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GECDETIC CONNEXION BETWEEN FRANCE AND NORTH AFRICA BY
SIMULTANEOUS SIGHTING OF THE ECHO I ARTTIFICIAL SATELLITE%/-

I. GENERAL PRINCIPLES OF SATELLITE TRIANGULATION

The basic principle is very simple: a luminous object is seen against
a different star background according to the observer's positibn on the
earth's surface. It can be seen that a photograph of this luminous
object and the surrounding stars, will give information which permit the
finding of the position of the point on the earth's surface, on the

agsumption that the positions of other observations points are known.

Let us clarify thig idea: the solid earth, assumed to be indeform-
able and to which is attached a trihedral TXYZ, has a known directicnal
movement through the stars in function of time., This mcvement being
given by astronomy dealing with star position. Fixing the time means
immobilizing the position of the trihedral in the sgtellar fieldj sach
star, then constitutes an absolute direction, in relation to the

trihedral TXYZ, such direciion is given by the star almanac.

In the same way we must "immobilize" the luminous object, which, in
practice, makes it necessary to observe simultaneous or nearly simul—
taneous obeervations from different points on the earth's surface,

which are to be connecied.

If the luminous object send only flashes: simultaneity is auto-
matically ensured. If it is continuously luminouss; then "artificial
flashes" have to be arranged. This can be achieved by using,at the
various observation points, rotating shutters which can be gynchronized

altogether.

"Anna" is a flashing satellite and has been used for geodetic
operations. It is more expensive than a continuously luminous satellite;
it operates only on command; there has been some failure in its

operation.

1/ By the Institut Géographigue national.
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Echo I and Echo II are continuously luminous satellites and Beho I
was chosen for the France ~ North Africa link.

In practice, sach phetograph includes:

~ A certain number of images of stars, from which it is posgible

to calculate the orientation of the cameras

~ A certain number of images of flashes: in the case of the
French observations, the shutter, rotating at 1 I'pey, gives &

series of 60 dots of light or 'flashes' a minute.

In essgence, the problem is to interpolate thege dota among the
known positions of the stars; it should be pointed out immediately that
the 60 dots are reduced to one 'central flash' and that one obtainsg the
direction of this 'central flash' in the trihedral TXYZ.

Each photo therefore gives a known direction SFy 5 being the station
and F the fixed point. It will be seen, in the cage of the connexion
between France and North Africa, how the geodetic problem is tackled on
the basis of such fundamental data.

Some values essential for the accuracy:

If an angular precision of 1", or 1/200,000 radian is desired,
it is necessary to have

- the accuracy of the rotating shutter reaching 1/10—3 second
- the giderial time must be known to 1/20 second

— the determination of the position of the stars and the dots on the

photographic plate (for & focal length of 30 cm) must have an
accuracy of 2 to 3 pe

IT. INSTRUMENTS
In essence the apparatus consists mainly of:

- a 30 om focal length camera Ffitted with a rotating shutter and
a ochopping shutter
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~ a quartz chroncmetre regulating the rotating shutter at the
speed of 1Irps for photography of the satellite and actuating
the chopping shutter for photography of the stars.

The whole apparatus is extremely simple and easily portable.
The time readings are made:

— for the satellite, direct on the graduation of the rotating
shutters +he dial of the ghutter is illuminated always at the same
point at every second pip of the time signal, so that the observer can

méke a reading correct to 10 -3 gec.

2 for the stars the same principle applies, using a revolving

graduated disc incorporated in the gquartz chronometrs.

III. THE GEODETIC CONNEXION BETWEEN FRANCE AND NORTH AFRICA

The Institut géographigue national, in agreement with the Algerian

authorities, carried out observations for the geodetic conmexion botween
France and North Africa by simultanseous photographic observation of the
Echo I satellite.

Known points:

- Lacanau (near Bordeaux on the Atlantic coast)
~ Agde (near S¥te on the Mediterranean)
- Oletta (Corsica)

Pointe to be determined:

- Hammaguir (Western Sahara)

- Quargia (Eastern Sahara)

In fact, the five points are known within the European adjustment
system {(the so~called 1950 Europe Adjustment) and the work therefore ig
designed for comparing the results of conventional geodesy with those

of satellite geodesy.
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Satellites used

The‘only observations selected are those made on Echo I ag it
culminates at approximately 470 5, which is very suitable for observa-

tiong over the Mediterranean.

