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(U) The book offered here to the attention of the reader is
intended to give a picture of the development of astronomy in
the USSR in the 5V years since the great October Socialist Revo-
The book starts with two general sections which relate
the organization of astronomical investigations in the USSR and
the instrument equipment of Soviet astronomy.
examine stages and basic results of development in our country of
astrometry and celestial mechanics; detailed characteristics of the
development of our knowledge about the solar system and the closest '
i and most important star for our life, the

tion of the knowledge of stars and stellar systems is shown and .
finally age-old problems of cosmogony and cosmology agltating the |

The book also illustrates new areas of -

sun,is given;

Subsequent sections

the evolu-

astronomy and space study using rockets, artificial earth and lunar
satellites, interplanetary automatic laboratories and spaceships,
In conclusion research in the history of development of astronomy
conducted in our country during the years of Soviet power is

. .lustrated,

astronomy bound to the development of physics and mechanics - radio f,
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PREFACE

The book offered here to the'attention of the reader is intended
to give a plcture of the development of astronomy in the USSR 1n the
50 years since the Great October Socialist Revolution. During those
years there were many quantitative and deep qualitative changes in

our sclence and, in particular, in astronomy. Unconnected up to
the revolution, depending in many respects on the initlative of the
particular sides, research in astronomy during the years of Soviet

B O

power not only obtained the character of collective works, but also
for the first time a speclally created state organ, the Astronomical ' !
Council of the Academy of Sciences of the USSR began to be planned.
New centers of astronomical investigations — observatories and
numerous speclal astronomical stations — appeared in all the

republics of our country. The number of astronomers-speclialists
increased tens of times. The huge army of amateur astronomers has '

' burgeoned. Astronomical learnings have been widely propagandized .
in small circles at planetariums, in lectures, and also in an ever
increasing number of popular books and pamphlets.

The book shows the successes and achievements of our astronomy :
4

L Rd

and its considerable specific welght in the global astronomical
sclence, and also those difficulties which 1t has had to overcome.

Before the eyes of our contemporaries the horizons of space
ovoundlessly expanded; artifical celestlal bodies are in the service
. of sclence; people — and among them the first Soviet person — have
gone into space; the work of humanity has become a factor of space

value,
FTD-MT-24-186-68 ii1




The science of the sky especially needs international
collaboratiori. In it unification of the efforts of scientists of
different countries of our planet 1s dictated by the character of
the object of 1nvestigation itself, and therefore for a long time
astronomy has had an international character, and the international
communications and collaboration in it are close and fruitful. They
not only go to benefit science, but also are an important element in
strengthening the peace and mutual understanding of peoples.

In the book the reader will find a series of descriptions which
attempt to illustrate the development of the individual most
important regions of astronomy. Certainly, it does not pretend to
be an exhausting study of all questilions of astronomy, its close
contact with other natural and soclial sciences and its many-sided
role in the infinite process of the knowledge and mastery of nature
by man. However, in some measure the reader will find in the book
a reflection of these problems. He will find those connections with
questions of Weltanschauung, which from the most anclent times, were
especlally characteristic for astronomy.

The book starts with two general sections which relate the
organization of astronomical investligations in the USSR and the
instrument equipment of Soviet astrcnomy. Subsequent sections
examine stages and basic results of develiopment in our country of
astrometry and celestial mechanics; detailed characteristics of
the development of our knowledge about the solar system and the |
closest and most important star for our life, the sun 1s given;

- the evolution of the knowledge of stars and stellar systems is

shown and finally age-o0ld problems of cosmogony and cosmology

agltating the human mind are examined. The book also i1llustrates .
new areas of astronomy bound to the development of physics and
mechanics — radio astronomy and space study using rockets, artificial :

earth and lunar satellites, interplanetary automatic laboratories

and spaceships. In conclusion research 1n the history of develcpment
of astronomy conducted in our country during the years of Soviet
power 1is 1llustrated.
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All questions are examined not only in a spirit of sum.l=x g,
. but also from the point of view of possible directions and prosy:cts _
of the further development of astronomy. Thils 1s all the more so i
important and interesting that in many sections written by 1
specialists in corresponding areas of astronomy, ideas are expressed {
whose development can essentially deepen our knowledge of the
infinite Universe.

Each section of the book has a bibliography, which, while not
pretending to be complete, nevertheless permits being oriented in

literature on a given question.

In some degree astronomy interests everyone. This book 1s
addressed to them, although it by no mean. belongs to the number
of popular bocks. This sclentific book is accessible, however, to
sufficiently wide circles of readers. It 1s hoped that whoever,
gazing into the night sky, has pondered the structure of the world,
the forces and 1laws governing it, and the role and place of Humanity
in the Universe, will find in this book much that is interesting
and will again feel the surge of emotion which embraces a person in
contact with the infinity of the Universe.

L L
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INTRODUCTION

Prerevolutionary Russia had around ten astronomical observatories,

among them the largest — of world importance — Pulkovo Observatory

near Petersburg, founded in 1839. Several university observatories,
the majority built in the 1820's and 1830's had a double assignment:
ensure the teaching of astronomy, and conduct scientific work. They
fulfilled these functions fairly well within the limits of their
limited capabilities. These were the c(bservatories in Derpt, Moscow,
Petersburg, Kazan, Kharkov, Kiev, Cdess . and others. Furthermore,

o = -
P T s T o ws:wix'v%w:‘“ .’?’%'W'M

there Wwere still departmental observatorles: 1in Nikolayev — the

..avy department and in Tashkent — the w._itary. From 1899 to 1919
tae International Latitude Station in Chardzhov operated, also
located under the jurlsdiction of the military department. All these
observatories were well equipped wiltn astrometric instruments for
their time, but their very limited staffs usually consisted of the
director — a professor of astronomy, an astronomer-observer and one 1
or two assistants. In certaln universitles there were even assistant
professors, occupied mainly with teaching.

Sclentiflic work was conducted at the initiative of the director
and reflected his interests, and to the honor of Russian astronomy
it 1s necessary to say that these works in many cases wervre carried
out on a high level. Thus, for example, in Derpt V. Ya. Struve
measured the first star parallax, beating by a year V. Besselya
in Koenigsberg, and made classical observations of binary stars;
in Moscow B. Ya. Shveytser investigated the anomalous deflection of

FTD-MT-24-186-68 vi




a plumb line, later studied gravimetrically by P. K. Shternberg,

F. A. Bredikhin developed theory of cometary forms, A. A. Belopc ''skly
be,;an systematic observations of the sun, V. K. Tseraskly and

S. N. Blazhko discovered and investigated a serlies of new variables

of stars; in Kazan heliometeric observations w:re conducted of the
moon to study its rotation and libration, and M. A. Koval'skiy gave

a method of detecting rotation of the Galaxy. Meridian observations
for the determiﬁation of coordinates of the stars were being

conducted in almost all university observatories, where a considerable
! part of the observations was used in composing fundamental catalogs

of the stars. In this respect an especially voluminous work was
carried out in Kazan and Gel'singfors on observation of stars of the

large international catalog of the Astronomical socilety.

Pulkovo Observatory in 1911.

However, in spite of all the significance, these works
frequently carried an eplsodical character, were conducted singly,
and the selection of subject was determlined by inclinations and taste

of the authors. The only profitable exception was Pulkovo Observatory,
distinguished by the purposefulness, sequence and volume of its

FTD-MT-24-186-68 vii
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Moscow Observatory after reconstruction by
V. K. Tseraskiy in 1903.

works, basically thanks to the far-sighted plans of its organizer

and first director V. Ya. Struve. Fur rermore, inasmuch as this

observatory was not a university, it:s =¢lleagues were not distracted
by the teaching of astronomy, if we d¢ ~-t consider the guldance of

military geodesists and hydrographers (for them special small studios
were created).

Returning to the position of Russian astronomy at the end of
the past and beginning of the current century, 1t is necessary to
note that 1ts maln deficiency was the separation of the investigations
conducted in various observatories, inasmuch as there was no organ
which would ensure an exchange of experlence and the planning of
gclentiflic works even if in the most modest volume. )

te

selent!fic socletles exlsting at that time could not improve
the posltion, 'The most serious and respected of them was the
Russtan astronomical soclety in Petersburg, founded in 1890, wt
whose meetlings were heard sclentific reports both original and
survey content., But it promoted only closer contact between
astronomerys ind geodeslists of the Petersburg establishments: the

FTD-MT-24 -18(-68 viii




university, Pulkovo Observatory, military and naval departments.

This society 1ssued the interesting "Izvestia." In 1908 the Moscow
Circle of Amateur Astronomers appeared, renamed then into a soclety,
which included almost exclusively Muscovites, mainly amateur
astronomers, teachers, students and only two or three speclalists from
the university. The main merit of this soclety was that it gave
young people, from which subsequently emerged a number of prominent
speclalists, a way of studying astronomy and conducting the simplest
observations. In Lower Novgorod (now Gor'kiy) after the total solar
eclipse of 1887, the Circle of Amateur Physicists and Astronomers

was formed, 1issuing a yearly astronomical almanac, which was in great
demand by amateur astronomers.

PP

B e TR U

Engelhardt Astronomleal Observatory
(main building).

But all these socletlies were only a vent for the ripening !
tendency to closer and more constant sclentiflc collaboration between
the astronomical establishments of Russia and, being local, could not
establish the desirable contact between them. 1In August, 1914, on
the occasion of the 75th annlversary of Pulkovo Observatory in
Petersburg a Congress of the International Astronomical Soclety was

FTD-MT-24 -186-68 ix
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held (Astronomische Gesellschaft)!, which was in a position to
establish a collaboration on an international scale, but which
was disrupted by the exploding first world war.

Main building of the Nikolayev Observatory

In the summer of 1916 a group of Pulkovo astronomers dispatched
by sclentific colleagues of cther observatories the project of
convocation of an astronomical congra2ss and a proposal for the
establishment of a Soclety of Russian astronomers. This project
obtalned full approval of the majority of s.ientlsts, and in
April, 1917, in spite of the difficult position with transportation
and provisions in the country, the congress was called in Petrograd
and at<ended by 64 representatives of almost all Russilan observatories.
At the congress, which was opened by the vice-president of the
Academy of Sciences, Acad. A. P. Karpinskiy, it was decided to
organize the Pan-Russlan Astronomical Union; Prorector of
Petrograd University A. A. Ivanov was made chalrman.

