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Tirts analytical reporty-.prepared in response to
ATD Work Assignment No. 101, .discusses the organi-
zation, station network, optlcal tracking capa-
bilities, and current observation programs of
Scviet-bloc, primarily USSR, satellite observation
stations. Emphasls 1s on the optical and radio
faciliities employed 1in near-space rather than
deep-space tracking. The difficulties encountered
by the Soviet Union in developing advanced track-
ing instrumentation and the methods elected to

overcome them are outlined. . o
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"I, Admlnistrative Structure

The understandable 2ainid necessary cross-use of cilvilian
and military tracking facilities characterized in the United
States [1] by the activities of NASA's Office of Tracking
and Data Acquisition, intended primarily for tracking
reported launchings, and the USAF's SPADATS (Space Detection
and Tracking System), intended as a space surveillance system
for the detection of unreported and possibly hostile launch-
ings, alcs exists 1n the UCSR. There, ultimate responsi-
bility for all launchings and operations, as General Tolubko
has stated [27, resides with the USSR Strateglc Rocket
Forces. All non-military scilentific and technical personnel
associated with the Soviet space program, though they may
be affiliated with and administered by one or another
civilian research organization, are in the final analysis
subordinate to military requirements. In the case of USSR
tracking facilities immediate responsibility for day-to-day
operations has been assigned to the Astronomical Council of
the USSR Academy of Sclences under the administrative
direction of A. Masevich and operational control of D. Ye.
Shchegolev. Control over the opesrations of the tracking
facilities 1n the satellite states 1s exercised through the
Commlssion on Multilateral Cooperation—Project-Optical

Observations of Artificial Earth satellites. The_
Commission 1s also subordinate to the Astronomical Council.

The results of all observations are sent by coded telegram
to the "Moskva-Kosmos" Computer Center and the Institute of
Theoretical Astronomy, l.eningrad, where the orbital elements
are analyzed on BESM computers [3, 4]. The codes used
between the statlons and the control centers are given 1n
Appendix I and II.

II. Soviet Station Network and Equipment

a. Station Network

Preparations for the first satellite launching on
4 October 1957 included the establishment of an extensive
network of visual and photographic observation stations—
first, in the USSR proper, then 1in the other Soviet-bloc
states, and, finally, in other cooperating non-Soviet
countries. Speclal training courses, organized by the
Astronomical Council, were held for observation station
chiefs months before Lhe actual launching in the summer
of 19%7 at the Ashkhabad Astropliysical Obscrvatory
of the 'Turkmen Acaduemy of Jclences. An observatlion
i{nstruction manual had been preparecd by the Councll and
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I. S. Astapovich of the Ashkhabad Observatory. As early
as 1958, the USSR officlally reported the operation of 88
visual observation stations [5]. Adequate, if not sophis-
ticated, visual and radlo-tracking facilities existed from
the start of the program. Photographic, photometric, and
radar facllities were added later and have been under
constant development. By 1960 there were 74 stations
engaged in visual observations and 26 in photographic
observations. Station personnel included some 3,300 uni- .
versity students and instructors [6]. Amateurs and DOSAAF
(All-Union Voluntary Society for Army, Navy, and Air Force
Cooperation) clubs have aided in observations from the
outset. Appendlx III 1lists Soviet-bloc optical and radio~
tracking statlions as reported by COSPAR [7]. The list
gives statlon coordinates, equipment, and reporting pro-
cedures.

b. Station Equipment

A well equipped Sovliet satelllte observation station in
the early 1960's would contain the following equipment [8]:

20—30 AT-1 telescopes
2—1U TZK telescopes
25 B7 x 50 binoculars
Riga-10 radio receiver
PRV radio receilver
pulse attachment for receiver
MKh-6 contact chronometer
printing chronographs (1 quartz)
stop watches
telegraph keys
audio frequency oscilllating generator
MAG-8 m magnetophone
optical quadrant
Becvar sky otlases
Mikhaylov atlases
Wulff grids
astronomical yearbook
compasses




The principal characteristics of these and other
Iustruments used at Sovlet and other Eastern European
stations for optical observatlons of artificlal earth
satellites are as follows [9]:

AT-1

TZK (TPZ)

TZK - 1 photo
Maksutov meniscus
telescope with a
plane-parallel
glass plate

KPP

Astrograph

Double-camera

Camera with an
osclillating plate-~-
holder

Three-axls auto-
matic photo-camera

¢. Night Aerial Camera

wide-angle telescope

d = 50 mm

magnification, 6 x

diameter of field of sight, ~11°
binocular on a theodolite mounting
magnification, 10 x

diameter of field of sight, ~7°
TZK telescope with a camera for
photographing the circles

d = 500 mm

£ = 1200 mm

camera with a moving film without an
"Uran-12" shutter objective

d = 200 mm
£ = 500 mm
d = 400 mm
f = 1600 mm

field of sight, 10° x 10°

two aerosphotocameras with an
"Industar - 17" objective

d = 100 mm

f = 500 mm

"Uran-16" objective

d = 210 mm

£f = 750 mm

dlameter of field of sight, ~31.5°

"Uran-16" objective

d = 210 mm

£f = 750 mm

diameter of fleld of sight, ~31.5°

(NAFA) 3c¢/25

In 1957 the Astronomical Council assigned the Pulkovo
Observatory tne responsibility of developing a sultable
camera for satellite observations from existing night aerial
cameras (NAFA) equipped with special high-speed shutters and
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an accessory for the preclse recording of exposure times.
D. Ye. Shchegolev, B, A. Firago, G. V. Banova and others
modified the camera to the point that it could record the
posltion of satellites brighter than the Uth magnitude with
an accuracy of *4" and the time with an accuracy of :0.0045,
The NAFA 3¢/25, consisting of a Uran-9 lens (F = 25 cm,

D =10 cm, field of view 32 x 52°), eventually proved most
suitable for photographing bright satellites and became the
standard camera at photographic stations [10]. A further
improved version of this camera, the NAFA 3¢/50, has now
been introduced and is considered superior to its prede-
cessor in synchronous satelllite observations [11].

To photograph fainter satellites, L. A. Panaytov had
earlier developed a camera capable of photographing satel-

-lltes to the 7th magnitude. The film in this camera is fed

at a rate close to that of the satellite image displacement
in the focal plane of the camera. A Uran-9 lens is used in
this camera as well [12].

Attempts have also been made at various USSR statilons
to use the FED, Leningrad, Kiev, Zorkiy, and Zenit-C small-
aperture cameras for satellite photography, but with varying
degrees of accuracy [13].

Essentlally, the use of the NAFA 3¢ camera consists in
obtaining a broken satellite track by means of a series of
short exposures (08,1—08.2) on a single frame. The moments
of shutter opening and closing are fixed by means of the
printing chronograph. 3Star images are obtained on the same
photograph. The coordinates of the satellite are determined
from a star chart onto which the negative 1s projected. To
obtain precise satelllite posltions, the negatives are measured
on the KIM-3 coordinate-measurement machine or with the UIM-21
universal microscope. This method of reduction, developed by
A. N. Deych and A. A. Kiselev, consists in the interpolation
of the equatorial coordinatcs of two refercnce stars on
opposite sides of the satellite track to the polnt where the
straight line connecting the stars intersects the track [14].

An interesting experiment inveolving the use of the
NAPA 3¢/25 camera of the Zvenigorod Station to photograph a
pulse source (IFK-2000 pulse lamp) mounted on an aircraft
against the star background has been described by Lozinsky,
et al. [15]. This experiment was undertaken preparatory to
follow-up experimental photograpny and observation of satel-
lites equipped with similar pulse light source.

Experiments have also been conducted in the USSR
employing the use of a highly sensitive televislon installa-
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tion for obserwing faint satellites. The transmitting
camera of this installatlon, whose maln component was a
Gelios lens (D = 80 mm, F = 200 mm), was set on & paralactic
mounting. The image slze on the photocathode was 17'/mm,
the field of view 9 x 9°, and the resolution, ~10 lines/mm.
Using this installation, 1t was possible to observe agd
photograph satellites to the 8th and 9th magnitude [16].

d. Accuracy of Observations

Varying claims of accuracy have been published by
Soviet investigators with respect to visual and photographilc
tracking in the USSR. 1In 1961 A. G. Masevich reported that
good visual tracking -.as capable of accuracy to 0°.1 in
position and 0S8.1 1in time, but that on the average, accu-
racies did not exceed 05.2—0%.3 in time and 0°.2—0°.3 in
positien. Standard cameras used in the USSR, she claimed,
reached an accuracy of 6" in position and 05.002 in time.
The US Baker-Nunn cameras, she observed, excelled in time
accuracy (08.001) [17]. In 1962 A. S. Sochilina claimed
that visual observations made by means of the AT-1 tele-~
scopes had an accuracy of 0°.5 in position. Photographic
observations made by means of small cameras had an accuracy
of 0°.1. The NAFA-3 camera had an accuracy of 0'.1—0'.2
in position and 0°.01 in time [18]. According to G. V.
Remanova, in 1967 estimates had been made on the accuracy
of the determination of satellite coordinates by comparing
satellite positions on photos obtalned simultaneously by
four NAFA-3c/25 cameras during synchronous observations of
Echo satellites. The Turner method was used to reduce the
photos on the Minsk~2 computer., Errors in o were found to
be systematically greater than errors in § because of inaccu-
racies 1n time recordings which reached 2—3 msee. On the
average the mean quadratic error of o, = t4".4, while that
of og = t3".2 [193.

By way of comparison, D. C. King-Hele lists the
following position and time accuracles achleved in the
West [20]:




. Method of observation Position Time of

accuracy, passage
min. of arc accuracy,
. msec

§ 12-m radar. « « « ¢ ¢« « ¢ o e s e e o 5 e e 1

3 Minitrack (radio) . . « « ¢ « ¢« v o« o lem2 . . .. 1
Baker-Nunn camera (precise
reduction of observations). . . . . . 0.06 . . . . 2 i
Hewitt camera . « « + « « ¢« & « « « « 0.02 . . .. 1 E
Baker-Nunn camera (preliminar ;
reduction cf observations). . . . . . 1—2 . . . . 2 ;
Kinetheodolite (photographic i
observation). . . . . « .+« + « . . « . 0.5 e e 5 i
Kinetheodolite (photovisual ;
observation). . . ¢« + ¢ ¢ ¢ ¢ ¢ o . . 1 e e 5 |
Theodolite {semiautomatic). . . . . . 2 « + « « 10—100
Visual method . . ¢+« ¢ « « o« o« ¢« &+ « & 1l=2 . . . . 100

III. Reduction of Observational Data and Compilation of
Ephemerides

One of the first methods used in the USSR to reduce
satellite observational data was proposed in 1959 by I. D.
Zhongolovich, V. M. Amelin, and T. B. Sabanina. In this g
approximate method the satellite ephemerldes and the i
conditions of satellite visibility were graphlcally found :
through the use of a map of the Earth in Mercator projection,
the satellite path on tracing paper, and the zones 1lluminated
: by the Surn. also on tracing paper. On the basis of the orbital
; elements and the solar ephemerides the successive positions
' of the tracing paper relative to the map were located and
the conditions of visibility at a given point checked. If
the required visibility conditions prevailed, the ephemeris
was computed with the aid of other tables and graphs {21].

PO

B e

L. A. Sadovski later developed a method of computing n

(satellite orbit number) afver epoch Ty, when it can be
observed at a given point ®, A». It 1s assumed in this method
that at epoch T, the satellite was over the horizon and could
be observed at a reference point having the coordinates Pms Am-
After the orbit number is found the satellite's topocentric
coordinates are determined first according to the Zhongolovich

. method described above, and then at the moment the satellite

; has reached the highest point on the celestial sphere using

‘ formulas developed by Sadovskl relating to the argument of

’ * the latitude u = v + w, orbital inclination 1, the rignt
ascension of the ascending node @, and the coordinates of the

reference point @y, am [22].
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The standard tables and nomograms for the reduction of
satellite observations, compiled by I. D. Zhongolovich and
V. M. Amelin, were publicshed by the Institute of Theoretical
Astronomy in 1960. The tables can be used for satellite
orbital inclinations from 0 to 90°, eccentricities from 0 to
0.76, and period up to 1728 minutes, while the nomograms can
be used for satellites up to heights of 6400 km. Uslng the
tavles it 1s possible 1) to calculate the period of revolu-
tion and semi-axis from the satellite's mean dlurnal motion;
2) to calculate for an elliptical orbit the values of v - M,
i.e., the difference between the true and the mean anomaly,
and the values of r/a, i1.e., the ratio of the radius vector
and the semi-major axis from two arguments: the mean anomaly
M aiid the eccentricity e; 3) to calculate the geocentric
equatorial and local geocentric coordinates; and 4) to deter-
mine the approximate values of secular perturbations of the
satellite caused by the oblateness of the Earth. Using the
nomograms, it is pcssible to determine the topocentric
altitude and distance of the satellite [23].