The observations were spread out over the period 4-26 May. It was

sometimes possible to record four useful crossings per night.

Echo II was also observed from 20 May onwards, but the results were

not retained: Ecro II has one useful crossing at the most.

Geodetic configuration

In the flnal computation, all the observations of absolute direotiong
will prov1de relatlons of observatlons, which will make it possible to
fix the unknown points (w1th a table of errors); however, for the
obgervations themselves, it is necessary to define a general line of
work that will from the outset engsure a satisfactory over-all

configuratlon.
B The follow1ng Treagoning may be applied:

Firgt point of view

The central meridian of the zone of observation ie approximately
2° B and the central parallel is 38 ‘N, The most important pointe for
the link are the points of the satellite's trajectory along the mean
rarallel, to the east and west of the central meridian, respectively,
the eastern point being vertically over the gouth of Italy and the
western point vertically over Spain. These pointe are determined hy
intersection from the three French base points. They themselves, by
intersecticn, determine the points in Africa: congidering the figurs
it willlbg_reali;ed that the latter intersection is satisfactory but
that.?hé first is not excellent: the Fremch points constituting rather
a short bhage..
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Second point of view

The set of directions defined by the stars determine a certain
number of planes: these planes, in association, make it posgible to

define straight lines joining the pointe on the ground.

An examination of the figure shows that all the straight lines
figure are well defined except that between Ouargia and Hammaguir,
because it was difficult to find points in Africa not situated in the
shadow cone. Here again it will be realized that the African pointe
are fixed by means of intersection from a French base that was a little
too short.

Porecagting of crossing of the satellite

In practice, the point of the satellite's trajectory to be sighted
on each crossing is worked out in advance; the co-ordinator of the work

chooses this point on the basis of various criterias

~ Firgt, the need for a general geometrical Tigure of good shape ag

mentioned above;

- Hours of observaticn acceptable for photography of the gtars:
from this point of view, stations at high altitudes are very

unfavourably situated in® summer;

~ Also the satellite must come out of the shadow cone soon enough
for the observers nct to be caught unawares; in fact, the time
of the satellite’s arrival cannot be forecast within less than

five minutes.

In theory, it would also be poseible to take into acoount the
successful obssrvations of the previous nights but in practice that is
hardly possible; in fact, the general co-ordinator draws up a plan and
follows it almost gtrictly.

For the forecasts we use the ephemeris of Eecho I provided by the

Smithsonian Astrophysical Observatory of Massachussetts.

e L G P
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As soon as an ephemeris is received, the crossings of the matellite
are numbered and the ephemeris is extrapolated for about a foritnighty
the points of crossing are chogen, that ig to say the points in the aky
towards which all the ballistic cameras are to be directed; an electronic
programme then gives a list indicating all the observation data for

each station.

In practice deviationg of the order of 10 minutes in time and 2—30
longitude are regularly noted between the extrapolated data of the
ephemeris and the values of the following ephemeris; such deviations,
although undesirabvle, are within acceptable limits. They result from
the fact that as Echo I is very luminous it is extremely sensitive to

radiation pressure.
Field work

Only twe operators are needed for the photography but in practice
it is desirable to have a team of three: throughout the effective period,
photographs are taken every two hours nightly; under these conditions

it is degirable to allow every operator to rest for. one night in three.
The photographic work includes the following phases:

(setting up the camera - two hours before obsmervation)

(starting the chronometre)

loading the camera with a plate

checking the chroﬁometre against the time signals

stars photograph (first exposure)

starting up the dis¢ shutter, adjustment by means of time signals

photography of the satellite at the rate of 1 exﬁosure per second
except at the 60th second of each minute, this exposure is '
-eliminated by a disc manipulated by an operator

stopping the disc: photography of the stars (second exposure)

rhotography of the fiducial marke

reloading of the camera

setting up the camera for the next observation
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The work algo comprises:

~ development of thé plate
~ making one annotated paper print showing the satellite's direction
of crossing, the numbering of the minutes and the direction of

diurnal motion.
The mogt important factors in field work are:

— gteadiness of the camera between the two exposures of the stars;
at present this period ig 15 minutes and will be reduced to leass
~than 10 minutes.