!This was the only national Astronomical society (created in
Germany), which prior to the first world war conducted its work as an
international organization. In the Council of the soclety an approxi-
mately 1dentical number of German and foreign scientlists had been
selected; congresses of the soclety were held by turn in Germany
and other countries.

FTD-MT-24-186-68 X




In reports read at the congress many essential proposals
were introduced for the organization of large cooperative works iy
forces of the Russlan astronomical establishments, which due to
economic difficulties, and then by civil war, unfortunately, .

remained long-unrealized.

. Subsequently tnis new scientific organization, from 1927
officially called the "Association of Astronomers of the RSFSR,"
held three more congresses: 1in 1920 at Petrograd, in 1924 at
Moscow and in 1928 at Leningrad. Then 1fs activity ceased,
which, although it promoted the 1intercourse of astronomers of
various observatories, still did not solve the basic problem - planning
and coordination of investigations. Regarding other socleties,
In 1932 on the basls of the Russian Astronomical Soclety and
The Moscow Soclety of Amateur Astronomers was formed the All-Union
Astronomical and Geodeslc Society, now existing in the Academy
of Sciences of the USSR and counting over 30 republican, regional
and municipal sections. Members of thls soclety are speclalists
in astronomy, geodesy and cartography, and also persons interested
in these sciences; it issues the "Byulleten'" ("Bulletin") and
other publications, in particular timed to dates of solar ecllpses
visible in the USSR. From 1965 the society began to issue the
popular science journal "Zemlya 1 Vselennaya" ("Earth and Universe"). !

- P

However functions of coordination ana planning the All-Union
Astronomical and Geodesic Society naturally cculd not fulfill.

Meanwhile the need for this was sensed ever stronger and at
the beginning of the 1930's the Astronomical Committee of People's
Commissariat of Education of the RSFSR was established. The chalirman
was B. V. Numerov, director of the Calculating Institute, created
in 1919 at Petrograd. The activity of this committee extended,
however, only to those astronomical establishments of the RSFSR
which belonged to the system of the People's Education. Besides
y ! ~orresponding university observatories and institutes, including
the P. K. Shternberg Astronomical Instlitute formed in 1930 at

FTD-MT-24 -186-68 xi
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Tashkent Observatory (tower of normal astrograph).

Moscow, they also included the Pulkovo Observatory, which by
regulations of 1862 went from the Academy of Sciences into the
management of the Minlstry of the Peoples' Education. But in

1934 the Pulkovo Observatory was again returned to the Academy of
Sciences and turned out to be outside sphere of activity of this
committee. It did not embrace the activity of observatories in
the Union republics. Therefore in 1937 the Astronomical Council
of the Academy of Sclences of the USSR was organized, in which was
placed the planning and coordination of scientific research work
in All-Union Scale. For more effective fulfillment of these
functions in the Astronomical Councll were created commissions for
different directions of astronomical investigations, which regularly
organize meetings and conferences. Furthermore, yearly, usually
in January, the Astronomical Council conducts plenary sessions for

FTD-MT-24-186-68 xii
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P. K. Shternberg State Astronomical Institute (GAISh. The new
building on the Lenin hills in Moscow)

'J

discussion of results of the past year and composition of plans for
the coming year. Members of the Astronomical Council are the
director of the most important astronomical establishments of the
USSR and major speclialists.

et e s S e A s T it
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The sphere of activity of the Astronomical Council was still
more expanded after the 1957 launching of the tirst artificial
earth satellites, when the Councll was assigned the organlization
of optical observations of these satellites over all USSR territory.
The Astronomical Councill 1is, furthermore, the Soviet National
Committee in the International Astronomical Union (IAU), and thus

represents Soviet astronomy in this international aclentific
organization.

In 1958 at Moscow the next, tenth congress of the International

Astronomical Union took place, primarily prepared by the Astronomical
Council.
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The development of astronomy in great measure depends upon the
degree to which the observatories are equipped with instruments.
As already was noted, Russian observatories at the beginning of their
activity were for that time not badly equipped; then observations
were limited mainly to the area of astrometry.

Only the Pulkovo and partly the Moscow observatories were
supplemented at the end of the past century by certaln tools for
research in stellar astronomy and astrophysics. Thus, prior to
the advent of Soviet power our observatorles were absolutely
insufficiently unequlpped for work in new rapidly developing areas
of astronomical sclence.

In the first years of Soviet power the difficult position in
the country did not permit essentlally improving the instruments of
our astronomical observatories. But already in 1924 in the
Simeiz section of the Pulkovo Observatory a large reflector
(diameter of mirror, 1 m) which was ordered even before the first
world war in England, and with which subsequently G. A. Shayn and
V. A. Al'bitskly carried out outstanding work in stellar spectroscopy.
Before the Patriotic War Pulkovo was enriched by the first large
instrument bullt at Soviet plants — the large horizontal solar
telescope designed by N. G. Ponomarev with D. D. Maksutov optics.
The war inflicted hugh losses on Soviet astronomy; it suffices to
say that the Pulkovo observatory and its Simelz section were ,
barbarlcally destroyed by fascists. Now not only are wounds healed,
the destroyed observatories restored and expanded, but also
several new observatories have been built: 1in Crimea, near Kiev,
Erevan, Alma Ata, Shemakha, Tartu, not mentionling the observation
stations such as the solar stationed near Kislovodsk, Alma Ata and
Irkutsk, the latitudinal stations in Blogoneshchensk, Gor'kily and
certain others. Furthermore, even before the war a stellar-astronomical
observatory was bullt in Abastumani and equipped with a 70 cm
Makustov meniscus reflector with large obJjective prism.
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In prewar time an astronomical observatory in Dushanbe and an

international latitudinal station in Kitab, were built, replacing
the Chardou station which ceased operation in 1919.

|
i
1
1
{
c
}
4
!

; Crimean Astrophysicél Observatory
i (sclentific settlement).

T o e
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New Astronomical Observatory of the Academy
of Sciences of the Estonian Soviet Soclalist
Republic (in Tyraver, near Tartu).
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Recently the Byurakan Observatory of Academy of Sciences of
the Armenian Soviet Soclalist Republic received a Schmidt meter
reflector; for the Shemakha observatory of the Academy of Sciences
of the Azerbaydzhan Soviet Socialist Republic (in Pirkuli) a 70 cm
meniscus telescope has been made and in the same place a 2-meter
parabolic reflector has been set up. In the Crimean astrophysical
observatory of the Academy of Sciences of USSR a large vertical
solar telescope has long been in operation, and in 1960 a
parabolic reflector with a 260 cm-diameter mirror was mounted — the
largest in Europe and the third largest in world. In the very near
future the same two instruments are designated for mounting in
Armenia and in one of republics of Central Asia. At present
domestic plants are working on the largest telescope in the world -
a reflector with a 6 m-mirror diameter. It will be taken to the
Northern Caucasus to the Speclal Astrophysical Observatory of the
Academy of Sciences of the USSR. Thus, the former backward instru-
mentation .n our observatories in considerable measure has already
been overcome, and as regards the large telescopes now occupy an
equal position among the most equipped observatories of other
countries.

It remains to say concerning our scientific international
communications. The biggest and most authoritative organization in
astronomy is the International Astroromical Union (IAU), which
every three years call an international congress. Nearly 200 Soviet
astronomers are members of the I'U; around 12 are chairmen or
deputy chairmen of permanent scientific commissions for various
departments of astronomy; three were or are IAU vice-presidents
(A. A. Mikhaylov, V. B. Kukarkin and A. B. Severnyy), and one is
president (V. A. Ambartsumyan). As was mentioned above, the
Xth IAU Congress, in which nearly 800 scientists from 35 countries
participated took place in 1358 at Moscow. Already from this list
one may see the considerable specific weight which Soviet astronomy
has in world science,
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Astronomical Observatory in Abastumani
(Georgian Soviet Socialist Lepublic)

. v
w
s -

Solar mountain station near Kislovodsk

Extensive work is being conducted on general plans coordinated
on an International scale, for example studies of the sun, in
particular observations of the solar corona outside eclipses. Even
before the second world war the Pulkovo Observatory advanced the
project of composing the large '"Catalog of Faint Stars," in the work
on which seven Soviet observatories initially participated. In
postwar years under IAU leadership observatories on five mainlands

prarticipated.
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From 1957 close collaboration in optical observations of
artificlal celestial bodies was establlished, first of all with
the socialic+, and then and with certain capitalist countries, which
nromotes more preclise determination of the motion of these bodiles,
and consequently, information about the gravitational fleld of
the earth and properties of outer space. Thils important part of
international collaboration 1s being carried out by the Astronomical
Council of the Academy of Sciences of the USSR.

The most important forelign astronomers frequently visit Soviet
observatories, where they present reports, particlpate in discussions
of scientific questions and become acquainted with leadling works.
Soviet astronomers have also gone to other countrles to particlipate
in different symposia, conferences and commisslons, and also to read
lectures and for scientific work at the invitation of foreign
establishments and by exchange agreements between sclence academles
or universities, Especlally close 1s scilentific communications with
the socialist countries, which frequently invite Soviet astronomers
for consultations and the organization of Jolnt investigations. Many
voung astronomers of soclalist countries learn with us in post-

i aGunte work, work on probation or do practical work.

Repeatedly Soviet expeditlons go to other countries to
observe solar eclipses. Thus, in 1927 Soviet artronomers
participated in the observation of a total solar eclipse in the
north of Sweden; 1n 1947 a large combined expedition went for this
purpose to Brazil, in 1958 to the Chinese People's Republic,
in 1962 to Mali, and in 1965 to the Kuka Islands (Polynesia).