In 1965 L. A. Sadovski published tables, complementing
those of Zhongolovich and Amelin, for the reduction of
observations of satellites with almost circular orbits.
Using thesz tables, the satellite radius vector and 1its
true anomaly from arguments for the mean anomaly and the
eccentricity can be determined [24].

a. Space Triangulation

Two methods are used in the USSR to determine satellite
position on the basis of synchronous or almost synchronous
observations: 1) the method proposed by K. Popovici, which
permits the use of observations which need not be strictly
synchronous, and 2) the method of "closing directions,"
developed by B. M. Klenitskiy and G. A. Ustinov, which 1is
more widely used and which has been adopted by the Astro-
nomical Council [25].

In the Popovici method [26] the geocentric coordinates
of the satellite are derived mathematically from the topo-
centric posltions as determined at several different stations.
It is only necessary to know the precise time of observation
at the main station. It is sufflcient at tine second statlon
to know only the topocentric trajectory of the satelllte on
the celestlal sphere during the time period involved 1n the
moments of otservatlon at the main station. In studles made
Lu determine the relative accuracy of the two methods, S. K.
Tatevyan [27, 2L] found that the discrepancy in the satellite
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geocentric rectangular coordinates does not exceed 30 m in
the two methods 1if the angle formed by the intersection of
the simultaneity circle with the satellite trajectory is
about 90°, but can reach several hundreds of meters 1if it
is smaller. The advantage of the Popovicl method is that it
can be used to reduce nonsynchronous and almost synchronous
observations and that it may be used when stations unequipped
with precise time recording devices have to be included in
the triangulation network. A program has been established
in the Astronomical Council to determine station coordinates
by means of a simultaneity cirele and the use of a Stela
computer.

More recently, K. M. Kaverznev has described [29] a
method for determining the coordinates of a space vehlcle
from measured distances between three widely separated
points and the vehicle. A ranging device 1s used to measure
distances between the three points, A, B and C, and the
vehicle. The centroid of triangle ABC is found and, after
correction is made for propagation distortion, the value
of R 1s found, i.e., the slant range from the centrcld of
triangle ABC to the space vehlcle. The rms error proba-
bility of H, the component of R perpendicular to the plane
of triangle ABC, is a function of the rms error in the range
measurement, the area of a triangle formed by paths between
two adjacent measuring stations and the vehicle and the
included side of triangle ABC, and the three distances between
the centroid of triangle ABC and its apexes. The technique
glves a fast and accurate solution of the range of a space
object, irrespective of the geometry involved.

b. Nomograms to Predict Satellite Passage

Various nomograms have been devised by Soviet and East-
bloc scientists to predict satellite passage. Prime Soviet
effort seems to have been dirccted toward the development of
a nomogram to predict the passage of satellites in circular
orbit. This may reflect a special Soviet interest in those
satellites whose missions are best carrled out in circular ur
near circular orbits—possibly photography or docking opera-
tions. Such setel‘ites are often returned to Earth after
comple-ion of their mission. Thus, V. A. Vorotnikov and
P. M. Pershin have reported [30] the construction of & graph
to predict the passage of a satellite in a circular orbit
for a specific latitude. Knowing one passage, it is possible
with the graph to predict satellite time and coordinates at
the orbital point closest to the point of observation for
all future passages up to a month in advance. This graph
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has been used successfully at the Yeniseysk station since
1962. Pershin [31] has also devised an azimuthal grid
which, when used 1n conjunction with companion stereographic
grid and table, makes it possible to precompute all past

and future passages of satellites on circular orbilts having
a dally period. The computation of approximate ephemerides
for a glven satellite on all passages has also been examlned.

In the GDR Professor Penzel and hilis colleague F. Berth
of the Rodewisch statlon have designed a satellite ephemeris
chart, which they call the Rodewisch Ephemeris, that can be
used to determine the time and celestial location of the
passage of a satellite through the zenith azlimuth on any day
and from any observation station. The dat: which must be
fed into the chart, which 1s designed in the manner of a
rotating celestial chart, are the orbital period and orbital

inclination, the heights of perigee and apogee, the geographic

coordinates of the launching site, and the time of launching.
The opposite procedure, that 1s, the identification of
observed satellites 1s also possible with the Rodewlsch
Ephemeris within approximate 1limits [32].

J. Vondrak [33] has designed a nomogram now used at the
Pecny Geodetic Observatory, one of two stations for photo-
graphic satellite observations in Czechoslovakia, to deter-
mine the horizontal coordinates and time moments for specific
points on the satellite flight path. This nomogram, complled
on the basis of Ephemeris 7, published by the Smithsonian
Astrophysical Observatory, consists of a fixed and rotating
part. On the basic fixed part appear a geographlc coordlnate
net and curves of equal spherical distances and azimuths,
while on the movable part are the satellite orbital elements
which are viewed as constants. The nomogram reportedly can
be used at any geographic latitude to precompute satellite
passage.

¢. Human and Instrument Error in Tracking Celestial Bodies

The problem of complications arising in the observation
of celestial bodies (including satellites, meteors, high-
altitude aircraft, etc.) due to the human or instrumental
factor has been discussed in several papers. The Czech
investigator J. Kabelac [34], for example, has discussed the
problem of the refraction angle of rays passing through the
atmosphere from an obJect 1n space to a ground observer for
the cases where 1) the object is within the atmosphere (high-
altitude target), 2) the objJect 1s beyond the atmosphere in
near space (satellite, meteor), and 3) the obJect 1s at

-9 -
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infinity (star). Theoretically this investigation 1s based
on worik performed by L. Oterma [Astr. opt. Inst. Univer. 4.
Turku, Informo No. 20 Turku 1960] and A. A. Baldinli [GIMRADA,
Res. Note No. 8, Fort Belvoir, Va. 1963]. Data for the
construction of the atmospheric models are taken from COSPAR
[COSPAR International Reference Atmosphere 1961]. A distinc-
tion is made in the various cases of the problem between
astronomical refraction Re and parallactic refractlion RH.
Kabelac has found that astronomical refraction R, is not
dependent on the momentary state of the atmosphere, while

the expressions ARpH and ARH, characterizing ray deviation
when passing through a specific layer AH or to a specific
height H, are very dependent on the exlisting state of the
atmosphere, and therefore on time. The dependence 1s of the
order of 1" for a zenithal distance of U45°. The influence

is indirectly proportional to the height of the target above
the place of observation and directly dependent on the alr
density. An analogous dependency obtains in the case of
parallactic refraction, if the object 1s inside the atmos-

phere.

With respect to the human factor, Z. Kviz, another Czech
investigator [35], on the basis of ten-year observations of
some 21,488 meteors, has examined the question of the proha-
bility of a group of observers perceiving a meteor by means
of the indeﬁendent counting method. The empirical formula
p = [1 + e-k(up-w)]-!, valid for p < 0.5, is introduced to
express the probability (p) dependence on the brightness of
the meteor (u). In this case, 1n [p/(1 - p)] depends
linearly on u. The calculated probability value depends on
the number of observers in the group, since such observa-
tions do not satisfy the ideal conditions under which the
probability formulas would be entirely valid. The proba-
bility of meteor perception depends primarily on the bright-
ness and apparent path length of the meteor in the field of
view and only slightly, if at all, on other parameters. It
is determined that an eight-member observation group would
be most effective. Computation of the probabllity values
was performed on the URAL-2 computers of the Czech Technical
University and the Computer Center of the Czech Academy of
Sciences as well as on the ZUSE Z 23 of the National Research

Institute of Heat Engineering.
The Czechs, incidentally, have established a nationwide

station network to photograph meteors, and have entered into
an international agreement with the GDR for the same

purpose [36].
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Researchers at the Novosibirsk Institute of Geodesy Engil-
neers, Aerial Photography, and Cartography have developed
an ilnstrument, employing a point light source which can be
shifted directionally, to determine the differences which
arise 1n observatlons attributable to the human factor.
Its operating principle consists in the comparison of an
chserver's recorded moments of cobservation with those of
the point 1light source as determined by means of a contact
device [37].

The practical application of such studies 1s eventually
reflected 1in tracking camera design and improvement. V. S. :
Plotnikov [38], for example, has shown how the selection of !
camera parameters depends on the nature of the object to be
photographed and the environmental conditions. The main
selection criterion, according to Plotnikov, is the choice
of an exposure value expressed ln lux seconds equal to the
product of lmage illumination by the exposure. The depend-
ence on the form of the object (point or elongated) is taken
into account. Analysis of photographic records of rapidly
moving and weak-brightness point objects obtained by a fixed
or tracklng camera has shown that the angular velocity plays
an essential role 1n the determination of the necessary
exposure. The entrance pupll of the objective must be
enlarged and the focal length and scattering circle in the
image plane must be made smaller. A maximal entrance pupil
creating a relative aperture of 1:1 1is consldered most
favorable. Using the deviation of the angular veloclty and
the 1llumination on the entrance pupil of the objective,
Plotnikov found the optimal camera parameters and object
brightness expressed in stellar magnitude.

IV. Soviet-Bloc Station Network and Equipment

In order to extend the satelllte observation network
beyond the borders of the Soviet Union, the Astronomical
Council——acting through the Soviet International Geophysical
Year Committee and the Presidium of the USSR Academy of
Sclences—made arrangement in April 1957 to enlist the
cooperation of the other Soviet-bloc nations, including
China, the GDR, Czechoslovakia, Poland, Hungary, Rumania,
and bulgaria in tracking operations. JSome 500 AT-1 tele-
scopes were shipped to these countries in November—Decem-
ber 1957 for this purpose [39]. To further control and
coordinate the operations of the satellite stations, the
USSR Astronomical Councll, acting in cooperation with the
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. Tashkent Astronomical Observatory, established an inter-
national school in Tashkent tc trailn satellite observers.
The project was enacted under the auspices of the Commission
on Multilateral Cooperation. The school opened in Septem-
ber 1965 and was attended by 40 specialists from Bulgaria,
Hungary, the GDR, Mongolia, Czechoslovakia, Poland, and the
USSR. Lectures and practical exercises were conducted by
sclentists of the Astronomlcal Council, the Institute of
Theoretical Astronomy, the Main Astronomical Observatory at
Pulkovo, and the Tashkent Observatory of the Uzbek Academy
of Sciences [40].

a. Soviet-Bloc Cooperative Tracking Programs

The USSR Astronomical Council acting through the Commis-
sion on Multilateral Cooperation currently has two major
cooperative tracking programs in operation involving stations
in the USSR, Poland, Bulgaria, Czechoslovakia, Hungary, and
the GDR. These are: 1) INTEROBS—the simultaneous visual
tracking of low satellites to determine short-period varia-
tions of perigee distance primarily for geophysical purposes,
and 2) the synchronous photographic tracking of Echo I for
geodetic purposes. The INTEROBS program, described detaill
in Poreign Science Bulletin, no. 2, 1968, was conceived by
Dr. I1l in 1963 and initiated by GDR and Hungarian satellite
observation stations. The program has been most successful
in determining sudden upper-air denslty changes on the basis
of simultaneous observations of the orbital elements of
satellites. For some time now, INTEROBS has been broken down
into two independent station networks—one international with
the USSR participating and the other exclusively Soviet.
INTEROBS I includes the Bautzen and Rodewisch stations of the
GDR, the Brno and Skalnate-Pleso stations of Czechoslovakia,
the Cracow and Olsztyn stations of Poland, the Cluj station
of Rumania, the Stara-Zagora station of Bulgarlia, the Baja
and Budapest stations of Hungary, and the Riga, Kiev, Kras-
nodar, Dnepropetrovsk, and Chernovtsy statlions of the USSR. .
INTEROBS II consists of the Riga, Arkhangel, Vclogda, and
Ryazan' stations. Thus, the Riga station serves as the link
between the two networks [41].