~ time recording on the rotating shutter which must be correct to

10h3 geconds

Successful night observations

Approximately. 60 positions of the satellite were to be photographed,
60 exposures being made of each. The following table shows tho number
of successful photographs.

Hammaguir : 15

Oletta  : 40

Laééhau s 25

Oﬁérgla : 40

e o3

Naturally when any point is observed simultaneously from at least
two stations, the results can be processed. In theory the probability
of Qne'position in five successful plates is:

15 .40 . 40 . 3% .25

! 1
60 60 60 60 60 37

' In_fact the;é'were'only 2 entirely successful exposures out of 60.
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IV, INVESTIGATION OF PLATS - COMPUTATIONS

The field obsszrvations were gtudied by IGN, with the following

_stages of computation:

4. - Calculation of the thecretical positions of the stars on the plates.
B. Meagurement by comparesor of the stars and +le z2tellite images.

C. Smoothing of the positions of the satellite images on the plate.

D, Calculabtion, from the plate co—ordinates of the stars, of the
' direction cogines in the three—dimensional earth system. Applica-

tion of the transformation to the plate co-ordinates of the smatellite.

E. Study of the ‘dispersion of ifitersections on Echo from the five

stations considered ag determined by conventional geodésy.

F. Adjustment of the over-all geodetic network from a fixed point -
- . considered as origin, and determination of the co-ordinates of the

four other giations. Comparison with'‘cenventional triangulation.
Thege gix points will be examined below:

A, In view of the mmall effective aperture of the lénses of the
balligtic cameras used (7.0 cm) and the disadvantages arising from
unsatisfactory information on stellar positions, IGN hag so far preferred
to confine itself to perfectly tracked stars and to process those of
F.K. 4. During the observations a double exposure is made (one juét

before.and-one immediately after the crossing of the satellite).

- The obsérver dsterminc: the azimuth and the zenlth dlstanoe of the
camera axis correct to 1 grade or 1/2 grade and determlnes the time of

photography of the gtars correct to at least 0.05 geconds.

As the approximate pogition (zenith distance, azimuth of the axis
and exact time of obsérfation)'is given for eabh photographic plate, it
is posmible by computation to select the stars of F.K.4 that are within
a radius of 6 cm from the centire of the plate and to compute the

theoretical position (xc, yc).
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LIAISON GEODESIGUE FRANCE — AFRIQUE DU NORD °
GEODETiC LINK FRANCE ~ NORTH AFRICA,

Mai 1964 = May 1464

13
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Points du ciel photographiés,avec indication des stations réussies

Points in the sky photographed, with indication of successful stations

-—

Photo réussie
Successful photograph

Photo peut &tre utilisable
Photograph perhaps usable

la direction de la fl2che permet d'identifier la station
the station may be identified from the direction of the arrow

B : Observatoire de Besangon — Besangon Observatory

P : Observatoire de Paris - Paris Observatory
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Refraction is taken inio account in this computation.

B. Hork with comparator measurement

The Institut géographiQué rational has two Zeiss—Jena comparators

for the meagurement of plates.

They are installed in an air-conditioned basement in which a
constant temperature is maintained to within 2 degrees. The processing
of the information on a plate takes about one day. The measurements are
made by two operators: the c- fference in the readings recorded is
&enerally ot ‘significant for the gtellar imagesy for the satelllte it
is at most 5 microns. This difforence gseems t0 be due to the unsharpness
of the satellite 1mage at the edges in the dlrectlon of - the trajectcry.