Because of the vague knowledge of the southern stellar sky, in
particular with respect to exact coordlinates of stars, the Pulkovo
observatory in 1962 organized an astrometric expedition to Chile,
intended for several years. Colleagues of the expedition together
with astronomers of the observatory at Santliago using the meridian
instruments of the Chilean observatory and special new instruments
made at the Pulkovo observatory and at the State optlco-mechanical
plant, observe the southern stars for more precise determination
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of thelr positions and proper motions.

Besides thils, Soviet astronomical establishments distribute
their own publications in several hundreds of foreign observatories
and institutes, obtaining in exchange numerous publicatlions. 1In
the United States an English translation regularly 1s printed of
the "Astronomical Journal," published by Academy of Sciences of the
USSR, and also a special Jjournal wholly dedlcated to reviewing the
work of Soviet astronomers is published. 1Its editor for many
yeafs was the American astrophysicist 0. L. Strube (1895-1963),
great-grandson of the founder of the Pulkovo Observatory
V. Ya. Strube.

Unification of efforts and exchange of results of
investigations 1n astronomy are dictated by the € sence of the
matter 1tself in , articular the impossibility of embracing the
whole celestial sphere by observations from the territory of one
country. Furthermore, cooperation in investigation of rapidly
occurling processes, for example, on the surface of the sun, permits
(thanks to the rotation of the earth) conducting such observations
continuously through a prolonged time. In connection with this
astronomy has long since been the most international of all sciences,
and international communications and collaboration in astronomy — the
most close and fruitful. They not only benefit science, but also
introduce theilr own mlite to the common cause of strengthening
peace and mutual understanding between peoples on our planet.
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TOOLS AND INSTRUMENTS?!

The quantity and quality of telescopes, thelr auxiliary equipment,
climatic conditions of the location of observatories and, finally,
organizational forms of the use of astronomical instruments in con-
siderable measure determine the face of astronomy of a given country.

Talking about astronomical instruments, usually basic attention
is on big telescopes used for astrophysical observations, This
point of view is justified to a certain degree. Actually, the
development of astronomical instrument making has given much to
astrophysics, If in astrometry for determination of coordinates of
celestial bodies and time it would not be possible to use successfully
instruments from the middle 1800's, an astrophysicist observing
with similar telescopes would appear comical to many. Apparently we
deal here in the fact that principles of manufacture of astrometric
instruments, simple in essence and comparatively small in slze, were
already known more than 100 years ago; they turned out to be so
successfully embodied that every new step on the way to increasing
the accuracy of astrometric measurements comes with very great labor,

Regarding astrophysical telescopes, the high-quality big
reflectors, without which contemporary astrospectroscopy is
. inconceivable, appeared only at the beginning of the XXth Century.
Naturally, they improved in time: thelr mirrors became larger and
more exact, spectrographs, photographic plate and photoelectrical
instruments were improved. This process continuously continues,

. Why are big telescopes needed? By photographing the stars,
clouds and planet 1t is possible to register even cbjects which are

. 1For radio astronomical instruments see the section "Radio

\ astronomy," The author gives his deep gratitude to V. B, Nikonov and
' N. N, Mikhel'son for very useful discussion of this section and a
report of certain important historical facts,
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very weak, hardly visible against the background of the glow of the
earth's atmosphere, on comparatively small instruments 1-1.5 m in

diamecter, During spectral observations only a small part of light

is in the particular spectral section. In order to increase the
amount it 1s necessary to use a telescope of larger diameter., With
confldence we can say that the contemporary picture of the surrounding
universe is composed in considerable degree from spectroscopic

S p—

observations on large telescopes.

Large reflectors are complex in manufacture and very expensive,
constructed especially for astronomy.

The first large contemporary reflectors were built at the

beginning of this century in the United States and Germany. Obtained
results demanded still larger telescopes, and in 1917 at the Mount
Wilson Observatory (United States, California) a 2.5-meter reflector
was put into operation. In the 1930's in the U.S. several telescopes

nearly 2 m in diameter were built, and in 1948 a 5-meter reflector
at the Mount Palomar Observatory was completed., After this several
reflectors from 1.5 to 3 m in diameter were built, The total area

of mirrors of American telescopes larger than 1 m2 at present is

approximately 60 m2.
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In England the first large telescopes were built in the 1930's,
After the second world war several reflectors around 2 m in diau-ter
were made there; they were taken to countries of the southern
hemisphere. France has a 193-cm telescope built in 1958,

A contemporary reflector can be effectively used for
approximately 50 years, but its spectrographs must be renovated every
10-15 years, and its electronics — every 5 years, Certain astronomers
consider that to maintain a telescope in good condition 4% of its
cost should be spent yearly on its moderhization.

In Russia astronomical instruments were formerly never made,.
After the Great October Socialist Revolution our astronomy began to
intensively develop. First of all, in the first 10-15 ye-~rs the
number of astronomers increased several times, The circle of
investigated problems became wider, new areas began to develop, 1n
particular astrophysics which in prerevolutionary time was studied
only at the Pulkovo and Moscow Observatories, New astronomical
establishments appeared, and of course required many new astronomical
instruments.

Prior to the revolution Russia primarily obtained optical
instruments abroad. In the beginning the young Soviet astronomy
also had to do this.

In 1926 at the Simeiz Observatory (at that time a branch of the
Pulkovo Observatory) a meter reflector, made in England, was
installed, In skillful hands of V. A. Al'bltskiy and G. A. Shayn
this instrument immediately worked effectivelr; it permitted obtaining
much spectroscopic material, in particular cn th: radial velocities
of stars,

The history of this tool is very interesting. In 1912 together
with an 8l-cm refractor it was ordered by the government from "Grebb
Parsons" in England., At that time it would have been one of the
largest telescopes in the world, =xceeded only by two American
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reflectors. After the revolution the efforts of L., B. Krasin
renewed the order for the meter reflector and refractor, but the
diameter of the refractor objective was increased to 102 cm. The
firm refused to manufacture such an objective, and made only the
mechanical part of the telescope. The order for the objective,

'again decreased to 81 cm, was then sent to the home optical instrument

industry, which had appeared as a result of the industrialization of
our country and the creation of a corresponding technical base.
Fulfillinent of thils order played an important role in the development
of our astronomical instrument making.

During the Great Patriotic War the meter reflector and mounting

for the 8l-cm refractor were destroyed.

In the 1920's Pulkovo Observatory obtained a zone astrograph
and Littrov solar spectrograph., In all in this period not less than
a million rubles' worth of astronomical instruments was purchased
abroad. Besldes the above telescopes Soviet observatories obtained
transit instruments, instruments to measure astronomical photographs,
iniversal instruments and gravimetric instruments.

Soviet astronomers of course understood that all this was
insufficient, and planned the manufacture of bigger and better
telescopes by domestic industry. They understood also the necessity
of building in the southern part of the country a large alpine
astrophysical observatory. This matter was taken up by the Leningrad
Actronomical Institute, headed by 1its director, the talented
astronomer B, V. Numerov whose wide spectrum of interests spread from
celestial mechanics and gravimetry to astrophysics and astrophysics
and astroinstrument making (B. V. Numerov, 1932).

Here is what Soviet astronomers A. V. Markov and V. B. Nikonov
wrote in connection with this in 1932: "In 1929 the director of the
Astronomical Institute B, V., Numerov visited all American
observatories, including the mountain observatories in Arizona and
Mount Wilson, and arrived at the conclusion that the most rational
and efficient use of instruments... will be installation in one of

mountain regions of the south USSR, finding places which in
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meteorological respects, number of clear days, etc., would approach
American observatories (the Mount Wilson Observatory has 280 wo king
days in a year). It has been decided to look for such a place, using
the experience of Russilan astronomers, who have earlier looked for a
place for a mountain observatory, and also making astronomical
observations in the mountains" (A. V. Markov, V, B, Nikonov, 1932),

At a conference of astronomers and geophysicists convoked during
this time, it was decided to inspect several regions in the south
of our country. In 1930 an expedition was sent to Nagorno-Karabakh;
in 1931 Crimea, Aragats (Armenia), Osh (Ferganskaya valley), Borzhomi
and Kakhetiya were inspected and in 1938 — Northern Caucasus,
Svanetiya and certain other regions of Georgla. The search ended in
1932, Abastumani Observatory; it was intended to equip it with a
large reflector, solar telescope and high-speed astrograph, but these
plans were not carried out,

Besides the Abestumani Observatory observatories in Erevan and
Dushanbe were organized in these years.,

Workers of the State Institute of Optics (GOI) in Leningrad
were interested in the manufacture of astronomical optics. To
coordinate efforts in the manufacture of telescopes and other
astronomical instruments the Commission of Astronomical Instrument
Making was organized in 1931, It numbered colleagues from Pulkovo
Observatory I. A. Balanovskiy (1885-1937), Ye. Ya. Perepelkin
(1906-1937), B. V. Numerov (1891-1943), the designer of that
institute N. G. Ponomarev (1891-1943), 1I. V. Grebenshchikov
(1887-1953), V. P. Linnik, D, D. Maksutov (1896-19%4), D. S.
Rozhdestvenskiy (1876-1940) represented the GOI, V. V. Gavrilov
worked on the commission and N, N, Kachalov headed it. The
astronomical section was directed by B. V. Numerov,

One of the basic problems of the commission was organization
of the manufacture of an &l-cm objective with a 900-cm focal length
for the previously menticned refractor of Pulkovo Observatory. The

u




home glass industry was presented a problem difficult for those

times — preparation of disks of optical glass 85 cm in diameter and
10 cm thick for this objective. Through the commission orders passed
also for the manufacture of optics for the great Pulkovo solar
‘~1lrscope,

Besides this, the commission studied the collection of wishes
of astronomers, setting specifications and technical conditions on
the manufacture of glass and long-term planning of astronomical
instrument making. Here are some of the astronomical instruments
whose manufacture this commission planned (see B. V. Numerov, 1932):

RefleCtor 150 cm in diameter‘.0......00...0.....0...00
Reflectors 100 cm 1n diameter,ceeececessosesoscscocscess
Reflectors 60 cm in diameter....eeeeecosccessscossscass

n o=

Reflectors 30 cm in diameter..ceecceeeseceseccccccccoseld
Refractor 81 cm in diameter (t=rmination).....ceeceeeesl
Photographic refractor 50 cm in diameter...eeececeeessl
Long-distance spectrograpnsS.eeecececccccssessscecsssocceel
Slolar €. EECTPOIE, oo huexale il osme s @ o pxtie s (8ol suni o500 5 658 55,5 5 iomos

Solar installations for observations of eclipseS.ceesce’

Realization of this program would undoubtedly be an epochal
event in our astronomy. However, at that time thls program was
apparently still insufficiently reinforced by the general level of
development of our industry; furthermore, a series of prewar
circumstances and then the war delayed its fulfillment. Nonetheless,
in 1932 in the workshops of the Leningrad Astronomical Institute
(organized in 1928) manufacture of a 30-cm reflector intended for the
Abastumani Observatory was completed. For the eclipse of 1936 the
Astronomical Institute prepared six so-called standard coronagraphs
10 cm in diameter with a focal length of 5 m; the State Optical
Instrument Plant (GOMZ) made five caelostats; in 1941 the Pulkovo

horizontal solar telescope designed by N. G. Ponomarev and built
at the GOMZ began to operate.