The Riga Satellite Observation Station of the Latvian 3SR
is important not only because it is the link station between
INTEROBS I and II but also because of the contributions of
M. Abele and K. Lapushkin to tracking technology. One of
Abele's earliest cameras, designed especially for tracking
faint satellites, combined the three-axls system of the
Baker-Nunn camera with the Uran-16 lens system of Soviet
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manufacture., The camera (f = 75 em, D/f = 1:3.5) was capable
of photographing celestial objects up to the 10.4th magnitude
with a positional accuracy of :0.5—1" [42]. Improvements
have continued to be made.

The synchronous photographlc tracking of Echo I, pri-
marily to solve problems in geodesy, has been carried out by
participating stations with the NAFA 3c¢/25 camera and a
special timlng device with an accuracy to 2 msec. The Czech
OMA time system, described below, regulates observations.

It may be noted that the USSR and USA chose the tracking of
Echo 1II as their first reported Jolnt space experiment.

In accordance with the recommendations of the First
Conference of Representatives of the Commission on Multi-
lateral Cooperation between the Academles of Science of
the Socialist States on the Question of Optical Observations
of Satellites (Leningrad, 1962), satellite observatlons have
been tled to the OMA time signals. The coordinates of the
radio stations of this system, the call signs, carrier
frequency, stability (1:10~?2), transmitter power (1—10 kw),
transmission interruption times, and the transmission
schedule are given.

The first regular transmissions of the Czechoslovak
time signals began in 1955. At present the following trans-
missions are sent: 1. Round-the-clock transmission of second
slgnals on a standard frequency of 50 kc, intended primarily
for the automatic synchronlzation of the quartz clock gener-
ators within a radius of not less than 5000 km. 2. Round-
the~clock transmission on the standard frequency of 2500 kc,
intended for time and frequency measurement. 3. Round-the-
clock transmission of second signals (OLB 5) on a frequency
of 3170 kc. 4. Special transmission (OLD 2) on a frequency
of 18,985 kc, intended to study time variations in signal
propagation along the Prague-Tokyo path; the transmission 1s
directed sharply to the Far East. The OMA radio station 1s
located in Podebrady [43].

In addition to the two majer Soviet-bloc cooperative
tracking programs, viz., INTEROBS and synchronous satellite
photography, the Astronomical Counclil through the Commlssion
on Multilateral Cooperation has recently authorized participa-
tion in other programs. In May 1967 A. Masevich authorized
satellite participation in Program SPIN, a research program
proposed by Dr. Grigor'yevskly, director of the Kishlnev
Satellite Observation Station. Program SPIN lnvolves the
tracking of objects In space, primarily flnal rocket stages,
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which exhiblt variations in brightness due to tumbling and
change 1in the period of rotaticn. The fourth program in
which the satellite states may now participate 1s in obser-~
vatlions to determine the draconic period of a satellite.
Thils research project was origilnally proposed by Dr. Lozin-
skily, director of the Zvenigorod Satellite Observation
Station. Both project SPIN and the program to determlne the
draconic period have been developed for the purpose of
establishing the relatlonship between events on the Sun and
physical changes in the upper atmosphere. The findings will
be used to develop a relliable means of predicting solar
activity [44].

b. Satellite Observation Program of the German Democratic
Republic

Owing to its relatively high level of scientific and
technological accomplishment, wisely sustained by the USSR
in critical areas (e.g., Carl Zeiss Works) in the post-war
period, the GDR has played an important role in the Soviet
space program. Though forbidden to develop an independent
rocket or even aviation capability, GDR scientific and tech-
nological energles have been recruited under COMECON arrange-
ments to support the Soviet effort. Organizationally, GDR
space activities are administered by the [East] German
Astronautical Socliety whose current officers are: Presldent—
Professor Johannes Hoppe, Director of the Heinrich Hertz
Institute for the Study of Solar-Terrestrial Relationships;
Vice President-—Professor Hans Reichardt, Director of the
Mathematical Institute of Humboldt University; Vice Presi-
dent-—Dr. Eberhard Hollax, Institute of Nuclear Research;
Vice President—Heinz Mielke, writer; and Scilentific Secre-
tary—Herbert Pfaffe. The international scientific activitles
of the tracking stations are coordinated by the GDR COSPAR
Commission and the Working Group for International Geophysical
and Geodetic Cooperation of the GDR Academy of Sclences in

Berlin [45].

The following GDR Institutes and personalitles are
engaged in supporting research: The Lohrmann Institute for
Geodetic Astronomy of Dresden Technical University, whose
prime responsibilitiles are 1) to improve the techniques of
precision time and position determinations, 2) to perfect

assage instruments, 3) to make latitude determinations, and
R) to investigate the atmosphere in the vicinity of astro-
nomical instruments [46]; the Jena Institute for Magneto-
nydrodynamics, under the direction of Professor M. Steenbeck
whose research includes the development of experimental x-ray
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Tlash tubes which find application in the photography of
projectiles in flight, bomb model detonations, shock wave
propagation, and other high-speed processes [47]; the
Kuehlungsborn Observatory for Ionospheric Research, which
recelves and processes weather satellite data with equipment
developed by Dr. K. H. Schmelovsky; the Computer Center of the
Potsdam-Babelsberg Observatory, which serves the ephemeris
service; the Ilmenau Higher Technical School and Institute
for Precision Mechanics; and most important, the Carl Zeiss
Optical Works, Jena.

¢. Tracking Equipment of the German Democratic Republic.

The most active GDR satellite observation stations have
from the beginning been the Potsdam Astrophysical Observa-
tory and the Rodewisch station. 1In 1961 A. Masevich referred
[48] to the work of Frofessor Guenzel-Lingner of the Potsdam
Observatory in photougraphing faint satellites, like
Explorer VII, with the long-focus double astrograph of
the Observatory (f = 13.5 m; fleld of view 25 min of arc)
as masterful. To a great extent, observations were made
with 1lmprovised existing equipment. The rapid-action camera
used in the Potsdam Observatory to determine the astronomical
coordinates of satellites has a 4-lens Taksar objective
(D = 175 mm, F = 262.5 mm). The camera uses 25/10 Agfa-
Press, Wolfen film which is capable of recording stars of
the 8th magnitude in a one-second exposure. Shutter action
is regulated by an electric pulse sent from the chrono-

graph [49].

By 1965 tlie nearby Potsdam Geodetic Institute had
developed a transportable photographic camera-reflector
(F = 1000 mm, 1:5.6) on a parallactic mounting especially
for satellite observations. The camera consists of a
Zelss 5.6/1000-mm mirror objective with a plate-change
cassette, a Zeiss 110/750-mm observation telescope, and an
AT-1 finder telescope. Plate size was 6.5 x 9 cm. Depending
on the rate of motion of the satellite, the objective ranges
from 1M, 7—4M, 0, The accuracy of position determination 1is
~1", while that of time 1is 05.002. Satellites up to 3™ having
a rate of motion of 0.5/s may be recorded. The high lens
quallty makes possible photometric investigations of satel-
lite brightness. A synchronous motor contrcois the rotating
sector in front of the lens to increase the accuracy of
observation and to synchronize the time of observation at
different stations. A contact device attached to the sector
records the moments of lnterruption of satellite tracking on
the printling chronograpli. The technical specificatlions of
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the mirror objective are: aperture dlameter, 200 mm;

F = 1000 mm; coefficient of distortion, 2.6 x 10~!6; rield,
3.5 x 4°.7 [50].

The Zeiss 420/500/760 telescope, which was first put
into operation in the Helmert Tower of the Potsdam Geodetic
Institute in 1965 and which entered serial production in
1966, represents one of the most advanced instruments used
in the Sovliet-bloc for the precise determination of satellite
coordinates agalnst a fixed star background. The technilcal
specifications of the instrument are: F = 760 mm; diameter
of the correction plate, 425 mm; relative aperture, 1:1.8;
diameter of the main mirror, 500 mm; diameter of the effec-
tive field, 2.85; plate size, 90 x 120 mm2. The guilde
telescope has a magnification of 21.3%, field of view of
3°, and an effective entrance aperture of 75 mm. The height
of the instrument 1s 1950—3800 mm, the weight is ~2.5 t,
and the length of the telescope, ~2000 mm. The instrument
can photograph a satellite of ~12Mm. The instrument operates
on a four-axis mounting. Among the new models of thils
instrument now under development are: 1) a dual axis design
intended for use as an astrograph with a polar altitude
range of from 0 to 90°; 2) a version with a 500-mm focal
length and aperture ratio of 1:1 for image orthicon;

3) a ballistic camera with a four-lens system of 300- to
400-mm aperture and 1500- to 2000-mm focal length for plate
sizes up t> 300 x 200 mm; 4) a laser rangefinder for tracking
satellites and similar flying bodles; and 5) a photometer
telescope for satellite observations [51, 52].

Another improved satellite observation camera, deslgned
by Dr. M. Steinbach and built at the Ilmenau Higher Technical
School and the Institute for Precision Mechanics, permits
the phctography of satellites up to 10Mm with an accuracy of
not less than 2" in position and 1 msec in time. This
camera also has an optical system developed by Carl Zelss,
Jena. It is equipped with a finder telescope that permits
automatic tracking, a photochronograph, and a photographic
plate magazine. When using ORWO-NP27 (9 x 12 cm) plates,
the field of view is 7 x 9. In addition to the establishment
of a new satellite observation station in Ilmenau, an astro-
nomical station, intended to test instrumentation used in
satellite observations, has now been built built near

Ilmenau [53, 54, 551].
With regard to deep space tracking, it may be noted tnat

the outstaniing 2-m mirror telescopes built by Zeiss, one of
which is in the Tautenburg Observatory, GDR, another in the
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Shemakha Observatory near Baku, USSR, and a third in the
Ondrejov Observatory, Czechoslovakla, have now been out-
fitted for deep space tracking, primarily of preobes to
oither planets [56].

Zelss has also produced a high~precision coordinatograph,
the Ascorecord, which may te used to determine satellite
coordinates from photographic plates. Ascorecord represents
a further development of the Komess 3030 [57].

d. New Satellite Observation Staticons in the German Demo-
cratic Republic.

In addition to the stations listed in Appendix III and
those mentioned in the discussion above, the following
developments merit note.

The Junge Welt Satelllite Observation Station under the
direction of Karl Heinz Neumann has been in operation four
years and 1s the only GDR radio observation station to be
listed in the COSPAR World List of Satellite Tracking
Stations [See Appendix III, p. 54]. Since this entry, now-
ever, station equipment has been considerably increased.

In order to improve Doppler-curve and fleld-strength
recordings during satellite passages, a Praktina camera and
17-m film magazine as well as amplifier modifications have
been introduced. Specilal preparatlions have been made at
the station for optical observations of the decay of Echo-1
for the purpose of deriving data on upper alr density
changes. Experimental photographic observations of the
brighter satellites using a Sonnar (1:2; f = 180 mm) optical
system and film with a DIN 27 sensitivity rating have shown
that satellites to the 6th magnitude can be successfully
recorded to heights of 1000 km [58]. A general description
of this station's activities and capabilities was given in
the Foreign Science Bulletin, no. 3, 1968.

The new satellite observation station established in
the Engineering School in Lichtenberg will become a central-
collection and evaluation depot of all amateur radio stations
in the GDR. The statlon 1s equipped with an Erfurt receiver
capable of recelving signals up to 30 mc. The new statlon
will cooperate with the ephemeris service in Fotsdam-

Babelsberg [59, 601].

The Beelltz Radlo Station of the GDR Postal Service
also monitors space flights and maintains a "space chronicle"
in which *aped recordings of manned flights arc kept [61].
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In addition, an astronomical and satellite observation
station has been set up 1n Blankenhagen near Rostock. It
will be the first such station operating in the northern
GDR [62, ©63].

The international scientific¢ community has recognized
the contributions of the GDR to progress 1ln satellite geodesy
and tracking technology in several ways. Filrst, the Sonneberg
Observatory in Berlin under the direction of Professor C.
Hoffmeister has been given the international assignment of
checking out dubious astronomical discoveries. This will
be done with 18 cameras that take strip photographs of the
entire sky on clear nights [64]. (Sce also Sky and Tele-
scope, Ap»il 1968.) In addition, several international
conferences on aspects of geodetic astronomy, for example,
the Second International Symposium of October 1964, have been
held in the GDR. More recently, in October 1965 an inter-
national conference on space geodesy was especially held in
Jena and Potsdam to provide the participants with the
opportunity of examining the new automatic camera for
astrogeodesy (Zeilss 420/500/760) and other equipment.

e. Hungarian Satellite Observation Program.