A study is in hand to detecb systemat sl errors 1n measucement -of the

plates. No conclusions have et been crrived at,

C. . Smoothing of the images of the satellite

It might scem attraditive +to consider all the 1mages of the satelllte
and to introducc them slnuluaneously into the over—all adJustment. Thls
procedure has so far had to be avoided owing to the lack of ‘sufficiently
powerful computers; an attenpt has uhCT“fOT@ been made to select from
the 60 images of the satellite measured on the plate a small number of
such observations that may be congidered representative. For this

purpose the satellite's co~ordinates are "smoothed!,

It may be considered thet the gsatellite's trajectory can be
represented in space during one minute by a third degree polynomlal. In
perspective there appears oa the photographic plate a non—-negligible
fourth~degree term, Partly due to the inclination of the tragectory in
relation to the plane of +*he plate and partly to its curvature. It is

therefore necessary to find an accurate interpolation formula.
AOCOrdlngly, two polynomials are written

L + . 3 4
K=by +B) 640 6" +D) +7+ B 4
, 2 3 A
T=dy + B, 5408 4D, 47+ B, 4
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from which the coefficients are determined by the least~square method.
From the residuals it is possible to estimate the accuracy of the
gightings on the satellite. As all general rule, the following mean

quadratic errors are found:
+ 3.3 # in the direction of the trajectory
+ 2 o in the perpendicular direction.
Only the smoothed co-ordinates X and Y for a central value to will

be used in computing the direction of the satellite and their inter—

sectiong.

D.  Establishment of the formula for conversion of the plate

co~ordinates to the terrestial Cartesian system.

The co—ordinates X, ¥, suitably corrected for distortion and X, Vs
of the stars correspond to the same bundls of stellar directiona inter~
seoted respectively by the theoretical plane corresponding to the

approximated azimuthal and zenithal elements.

There is a homographic relation between (xo yo) and (xo yc)

x ;al+blxo+clyo
© 1+ x +¢ ¥y
0 o}

a, + b, x + e, ¥

Vo 2 2 "0 2 Yo

1+b X, tc vy,

Hence, the relations between observations:

al + b1 xo + cl yo - b xo Xc -C yo xc - xc -V

as + b2 X, + 02 Yo = b X, Yo~ O ¥, ¥, yc = v

They contain eight parameters: it was not considered neoeggary to
use more parametersg in the formulae for the transformation of the
co—ordinates becausec it is probably better to apply the correct geo-

metric transformation with a small number of parameters than a quadratic
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transformation formula with many arbitrary parameters, as the latter
method may give a mean guadratic error that is apparently much smaller

but may also lead to miscalculation in actual interpolation.

All these relations, adjusted by the'léast-square method, provide
the above coefficients of homographib transformation which, when applied
to the smoothed co-ordinates of the images, give the co—ordinates_xT and
Yp of the satellite.

By changing the known axes, one can then arrive at the direction
cosines in the terrestrial Cartesian system from Xp Ype

The accuracy of the star photographs can be estimated from the
residuals of these equ%j@gpg{ﬁ;

Uenerally gpeaking the mean quadratic errorg for a rlate showing
equatorial stars are:

4% 3 jJ in the directien of diurnal motion
+ 2 p in the perpendicular direction.

© v On° theé wholé the mean gquadratic error in the smoothed diresction of
the central flash results from three factors:

- imprecision in pin pointing of the images of the satellitej

= lnaccuracy of the formula for transformation of the co—-ordinates
% 9o to Xo Vol - S
= grror 'in “the time of observation {of the order of l/l,OOO soocnd),,

These three errors are of the same order of magnitude (1/200,000).

~B." Intergéttion in gpace

On. the basis of known geodetic co—ordinates, the accuracy of interw
. sections gt _the .satellite's position i ‘space gives an idea of the preQ..
cigion of the method, in so far as it can be admitted that the coherenoce
of conventional geodetic co-ordinateg is greater than that given by the

satellite connexion ~ which, by the way, is not correct.
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Table 1 summarizes the results obtained.

It should be noted that no phase correction has yet been made for -
these measurements: in fact, it is difficult to ascertain the exaot
behaviour of the satellite as a source of light. 1In particular it would
be necessary to find out whether it acts as a perfect reflector or as a
diffuser, or whether the light coming from it is both reflected and
diffused, and; if éo, in what proportion. It is certain that the

aprlication of a phase correction would further improve the results.