In the observatory wcrkshop during this time quite a lot cf
different instruments were builti,

At Pulkovo spectrocomparators and chronographs were made; at the
P. K. Shternberg Joint State Astronomical Institute (OGAISh — now GAISh)
gravimetric instruments and different photometers were being huilt,

Equipment of Soviet observatories vas supplemented also by
imported instruments. Observatories connected with determination of
time, obtained eight models of the Short clock and also transit
instruments from the German firm "Askanie-Werke" with an objective
diameter of 100 mm, American spectrohelioscopes were placed at
solar survey observatories,

A great role in the development of domestic telescope
manufecture was played by the work of a remarkable Soviet optician —
inventor and designer D, D, Maksutov (1896-1964).% During this tine
at GOI (State Institute of Optics) he made the optics for Schmidt
cameras of 40 and 320 cm in diameter; the 40-cm instrument was made in
the workshop of the Kazan Observatory, for which it was designed. 1In
the hands of the experienced observer this telescope now permits
obtaining excellent photographs. Mechanics of the 30-cm Schmidt
telescope mad: in the Astronomical Institute for the Tashkent
Observatory, perished during the war, D, D, Maksutov made for the
Erevan Observatory a #0-cm aplanatic reflector, N. G, Ponomarev and
I. I. Grebenshchlkov developed during this time the idea of light
welded mirrors, which even now 1s considered extremely promising.

'Maksutov, Dmitriy Dmitriyevich (1896-1964), Corresponding member
of the Academy of Sciences USSR from 1946, has been awarded two orders
of Lenin and the "Znak Pocheta," and twice the laureate of State

prise (1941 and 1946),

In 1930 he organized the astronomical optics laboratory at the
Institute of Optics in Leningrad. From 1352 to the end of his life
he worked at the main astronomical observatory of the USSR at Pulkovo.
He has the invention of a new optical catadioptric layour (meniscus),
which has obtalned wide application not only in astronomy, but also
in other areas of ccience and technology.
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At the State Optical Instrument Plant a special design group
for astrcnomical instrument manufacture was formed, headed by N. G.
Ponomarev, This group worked on the design of a larze reflector,
but it was interrupted by the war, during which N, G, Ponomarev died,

The first steps of domestic electrophotometry were taken in
the prewar years. The first experiments of this kind were conducted
in 1933 by V. B, Nikonov at Pulkovo, In 1938 V, B. Nikonov and
P. G. Kulikovskiy constructed an electrophotometer with photocell and
tested it on the Abastumani reflector, At approximately the same

time N, N. Pavlor at Pulkove began to record the transit of stars

on a transit instrument having a photocell, At the Central Scientific
Research Institute of Engineers in Geodesy and Cartography P. S. Popov
constructed a quartz clock,

The attack of fascist Germany on our country inflicted great
damage on Soviet astronomy., The Simeiz and P.lkovo Observatories
were destroy«<d; the meter reflector and mounting of the 3Bl-cm
refractor and the just-completed horizontal solar telescope designed
by N, G. Ponomarev, the building and tower were destroyed. However,
the primary astrometric instruments of the Pulkovo Ohservatory and
part of 1its llbrary was nevertncless saved,

The war forced Soviet astronomy to mobilize its forces to aid
the front. Many astronomers fought in the war; the work of
observatories supplying the country with the exact time was stepped

| up.

During the war Maksutov Invented a tool which strongly influenced
the development of astrolnstrument manufacture in our country, namely,
simply manufactured (all optical surfaces spherical) meniscus systems
which made possible the creation o many different astronomical
instruments,

After the war began restoration of destroyed observatories, which
it was decided to do in a volume considerably exceedingly the prewar,




. Dmitriy Dmitriyevich
| Maksutov

1896 -1964

The Simeiz Observatory was separated from the Pulkovo Observatory and
became an independent establishment — the Crimean Astrophysical
Observatory of the Academy of Sciences of the USSR, It was, however,
decided that its construction would be more expedient at a new site
which was rapidly selected near Bakhchisaraya (see V. F. Gaze, 1948),
In exchange for being destroyed the observatory obtained a 122-cm
Zeiss reflector and a double 40-cm astrograph.

Pulkovo Observatory was rebuilt on its o0ld site, but was
considerably cxpanded., The first section of the observatory was

solemnly opened in 1954, The old Pulkovo instruments — large transit
| instruments and normal astrograph — were augmented by a photographic 1
zenith telescope, great meridian circle designed by L. A. Sukharev
and made at the Kiev plant "Arsenal," and a new zenith telescope with
an 18-cm objective, Furthermore, the observatory obtained a 65-cm
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Zeiss refractor, a short-focus astrograph (SFA) and polar telescope
in the A. A. Mikhaylov system — fixed telescope for observation of
the celestial pole region. The solar telescope designed by N, G,
Ponomarev wac restored, and recently at Pulkovo one more was put in,
manufactured serially at the GOMZ, At the observatory new arcac
began to develop, and the first was radic astronomy. The

astroinstrument section was organized and directed by Maksutov until
his death,

After the war several new observatories were organized, At
Alma Ata the Astrophysical Institute headed by V. G. Fesenkov and
the Astrobotany Sector under G. A. Tikhov began operation. Near
Erevan, in Byurakan, construction began on the astrophysical
observatory of the Academy of Sciences of the Armenian Soviet Socialist
Republic,., Twenty kilometers from Kislovodsk appeared the Mountain
Astronomical Station of Pulkovo Observatory,

In Goloseyevo Wood, nesr Kiev (now within the boundaries of the
city), was built the Main Astronomical Observatory of the Academy
of Sciences of the Ukrainian Soviet Socialist Republic (main
Astronomical Observatory) initially for astrometric studies. And,
finally, nearby Shemaka, 150 km from Baku, the observatory for the

Academy of Sciences of the Azerbaydzhan Soviet Socialist Republic
was constructed.

The observatory of Moscow University was expanded and transferred
to the Lenin Mountains,

In the far east, in Ussuriysk, was organized solar station,
and the Siberian branch of the Academy of Sciences of the USSR
constructed a solar chservatory nearby Irkutsk,

In the Urals the observatory for Sverdlovsk University (O. A.,
Mel'nikov, 1960) was constructed.

With the loss of the Simeiz reflector Soviet astronomers again
remained without a large astrophysical telescope. Therefore
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immediately after the war it was decided to order two large telescopes
(diameter 170-200 and 120 cm) from the United States. However,
bec~re of the complexity of international relations the negotiations
were interrupted. An attempt to order a 185-centimeter telescope

in England was also a failure; it became clear that the country would
have to rely only on its own forces., In 1954 it was decided that

the home industry would prepare a telescope with a mirrow diameter of
260 cm. This work demanded new measures — after all, until then we
had made mirrors with a diameter only a little more than a meter,

and the difficulties of manufacture grow proportionally to the high
degree of diameter of a telescope., Work was headed by design bureau
under B, K. Ioannisiani, who had begun his own work under N. G,
Poncmarev, Certain glass plants were built and a special grinding
marhine was developed; many specialized enterprises participated in
th2 work, In 1961 this telescope, named for the deceased G. A, Shayn,
was mounted at the Crimean Observatory.

By that time, the 1950'.:, the optical-mechanical industry had
manufactured several irstruments, which compensated for the
instruments lost during the war. Under the leadership of B. K.
Ionnisiani the GOI manufactured two nebular spectrographs for the
Simeiz and Byurakan Observatories, several expeditlionary slitless
quartz ASI-5 spectrographs (Byurakran, Pulkovo, GAISh). At the
GOMZ an already existing optical system 64 cm in diameter and with a
focal ration of 1:1.5 was mounted fcr Simeiz Observatory., In that
same period at the GOI two big meniscus telescopes were manufactured:
a HO-centimeter for the Alma-Atin Observatory and a 70-centimeter
with objective prism for Abactumani, Somewhat later at the GOMZ a
H0-centimeter Maksutov AZT-5 camera was made for the GAISh. And,
finally, one should note the recently me ‘¢ 70-centimeter astrometric
astrograph for the Maksutov AZT-16 system, which now is in Chile at a
station of the Pulkovo Observatory., The simplicity of manufacture
ot" Maksutov systems resulted in their acknowledgement in other
countries, At present in the United States, for example, many
20-30~centimeter telescopes have been built according to this scheme,

11




Meniscus telescope, Pulkovo Observatory.
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In the 1950's GOMZ turned out 50-centimeter MIM-500 meniscus
telescopes with a focal length 6,5 m and fixed focus, facilitating
work with complex equipment, The optics of thes' instruments, set
up in the Crimea and at Pulkovo, was calculated by D. D, Maksutov,
the mechanics designed by P. V. Dobychin,

The sixty-four-centimeter chamber allowed G. A, Shayn and V., F,
Gaze to carry out an extensive cycle of works on the study of
emission nebulae,

Nebulae were photographed through a comparatively narrow filter
in the 1light of the H, hydrogen line; the background of the sky was
suppressed; the method turned out to be very effective — with its

help Crimean researchers discovered a multitude of new gaseous nubulea
in the Milky Way and other galaxies,