Tracking activities in Hungary [65] are directed by the
Astronomers' Committee of the Hungarian Academy of Sciences
and by the Earth Satellite Tracking Subcommittee and are
supported by the Soviet Academy of Sciences. Four satellite
tracking stations operate in Hungary: Budapest; Szombathely;
Bala; and Miskolc. These stations as well as those of the
other satellites work in coordination with the following
computer centers: COSMOS, Moscow; Computer Center of the
Academy of Sciences of the German Democratic Republic,
Potsdam; Computing Center of the Polish Academy of Sclences,
Warsaw; Space Research Center Satellite Orbits Group, Slough
(Great Britain); Smithsonian Astrophysical Observatory,
Cambridge (USA); and the Independent Tracking Coordination
Program, Washington.

All four stations employ the optical tracking method,
but only Baja 1s equipped for photographic tracking. The
expense and scarcity of measuring instruments are still
problems. Many of the instruments used in Hungary had to be
altered to meet gualifications. For timing accuracy Mlskolce
uses a continuelly runaing stop watch, the reading of which
is photographed during measurements. With this method
precision of 0.1-—0.2 sec can be achleved. In Budapest and
Baja an electromagnetic chronograph records time through
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synchronized ~ontact with the photographic equlpment used

for posicion determination; the error 1s less than 0.0%5 sec.
Baja also has a giow-dlscharge lamp chronograph with no
moving parts. The chronograph registers time on film and
permits measurements accurate to 0.1 msec. In Szombathely a
frequency reference gage accurate to 1078 and a digital time-
interval meter accurate to 0.1 msec are used. All four
stations use modified TZK-type telescopes for optical
tracking.

At first Baja used a domestic camera having a speed of
f = 1:5.6 and a 50-cm focal length for photographic tracking.
In 1904 the Soviet Academy of Sciences gave Baja a NAFA-3c¢/25
type camera. Accurate timing 1s achieved by a Rohde Schwart:z
transistorized quartz watch with a chronograph. However,
the NAFA camera has a relatively small magnitude (3—3.5).
At present a photoelectric (nearly monochromatic) spectro-
photometer 1s being built at Szombathely which will permit
2-channel photometry.

f. Chinese Satellite and Astronomical Observation Stations

In addition to the Chinese satelllte observation stations
listed in Appendix IV, the followling institutes and observa-
tories of the Chinese Academy of Sciences would be involved
in tracking programs [66]:

1) the Artificial Satellite Research Laboratoery

2) the Zikaweli and So-se observatories in Shanghail

3) the Tzuchinshan (Purple Mountain Observatory) of
Nanking, which has a 20-em reflector, a 15-cm
refractor, and other telescopes

4) the Tsingtao Observatory, which has a l5-cm refractor

5) the Tientsin Observatory, which has a Bamberg transit

6) the Kinming Observatory, which has a 15-cm refractor

7) the Peking Observatory, which has a 2-m reflector

8) the Hangchow Observatory

9) the Sheshan Observatory.

In a report of observations made of Soviet satellites 1n
1964 at the Purple Mountain Observatory, mention is made of
the use of the AT-1 telescope and Becvar Atlas of the
Heavens (1950.0). A position accuracy of :¢0°.2 and a time
accuracy of t0S.3 is reported [67].
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g. Satellite Tracking Vessels.

Soviet worldwide satellite tracking capabilities have
been consliderably extended through the lntroduction of
ocean-going tracking vessels. This fleet, which now
includes the Viadimir Komarov, the Dolinsk, the Beszhitsa,
the Ristna, the Aksay, the Morzhovets, the Nevely, the
Ke%ostrov, and the Borovichi, 1s belng constantly enlarged
[68]. With regard to worldwide tracking capability, note
must also be taken of satellite observation stations built
in Mail, Egypt, and Cuba with Soviet aid and participation.

Conclusions

Notwithstanding the prodigious amount of planning and
foresight evldenced in the USSR satellite program, 1t has been
from the beginning and continues to be handicapped by poor
quality equipment. At a conference held on 15—18 May 1963
in Leningrad, the Plenum of the Committee on Theoretilcal
Astronomy of the Astronomical Council noted [69] the fol-
lowing serious shortcomings in appllied celestial mechanics:
insufficiently accurate observations of major and minor
planets and of natural and artificial satellites, a lack of
necessary computer technology at the Institute of Theoretical
Astronomy and the Department of Celestlial Mechanlcs and
Gravimetry of Moscow State Unilversity, and the difficulty
of training personnel. These shortcomings and thelr proposed
remedy were outlined again a year later when Academician
M. V. Keldysh, head of the Soviet Academy of Sclences, told
[70] Soviet astronomers complaining of the need for more and
improved optical and radio telescopes and other equipment
that they cannot expect to have the world's best equipment
and that they had best resign themselves to greater depend-
ence upon astronomers of other nations who may have better
equipment. Keldysh stated: "In scientific development, it
is8 necessary to base oneself on internatilonal scilentific
cooperation. I think that it 1s from this aspect that we must
examine the problems of astronomy's development and in this
area broadly utilize international cooperation. It is not
obligatory to try to have in our country the world's largest
telescopes, radlio telescopes, telescopes on balloons, and on
sputniks, etc.” The Soviet Union has, therefore, from the
start advocated international cooperation in those aspects
of their space program where they are weakest. Months before
the first sputnik was launched a group of Soviet sclentists
participating in a conference at the Smithsonian Astro-
physical Observatory in Cambridge showed [71] considerable
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interest in the IGY program for optical tracking of satel-
lites and suggested close cooperation between Moonwatch and
& comparable group being crganized in the USSR. This
interest even extended to the possibility of direct communi-
cations between Cambridge and Moscow, in addition to the
regular CSAGI world warning system. Professor I. Zhongolo-
vich has proposed [72] that an internationally sponsored
geodetlic satellite be put into orbit and that a joint
geodetic survey of the entlre Earth be conducted. Professor
S. Chaykin has advocated [73] the establishment of an inter-
national radio telescope, and so on. To a very considerable
extent, the internatlonal sclentific community has accom-
modated Soviet wishes. The USSR and the USA have engaged

in Joint tracking experiments of Echo satellites and have
agreed to exchange information on space biology and medicilne.
A Washington-Moscow telephoto link to exchange cloud pictures
from meteorological satellites has been established [74, 75].
Regular international conferences are held through the IGY,
IAU, COSPAR and similar organlzations on all aspects of
space research at which NASA and USAF sclentific workers
exchange experience with their Soviet counterparts [76].

It would seem that the USSR has successfully parlayed its
"surprise" first launching of October 1957 into a series

of international scientific arrangements from which the

USSR beneflts most.,, because of her weaker technologilcal

base. The advantages and disadvantages of such arrange-
ments are no doubt taken into account by both countries.

The second most important approach taken by the USSR
to improve the quality of its optical observation equipment—
as 1s evident in this report—has been to utilize to the
full the resources and skills of the East European states,
primarily the GDR, Czechoslovakia, and Hungary. In this
regard the VEB Carl Zeiss, Jena, has been exceptionally
important. In fact, in 1964 a decision was made by COMECON
(Council of Economic Cooperation) [77] authorizing the GDR
to manufacture and install observatories for the entlre
socialist camp. For this reason the activities and capa-
bilitles of the GDR 1in satellite tracklng have been dis-
cussed 1n some detail.

In conclusion, it may be stated that, notwithstanding
an initially very limited technologlcal base, the USSR has
achleved the best possible results 1n 1its satellite
tracking program by virtue of 1) very good long-range planning
and utilization of exlsting facilities and instrumentation,
2) the enlistment of the scientific and technical skllls and
resources of her East European satellites, and 3) the enthu-
siastic support and cooperation of the international scien-
tific community.
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Appendix I. Code for Compilatlon of Satellite Observational
Data From Stations in the USSR

Code word: CIIO
Cl - from word "sputnik" (satellite)

0 - from word "observation"

Symbolic code form: CIIOKK HHHJAJ ITYYMM CCCHMM Y 9,M,M, M,
34, 4,4,B surname, and 1f there are more observationé,

additional groups of the type ITUUMM CCCUMM U,YU,M;MM;; 3JLIE
surname.

Key:

KK - control number equal to the sum of ciphers in 5-character
groups following KK (if the total exceeds 99, then the
number of hundreds 1s disregarded)

HHH - number of the observatory or station reporting 1its
satellite observations

JUI - day for which data are reported in Universal Time

II - ordinal, based on launch time, satellite number (rocket
carrier of first satellite is designated by cipher 0).

Yy -~ hours, MM - minutes, and CCC - seconds and tenths of
seconds of moment of observation of satellite or rocket
carrier with ordinal number II in UT

stellar magnitude (without sign) of satellite with
ordinal number II.  The sign of stellar magnitude of the
satellite or rocket carrier is noted by the method
shown below.

Y,4;MM;M; - hours and minutes and tenths of a mlnute of
right ascension cof satelllite or rocket with
ordinal number I

AiZ1 A, - declination of satellite or rocket with ordinal
number II in degrees and tenths of degrees.

3 - sign of declination. When declination 1s positive, 0 is
placed in spot 3; when 1t is negative, it is placed
in spot 1.

B - estimate of measurement accuracy
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Satellites with a positive stellar magnitude are
designated: 1) uncertaln, 2) satisfactory, and 3) good.

Satellites having a negative stellar magnitude are
designated: 6) uncertain, 7) satisfactory, 8) good

If a magnitude 1s not determined or is determined with
less accuracy (e.g., the tenths of a second of the moment
of observation are not determined) the appropriate digit
is replaced by the letter X, Example (made up): CII064
02425 20531 20220 16582 Ivanov 00500 11510 16283 05498
Ivanov 00500 12505 16300 05517 Petrov Sidorov

Decipherment: Station no. 24 observed on the 25th
satellite no. 2 at 5h3lm20.25, UT, with stellar magnitude of
plus 2.0; right ascension, 16058,2Mm; declination, plus 20°.2;
observation certain. Ivanov observer.

Ivanov saw the rocket of the first satellite at
5h00™M11.55, Stellar magnitude was minus 1.0; right ascension,
15h28,.3m; declination, plus 54°.9; observations good. Petrov
saw the same rocket at 5h0om12.5S, Stellar magnitude was 0.5;
right ascension, 16830.0™M; declination plus, 55°.1; observa-
tions satisfactory.

The sum of all digits beginning from the second group of
five is 164, consequently the control number is 64,

Each 1ndependent observation is signed by the surname
of the observer. The entire telegram is signed by the surname

of the 1ndividual responsible for observations and is sent
to: Moskva-Kosmos.

In cases where observations were unsuccessful, the
station reports the fact using the following type of tele-
gram: CIIOOX HHHIA YYMMA signature
0X -~ deslignates unsuccessful observation
HHH - station number

A0 - date, 44y - hours, MM - minutes UT indicated in the
ephemeris telegram
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- reason for failure
-~ observations were impossible because of bad weather

- observations were conducted but the object was not
spotted

- the object was seen, but the coordinates and time could
not be determined.
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Appendix II: Code for the Transmission of Telegrams With
Satellite Coordinates to USSR Observation Stations

The following information 1s contained in the telegram:
The c¢ity 1n which the statlion 1s located
Code word: CIIV (from the word "sputnik")

Symbolic code form: CIVKK HHHAJ ITY4YMM AAABB and, if
necessary, the additional groups - IYYMM AAABB - in cases
when an additional point is indicated for the same satellite
or the ephemerls for another.

Key:

KK - control number equal to the sum of the ciphers in the
five-character groups after KK (if the sum exceeds 99, then
the hundreds number is dropped).

HHH - station number conducting the satellite observations.

Al - day for which the data are communicated using Universal
Time

II - ordinal, based on launch time, number of satellite (rocket
carrier of the first satellite is designated by cipher 0).

YYMM - hours and minutes in UT when it 1s possible for
station HHH to observe the satellite or rocket carrier

with ordinal number ]I

AAA - astronomical azimuth (in degrees) of the satellite or
rocket carrier with ordinal number I

BB -~ height (in degrees) of the satellite or rocket carrier
with ordinal number I

Example (made up): ABACTYMAHM CIIV62 00305 21048 12130
10752 01835 KOCMOC

Decipherment: At station nu:ber 3 on the fifth of the
month, the second, based on launch time, satellite will bte
observable at 105148m GMT (at 13h48M Moscow Time); its astro-
nomical azimuth is 121; height, 30. The first, kased on
launch time, satellite will be seen at 07752M; azimuth, 18;
height, 35. Control number 62.