TABLE 1

0 5m  10m 15n 20m 25n 30m 35m  d4om  45a ~ 50m
Station 1 . . Coe
Cletta 3 12 10 9 8 2 3 1 2 // 0
Station 2 . | “
P 4 24 54 26 2 14 4 4 //_ 4 156
Station 3 L )
Lacanan 9 30 28 27 30 11 7 3 -3 5 153
Station 4 . . . -
cuargla 5 27 38 27 25 21 3 4 4 / 154

. pERAL LA
Station 5
Hammaguip

4 18 4 40 15 11 3 1 4 1 1;

25 111 174 129 100 59 20 13 . 13 10 654
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This table indicates for each gtation the statistical distribution
of the metric deviation of sightings from the variouz stations: for
example, it shows that at Lacangu Station (No. 3) 30 sightings out of
the 50 studied pasced atv. a2 distance of between 5 and 10 metres from the
theoretical position o the matsllite sighted. These figures are
obviously vitiated by systematic errors resulting from errors in the

position of each of the triangulation stations.

To arrive at an idea of the true distribution of deviations in
sightings, the following figure resulting from the work degeribed in
paragraph ' (scz Table 2) can be taken as a basgis: the mean quadratic

-6

error in an obgerved dirsction, after free adjustmentl< is + 7.5 x 10 "

4t the time of the observations the mean altitude of the satellite
in the zone of work waz 1,750 km. If it is admiitted that the mean
sighting distance wag of the order of 2,100 ki — the observed distance
varies from 1,80C %o 2,500 km - this angular error corresponds to a
mean cuadratic deviaticen of 4 16 m, or a probable deviation of the
order of 10-11 m. Tble mesn guadratic error is the result of rmultiple
errors of observation, meaguvoments, error in synchronization as

mentioned above.

F, All the verificaticns under B hovio« bool @ oilgy goreral adingi-
ment of the netivork weoiz carried out, adorting point, Agde in this

he geneval origin of tho network and applying.its

ot

Bpecific cous, as
scale to the side already known by triargulation: Agde-Ouargla.

1,

The rosults of (he comparison and gome gencral indicationg concern-
ing the comparisons tkat c¢an Te made betwoeen the various elements are

given in Table 2.

Table 3 is devoted to the study of shutter synchronization., It
will be rémembered that the ghutters are synchrcnized by tine signals
received directly by means of a flashing unit on the rotating shutter
itgelf,

1/ That is %o say, independently of errors of porition of the known
stationa.
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This table shows that it is reasonable to expect synchronization
accurate to l/l,OOO gecond, which is approximately the aim adopted at
the outset. This result agrees fairly well with the value for the
deviation obtained in examination of the gcatter of the sightings:
taking into account the fact that, as kas been seen, the mean quadratiec
error of the sightings is of the order of + 16 mj; and since the error
due to meagurement of the plates, etc. isg knowm to be of the order of
+ 2-3 microns on the plate, or about 1:150,000 — which roughly
corregponds to about 12 metres ~ it can be seen thai this agrees well
with the preceding result since the mean quadratic error of + 7.5 x 1076
from the angular point of view can be zaid to be the regulitant of the
sighting error on the plate, or approximately + 1:150,000 ==+ 6.6 x 10"'6
plus the gynchronization error; or, since the matellite, which is at a
digtance of 2,100 km, travels at approximately 7.5 m in x 1Om3 seconde

and taking 1/1,000 gecond as the unit of time,
2 2 2 2
(7.5)° = (6.6)° + § © 1.5
2.1
hence § = + 107> second.

Conclugionsg

_ All these results cre encouraging. They show that triangulation
'by ﬁeans of luminous satellites of the Echo type, as studied by IGN
with light portable equipment, is a fairly delicate operation as far
ag organigation 1ls concerned but, on the whole is gimple, rational

and accurate.

The accuracy of the France/Algeria operation can be gaid to be at
least 1:100,000 -~ 1:150,000.