At the Alma-Atin Observatory (made at the GOI) the very simple to
control 50-centimeter Maksutov telescope (focal ration 1:2,5) also
was used to study the structure of gas and gas-dust nebulae (V. G.
Fesenkov and D. A. Rozhkovskly).,

The seventy-centimeter Maksutov telescope of the Abastumani
Observatory with automatic control can work with an objective prism;
with its help many stars radiating the Ha line have been found (M. V.
Dolidze)., Of the same kind of instruments it is impossible not to
mention the Schmidt telescope, mounted at the Byurakan Observatory
and having a correcting plate diameter of 100 cm,

The postwar period saw the first Soviet investigations using
fundamentally new instruments., In 1948 A, A, Kalinyak, V. I,
Krasovskiy and V, B. Nikonov using an infrared ray-sensitive image
converter photographed at the Simeiz Otrservatory the central
condensation of our Galaxy, revealing 1ts region, closed by absorbing
matter, Soon V, I, Krasovskly photographed on the same equipment
the radiation spectrum of the earth's atmosphere to a wavelength of
11,000 X. In the same year A, B, Severnyy and A. B, Gil'varg

13
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calculated and prepared the first interference-polarization light
filter in the USSR, making it possible to observe and to film the
solar prominences and the chromosphere,

Although the basis of contemporary observation astronomy is the
big reflectors, we, describing development of the equipment of
our astronomy, cannot fall to mention instruments which seem small
to us now, First, solar and astrometric instruments, which equip
many of our observatories, and are not very large. Secondly, it is
impossible to forget what an event, let us say, in the prewar period
and in the first years after the war, it was when an observatory which
had long since not had any new equipment received even a small
telescope. A new instrument always leads to new programs of
observations, allows solving problems inaccessible to o0ld instruments;
it requires new people for servicing and treatment of results — in
one word, its appearance activates the whole life of an observatory.

In 1953 began construction of the tower solar telescope of
Crimean Observatory (see the section "The Sun'"). Instruments of
the same type were obtalned by GAISh and the Institute of Terrestrial
Magnetism, Ionosphere and Propagation of Radio Waves of the Academy
of Sciences, USSR (IZMIRAN). Zelss extraeclipsing coronagraphs were
mounted at the Mountain Astronical Station nearby Kislovodsk and
at the Astrophysical Institute of the Academy of Sciences, Kazakh
Soviet Socialist Republic; the same instrument of domestic production
appeared in the Crimea.

Many Instruments were timed for the beginning of the
International Geophysical Year, These include twelve
chromosphere-photosphere telescopes with interference-polarization
filters, six zenith telescopes with 18-centimeter objectives, transit
instruments, exact pendulum "Standard" clocks. Somewhat later
appeared a series of modernized 70-centimeter AZT-8 telescopes,
the first AZT-2 copies of which were at GAISh and the Main
Astronomical Observatory of the Academy of Sciences USSR, and also a
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Meniscus telescope at Abastumani;
diameter of meniscus 70 cm,

series of ATsU-5 solar horizontal telescopes with ASP-20
spectrographs (Pulkovo, Pirkuli, Goloseyevo, Abastumani, Tashkent,
Sverdlovsk, Irkutsk, Ussuriysk, Alma Ata). The Leningrad plant
made a large meridian circle for the new observatory of Moscow
University in the Lenin Mountailns,

Among recording ard ricasuring instruments made in the USSR one
shou1ld mention the fine printing chronographs of the Leningrad
electric clock plant, At tl astrometric laboratory of the Pulkovo ~
Observatory L, A, Suktarcv and V., D, Shkutov constructed an original
semiautomatic instrument for photoelectrical measurements of
photographs of e divited ~ir~1c, which is being used successfully to
treat materials of the Chile cxpedition, Work in this direction
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Schmidt meter telesccpe (Byurakan
Astrophysical Cbservatory).

is being conducted also in tie Nikolsy~v branch of the Pulkovo
Observatory and in the Main Astronc:l -« (Observatory of the Academy
of Sciences, Ukrainian SSE, Here it L. appropriate to mention that
in many Soviet observatories (Pulkov., Mcscow — GAISh, Nikolayev
and others) calculating laboratories ‘omputers have been organized,
where a huge volume of calculations connected with the treatment of
observations is being carried out.

Observatories of the time service obtained also imported quartz
clocks, and some of them — faceless Danjaune [Translator's Note: Exact
spelling of riame not found. This spelling 1s one possible way to
translate the Russian Jlaumon (Danzhorn)],
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GAISh meridian circle.

prismatic astrolabes which, as is assumed, must give a higher accuracy

. of determination of coordinates and time.

But it is time to finish this somewhat tiresome, although very
informative to every astronomer, 1ist of instruments and to try to

grasp tendencies, set results and understand the prospects of our
observation astronony.

iet us consider briefly the role of new technology in astronomy.
If, as already was said, telescopes are constructed only for the
needs of astronomy and are almost nowhere used greater, then devices
for registration and measurement of radiation collected by telescope
ure not specifically for astronomy and are usually taken from other
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areas of technology. It is clear that they undergo certain changes,
since th~y must satisfy requirements of astronomers., Thus it was
with photography in its time, Photoemulsions, developed initially
for other purposes were used, for photographing comparatively bright
astronomical objects, and then, when their sensitivity for great
exposures was increased also for weaker objects,

We may rightfully say that new technology of photography with
its high sensitivity to ultraviolet light, with its colossal
information ability (even a small photograph can register millions
of units of information) and ability to hold the action of 1light
opened before astronomers a new world, inaccessible with former
methods of investigation,

The use of photoeffect in astronomy, especially after the
invention of the photomultiplier by L. A. Kubetskiy (1906-1959), also
resulted in obtaining new data about celestlal objects. Use of
photomultipliers made stellar photometry much more exact, and
permitted revealing the polarization of 1light of certain stars.

At present 1in astronomy image amplifiers and infrared radiation
receivers have begun to be used; they are taken from "nonastronomical"
regions of technology and need changes in accordance with the
requirements of astronomy. These instruments of new technology
permit conducting observations in regions of the spectrum inaccessible
earlier,

Do automatic devices on telescopes and cybernetic instruments
belong to tr.is category? Regarcing the last ones, we stand now,
apparently, on the threshold of thelr astronomical use, Besides
electronic computers, widely used -t present for astronomical
calculations (for example, during calculation of models of the
internal structure of stars and during the composition of astronomical
yearbooks), the creation of many laboratory instruments facilitating
and accelerating treatment of astronomical information 1is possible.
Actually, photograph obtained through half an hour on a Schmidt
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telescope contains several millions of units of information. Abroad,
in particular in the German Democratic Republic, automatic devices
measuring the coordinates and brightness of stars and even determinirg
their proper motions already have been createa (by comparison of two
photographs of a defined area of the sky, obtained on the same
telescope with an interval of several decades). Many observatories
adopted comparatively simple instruments facilitating the treatment

of astronomical negatives — devices to intensity, isophotmeters, etc.
If they are sufficiently reliable and exact, the saving of time which
they give is very perceptible,

Automating telescopes was somewhat different, Here
electromechanical devices developed for other purposes are used
in modified form, These devices gulde the telescope to a chosen
star, hold it on the spectrograph slit, move the dome in accordance
with the shift of the telescope, determine exposure, etc, 1In
unfailing work these devices give certain additional time for
observations, But their presence is not fundamentally important
for the execution of many works, Thus, the 2,5-meter telescope of
the American Mount Wilson Observatory entered service in 1917. On
it one of the fundamental discoveries in astronomy of the XXth
Century was made — the red shift in the spectra of distant galaxies,
Meanwhile, at that time the telescope was put into motion by weight
clockwork and had practically no automatic devices, This discovery
was made possible by the creation of a large telescope with good
optical qualities, a spectrograph perfect for those times and
sensitive photomaterials, The 125-cm dlameter telescope of the
Haute Prnvence Observatory (France) gives good results, although as
yet it has only one electrical device (clockwork) and is excellently

guided and aimed manually. Thereforc the appearance here of small
(20-30 cm), fully automated instruments in some measure alerted the

astronomer-observer; possibilities are frequently limited by the small
quantity of light, the spectrograph slit or diaphragm of the
photometer, but not by the fact that the tower dome is rotated with
the help of two pushbuttons,
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Furthermore, as practice shows, experimental examples of similar
automatic devices are not very reliable and time is wasted in
eliminating their malfunctions, The completion of all such devices
raises the price of a telescope., In connection with this it seems
expedient to concentrate attention on key problems — the creation of
bigger high-quality mirrors, improved spectrographs, photoemulsions
and other radiation and image receivers. The telescope can be

automated after it is determined how far this is necessary., It is
clear that this dc2s not mean that automatic devices for telescopes
should not be deve.oped, On large instruments it 1s necessary toc
select the best variant c. all systems, preliminarily thoroughly

i testing it in working conditions. A:s example of a telescope useful
for solving this problem is the RM-700 reflector at Pulkovo

Observatory, Clearly the above considerations carry a somewhat
subjective character; the opinion of telescope manufacturers
frequently is different — they son~times consider creating
conveniences during observations by an innovation of fundamental

character, whicn makes it possible to cbtain new sclentific resultco,

In 1950's work expanded on the crcation orf new astronomical
technology in the USSR, Here we must mention the use of television
systems, started at Pulkovo for astroromical observations (N. F,
Kuprevich). Somewhat later analogois works were started in the
Crimea and alreazdy led to very reassuring results,

GAISh began the development of infrared technology, founded ’
on the use of different photoresistances (V. I. Moroz)., The basic
subjert here 1is svectroscony of the planets,

Many observatories started to use image converters. GAISh
Jointly with the electric vacuum industry developed contact
converters for astrospectroscopy (V. I. Yalwov, V. F. Yesipov, P, V.
Shcheglov).

Obtaining imported photomultipliers, the Crimean Observatory
rapldly adjusted itself to contemporary electrophotometry, It is




necessary to note that in recent years our industry began to

manufacture photomultipliers which are completely useful for
astr~nomical measurements.

