurements to all three
targets, by using a matrix of nine points with the aid of hori-
zontal and vertical movements of the laser system's mount.

The movement step was the same in all targets. In its point
we measured 5 times and we were chaged the amplification in each
point so that the STOP pulse had the same height in every measure-
ment,

System delay was computed from the mean value of all 45
measurements. In this way we "substituted" the corrugated pulse

wavefront with a mean flat one, Fig. 5.
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Fig. 5. The mean flat wavefront.

The step of the matrix is suggested to be of the orger of
the inaccuracy which results from the errcrin orientation of the
mount and the error in peinting to satellite, plus the inaccuracy

of the satellite orbit. This means that any measurement to

satellite”will be occured in the angle subtented to the calibration

matrix. The value of system delay complted in this way we believe
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On the other hand we chose the ND filter for every target

with the folleowing procedure. The detection and amplification

of laser pulse in any case must be done under the same conditions,
which means that the absorption of ND filter plus the atmosphe-
ric absorption (and other losses) for the two way transmission

of the laser pulses from the system to target must be egual in
every target case. The "right" Nb filter can be calculated ana-
lytically or can be found experimentally by changing ND filters
for a given STOP pulse height and pulse amplificattion.

The distance to each target was measured, at the same time,
by an AGA Model 8 geodimeter, which is one of the most accurate
instruments for distance measurements and it uses a CW~laser at
0.632 m. In this way the error from atmospheric coqrection was
reduced to minimum.

Table I, gives the results of three experiments. The difference
of the value of the system delay of the last value cccured because
we had yerformed a laser head maintenance including parts repla-
mcement, like £lash tube as well as replacement of some wires

hetween units.

TABLE I
VALUES OF SYSTEM DELAY AS MEASURED BY USING THE
SUGGESTED PROCEDURE.

DATE Target at | Target at | Target at | Mean [pf] *8my
~1.3km {ns) | ~1%m (ns) ~ 26k (ns) Values— s
) B e
45.5.76  |~63.00 + 0.71] -62.98 % 0.67| ~62.86 + 0.58] ~62.94 & 0.04
17.5.76 ~63.41 + 1.02 ~63.70 + 0.59| -62.97 + 0.46, -63.26 + 0.24
17.6.76 ~71.10 + 0.76 ~71.35 + 0.55/ =71.35 + 0.48/ ~71.30 £ 0.07
ND filter 4t 6 A4 4 At 3
AAmplifica~-

hion-at theloo o
_|Center of




From Table I, we can see that the system delay as was mea=—

sured from all three targets was about the same for each night
independing from the distance to target, and its standard deviation
is low.
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CALIBRATION OF THE INTERKOSMOS LASER RADAR NO 12

K.Hamal

Faculty of Nuclear Science and Physical Engineering

Brehova 7,Praguc 1,Czechozlovakia

Using a counter to measure the time interval at the laser

radar station, one can select either "common" or “separate"
mode. At single photoelectron retrosignal level, the "common®
mode is used /1/. At multifotoelectron retrosignal level,be-
cause of pulse shape distorsion due to the guantum response
of PMT, according to McGunigal /2/, the calibration procedure
is to measure the time interval between the transmitted pulse

and the received pulse, while the signal is attenuated over

- the entire dynamics range expected on a satellite pass. Simi-

layr procedure is used at SKO stations, at Dionysos /4/ and
some other stations,; to return the pulse, the permanent target
is used.

At Interkosmos Laser Radar No 12 we use two fibers of

different length belween the laser transmitter and the receiver.

The counter is coperated in "common" for both the calibration
and ranging. If "separate" mode is preferable for some reason,
just one fibre is used.

The calibration at different signal level has to indicate
possible error and to verify the computer simulation because
of difficulties to simulate signal processing (adaptive thre-
shold, centroid etc.). Once the performances are known, one
can introduce them to postpass gignal processing.

To analyze the calibration erxor'budg@t for a pesrmanent
target retropulse, one can consider:

calibration vid gendniety

atmospheric propagation correction . =




6}

7)
8)

9)
10)

i

12}

When “"separate" mode,additionally:

different jitter of detectors to start and stop the counter
(the voltage dependence of a PMT)
different signai processing channels
different channels and possible delay in a counter;

There are existing observing sites where it is difficult
to build a target
to garantee safety.

To decrease the error contribution caused by
system stability |21 we have the time interval measuring sys-
tem |6} with two stops.First stop is to calibrate the system
via fibre retropulse,the second to range the satellite.Because
of shielded PMT during first 3 msec,the reflected pulse is not
influenced by scattered light.When prepass and postpass calibra-
tion is applied,the system stability must be considered for 20
min interval at least,while for the suggested each shet techni-

que for the range time only.Each shot may be corrected indivi-

QuAlTy.

The prize of a calibration shot may be of interest.

The start signal level for “common® can be adjusted via neut-

ral density filters and either matched to the expected retrosignal

level or simply chesen to be high enough to avoid the influence

of the pulse distorsion.The bandwidth of the fibre is appr.20 M z/km.