Thege results were obtained with experimental equipment that was
far from being perfect; in particular, the prototypes of the ballistic
cameras used were fitted with rather mediocre lenses. Numerous
conclusions were drawn ffom this operation; in particular, it was
decided:
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~ To increase the speed of the photographic emulgiong

"= To study photographic plates in order to select and sensitize those

that were most plane and most suitable optically

- To fit the cameras with very good lensges. The new lenses give every

gatisfaction in this respect.

As Tsr ae obmervations are concerned it was agreed that each
gtation would in future be provided with two ballistic cameras on

parallel axes working simultaneously, so as %o provide a mutual checking.

- _To cbtain the time signals from various transmitters, so ag to

avoid propagation anomalies, stc.

. Thanks to;the implementation of these measures it can be stated

~ that stellar triangulation is capable of a very high degree of accuracy:
~ the order of 1;200,000 should easily be obtained. Even higher degrees
'6f aé6uré6y aré by no meang out of the question; the whole matter is a
queétion of care and of tracing systematic errors. Examination of

results gives the clear impression that satellite triangulation is more
accurate than conventional triangulation. The scale oan only be fixed
b&'%éry high-precision conventional measurements over very long
distances ~ traverses by geodimetre — or by direct measurement to the
satellite using lasers, for example. In any case, the “instrument, -
which is simple in design and easy to operate, seems to be one of the
most attractive ever placed at the digposal of the geodesist. It
shoﬁld be uged to the utmost of its potential and it can be confidently
apgerted that it has a great future. World-wide trianéulation, various
projects of which are at an advanced stage of preparation, is oertainlyg
for the near futur.
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TABLE 2
1 | oLETTA o1 A0DE | 3 |LacaNaU | 4 | OUARGLA |5 | HAMMAGUIR
+ | 312,3707.10 | 323,3657.20 | 219,6721.93 | 249,2169.11
s 02.38 58.19 23.67 68.86 | Azimuths
§ + | 107,9308.40 | 115,2334.08 |  17,0024.70 |  40,9096.04 _
g 5 03.70 34.29 26.06 95,71 | 4zimuths
<
+ | 484,184. 1 | 888,604. 5 | 1,232,645. 8| 1,669,842.0
1 182. 6 610. 6 650. 5 g3g,3 |Distances
+| 331,5492.67 | 190,8647.20 | 227,6843.86
5 96.95 50.20 44,59 | A#imiths
2 +| 127,9146.67 | 392,1680.24 { 23,2734.09 _
g S 50.16 82.82 34,76 | Aziauths
+] 420,407. 7 | 1,270,247.4 | 1,491,208.9 ‘
> 417. 4 _ 204.7 Disgtances
+| 173,5505.65 207,2140.75 _
. g 05 .65 37.06 Azimuths
%“j +] 378,1501.61 5,9437.27 1
% S 01.89 | 34.19 Azimuths
+11,555,721.3 | 1,571,977.8 |
3 5 728.0 | 571,977.9 |Pistences
Mean quadratic error of +| 293,2618.82 Azimaith
a spatial mighting S 1,82 | AETTURS
g Bug = £ 45 & 1076 + 88,3611.65 X
zimiths
g S 14.96
o + 8113352.5
4 g 345.2 Digtances
+ value arrived at by conventional triangulation
S value arrived at by space triangulation

Azimuiths:s

centegimal system

Disgtances in metres.




E‘/CN,14/CAR'I‘/157l |

_Page 17
TABLE 2 (Cont'd)
Trirectangular co-ordinates
Conventional Satellite
triangulatﬁon triangulation
4,639,113.45 4,639,104.91 - 8.54
Oletta 764 ,588.58 7164,58€.61 - 1.97
44296,137.67 4,296,134.08 -~ 3.59
do 4,640,374.31 0
A%ori in) 283,672,321 o}
€ 4,352,282, 36 0
4,516,066.69 4,516,055 18 ~ 11,51
Lacanau - 94,246.80 ~  94,254.37 - 7.57
4,488,177.22 4,488,175.61 - 1.61
5,393,662.31 55393,653.18 - 9.13
OQuargla 510,808.43 510,801.91 ~ 6.52
3,355,038.70 3,355,030, 31 - 8.41
55471,590.45 5,471,575.27 - 14.82
Hammaguir ~ 290,633,99 — 290,634.06 ~ 0.07
3,255,488,81 35255,483.04 = 5.77
N.B. The existence of these systematic negative digerepancies seens

to prove that the choice of origin was bad as far as altitude
was concerned; it will be noticed that a translation of

X+ 10m y=+3m and z = + 5 m would apparently have given
still more satigfactory results.