P, V. Meyklyar in the Kazan brznch of NIKFI developed in 1960
a cories of astronomical photoemulsions, The problem here is for
th: astronomical photoemulsion not to strongly decrease in
sensitirity in the change to long exposures {(as is peculiar to the
ucual photcmaterials),

It is necessary to note GOIL's mastery of the production of
conte mporary diffraction gratings with light concentration in the
h - ' .nterval of wavelengths (F. M. Gerasimov). Somewhat later
th »roduction of coples from these grids was organized, much cheaper
as compared to the originals and replacing them in installations of
mcderate dicpersion. With t..elr help many observatories constructed
good spectrographs, which will be mentioned below,

The biggest of the present domestic producticn telescopes are the
125-centimeter GAISh reflector, which began work in 1360, and the
260-centimeter ZTSh reflector of the Crimean Observatory. They are
mounted near one another in the Naychnyy settlement into which the
crowing Crimean Ohservatory has beea transformed, At precent already
certain operation experience with these instruments has been
accwnulated. Both telescopes are used basically for spectroscopy.
The diameter of the lmage of a star on good photographs, obtained
with the GAISh reflector is 2", arnd the 2,6 meter teles:ope sometimes
cives an image in 1", For tne GAISh telescope the workshop made a
spectrograph with a concentric Popov camera, which makesg 1t possible
to obtair in 4 hours the spectrum of a l}m5 star with a dispersion of
120 X/mm. Made at the GOMZ plant, the spectrograph of the 2,6-meter
telescope permits photographing spectra of 8-12m stars with
dispersion 130 X/mm (T. S. Belyakin and others, 1963). ~The
spectrograph for 7ZTSh with dispersion 450 z/mm and concentric
mirror-lens camera with a focal ratic of 1:0,45, built in the
observatory workshop, pcrmitted cbtaining the spectrum of the galaxy
1”%2 in ( hours. In 19¢5 the concentric mirror-lens camera on the
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GAISh reflector (Crimean ctaticr ) wit? mirror diameter
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Large reflector (diameter of mirror 2.6 m) named after
G. A. Shayn (Crimean Astrophysical Observatory).
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GAISh spectrograph was replaced by a lens objective with a focal
retio 1:0,85, which constructs the spectrum on a contact image
converter, thus making the pr.otopraphed image considerably brighter,
Dispersion turned out to be 4O X/mm, and the maximum stellar
magnitude attained 167¢ o+ . . :posure of 2 hours and slit width of
3", The 1limit in this case is placed by the background of the sky; by
making the slot three times smaller, it would have been possible to
reach in 6 hours of exposure 1795 objects, However, the unpredictable
atmosphere and the not very good quality of the telescope do not
permit this (E. A, Dibay and others, 1%6),

The same spectrograph, mounted on a telescope 2,6 m in diameter,

permitted obtaining a well exposed spectrum of a 17?5 object in 2
hours at nigrt with clear images, i.e,, it allows working with a
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Tower of large reflector,
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dispersion twice as large and three times faster than the spectrograph
with registration on a photographic plate. Although the working

field of a contact converter is less, and the resolution worse than
for tne usual camera, it can be used to make a spectrograph of

objects considerably weaker than in the case of the usual
photographing, to reduce essentially the time expended on the
observation program,

At present on observatories much auxiliary equipment is prepared
using the above ready elements, This includes spectrographs,
spectrometers, polarimeters, interferometers, microphotometers,
electrophotometers, Many of these constructions are carried out
rationally, without superfluous complications and have proven
themsclves well, Unfortunately, similar comoaratively cheap and
effective instruments are not serially produced by industry.

If one were to talk about the prospects of our astronomical
instrument industry then the practice of manufacturing instruments
serially is fully justified, since telescecpes become chaper,
Extraordinarily timely would be the manufacture of a series of simple
reflectors 1-1.° m in diameter, It is clear that the design of such
equipment must consides the erperience of observatories working
with pilot instruments of a series, One of the nearest problems is
making the astronomical constructions lighter., For this reason in
astroriomical instrument making, where basic expenditures go to lator,
and not to materials, it 1s possitle to allow the use of materials
used in new technology (titanium, quartz, new polymers), since the
extraordinarily increacing weight of large telescopes not only is
not necessary but in many cases is harmful,

For the development of astronomy selection of the place for
mounting the great telescopes is extremely important, For the last
decade tane USSR conducted extensive work in this area, and now
defined conclusi n can be made. For example, it became clear that
it 1s very difficult tc select a place for a large telescop= using
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a little instrument. Image quality is affected by both big and small
heterogeneities of the atmosphere; a small telescope recorads first
displacement, secondly image smearing; to see the totality of these
phenomena is difficult, In corder to analyze the influence of all
~2tmospheric heterogeneities, it is necessary to simulate a big
instrument at least with the help of a periscopic cap with the same
sensitivity to image distortions as the large telescope. For sure
Judgement about the quality of a given place from the astronomical
point of view yearly series of observations are needed, clipping off
several months can lead to gross errors, An important role 1is played
by the condition of the local microclimate; one should as far as
possible select a place with small diurnal temperature drop near the
instrument, At Simeize with his almost complete isothermy G. A.
Shayn using a meter reflector observed in his time stellar 1images
0"«7 in diameter. It is also clear that a large instrument, as was
already said, should be in a place with a great number of clear
nights, since its huge cost should recompensed in the most effectlive
way. It 1s necessary to turn serious attention to the installation
of large telescopes in Central Asia with incomparable mcre favorable
climatic conditions for observations,

Recently a 2-meter reflector was put into operation at the
Shemaka Observatory; a 2.6-meter telescope is under construction for
the Byurakan Observatory for which the prototype is the Crimean
reflect r, and the 6-meter reflector in the Northern Caucasus. These
telescopes undoubtedly wili considerably accelerate the achievement
by our country of world level in large astronomical instruments — a
problzam which still stands before Soviet astronomy.

inishing tnis historical survey, we want to turn attention to
one more important factor — the arnearance in our country of a
considerable number of astronomers who realize the necessity of the
big telescopes, participate in it and who already have although not
very great, but useful experilence in this difficult matter, It is

necessary to think that the scientific and technical progress of




our country, attention to the development of Soviet astronomy by the
Party and the Government, in combination with the great work of
many people, which has already begun, will put our astronomy in a
befitting place in instrument equipment.
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ASTROMETRY

Astrometry 1s the oldest and at the same time current branch
of astronomy. Astrometrical work 1s the determination of coordinates
of celestial bodies, the angular distances between them, the measure-
ment of time, and also related to astrometry the exact determlinations
of geographic coordinates lay the foundation for different 1lnvesti-
gations in celestial mechanics, stellar astronomy, geophysics and
geodesy. Astrometry 1s characterized by closecontact with practice.
H It developed to solve the problems of cartography, navigation and
calculation of time. And now its development frequently 1s stimulated
py practical requirements. For example, the discovery of 1irregularity
in the rotation of the earth gave the impulse for perfecting methods
of measuring time and improving star catalogs, containing the right
Q ascensions of stars. New methods and tools for the must precise
determination of latiiude and declinations of stars appeared 1n
connection with progress in the study of the motion of terrestrial
poles.

Among distinguished divisions of astrometry in the last decade
fundamental a:trometry, photographic astroretry, time service and
latitude service developed strongly. The maln problem of fundamental

astrometry is the construction of a basic inertial system of celestial
coordinates, for which fundamental star catalogs are composed
contalning the most precise positions and proper motions of the

chosen fundarental stars, derived on the basis of the yearly
observations o." different observatorles on the earth. Fundamental




astrometry involves the teaching cf methods and tools for determination
of coordinates of the heavenly bodies from observations, and also
questions of determination of the basic astronomical constants. In
photographic astrometry methods of using photography to determine
posittons and for the investigation of motlons of celestial bodles

and fcr other measurements in the sky are examined. The basic

problem of the time service and latitude service 1s study of the
rotation of the earth, in particular irregularity of the velocity of
its rotation, motion of terrestrial poles and changes of geographlc
coordinates; consequently, these two divisions of astrometry are
closely connected with geodesy and geophysics. Furthermore, time
service studies the calculation of time by means of astronomical
observations and by methods of physics (using molecular and atomic
standards of frequency). Work in astrometry is not limited to these
main divisions. It also includes micrometric, very exact measurements
of small angular distances in the sky, including otservations of binary
stars, study of the figure of the moon and its rotatlion, in particular
libration of the moon, and also certain other measuring problems.

Contemporary requirements for the accuracy of astrometric data
are so high that as 2 rule they can be satisfied through the efforts
of separate observatories, inasmuch as results of observations are
distorted by systematic errors (instruments, personal or refractional),
the most complete investligation of which 1is possible oniy by a
comparison of materials of observations from different observatories;
besides this, the great number of objects being observed and their
distribution in the sky frequently make impossible fulfillment of the
work at one observatory. Therefore even in the last century much
astrometric work was conducted by the jolnt efforts of scientists in
many countries. An example 1s the German Astronomical Soclety
organized in the 1860's ("Astronomische Gesellschaft" — AG) 1in which
the determination of exact positions of all stars in the sky up to
the ninth magnituae and composition of zone catalogs AGK-1 1lnvolved
around 20 observatorles of various countrles, including Russian
observatories in Kazan, Nikolayev and Derpt. The tendency tc
unification of forces and means of different observatoriles isespecially

characteristic for contemporary astrometry.

29

e




. 2900

S P ST

— g PP LT PRI Y

In the development of astrometric work of prerevolutionary
Russla an exceptional role belonged to Pulkovo Observatory, founded
in 1839 under the leadership and direct participation of the out-
standing astronomer cof the first half of the nineteenth century
V. Ya. Struve. Thanks to his energy and care the observatory was
equipped with first-class instruments and entered service immediately
as a large-scale establishment, rapidly winning international
authority. In his famous description of the Pulkovo Observatory!

V. Ya. Struve expounded the long-term plan of its scientiflc activity,
which even now retains its value. According to Struve's plan

one of the maln problems of an observatory 1s systematic determinations
of the coordinates of all bright stars in the sky by absolute

methods using a large transit instrument and a vertical circle.