Having ten meter fibre,

13

the signal distortion due to the fibre is negligible.

The error contributions have to be considered for different

technigues are summarized in Tab.l.
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151 Hamal K. et al.:Computer Simulation of Pulse Centroid Correc—

tion Procedure,in 1it.2

j6] Hirsl P. at al.:Long Distances Measurement Electronic System,
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Tab. 1.

Error contributions have to be considerad

for different technigue

permanent
 target fiber
"separate™ 1,2,3,4,5,6, 3,11,12,13,6,?,8

7,8,9,10,11,12

" common"” 1,2,3,4,5,6,
7,8,9,10,11,12

each shot cannot be
applied

3,11,12,13

3,13
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COMMENTS ON THE FEEDBACK CALIBRATION METHOD

E., C. Silverberg
HcBonald Dbservatory
University of Texas at Austin
Austin, Texas

Due to the great distances involved, s meaningful remote calibration
target for lunar ranging systems is not available. As a result, a feedback
calibration method, suggested by D. G. Currie, has been in use at McDonald
Observatory since 1971. The system works by routing an attenuated portion
of the outgoing laser beam back to the receiver detector. In this manner, §
the delay between the start diode and the receiver photomultiplier can be j

statistically measured during each laser run. GSince lunar systems operate

at the single photoelectron level, the feedback return is highly attenuated.
in theory, any signal level could be calibrated or the feedback varied elec-
”f%b?dpticéiiy'?%ém'shotkib”SHof'sd'that"varyiﬁg”intensitymreturn-signals-~-»
could be accommodated. (See McDonald Statien Report, Session 1.)
As long as the intensity of the feedback is maintained at the same fevel
as the returns from the target and the electronics measures the very short

ranges with the same bias as the long ranges, the feedback system is fool-

proof. It is almost impossible for the McDonald ranging crew to change any
timing cable or timing parameter and not have the results automatically cali-
brated at the next ranging session. More than once the automated feedback
calibration system has saved data which might otherwise be lost by an operator
error. The disadvantagc of the feedback calibration system is the much more
complex electronic routing requsred to accomplish the timing as well as't he
necessity to completely eliminate any RF! in the photomuitiplier circuitry
during laser fire. With the advent of mode-locked lasers not requiring puise
shape analysis and the increased use of low level returns for satellite

ranging, we expect this method to gain wider acceptance in the laser ranging

commun:ty Csrcult dlaqrams for the McDona%d timing system are available on

201
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SAD HETHORK TIMINA

E. labier, N. Y. Lapham, and K, R, Pearimen

Smithsorian Astrophysical Observatory
Canbrides, WA

THTRODUCTION

The Smithsonian Astrophysical Observatory (SAD) timekeeping hardware fo Tocal-
ed at a1l four' 540 laser tracking sites {Kt. Hepkins, Arizons: Katal, EBrazil;
Brroral Valley, fustralia: end Arequipa, Peru} plus the cosperating leser sites
(San Fernando, Spaing Athess, Greece; Dodsire, depan; end Helwen, Fgypt). ¥Haile
the equipment was originally bellt for Baker-Hunm camerz eperation, the hardesre
system and the lime-reduction procedurves have been upgreded (o mest the hicher
ageuraty requiresents of laser fracking.

-

TIMING SYSTEM HARIMWARE

Llock System

ATT tracking stations have a timekeeping system to provide epoeh time data for
h Taser ebservation, Fech stztien ¢lock is corprised of an epoch counter/display

v
noy menitoring equipment, and @ frequency standard. frizona, Peru,

Brazil, and Groece heve rubidiva standards; Australia 2nd Spain heve sccess to one
site reference timing signals from cesum standardsy the other stztions use cvystal
oscillators. Dual timing chamnels, duplicate time accumulaters, spare running
rebidium and/or crystal esciliators, end o baitery backup power system guard against
any loss of fime continuity. Digital phase-shifiing circuitry for pracise timing
contrel permits epoch adiusteent in 0.l-psec steps. A1l the clocks use YiF or _
Grega For frequency/phase-trackd g reference, Ddrmd the past year, one ¢lock at
cach laser station has been converted to Omogz reception becauss of recent chanass
in the VLF tramsmission format and lapses in YiF statipn cperational retiehility,
[See Pezriman f 81, {1573) for furiher details.]

Z. Epoch Jime Trancfer Foaiprent

To date, ihe nelwork has relied primarily on portzhle crysta] clocks for apoch

transfer and verification. Portable-clock romparisons provide epoch checks through-

_Un occasion. tha Usited Stales Naval ﬁ%}gw-m-tmg«-.------

{LB.’\;{B) ‘“%a Hat oﬁal Acﬁﬁﬁautﬁcs and Space ﬁdmnis?raﬁon, nd the Pio Gbsorvfm‘%c

in ﬁraii? : ha‘

s CommtaT ik w'ﬁ"’i ?= !“*'»h?:x s f e ﬁ?aabr'}ié, ;é{g‘;

This work was swgrertuf in part by Brant H8R 09-015-002 {rom the Mabticnal
Aeronautics and Spage ﬁ:m“;ctr tion.