The result seems in itself interesting enough from this
viewpoint for this emall ar+iifice to be dispensed with. It is
by the way by no means out of the question that the scalculation
of the geocid aceounts for part of the discrepancy; in the area .
of the point of origin (4gde) it has not yet been posmeible to
make this caleulation because the astronomical survey has not
yet been carried out there.
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: Table 3 gives in 1/1,000 sec. the mean
. . , , _ . ” e dratic synchrogization error of the
2, Tine ; T : NQE: qua
Date Time NQE . Date pm MQE Date, HBm_ QE rotating shutter Hs ralation to the time
W + 128.29.6 21.45 0.96 . sigrels.
O\u - L) o o L] i
O\m 023 1.10 : 13.24-7 0:57 125 The first column shows the date of
mw-bvm HUOW . ’ . X -
h : reception, the second column gives the time
2p20 092 ” d the third th drati = 3
Ao 1,48 “ 3.53 0,90 an e third the mean quadratic error in
T _ the operation of the shutter, which in the
0P57 1.55  29.30.6 22.21 0.46  14.15.7 23.32 1.91 mmwowmeMMWng s equivalent to a guariz
20/21/6  2.57 1.05 0.27 0.78 3.22  0.77 .
- - - - . 2.26 m”mo _ The procedure adopted to obtain this
ﬁ e o Yollowre: h ti goeption 1
21/22/6 23532 1.26  1.2.7  1.39 1,29 15.35.7 0,09 0.87 U 1o en Tollover oo bims recepblion i
1.25 .01 3007 l.ow 2,50 0.69 nade {rom soverd _continuous travcmitiers
ele - _ {Diz, OIB5, M&T, WAV, RiM...). Altor goni-
1.32 4448 1,18 PR . T
, R N . _ . definitive corrociions by the Bureau interx—
h - - . natioral de l'heurs and adequate propagnilon
3 \ o 5 S . T e Pt el e Ak e B~ G
w\m o707 0.88 250 m.wu wnow 16.17.7 2T 081 gorraotion, recalculated for the station in
_ 4e19 o1 - e questinn, onc obiaines for each trensnitisr
- T T N the chronoscopic condition and operction
23/24/6 22745 1.03 3.4.7  22.52 0.48 17.18.7 21.21 0.91 s
0.51 0.82 1.18 0,95 over the interval of time in guastion.
Mthﬁ Ol.ﬂw . - I Nl . - - &< 4 Y = ,]Jr.
3046 1.66 Then Ter eanch recepiion all the data

obearved are adjusted; on the assumption ithat
the opzration or the chronoscope is congtant
during the poricd of tims recording.

2:/25/6 1%z 1. 4.5.7 23.28 1.05 21.22.7 23447 1.30
3.27 1 3433 1.42 P3.15  1.29

22.23.7. 22.24 0.48

The result 1s a2 time that is compared

03
09
.89 8:9.7 23.53
32

2
mm\;m\m M.ww m 3.56 mewm with the individual valuss obtained for each
* ° ».bw o.qm transmitter,
- ) K , Comparison shows the accidental exrror
mm\mﬂ\m 22.34 1.33 9.10.7 mm.wm o.mw 23.24.7 23.00 1.05. corresponding to each reception. From this
0.36 0.32 0.26 0.67 ig deduced the mean quadratic error of
R recepiion.
27/28/6  1.13 0.58  12.13.7 22.21 0.90 P
3.17 Ca.51 2.37 Q.67 The values reprcduced oppogsite correspond

- . to & station in the ooB&pSob&\buouom link
effected in 1966 — in all cases the vesults

“te resultent mean quadratic error iss: M =+ 0,99 x 10~3 second. ..
- are similar,