The serles of Pulkovo catalogs composed by this plan for 1845, 1865,
1885, 1905 and 1930, to whlch now must be added the recently completed
1955 catalogs, 1s a remarkable example of an expediently planned and
well carried out perennlal sclentific enterprise. At Pulkovo many
other stellar catalogs were composed also, basic astronomical

constants were determined, extensive work was conducted on photographic
observations of the heavenly bocdles, started by the founder of the
Russian school of astrophotography by S. K. Kostinskily (1867-1936).
ither astronomical observatories of prerevolutionary Russia also
carried out a great deal of va uable investigations, but their work

was less regular mainly due to the low number of personnel and the
deficlencles of their means. The development of theilr work in the
Soviet Union can be divided into three periods, distinguished
according to the characiter of the conducted investigations, thelir
intensity and span.

In the first, "preparatory" period, lasting ound 15 years, the
work of Soviet astronomical establishments although revived, st.ll
was little changed as compared to the prerevolutlionary period. The
observatorles carried out different, only slightly connected

lDescription de 1'Observatolire Astronomique Central de Pulkova.

St. — Pét., 1845. (Description of the Maln Astronomical Cbservatory
at Pulkovo).




investigations; there still were no common directions and plans.
Only in the youngest branch of astrometry — time service appearing
at the beginning of the 1920's were measures conducted which were
directed towards unification of the work of observatories; we will
deal with this later.

A critical moment and the beginning of the second period of
development of Soviet astrometry was the first astrometrical
conference, convoked at the Pulkovo Observatory in May, 1932, at
which was begun the large collective work, which soon united the
astrometric forces of Scvliet observatories. At this conference
questions of the coordination of time services activity were
discussed; the problem of organization of Soviet latitude service
and the creatlon of a Far Eastern latitudinal station; were brought
up; a decision on collective meridian observations of "geodesic stars"
was made, i.e., stars utilized in widely developing geodesic wcrk in
the USSR; finally, this conference discussed for the first time the
idea of an extensive measure undertaken for the creation of a
Catalog of Faint Stars (KSZ) and the use of observations of small
planets to orient in the sky the system of coordinates of the star
catalog. In the 1920's 1n connection with decisions of the conference
a general rise of astrometric work in our country began.

The following Important stage for Soviet astrometry was a
conference in 1938, at which the plan for the Catalog of Faint Stars
(KSZ) was accepted. In this plan one of the most important elements
was photograpghlic observations of galaxies very remote and practically
stationary in the sky for the purpose of determining the stellar
motions independently of the sun's motion and the rotaticn of our
galaxy. Varilous works connected with the KSZ included the majority
of observatories of the USSR, leading the work 1n astrometry.

Loosed by German fascism, the second world war brought to the
peoples of the Soviet Union and other countries innumerable disasters.
Many scientific establishments suffered. The Pulkovo and Simeiz
Observatories were destroyed. Soviet observatories remaining on
unoccupied territory were rebuilt during the war years through their
own efforts 1in order to render all possible help to the country and
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tue front. Many talented astronomers died (the head of the Xharkov
time service Yu. N. Fadeyev, and the Nikolayev — M. N. Stoillov,
astrometerist V. G. Shapcshnikov and others; during the blockade

of Leningrad F. F. Rents, V. A. Yelistratov and N. V. Tsimmerman
dled). The war interrupted the successfully begun work on the
vatalog of Faint Stars and delayed the development of Soviet
astrometry by almost ten years.

Completing post-war reconstruction, i.e., approximately 1950,

} Soviet astrometry entered the third period of its development,

1 characterized by a broad development of work in all basic directions,
‘ growth of instruments and technical equipment of observatories and

: the expansion of international communications. Work on the KSZ
§ was renewed at Soviet observatories soon after the termination of
} the war, and ir the 1950's was joined by many forelgn observatories.

j Tne activity of the Soviet time service, which now 1s headed by the
Committee of Standards attached to the Council of Ministers of the
USSR, was placed on a broad footing.

? At the beginning of the 195C's the Soviet latitude service was
organized, headed by the Poltava Observatory of the Academy of
Sciences of the Ukrainlan SSR. Regular calculations of solar
coordinates according to latitudinal observations of observatories of
the USSR were begun. Work in the time and latitude service was
especlally stepped up in 1957 in connection with the International
Geophysical Year, when equipment of observatcries was considerably
increased and the programs of observations expanded. From October,
1957, after the launching in the USSR of the first artificlal earth
satellite 1in the world, a direction of astrometric work began to
develop — determination of coordlnates and investigation of the
movemert of spacecraft rapldly moving across the sky. The baslc works
in astrometry are now being conducted collectively with the
participation of many observatories, Soviet and foreign. With
respect to thelr own group of problems these works occupy advanced
[ positions on the front of world scilence.

After these general remarks we will examine briefly the specific
achlievements of Soviet ast.-ometry in its basic divisions.
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The work in fundamental astrometry now is conducted at nine
observatcries in the Soviet Union having meridian instruments. At
Pulkovo continue regular absolute determinations of coordinates of
the fundamental stars by strict Pulkovo methods with the large
transit instrument and vertical circle of V. Ya. Struve. These works
are the most important in astrometry, inasmuch as absolute star
catalogs are composed in the original system and provide the basis
for the basic star catalogs, fixing in the sky the basic system of
coordinates. During the time of Sovlet power at Pulkovo several
absolute catalogs were completed, including the two above catalogs
from the plan of V. Ya. Struve; of them the last — 1955 Catalog -
besides 550 bright stars of Struve contains yet as many fundamental
faint stars from the KSZ. It 1is necessary to note ar 1lmportant
investigation of the Pulkovo ast~>nomer A. A. Nemiro, who analyzed
and prccessed 100 years of Pulkcvo absolute determinations of right
ascensions with the large transit instrument took ror every star
not only the exact position, but also proper motion and composed the
first fundamental catalog in the world obtained from observations
with one instrument. The new catalog permitted revealing essential
errors in contemporary basic systems, including those 1in the
conventional international catalog FK3. Absolute determinations of
the coordinates of heavenly bodlies have been conducted for many years
at Nikolayev (branch of the Pulkovo Observatory), at Kazan (V. P.
Engelhardt Astronomical Observatory), and in post-war years also
at Goloseyev (Main Astronomical Observatory at the Academy of Sciences
of the Ukrainian Soviet Socialist Republic) and at Tashkent.

Among other star catalogs obtained in the USSR one should mention
first the above catalog of geodesic stars. These stars were
intensively observed in the middle 1930's at five Soviet observatories
(Pulkovo, Moscow, Kazan, Nlkolayev, and Tashkent) under the leader-
ship of the Pulkovo astronomer N. V. Tsimmerman. The corresponding
combined catalog, composed from these observations with the addition
of bright fundamental star; observed at the observatories of various
countrles, was completed at Pulkovo before the war, but published
only in 1948. This very exact catalog, containing 25957 stars of
the northern sky, 1s still heavily used 1n Soviet geodesic works and
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time services, and also at the Institute of Theoretlcal Astronomy of
the Academy of Sciences of the USSR in composing the "USSR Astronomical
Almanac."

Above ihe broad work on the Catalog of Faint Stars has already
oeen mentioned. The plan of collective work on this great problem
includes both meridian observations of around 1C30 fundamental faint
stars (FKSZ) and several tens of thousands of stars of the large KSZ,
and photographic observations of chosen small planets and remote
galaxles. Working lists of stars of the'KSZ and FKSZ were compoced
in Moscow at the P. K. Sternberg State Astronomical Institute under
the guidance of M. S. Zverev, at the Institute of Thecretical
Astronomy N. S. Yakhontov developed a plan of observations for 10
chosen small planets, and the final lists of the celestial sites
with galaxies were composed under the leadership of A. N. Deych at
Pulkovo (for the northern sky), at Tashkent (in zones to -25°) and
at Santiago, Chile (for the more southern zones). In meridian
observations connected with the KSZ, besides the above six Soviet
observatories university observatories at Kiev, Odessa and Kharkov
participated, and in photographic observations - observatories at
Pulkovo, Moscow (GAISh), Goloseyev, Tashkent and (from 1960)
''1kolayev.

In 1952 at the Congress of tne International Astronomical Union
(IAU) at Rome a symposium took place on "The Astrometry of Faint
Stars" in which the problem of creation of a KSZ was put to the
international astronomical community. The congress made a resolution
approving the creation of a KSZ; from this time work on the KSZ was
Joined by many foreign observatories, among which the most active
turned out to be the observatories in Bucharest and Capetown;
photographic ovservations con e2cted with the KSZ were also jolned
by observatories in Shanghal (Zo-Se), Sordeaux, Toulouse, Santlago
(Chile) and Sidney. From the 1950's many observatories have carried : |
out meridian observations of the fundamental stars of the FKSZ, on
the basis of which at Pulkovo M. S. Zverev and D. D. Polozhentsev
composz2d the Preliminary Compiled Catalog (PFKSZ), published in 1958.
At the congr~ss of the IAU in Dublir in 1955 the problem of the KSZ
with respect to meridian observations wés combined with the
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Nikolay Vladimirovich
Tsimmerman
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problem of composing an international catalog of reference faint

stars for new photographic re-observation of the many thousands of
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stars of zone catalogs for the northern sky. During the subsequent -1
six years at 11 observatories of various countries, including the
Pulkovo and Nikolayev, meridian observations were made of these stars,
and consequently also all stars of the KSZ for the northern sky. The '
corresponding compiled catalog at present 1s belng composed at the

Naval Observatory in Washington. In those same years the observatoriles

at Moscow, Kazan, Kiev, Odessa, Tashkent and Bucharest carried out

extensive work on meridian observations of all stars of the KSZ from

trhe north pole to declination -20°,

Regarding photographlc observations according to the plan fer
the KSZ, then by 1964 at the many observatories of various countries
over 5000 photographs of small planet and a large number of photographs
of areas with galaxles had been obtalned. For the northern hemisphere
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photographing the galaxies for the first epochs! is basically
completed; the Pulkovo and Tashkent observatories, who started these
observations even before the war, have proceeded to experimental
photographs of the second epochs; consequently, these observatories
already can study stellar motion with respect to galaxies, which is
the arm of these observations and can lead to interesting discoveries.