Telegrams must always end with the word "KOCMOC"
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’ Appendix III. COSPAR World List of Satellite Track
Stations [Soviet Blac]) acking

NATIONAL CORRESPONDENTS OF OPTICAL TRACKING STATIONS

Bulgaria

Prof. Nicolas Bonev
Section"Astrononmie®
: Acadenmy of Sciences of Bulgaria
H Ul. "? noemvri" ), Sofia

Czechoslovakia

Dr. ladislav Sehnal
Astronomical Obsarvatory
Ondrejov

Lo mar oo o

b SO

" German Democratic Republic

Prof. Dr. J. Hoppe .
] o Arbeitagruppe fur Interplanetare Materie an
E Heinrich-Rertez-Institut

DDR-1199 Berlin-~Adlershof

Bungery

Eid Sl
«A. Ouillagvis 1o Intssete
lonkolittgsgant. 3/17

Poland

or. ludoslaw Cichowics
Qommittes for International
Ge sical Cooperation

Pol Acadsny of Boiences
Pafao Bultury i NWauki p. 2313
Varsaw

Bumanie

Prof. C. Popoviei

Observatoire iAstronomique de Bucarest
str. Cujitul de Argint 5

Ducarest

’ Y.8,8.R.

Miss N, P. Blovokhotovs
Astronosical Council of the
U.8.8.R. Acadeay of Sciences
Ul, Vavilova 20

Moscow V=312
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LIST OF OPTICAL TRACKING STATIONS

Definition of Column Headings

Column
No.

I « Station

I1 -~ Coordinates: 1) Longitude, mecasured in degrees, minutes and
seconds East
2) Latitude, North positive, South negative
3) Altitude

1II -~ Station Code Number
IV -~ Type of Observations: visual = v; photographic = p

V ~ Accuracy a) Positional
b) Timing

V1 -~ ©Tracking Pacilities
VII - Tiping Pacilities

VIII - Address: 1) Postal
2) Telsgraphic and teleprinter

IX - Coordinating Center

X -~ Datum to which coordinates refer and accuracy of coordinates in
respect to datum

LI -~ Tracking Power of the Camera
XIT - Period of Operation (hours per weex)

Station Code Number (Columa III):

These code numbers form a worldwide unified system and, with very
few exceptions, embod; those originally given to the station by one of the
co-ordinating centers. A aumber of optical tracking utations have more
than one code number listed against them, Arrangements huve now been made
with the co-ordinating centers which assigned these numbers that, in future,
only s single number shall be used for each station in the transmissiou of
coded messages. Brackets are placed around the numbsrs whiuch will no louger
be uaed, It is important that a record of all the numbers given tuv & station
8hould be retained in the list as it may be necessary to refer to them in
handling records of past observations.

Ssatjon Adiress (Column VIII):

Where no station addreas is given, thet of the coordinating center
should be used for comaunications.
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Explanation of Column Notes

The figures in brackets which appesr in columas V, VII, IX, (I

and XII nf the List refer to the following notest

1)

(i1)

(1i1)

(iv)

(v)

(vi)

(vii)

No details are available for this particular station but statiors
of this type have timing facilities ranging frouw the equivalen® of
a crystal clock, in a very few instances, to stopwatches, used in
conjunction with tape-recorders, audio techniques, etc,, to corre-
late with radio time signals, in about 90 per cent of the stations,

No definite values for accuracies are available, but for stations
of this type, positional accuracy ranges from 0.05 to 0.75 degrees
of arc,and timing accuracy, from 0.05 to 0.3 seconds,

No details are available for this particular station, but stations
of this type have timing facilities ranging from radio time signals
to shutters driven by crystal-controlled synchronous motors.

No definite values for accuracies are available, but for stations
of this type positional accuracy ranges from 0.1 degrees of arc
(field-reduced photographs) to 2-6 seconds of arc (on largest cam-
oras), and timing accuracy from O.l - 1.0 seconds (unrecorded radio
time signals) to possibly a few milliseconds (crystal-controlled
shutters).

This station is included in the U.S.A. Baker-Nunn Photographic
Tracking Network which is coordinated by the Smithsonian .istro-
physical Observatory, 60 Garden Street, Cambridge 38, lass., U.S.A.

This station is included in the U.S.A. Phototrack network which is
coordinated by the National Aeronautics and Space Administration,

1520 H Street, N. W,,Washington 25, D. C., U. 8. A.

This station is included in the U.S.A. Moonwatch network which is

. eoordinated by the Smithsonian Astrophysical Observatory, 50 Garden

(viii)

(ix)

(x)
(x1)

2T

Street, Cambridge, Mass., U.8.A.

The number of hours per week takes no account of failure to observe
because of weather. The actual useful observing time is approxizsie-
ly 1/4 of this.

Stationary Power (Duration of exposure 1 sec.)

Tracking Power (angular velocity of satellite 1°/sec.)

Activity limited in the summer months by the short nizhss at this
latitude

- 28 -
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4.

Ce

G.

COURDINATING Cuiilolis FOR

OPTiCAY, TRACLING
CoLuMN IX

Radio and Space Rescarch Station
Satellite Orbits Group

Ditton Park, Slough

Bucks., England

Bulgarian Academy of Sciences
Deparimeat of Astronomy
ul,"? Noemvri™l

Bofia, Bulgaria

Astronomical Institute of the
Czechoslovakian Academy of Sciences
Ondrejov, Czechoslovakia

Snithsonian Astrophysical Observatory

60 Garden Street
Cambridge, Mass, 02138, U.8.A.

Prof. Dr. Max Kneissl

Deutsches Geodatisches
Forschungsinstitut, Zentralleitung,
8000 Munich, Arcisstrasse 21,
Federal Republic of Germany

Observatoire de MNeudon
92-Meudon, France

Astronomical Council of the
U.8.8.Re Acadeny of Sciences
Ulitse Vavilova 20

Io.co'. U.B.S.R.

MTA Csillagvizsgalo Intezet
Yonkoly Thege Ut, 13/17
Budapest 12, Hungary

- 29 -

I.

Je

K.

N.

0.

P,

Q.

Re

STATIONS

Cond teto Ricer-he Spaziali
Consiglio Nazionale delle
Ricerche

Piazzale delle Bcienze, 7?7
Roma, Italia

University of Utrecht
Lab, v. Ruimte-Onderzoek
Huizingalaan 121
Utrecht, Netherlands

Polish Committee for IGC
Palac Kultury i Nauki
Warsaw, Poland

Precision Optical Satellite
Tracking Station

P. O. Box 73, Orange Grove
Johannesburg, South Africa

Associagao Astronduica de
Angole
Luanda, Angola

Tokyo Astronomical Observatory
Mitaka, Tokyo-To, Japan

Geodetic Survey Institute
1000, 7-chome, Meguro-ku
Tokyo, Kami-Meguro, Japan

Hydrographic Bureau
1, Tsukizi 5-chome, chuoku
Tokyo, Japan

Dominion QObservatory
Ottawa, Ontario, Canada

National Research Council
Ottawa, Ontario, Cunada




BulinklA

aselogradchik

Stara Zagore

CLBCHOSLOVAKIA

Bratislava i

Bratislava Il
(Pezinok)

Prague

Skalnate-Yleso

22 AO'55"
+43 57'?3"

23%20150"
+42 al'oz"
572n

25 37'53"
+42 25 54"
251m

27255127"
+43712'10"
120

12006 117*
+48°10118"
260w

7°16'21"
+28°%17 147"
170m

162 e2'17"
+49%12115n
304m

149231587
+50°04 56"
3270

20%14141,55"

+49%41 120"
1783m

AT-1 telescopes,
binoculars

AT-]1 telescopss,
binoculars

AT=1 telescopes,
btinoculars
kinetheodolite

AT-1 telescopes,
bipoculars

Somet-Binar,
telescores,
AT-1, Zeiss 1080
teleacopes

Somet-Einar
telascopes,
At-1 telescopes

Somet-Binar
telescopes,

AT-1 telescopes
camera (£500am,1:5)

Somet-Binar
telescopes,
Aerophoto camera
(£75 cm 1:6.3)

Somet-Binar
telescopes




T TR AT

stopwatch,
chrononmeter,
crystal eclock

stopwatch,
chronograph,
crystal clock
rydio time
signals

stopwatch,
chronograph,
erystal clock

stopwatch,
chronometer,
crystal clock

stopwatch,
chronometer,
GXasshutte

stopwatch

stopwatch,
chronograph,
time signals

chronometer,
time signals

stopwatch,
time standard,
Satori clock

Narodna Astironon.
Observatoria
Belgradochik

Bulgarian Academy of
Sciences, Dept, of
Astronomy, Tracking
Center, ul."? Noemvri”
1, Bofia

Narodna Astronom.
Observatoria
Stara Zagora

Narodna Astronom.
Obgervatoria
Varna

Astronomicky Ustav
S5AV, Dubravska Cesta
Mstavy SAV, blok A
Bratislava-Patronka
Astronomical Institute
Bratislava

ditto

Astronomical Institute
of the J. E. Purkyne
University

Fotlarska é. Brno

People's Observatory
Petrin, Strahovska 205
Prague

People's Ubs., Prague

Astronomical Inatitute
8AV, SBkalnate-Fleso
Observatorium, Tatry

15

{ix) 15
15
15
30




GBRUAN DENOCRATIC

REPUDLIC

Bautzen

Eilenburg

Potsdan I

Potsdam I

Rodewisch

Ssombathely

4°26']6"
+51°%11'16"
25%m

12937'39"
+51°2715%
124m

13503'58"
+52022155,7"
107a

5°04'o1 8"
+52922155,2"
108

1a°2u'43-
+50°31 51"
467

11°25'aa~
+53°37219"
67.5m

189573
101-52

18357'57"
+47°29156"
485n

20 “2'19"
+48% 3"
206m

16537127"
+47°13'54"
232a

Theodoli te
Zoiss 80/500 zma,
AT-]1 telescope

AT-1 telescopo,
balloon theodolite
canera of 71/250mm
(l 3 3'5)

Binoculara f= 400ua
Cansra 170/240mn
(1:1,5)

Zeiss reflector
5.6/1000, Zeiss
tracking camera
Plat field Schaldt-
opticsS 420/500/760

1:1,8

AT-1 telescope
Canera of 170/240
am (1:1,5)

AT-1 teleacope

T2ZK-1 photo,
NAPA 5@/25/4”
t£/2.5

TZK-1 photo
T2K-1 photo

T7ZK-1 photo
paralactic camera
& £/3.6




stopwatch,
radio time
signals,
erystal clock

radio time
signals,
chronograph

printing
chronograph,
radio time
signals

erystal clock,
radio time

als
’w!:tiné chro-
mograph

Box chronoms-
ter, chrono~
‘;lph. ocrystal

erystal elock,
prlating

aph
radxoogr i
signels

erystal slock,
chronograph

eryatal clook,
shronograph

chronograph,
radio tine
signals

erystal olock,
ohronograph,
photoaster

Bternwarte Bautzen
DDR-85 Bautuen 1
Postschliessfach 65
TelexX: /v .

Vol:s-g. Schulstern-
w e "Jurl Gagarin®
PIR-%28"EL lenburs
Am Mansberg
Cable: BSternwsrte
Eilenbur

Telex: 051515

Astrophysikalisches
Observatorium
DDPR-15 Potsdam
Telegraphenberg
Telex: 015251

Geodatisches Institut
Potsdam ~ DDR-15
Tolcgratonberg

Potsdan Geodaet
Telex: 015251

Schulsternwarte u.

Satellitenbeobach~-

tungsstation

DDR-9706 Rodewisch/

gtland

Cable: Btsrnwarte
Rodewisch

Talex: 0578833

Bternwarte u. iiane-~
tarius Schwerin,
Satellitenteobach~

gﬁklltltion
27 Schwerin 4
!blcxx 012259

Casillagvisaghld
tése cha.
ul9g

th X&lnén
Osill s8ghlb,Baja

gﬁ: clilligxizusilé
apest é
Olilfnsv za
Intézet, Bu apest,
Konkoly u 17

Csillagvissghl$
Miskole III

Dorottya u 1
o-m#r;:gua
Miskole

Gothard Obsservstori-

um, 3sombathely PF 173
08!1’u;v sgald
- 33

Szombrthely

(vii)

G
(vii)

.
(vii)

G
(vii)

G
(vit)

- S

.|

By im(v) =
11"

n
6gin(p) -

B)im(v) =

im -

2"
2"

2!