eut t%e he tuurs' w;th accurcf‘ma frm +1 te 18 HSEC, depanding on the sroximity of &




The SAD laser stations will soon be using the U.5. Hevy's Navigational Technology
Satailite (NTS} system for one-way time trapsfers for epoch reference. RIS receivers
measure the rasce to the HTS-1 {crystal osciilater) and NTS-2 {cesium asciliator)
cateliites through a sidetons rznging system. From these measuresents plus satellite
clock offsets determined by the Reval Research Laboratoery {urL), station time can be

determised 1o #1 usec. Gperationelly, NTS reasurements are made at Teast once 2 day
oyer a 20-min period centered on tirz of closest approach. At pur stations, the
data will be recerdsd on cassette tapes for transmission to SA0 and forwarding to
NRL in Wasmington, 0. C., for reduction. The stations in Arizena, Pery, and Brazil
are being equipped with BTS timing receivers this year; Orroral Valley atready has
access to an NTS receiver on site. '

Tha staticns in Greece, Egypt, Spain, and Japan use Leran © for epoch reference.
Once the propagation delay has been accurately determinaed with a portable-clock comw
parison, Loraa © provides sd-psec aceyracies for direct-wave Loran reception and
+15 psec for multfhop sky-wawe recepiion.,

TINME REDUCTION . -

Epoch data are recerded digitally along with the iaser observation data. Time-
interval measurzments, freguency tracking data, end VLF chart recordings are record-
ed wnd plotted, TYhese data sheels and graphs are submitt@dkbiw€ek§y to SAD Head=
quarters in Cerbridge, Massachusetis,

The epoch time data of the lsser ohservations are than correctzd Tor the followingt
1) Clock fumps or walfunciions, 2) results of epoch chacks by portabis clocks and HTS i
catellite measurements, 3} variations in transamitied YLF, Omega, and Loran signals
relative to USND, from published USHO reports, and 4) varfstions ir time due to
mazter-clock pscillater drift, These straightmifﬁé f%ﬁé'é??%bkimétiéﬁs“é%enécb;'”"
witted to SAO Data Services.

HETHORE SYRCERONIZATION

Synchrenization of a1l station clocks is achieved by relating ail the time
and frequency vefervences lo UTC es maintatned by USHD. Clock frequencies are

steered by noting daily varietions in Unega, VLF, and toran measurepents, HTS
pmezsurensnits will be used after results have been obtained from an HRU computer
evaluation. Poriable-clock comparisons ere conducted youtinely onge & year, and

pore frequently as regoived,  Frow a1l these technigues, épsih time £t each station
is normally maintzined to £25 psec. Through roduction, time 13 currently recover-
able after the fect fo £10 psec. With the implementation of the NTS recaivers,
aceuracies of 1 to 2 psec ere anticipsted.
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EPCCH TIMING
A REVIEW

Klemens Nottarp, Peter Wilson
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1e IETRODUCETON

The problem of epoch-~timing, with vhich we are confronted in
making renge observations has two aspects, viz.

=~ fthe Synchronisation of a local clock to dﬁ acceptable

- the extraction of Tthe momentary epoch of the nmeasurement
as an integral part of the range information.
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of NIS-type Synchronisation technigues with rubidium frequency

standards for the mobile systems will permit epoch timing of
unprecedented accuracy with respect to & truly global tinme scale.

%e Some Ixperimental Projecits of Significance for the Puture

£ L =

Althovgh it should not be forgotlten that time in the context
of these discussions 1l used ag supplemcniary data to the ranging,
the following topics have a particular relevance to the ranging
community, whiech will be agke

.,

to perform calibration meassurements
for experimental purposes:

~ the Buropesn Lasgso experiments

possible accelerated clock system experiments:

relativity experiments;

o

T poggible verification experiments for new clock designs. 7

These topics should be addregsed during the discussions snd a
summary ol detalls of these and other known experiments would
be welcome for the proceedings.
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EPOCH TIMING FOR THE STATIOH
WETTZELL, TED, REP. OF CGERMANY
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resoliution at that

poritable clock compes
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Leran-C replaced VIF Tor the
idium clock was introduced at

1ity. The

integzral to the a resclution of
epoch interpolation inde geﬁucqi of the clock Tto obltain the sinql%
ricrosecond. Again, clock trensfers have been used for enocch sett

More recently, a cesium stendard has been added to improve the
long term frequency stability.

2, CURRENT ACTIVITIRG. :

To ensure betler epoch synchronisation on the global time secale
an NIS-IT receiver is currently belng installed &t the stetion.
Linked to the cesium via a time interval counter with 100 pzec

0 1lity)




between the US Heval Observatory asnd the station. The station

has slso been approached to participate in the Lasso experiments

planned for the early 1980s, whereby the NTS controlled time
sesle can be unged to monitor the success of Lasso.

Finally, it is intended %o automate the time comparison

T
procedures at the stetion. For thie 4 comparisons will be con-
ducted daily, with results recordsed on a suitable data carrier

(probadbly punched tape).
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