1.0

0.75




DIt MO 35

LR intire

i

s

ty A

POLAND

Borowiec

{(rear Poznuf)

Cracow 1

Cracow Il

Jbzefoslaw

(near Jarsaw)

Olsztyn

Poznan

Harsaw I

Warsaw I

Wroc Yaw

RUMANI A

Bucharest

Cluj

Tinigoara

bt T T ERREYE R

1 111 1v v y
(w) (v)
17204+ 30" 1% p  an 0,001®
+52%97109
80m
192581 30" 1153 v 5 0.01%
+50%04.100"
221
193551 30% 162 v 0.1'  0.01°
+50%04 100"
227m
21201 30 1160 p  3n-4n
+52%06 100"
110m.
20927'0Q" 1151 v 5 0.017
+53%¢5100n r 1 0.01
110m
'16052'30 . 1154 )] 4" 0.001'
+52°24100"
80n
21201+ 30" 155 v 0.1* 0,01°
+52%13¢90n
130m
20054 00" 159 v 0.1'  0.1°
+52°15+00" P
110m
17506'00" M52 p 5 0.01®
451 O? oo
?. *
J26505:47.7" 131 v 0.8 0.1°
24'50 40 0.1
P 001‘0 0001.
S%.10" 3-5mg
23025 52" 132 v 0.1°  o0.1*
*“6 “4)'}“"
412m
] |
21 ﬁi'“S" 1133 v 0.1 0.1
+85%% 145w
ol Y e g »
. '.

Vi

Puralactic cemera

Astrograph

Theodolites,
T2K Telescopes

NAFA 3¢/25
camera

Theodolites,
fixed camera,
T2K Telescopes

Paralactic camers

Theodolite,
telescope

Theodolite,
fixed camera

Fixed camera

Binoculars
(d=8nm field
7.4 x 10)

Theodolite 1-,
Camera XAFA

AT-1 telescopes,
Balloon thaodolite

Theodolite 1°,
Bino~ulars

SR AN TR Y




crystal clock

curonograph

chronograph

chronograph,

crystal clock

chronograph

crystal clock

erroaograph

chronometer

ehronograph

astronomical
clock, erystal
clock, tape
recnrder

astronomica)l
clock, tape
recorder

astronomical
clock, tape
recorder

Stucje Szero:osciowa
PAN, Borowiec koYo
Kornika

Obserwatorium Astro-

nomiczne, U. J. Krakow

Kopernika 27

Katedra GeodezJji
Wyiszej AGH
Krakdw, al.
Mickiewicza 30

Katedra Astronomii
P. W. Warszeaws,
Roscykowa 75

Studium Geodezji
0lsztyn-Kortowo

Obserwatoriur Astro-
nomiczne, Poznafd, ul,
S2onecsna 36

Obserwatorium Astro-
nomiczne, U.W., War-
szawa, al. Ujazdow-
skie &4

Katedra Gerdezji
Warszawa 49, L:mowo

Obserwatorium sstro-
nomisere, Wroclaw,
ul. Kopernika 11

Astrophysical Section
Bucharest Observatory
Str. Cugitul de
Argint 5, Rumania

Astronoaical Observe-
tory, University
Babes-Bolya: ,

Str. Republicy i 409
Cluj, Kumanip

Astronouical
Observatory,
University
Tiniioarn

Aaxtronomi-
cal
0.20"
O.15"

Astrouonui~
cal
0,5"
0,5

Astronoinie
cal
30-

00.3




U.S.8.R.
Abakan

Abastumauvi

Alma-Ata I

Alma-Ata I1

Arkhangel sk

Ashkhabad I

Ashkhadad I1

Blagoveshchensk

90,
+127730"
150m

gL ?6'18"
+53 41'18"
247m

420 441 50n
+41%45118"
1600m

76057127.6"
+43 °11116.62"
1450m

2750"
+43715°"
810n

50°34"
+64°321
10m

58021'00%

+5;9g7'15"

58006 36"
+37°57'18"
600m

55930"
+55925¢
i50a

015.

64°24'42"
0)9°46'42'
228a

AT-) and TZK
telescopes,

small aperture
"leningrad" canelc

Camera
(NAFA 3c/25)

NAFA 3¢/25 camers,
Meniscus telascopes

AT-1, TZK tele-
scopes

AT-1 and T2K
telescopes, small
aperture "Lenin-
grad"” camera

AT=1 and TZK
telescopes

AT=1, TZK tele-
scopes
NAFA 5c/25 camers

AT=1,TZK tole~
scopes

AT-1, TZK tele-
scopes

AT=) and TZK
telescopes




VIiI

shronograph,
rvilo time
signals,
stopratches,
marine chrono-
meter

Ditto

Ditco

marine chrono-
meter, radio
time signals,
stopwatches

chronograph,
radio time
signals,
stopwatches,
marine chrono-
meter

Ditto

Ditto

Ditto

Ditto

Ditto

VIII IX

Pedagogical Institute, G
82, Lenin Avenue,

Abakan
Abakan, SVN

Astrophysical Ovser- G
vatory, Kanobili

Mountain, Absstumani
Abastunund, Observatory

Astrophysical Insti~ G
tute of Kaz,Academy

of Sciences, kaman-

skoe Plateau,Alma~Atsy
Alma-Ata As rophysics

Pedagomical Institute G
Komsc::slskaya Str.,
31, Alma-Ata

+Alma-XTd, Bputnik

Pedagogical Institute
drkhangelsk, 6
Arkhangelsk, Planet

State University, G
ilhiegig Avenue,

shkghabad
Ashkhabad, Btate
University

Inst, of Physics of the G
Barth and Atmosphere,
Turkmen Academy of Sci-
ences, Firiuza, Ashkhabad
Ashkhabad, FirIuza, Obser-
vatory

Pedagogical Institute, G
Inteinational 8tr.,10,
-]

Bir
Birsk, Bashkirsk,
Rocke?

Pedugogical Institute, G
Lenin Str,, 104,
B)agoveshcheq&k

BlagoveshcLersk, Amursk,
Observatory

Pedarogical Instivate G
35 Naimoghvili Siract,
Batumi

Bat.wi| Sputr

X1

XIX




Chernovitsi

Donepropetrovsk

Dushanbe 1

Englehardt

Mnisseisk

11

25057 "
+48°17"
240m

113329' 30"
+52°01 ' 36"
681n

6592106
+55°26'00"
75m

35002'42"
+48°26 6"
145 . 5-;

68249‘
+387°35"
834a

68%4652.08"
+38 33'39.94"
820n :

~agas'se.1-
+55 sg;zo.a?

92°10"
+58°25¢
8oa

44930¢
+40°%11
960m

o
753-6l

~’039|12-
026 15'36"
63a

Vi

AT-1, T%K tele-
8COopPes

AT-1, TZK tele-
scopos

AT-1, TZX tele-
scopas

AT=1, TZK tele-
scopes, "Leningrad"
and "Zenith" small
aperture csmeras

AT-1, TZK tele-
scopes

AT-1, TPZ tele-
scopes, NAFA 3c/25
canera

AT-1, TZK tele-
acopes,
NAFA 3¢/25 camera

AT-1, TZK tele-
scopes

AT=1, TZK tole~
oeoxou.
NAFA 3¢/25 capsra

AT-1, T2K tele-
scopeas

AT=1 telescopes




Vi1

cheonograph,
radio time
signals,
stopwatches,
marine chronce-
neter

Ditto

Ditto

Ditto

Ditto

Ditto

Ditto

Ditto

Ditto

Ditto

Ditio

VIll

Stote University
Cherngpvitni
ChernovITsT,] Sputnik

Fedagogical Institute,
140 Chkalov Street,
Chita

Chita Fedagogical
Institute

Podagogical Institute,
63 Bovict Str,, Curgan

Curgan, Sputnik

State University,
Dnepropetrovsk

The Lenin Tadjik State
University,hl?blenin
8treet, Dushanbe
‘Dushanti, ATkor

Astrophysical Insti-
tute, 4 Sviidenko

Street, Dushanbe
Dushanﬁe. OBscrvatory

Kazan State University,
Btation Observatory,
Zelenodolsky Rogion,
TASSR

Tutar X&Tronomical
Observatory, Judino

Pedagogicul Institute,
Kirov Str,, 62
Enissoisk, Krasnoyarsk
distr,

EnisgeIsk, Vegza

8tate University,
Erevan

krevany Bputnik

Kixghiz Btate Univer~
sity, Frunye
Frunze Btate University

éat:tugg 8tation,
“rKy .
Gurky,9, Brutnik
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Gorky Il

Irkutsk

Kaliningrad

Kazan

Khabarovsk

Kharkov

Kiev I

Kishinev

Komsomol sk-na-
Amure

Krasnodar

11

44 OO 12"
*56 19' l’ L
159m

104520'36,0"
+52°16'44,3"
458n

20 50'
+54°45¢
30m

“9 07'15.45"
+55 47'25 9"

135:04'48"
+4872942"
120m .

36013'56.2"
+50° '10.9'
140,52 .

30 30'07.05"
+50 27'11 43"

49%40"
sa°;5'

a°52'oo"
+46°571 24"
129a

157°o1'24~
+50 52'24'
25.“.

53353'42-
.as ox'u2~

111

1050

1079

1093

1020

1059

1060

1023

109:

1024

1027

v

(a)

0.1°

0.1
6!!

0.1°

0.1°

0.1°
6"

0.1°
6!!

0.1°
6.

0.1°

0.1°

0.1°

0.1°

v

(v)

0.1°

0.1°
0.005°%

0.1°

0,005
LA

0.1®

0.1*

0.1*

0.1*

V1

AT-1, TZK tele-
scopos

AT-1, TZX tele-
copea.
NAFA 3c/25 cameéra

AT-1, TZK tnle-
scopes

AT-:, TZK tele-
8co;es

AT-1, TZK tele-
scopes
RAFA 3c/25 camera

AT-1, TZK tele-

8COpes,
RAFA 3c/25 double
camera

AT-1, TZK tele.
scopes,
NA¥A 50/25 camera

AT-1, TZK tele-
scopes

AT-1, TZK, TPZ
telescopes

AT-1, TZK tele-
scopes

AT=1, TZX tele-
scopes, small
aperture camssras




vIiI

chronograph,
radio tiue
signals,
stopwatchec,
marine chrong.-
meter

Ditto

marine chrono-
meter, radio
time signals,
stopwatches

chronograph,
radio time
signals,
stopwatches,
marine chrono-
meter

Ditto

Ditto

Ditto

Ditto

Ditto

Ditto

Ditto

ViII

Pedugogical Institute
1, Ulianov Strect,
Gorky ——
Goriy, Peduiopical
Inetitute

Observatory,State o
Universitz,lrkutsk
Irkutsk;9 !
Observatory

Pedngogical Institute,
Chernyshevsky Str.,56

Kaliningrad District
Kali.niigr—anj strict
Zenit

Stute University,

18 Lenin Street, Kazan
- Kazan, Bputnik

Pedagogical Institute,
64, K. Marx S8treet,
Khabarovsk

Khabarost, Vega

Astrononical Observa~
tory, State University,
Sumskaya Street,

Eharkov
Eharkov ObséTvatory

Adstronomical Obgerva-
tory of Kiev Univer-
sity, 3, Observatory
Str. Kiev

Kiev,

i:dfgogical Institute,
nin 8tr., 111,Kirov
Kirov Bputnlk '

State University,

Kishinev
KishinEVf-ngte

University

Pedagogical Institute,
Pioneer Str.,

xomcomolpk—na-ﬁuure

Komsomﬁléf:ﬁE—Anure,ZS

sedagogical Jostitute,
Sedin Strect ,Krasnodar
Krasnodar, Boun

- 4] -
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Kustunodi

Keyl-Ccda

Leningrad

Lvov

Minsgk

Koscow

Balehik

¥ikolasv

Novosibirsk

Odessa

Omsk

11

63°uo'
+53°%1 51
15%%u

65 30124
+idy 50'06"
127m

30016'15"
+59° 26'58 b

24°01'46 g5
+49°49157 6"
330m

27032'48"

4537531420

230m

37 32'40.,215"
+55 41‘59 2"

036'%"
+43729' 30"
7m

51°58'26 25"
+&6° 28'18 .0"

szgss 30"
+55 oa'au"
180m

30345'28.95'
+15728'38,4"
5

73022' 24"
+54959100"
101 .4m

I11

1095

1022

1030

1031

1033

1034

1080

1077

1035

1073

1037

Iv

L~

42 -

(a)

0.2°

0.1°
6”

0.1°

6"

0.1°

0.1°
6'

0.1°

(v)

0.1%

0.1”

0.1%

0.005%

0.1%

0.18
0.005°

0.1% .

.005%

oY

0.1%

0.1°
0.005°

0.1*

gy

VI

AT-1, %K t2le-
sCOpES

AT-1, TZK tele-
scopes

AT-1, TZK tele-
scopeés,
NAFA 3¢/25 camera

NAFA 3¢/25 camera,
small aperture
"Kiev'camera

AT-1, T2K tele-~
scopes

AT-1, TZK tele-
scopes,
NAFA 3¢/25 camera

AT-1, TZK tele-
scopes

NAFA 3¢/25 camera

AT-1, TZK tele-
scopes, theodolite,
small aperture
"Tourist" camera

AT-1, TZK tele~
scopes,
NAPA }c/25 camera

AT-1, 72K tele-
scopes




\29)

stopwalshes

radio time

chronometer
Ditto

Ditto

Ditto

Astronomical
clock

chronograph,
redio time

chronometer

Astronomical
clock

chronograph,
radio time

chronomzter
Ditto

Ditto

rarine chrono-
. peter, radio
tive sipnals,

chronograph,

slgnals, stop-
watches, purine

signals, stop-
watches, marine

signals, stop-
watcheo,marine

Viii IX

Pecdagogicsl Tustituse G
Tarana Sir., 118
Kustanai_.“__

RustaniT, VEor

Pedagogical Institute G
K2yl-Orda

State University 33, G
10th Line, Leningrad
v-178

L;ningraa =178
Rainbow

State University, G
8 Lomonoscv Str.,

Lvov,

Lvov, Satiurn

State University, G
* Minsk __

Minsk, " BputoTk

Shternberg Astronom- G

ical Institute, Lenin
Hills, Moscow V-214
Moscow, S ernberg
Astronomical Institute

State University, G.
97, Chernyshevsky

Street, ga]chik,

EBASSR, Nalchik,

Cosmos

Astronomical Observa- G
tory, Nikolaev Reg.
Nikolasv Fog-,

Observatory

Geodeyic Institute, G
§7 Potg?in Str.,

ovosibirsk
BovositiTeX,Beodetic
Institute

Observatory, G
8hevchenko Garden,

Odessa, GOP-
Odossaf'ﬂs eor

Podagogical Institute
A4a, Partizan Rtreet,Omok
Omsk, TEZ —— '

<

Xy

xr

No longer
active




Orenburgh

Petrozavodsk

Sverdlovsk

Semipalatinsk

11

l‘tooalasll
+51 45 30"
130m

34021 0
+61%7 12n
99

3021938, 5"
+59 46'13 ”
o 51!

39045'10”
*54 38!05"
1l4m

2‘ o;lgg §6"
+56°57'08. 3"
3%m

24°o7'01 26"
+56° 57'08 3"

39042'40"
+47°13131+
69

39040°

+66° ga.

46200 42"
+51 gz'1aw
om

5!
ogg°32'
300mn

80915°
+50°25
210a

R T A

vl

AT-YL, 12X tele-
scopes,

AT-), TZX telc-
scopes, TaAi-1
photo

NAFA 3¢/25
camera
KPP canera

Theodovlites,
TZK-1, AT- lu(with
precise circles)
telescopes,

NAFA 3¢/25 caasera,
small aperture
"Zenith", Zorky
cemeras

AT-1, telescopes,
3-axds ‘autonatic
camersa

NAFA 3¢/25 canmera,
camera with oscil-
lating plate-holder

AT-1, TZK tele~
scopes,
RA!A 30/25 camera

AT-i, TZK tele-

scopes .

AT=), TZK tele-
scopes

AT=-1, TZK tele-
scopes

NAFA 3¢/25 cauera,
KPP camera

AT-1, TZK tele-
scopes




Vi1

chronograph,
radio time
cignale, stop~
watches,narine
chronometer

Ditto

Astrounomical
clock

ehronograph,
radio time
signale, stop-
watches,maring
chronometer

Ditto

Ditto

Ditto

Ditto

Ditto

Ditto

zmarine chronoe
meter, radio
time siguals,
stopwatches

VI.1 IX
Pedagogical Institute G
19 Soviet Street

Orenburgh
Orenburglz, Sputnik

State University, G
71 lenin Avenue,
Petrezavodsk

Petrozavediks State
University

Main Astiosnomical G
Observatory of the
U.8.S.R., acil. of
Sciences, Pulkovo,

Leningrad N-140
Leningrad =140
Pedagogical Institute G

46 Freedom Street,
Riazan

Riazan, Sputnik

Latv, SSR State G
Universit Riga
Riga, Epu%nIE

Obgervetory, State G
Universzity, 19 Rainis

Boulevard, Riga
Riga, XntzTes

State University 100, G

gorky Strert,

0r YovV-na~y.m

RosvovV=DPon RIFK' .

gni;eraityi Gorki . fed
oulevaid, a,Samar“end

Samarkand, Vega

Btate University, G

83 Astrakggn Str.,
Saratov

Baratov, Btate Univer-
&ity

Btute University, G
48y Kyibyshev str,,
3virdlovsk

BverdTovex, §¥y

Podugogicul Institute, G
Eovetckaya Str,, 100
Somipg_latinelg_
Senlpafatlnrys, Pedin-
stitut
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WL R e

Syktyvkar

Tartu I

Tartu I1

Tashkent I

Tastkant 11

T ilisl

Tobol sk

DNlan-Ude

Ushgo ~od

Vladivostok

I1

Sogso 1 54 "
+6l7 5820
2440

2624311 5"
+58°22 148"

23%40"
+58°20¢
75n

63°11 112"
+41%21 00"
440,8m

. 69017'37.1x
+41°19133, 5+
476

44:46'52.5"
+41%.204) 3
450m

68015
+58710
1150

84256147 ,4"
.56°gg'o's’.3~
14,48

107934 30"
+51%50* 30"
416m

22018'01,2"
+4838103"
190m

131253'31,2"
+43°07'00"
65a

111 IV
1049 v
1083 v
P

1051 p
1052 v
1075 P
1053 v
1091 v
1054 v
P

1057 v
10% v
1955 v
P

1013 v
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(a)
0.1°

0.1°

6"

6"

0.1"

0.1°

0.1°

0.1°
6"

0.1°

0.1°

0.1°

6
20"

0.1°

(v)
0.1°

0.1"

0.005%

0.005%

0.1%
0.)®
* 0.005°

0.1*

0.1°

0.1*

7.005°
0.01°

0.1*

VI

AT-Y, TR tole-
8scopes

AT-1, TZK tcle-
scopes, theodolites

"Zenith" canera,
NAFA 3¢ /25 camera

NAFA 3¢/25 camera,
AT=1, TZK tele-
scopes

AT-1, TZK tele-
scopes

NAFA 3¢/25 camera

Ai=1, TZK tele-
scopes

AT-1, T2K tele-
scopes

AT-1, T2K tele-
soopes
NAFA 3¢/25 camera

AT-1, TZK tele-
scopes

AT=1, T.4 telaw
scopes

AT-1, TZX tele-

8COpe3,

NA¥A 3c/25 camera
canoras

AT=) and TZK tele-
scopes, dbinoculars,
comst-sseler




!

;
|

vir¥

chronig ravh,

r-310 tine
sigaeals, st -
watches, marins
chronomater

Ditto

Ditto

Ditto

Astronomical
¢lock

chronograph,
radio time
signals, stop-
watches,marine
chronometer

Ditto

Ditto

Ditto

Ditto

Divts

Ditto

VIIT

Pedagogical Iustitute
21, Communistic
Street, Syktyvkar
Sykvyviar, tedugogi eal
Institute .

Astronumicul Obser-

vatory of the¢ Eston-
ian 4cndr 1y of Sci-

ences, 1 akxhetorn,

Tartu, ESSR

Tartu, Luno
University Iulikooli
Str., 18, Tartu
Tartﬁ, Tuno -

State University,
32, K. Marx Street,
Tashkent "

Tashlient State Uni-

versiiy

Astronomical Obser.
vatory, Tashkent
Astronomical Obser-~
vatory, Tashkent

State University,
1._Chavchavadze,
Tbilisi

TilTsT, Woon

Pedagogical Insti-
tute, Rosa Luxemburg

Str.! Z. Tobolsk
TobolBk,Pedinstitute

Etate University,
Tomsk 1/010
Tomsk, Jupiter

Baghkir Stste Uni-
versit Ufa
Ufa Blate Uniiversity

Pedagogical Insti-
tute, )1 Xanzhurov
Street, Ulan-Ude
Ulan-Ude, Reya

Btate University
Ushgorog_
UshioroT, " 8hutnik

Far Eastera 8uate
University,8 Sukhancy
Btregt, Vludivostok
Vladivostox, 013
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P+ Capteing
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A T e

et e oS et i+

1 11
Volgograd 41,9331 1300
+48%4) 480

50m
Vologda 39053 25"
+58°13 20"

150m
Yakutsk 1 129%3 130"

+62°01 112"
9

Yekutsk II 129539"
+62 00*
100n
Opcy
Yaroslavl 3
+577°35"
95m

Tushno-gakhalinek 1420421127
+

Ba

Svenigorod 56:#6' "
+557411372.7"
MOWGOLIA
- 107%03'00"
Ulan-Bator +4 9957 156"
175m
VIETHAM
105051"
Hanoi 193031
26m

1ii

1048

1014

1066

1088

1087

1065

1072

v v
(a)

v 0.1°

v O.lo

p 6“

v 0.1°

P 6"

v 0010

v 0,1°

v 0,°

L]
P go*

“ 550 v °o1°

1581 v 0.1°

- 48 -

(v)

0.1

0.1°
0.005°

0.18

0.005%

0.1%

01"

0.1°

0.005%
0.01

0.4°

0.1%

VI

AT-1, TZK tele-
scopes

AT=1l and TZK
telescopes,
KAFA 3¢/25 camera

AT-1, TZK tele-
scopes

NAFA 3¢/25 camera

AT-1, TZK tele~
scopss

AT=1, TZK tele-

scopes

AT=1, TZK tele-
LGODe B,

NAFA 3¢/25 camera,
KPP camesra, camers
with oscillating
plate=holder

telescopes (AT-1),
NAFA Camera

theodolites,
telescopes
(AT-1)

A S




chronograph,
reiio tima
siguals, stop-
watches nurine
chronoreter

Ditto

chronometer,
stopwatch,
rsdio time
siynals

chronometer,
storwitches,
re¢io time
signuls

Pedagogical Institute
27, lerin Avenue,
Yolgoprad -
Volgosrad, Fedagogical
Irstitute

Pedagogical Institute
6 Mayakovsky Str.,
Velogda

Vologda, 0rolit

Stute University
47 Yaroslavsky Streect

- Yakutsk

Yakutsk, Sputnik

Institute of Space,
Physics and Aeronomy,

Lenin 8tr., 61, Yakutsk
Yakutsk Scfencé NAFA

Pedagogical Institute
Respublikanskaya Str.,
108, Yaroslavl
Yaroslavl, Sputnik

Pedagogical Institute

93 School Street
Yuzhno~-Sekbhalinsk
Yuzhno=8akfalinsk Jusnis

Scientific Base
"Atmosphere",
Novoshikhovo
Zvenigorod District
Moscow_Region
Zvenigorod, mosphere

Pr. D. Radovaa,
Astronomical Obuerva-
tory, Acsdexy of

Sc ifonces, Ulan-Hator,
¥ongolia

Nha XhLi Tu'ong
Dang Thki Than
Nu4

Hanoi, Vietnanm
Metso Nanol
Vietuan




THE PRINCLPAL Ciid
AT SOVIET ALD S0
FOR OPIiCAL O

TZK (TPZ)

TZK - 1 photo

RAFA 3¢/25

Maksutov meniscus
telescope with a plane-
parallel glass plate

KPP
Astrograph

Double-camersa

Camera with sn
oscillaticg plate-
holder

Three-axis automaticsl
photo-camera

APYENDII KX

LMJIu%JS;lu\ OF IhaThili«, /5 Uskd
3 Oinar Bis™ill BUROPLAN STATIQONS
ASARVLTIQNS Ov AHTITFICIAL
EARTI S&LBLLLALES

wide-annle telescope,

d = 5 mm

magnification & x

diameter of fieild of sighi ~ 11°

binocular on a theodolite mounting,
magnification 10 x
diameter of fiesld of sight ~ 7°

TZK telescope with a camera for
photographing the circles

camera with an obdective "Uran-9"

d « 100 mm, £ = 2¢

field of sight 32~ x ;2

fast shutter connected witl: a chronograph

4 = 500 B, £ = 1200 mm

camera with a moving film without a shutter
objective "Uran-12"
d» 200 nm, £ =« 500 mn

d = 500 mm
field of s

ignt ‘10g x 10°

two asrophotocameras with an odbjective
*Indugtar « 17"
d=100 an, £ « 500 a»

objective "Uran~-16"

d « 210 nm

f = 750 mm °
diameter of field of sight ~ 31.5

objective "Uran-16*

4 = 210 Il

f=«=7%n

dta-otor or field of sight - 31, 5°




LIST OF RADIO TRACKIING STATIONS

Definition of Coluur leadings

Station *

Co-ordinates: 1) Llongitude, measured in degrees,
minutes and seconds East
2) Latitude, North positive, South
negative

3) Altitude
Station Code Number
Type of observation and tracking facility
Operational frequency

Accuracy a) Positional, in terms of angle
(interferometer), or angle and
range (radar), or rate of change
of range (Doppler).

b) Timing

Timing Facilities

Address of station or address for comminications

Operating Organization

Stations marked with an asterisk do not completely conform to
the definition of a Radio Tracking Station (definition given in
Resclution 13 of the COSPAR leeting in Washington, lsy 1362) in
that either their observations are not used primarily for the
purpose of obtaining orbital or track inforuation, or they do
not operate on a resusonably regzualar program. They are included,
nevertheless, in the list as they have necessary facilities

for tracking.
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2.

9.

10.

",

12,

13.

1“'

15,

RADICG TRACKING STATIONS

COLYNN

(Opersting Orgrwizations)

Geophysical Institate
CzechoslovaX Academy of Sciences
Praha 4, Sporilov

Bocni 11, Czechoslovakia

Ionosphiren-Tnstitut
7814 Breisach
Federal Republic of Germany

Smithsonian Astrophysical QObs.
60 Garden Street
Cambridge, Mass. 02138, U.S.A.

Sternwarte der Stadt Bochum
4630 Bochunm

" Blankensteiner Strasse 200a

Federal Republic of Germany

Funkkonirollmessdienst
61 Darmstadt
Pederal Republic of Germany

Deutsche Bundespost, FT2
61 Darmstadt, Rheinstrasse 110
Pederal Republic‘'of Germany

DPeutsche Forachungsanstalt fur
Luft-u. Raumfahrt

33 Braunachwoif, Flughafen
Pederal Republic of Germany

Deutache Verasuchsanstalt fiir
Luft-u. Raumfahrt

8031 Oberpfaffenhofen
Pederal Repudblic of Germany

German Astronautical Society
German Democratic Republic

National Committes for Space
Research

PaO-Bo 71"2

Tel Aviv, Israel

Consiglio Nazionale della Ricerche
Piassale delle Scienze 7
Romes, Italy

Chalmer's Institute of Technology
Uppsala, Sweden

Katedra Geodesji Politechniki
Warssawskie]

Plac Jednoici, RobotniczeJ 1
Warsaw, Poland

Hungarian Academy of Sciences
Committee of Satellite Tracking
and Politechnical University

of Budapest
Budapest, Hungary

Instituto Necional do Tecnica
Asrospacial

Serrano 43

liadrid, Spain

16,

17.

18.

19,

20.

2q.

22,

23,

24,

25.

26.

28.

29.

- 52 =

Kational Acronautics and Spuce

Adninistration
Washington D.C. 205456, U.S.A,

Radio end Space Research Station
SRC, Ditton Park
Slough, Bucks,, England

University of Manchester
Nuffield Radio Astronomy Labs
Jodrell Bank

Chesire, England

Ministry of Aviation
Royal Radar Establishment
Leigh Sinton Road
Malvern, Worcs., Xngland

Astrophysical Laboratory of the
Latvian Academy of Sciences
Turgevev Str., 19

Rigu, U.S.S.R.

Centre National d'Etudes Spatiales,

Centre d'Opbrations

B.P, Ne, 4
Bretigny—sur~Orge {(91), France

National Institute for Tele-
communications Research
C.8.1.R,

University of Witwaterssnd
Johannesburg, S8o. Africa

Radio Research Laboratories
Kokubunji, P. O., Koganei-5hi
Tokyo, Japan

Department of Supply
339 Swanston Street
Melbourne, Victoris
Australia

Defence Research Telecommunications
Establishment, Defense Research
Board, Dept. of National Defense

Ottawa, Ontario, Canada

Space Research Facilities Branch
National Research Council
Ottawa, Ontario, Canada

Applied Physics Laboratory
John Hopkins University
Baltimore, Maryland, U,S.ai.

Crimea Astrophysical Observatory
U.S.5.R. Acadaemy of Sciences
Crimea, U.S8.S.R.

Uppsala University
Uppeals, Bweden




LIST OF RADIO TRACKING STATIONS
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CZRCHOSLOVAKIA

Penskéd Ves
?

GERMAN DEMOCRATIC
REPUBLIC

Berlin

HUNGARY

Budapest

Bemowe, Wursaw

BUROPE

II 111

-mgaa.z'
+50731.7°*
312 m

qagzawa.s-
¢52530'49.9"

49300'08'
+87731135",
261 a

20%6° 30"
+52%15'42%
116 »

v

Radio Doppler
Frequenoy
Measurement,
Faraday Fading

Radio Doppler
Fregquency
Neasurenment

Redio Doppler
Frequency-ghift
metor, field
atrengt: meter
Telemetry
decoding

Radio Doppler
frequency and
field intensity
measurenent

20 - 360 Mc/s

30kHs ~ 35MHs
120kHs - 30MHz
87xHe - 3001z

Prequency 15 - 60
Ma/s, intensity
20 = 100 Mc/e

ae A - o e B G -




area—

At g i b 1 e

VI
(2) (®)
t/£-10~8 0.01*
1010 20 /s

0.001°

1000/8 20,01°

100/

VII VIII IX X
Cryatal‘ Geophysical Insti- 1
controlled time tute, Czechoslovak
standard Academy of Sciences,

Praha 4, Sporilov,
Bocni II
oo& c:;-tnl 108 Borlin 8 ¢
trasee
i:,. roo&rdor
crvetal clock Polytechnical ‘14

Upivarsity of
Budapest, Radic
Tracking Station,
Elséleti Villa-
aosskgtan Tanssdk,
Budapest XI, Egxy
J.u,18.

crystsl Redio Tracking 13 .
controlled time Btation,Committes
standard (preci- g: Iutoinufignal
ophysical Co-
sion 2.707) oporgzion, Polish
tcadony of B-iences,
Palace of Cultume
& Scisnces, Warsew
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U.S.S.R.
*Abaatunsnd

‘Crimesa

*doscow

‘RMga

11 I1I

42%4¢)
+44%5
1600 a

34001
+44743 "
575 m

37019
+55-28"
178 =

26%45
+56%85"
60 =

o

[ea)

Iv

Frequency
Measurement

Radio telescope,

Radio spectro-
graph

Radio Doppler
Frequency
Measurement

Readio Doppler
Frequency
Msasurement

20 Mc/s

" 200 Mc/s

3000 Mo/«
I - 15C ¥o/s

183 Mc/s

T P K] W B v T 4




printing crystal
chronograph,
precise time
signals

printing crystal
chronograph,
precise time
aignals

chronometers,
precise time

signals

narine chrono~
meter, precise
time signals

Astrophysical Ob-
servaiory, Georgisn
Acad. of Sciences,
Mount Kanobili,
Abastumsny, Geor-
gian S.S.R,
Abastumany Ceocr-
gian Qbservatory

Nauchny Bakchisa~ 28
raisky District,
Crimea

Nauichny Crimea Observetory

Institute of
Terrestrial Mag-
netism (IZMLRAN),
USSR Academy of
Sciences, Post
Office Vatutenki,
Lenin District,

Moscow Region
Izmiran Moscow

Astrophysical Lab.
of the Latvian
Acad. of Sciences,
Turgenev 8tr. 19,

Ovsexrvatory,
Baldone, Latvia




Appendix IV. Chinese Satellite Observation Stations

Code Station Latitude Longitude Helght
number above

sea

level (m)
271 Peking +39 56 09.51 116 1y 43.8 53
272 Nanking +32 03 59.9 118 49 15.3 267
273 Lanchow +36 03 18.44 103 51 U5 1514.9
274 Kunming +25 01 102 43 1918
275 Lasa +29 39 00 91 07 30 3656
276 Canton +23 08 34.20 113 20 11.20 31.6
271 Sian +34 15 03 108 55 01 407.9
278 Shanghal +31 11 31.00 121 25 43.35 7
279 Wuchanghb +30 32 30.13 114 20 34.2 45
280 Changchun +43 52 36 125 18 24 237
281 Urumtsi +43 49 05.03 87 33 43.95 841
282 Tientsin I +39 06 07.36 117 09 48.75 20
283 So-~se +31 05 48.0 121 11 12.3 100
284 Harbin +45 45 23 126 39 37 55 154
285 Huhehaote +40 50 ob 111 39 17 1077
286 Sinin +36 36 15.4 101 38 21.9 2300
287 Chengchow +34 44 22,37 113 37 2L4.00 120.25
288 Chendu +30 38 05.58 104 05 01..u4 501
289 Tsingtao +36 04 11.5 120 19 06.0 80
290 Foochow +26 02.7 119 18.4 65
291 Nanning +22 48 108 18 - 77
292 Shantow +23 21.547 116 40.659 9
293 Tientsin II +39 08 02.23 117 03 27.255 5
295 Tsinan +36 39 10 117 02 14

SOURCE: Rezul'taty nablyudenliy Sovetskikh iskusstvennykh
sputnikov Zemli, no. 36, 1961, p. 38-—39.
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......

, Plate 1

Source: AN S5SR. Vestnik,
no. 5, 1959, p. 90.

Caption: AT-1 viewfinder
(Yerevan station head-—
B. Ye. Tumanyan).

Plate 2

Source: AN SSSR. Vestnik, nc. 5,
1959, p. 91.

Caption: AT-1 viewfinder with
cgmera attachment.




Plate 3

Source: AN SSSR. Vestnik, no. 5,
1959, p. 92.

Caption: AT-1 with theodolite
attachment.

Plate 4

Source: AN SSSR. Vestnik, no. 5, 1959, p. 87.

Caption: Chronograph of Astronomical Council,
Moscow.
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Plate 5

Svurce: AN SSSR.
Vestnik, no. 5,
1959, p. 87.

Caption: Meniscus
telescope and
accessories of the
Kazakh Astrophysical
Observatory.

(I - Vibrating glass
plate interrupting
satellite track;

O - oscillograph;

X - printing
ch.oonograph;

I' - sound generator.




Plate 6

Source: AN SSSR.
Vestnik, no. 5, 1959,
p. 86.

Caption: NAFA-3c
camera of Astronomical
Council Station, Moscow

Plate 7

Source: D. King-Hele. Observing Earth Satellites.
London, MacMillan, 1966. 22¢ pP-

Caption: NAFA 3¢/25.
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Plate 8

Source: Pravda, 20 March 1968,
p- 3, cols. 5-—6.

Caption: Tracking camera of Latvian
State University (M. Abele and K.
Lapushka).




Plate 9.

IN: T.esden Technische
Universitet Wissenschaftliche
Zeitschrift, v. 14, no. 3,
1965, 679—681.

Caption: Potsdam Satellite
Camera.

Plate 10

Source: Die Technik, nc. 3,
1967, p. 196.

+% Captio SBG 420/500/760
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Source:

Caption:

Instrument En

(Prcf. W.

Feingerate

Plate 11

Technik, no.

1,

1967.

E
!

Yy A s>

Satellite camera built by Institute of Precision

Bigchoff,

director).

gineering of Ilmenau Technical University
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Plate 12.

Scource: Jenaer Rundschau. Special Leipzig ‘air Issue, 1967,
p.- 90.

Caption: SBG 420/500/760.
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