The Catalog of Faint Stars should embrace the whole sky — from
north pole to south. Therefore in the middle 1950's, when work on
observation on the northern hemisphere of the sky was set up, the
organization of corresponding observations of the southern sky
became pressing. During the last 20 years regular astrometric
observations have been conducted on the southern hemisphere only at
Capetown, and in principle and practice are insufficient for the KSZ,
inasmuch as the reduction of complex systematic instrument and
refractional errors requires the materlals of parallel observations
from several observatories (not less than three). Considering this
circumstance, the Academy of Sclences of the USSR in 1958 resolved
to organize an astronomical expedition to one of the observatories
of the sourthern hemisphere. The report about this expedition at
the astrometric conference in Cincinnati (USA, 1959) served to
implement the organization of an international measure taken for
meridian observation of reference faint stars of the southern sky
(including all stars in the KSZ), in which up to now nearly 10
observatories have agreed to participate.

At the end of 1962 an expedition from the Pulkovo Observatory
left for Chile, where at the new observatory of the University of
Chile on Cerro Calan near Santiago work in the closest collaboration
with Chilean astronomers successfully developed.

The plan of the expedition included absolute determinations of
the coordinates of bright and faint fundamental stars by Pulkovo

!The proper motions of stars are determined by comparing photo-
graphs taken at two moments (epochs) separated by a great interval
of time (several decades).




methods with new original instruments (including the photographic

vertical circle, proposed by the author of this article and made in

the workshop o the Pulkovo Observatory), relative meridian

observations on a large program of reference faint stars (and also

all bright stars of the southern sky) using the meridian circle in

Chile and photographing locations with galaxies on the twe-menilscus
astrograph of D. D. Maksutov, made by the Leringrad Optico-Mechanical
Combine. The successful beginning of the work of the Soviet

expedition in Chile under excellent climatic conditions provided the

basis for an agreement between the Academy c¢f Sciences of the USSR 7
' and the University of Chile for prolonged scientific collaboration in :

astronomy.

Thanks to the hard work of the Chilean expedition and the active
participation of many Soviet and foreign observatories in observations
to structure the KSZ, this problem now has a real promise of successful
completion. Certainly, tying in the coordinate system of the KSZ to
remote galaxles will be completely realized only after several decades
— after cbtaining photographs of galaxies in the second epochs.
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Horizontal meridian circie of L. A. Sukharev (On the right
L. A. Sukharev).
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Speaking of the work of observatories in the USSR on fundamental
astrometry, one should add that in 1958 at the Xth Congress of the
International Astronomical Union in Moscow on the proposal of Soviet
astronomers for observatories of various countries new pressing
programs of meridian observations were recommended, including "Bright
stars" and "Latitude stars.' The first program provides for a new
determination of the coordinates of all stars in the sky to 6m0,
inciuding the "gecdesic stars" observed by observatories in the USSR
in the 1930's. Thus, cthe important problem about reobservation of
the Catalog of Geodesic Stars 1s how organlized as international work.

The "Latitudinal stars" program, composed at the GAISh, includes
stars according to whose observations observatories of varilous
countries study the movement of the pole. It 1s to be used for
obtaining a rigid coordinate basis for putting into one system the
results of all latitudinal observations and to study the age-o0ld
movement of the pole. Meridian observations of stars in the
latitudinal programs of individual observatories were also conducted
in past years [observatorlies at Odessa, Kazan, Uccle (Belgium) and
others]. Now this work is on an international scale, thanks to
which after several years of study on narrow effects in the movement
of the pole it will be possible to rely on a reliable base 1n the form
of a werking catalog of exact positlons and proper motions of
latitudinal stars.

During the last few years an essential contribution in funda-
mental astronomy appeared in the time service, which determines the
right ascension of stars from thelr own numerous observations with
transit instruments. Much work in thils area 1s conducted at Pulkovo,
where under N. N. Pavlov, from very exact photoelectrical observations
several star catalogs have been composed. The huge amount of
material (150,000 observations) obtained by the USSR time services
in 1957-1959 in connection with the International Geophysical Year,
at present 1s belng treated at Pulxovo to be used in a working
catalog of the most exact right ascensions of around 500 stars. It
is necessary to mention also on leading in Soviet observatories

observations Danjaune [Translator's Note: exact spelling not found.
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This spelling 1s one possibility for the Russian word [laumown]
prismatic astrolabes, which, as it is known, permit correcting the
system of coordinates of thLe fundamental catalog.

Work on the large fundamental star catalogs in past years was
conducted mainly 1in Germany and the Unlted States, although the most
exact material for this purpose came from observations at the Pulkovo
Observatory. The above work of Soviet observatories, especlally
absolute determinations of coordinates of stars and a whole complex
of work on the Catalog of Faint Stars, including results or the
expedition to Chile on the southern hemisphere, along with observations
of observatories of other countries will compose extenslive material
for a new larger fundamental cataliog of bright and falnt stars in
the original system of coordinates. This work i1s included in a long-
term plan of the Pulkovo and other Soviet observatories, as one of
the most important problems of Soviet astrometry for the next

several years.

In astrometry the thorough investigations of instrument error,
on which in many respects depends the accuracy and reliability of
results, have played a huge role. Especlally important iscomprehensive
investigation of instruments durling absolute determinations of
coordinates. In Soviet observatories extensive work is being conducted
on the study of pivots, divided circles, micrometers, levels, and
also the flexure of meridian instruments. Different methods are
used, including the original (method of V. P. Linnik for the
investigation of fliexure, methods V. V. Podobed for determination of |
the irregularity of pivots, for detalled investigation of circles
and others). Much attention 1s allotted to the development of new
meridian instruments and auxiliary instruments (see the section "Tools
and Instruments"). Of the original instruments, besides the above
photographic vertical circle of the Chile expedition, the horizontal
meridian circle (HMC) in which around the axis resolves a flat
mirror, and observatlons are conducted through fixed horizontal
telescopes located in the meridian to the north and south of the
mirror. At Pulkovo the installation of a large HMC, was designed by
L. A. Sukharev and bullt by the Kiev "Arsenal" plant. J
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Sergey Konstantinovich
Kostinskiy

1867-1936

We will examine noi the basic works of observatories of the USSR
on photographlic astrometry. Even before the revolution they were
being conducted at the Pulkovo, Moscow and l'ashkent observatories;
in 1952 they began at Goloseyev, and at 1960 also in Nikolayev, where
now the "zone" astrograph, 1s set up, which before the war was at
Pulkovo. One of the main problems of all these observatories during
the last 25 years was photographic observations of a chosen minor
planet and locations with galaxies according to the plan of the KSZ
which was mentioned above. Just at the Pulkovo Observatory for this
purpose over 1000 photographs of the minor planets and 900 photographs
with galaxies were obtained. Observations of galaxies and minor
planets at Pulkovo are conducted both with the large astrograph of
old observatory at Krasnaya Presnaya and with the new wilde-angle
AFR-1, made at the Leningrad Optico-Mechanical Combine. It is
necessary to note that at this plant also a number of high-precision
KIM-3 instruments have been built for the measurement of astro-
photographs up to 30 x 30 cm; these instruments are successfully
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used in many observatories of the USSR. In Soviet observatories
enormous work is being carried out on measurements of photographs of
the minor planets and on treatment of measurements using electronic
computers. At Pulkovo during the last few years not only their "own"
photographs were measured, but also nearly 600 photographs of the
minor planets sent by an understanding from the observatory in
Capetown.

At Moscow and especially at the Pulkovo observatories glass
archives of the o0ld prerevolutionary photographs of different sections
of the sky, which were obtained in Moscow by the astronomer-
revolutionary P. K. Shternberg (1865-1920) and at Pulkovo by the
pioneer of Russian astrophotography S. K. Kostinsky,(1867-1936) are being
successfully used. Comparison of new photographs made with these
instruments over 50-60 years with old photographs, permits extremely
accurate determination of the proper motions of stars, star clusters,
rlanetary nebulae and others. Investigations of the movement of
different members of the Galaxy, even the most remote ones, give
important material in the study of structure and dynamics of our
stellar system. Among them we remember the work of A. N. Deych, who
studied the proper motions of 18,000 faint stars in chosen areas
of the northern sky, and the extensive treatise of P. P. Parenago,
who investigated the movement and other characteristics of stars in
region of the Orion nebula. Let us mention the recently completed
work at Pulkovo of V. V. Lavdovskiy, who studied kinematic character-
istics of 13 star clusters of our galaxy, and the well-known study
of A. N. Deych, who measured a large number of photographs of the
binary star 61 Cygnus and confirmed the presence near one of the
stars of this pair of an invisible satellite with a mass, equal to
1/100 the mass of the sun. The last work has a cosmogonic value,
inasmuch as it proves the existence near stars of planet-like
satellites of small mass.

The large astrograph of the Moscow Observatory (GAISh) for
many years has been used to photograrh star variables to study their
proper motions, and the Pulkovo zone astrograph even in the 1930's
was used to photograph the circumpolar region of the sky and after
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thorough measurement of the photographs a catalog was composed of
the exact coordinates of over 11,000 faint stars with declination
from +70° to the pole.

During the war the famous 30-inch refractor at Pulkovo was
'estroyed, with only the obJcctive surviving. Instead of it, now
at the observatory is a new 26-inch refractor (focal length 10.5 m),
with which systematic work on determination of star parallaxes has
been begun. This instrument is used also for photographic observations
of binary stars, in which an automatic cassette is adapted, making
it possible to obtain up to 50-60 images on one plate, from which then
it is possible to select the best for subsequent treatment.

In the 1950's in connection with final confirmation of
irregularity of the earth's rotation around its axis exact astrometric
observation of the moon were of great value, and with them time can
be determined independently, and consequently, it i1s possible to
regulate rotation of the earth and, furthermore, to measure great
distances on the earth's surface, which is of interest in geodesy.
The most exact were photographic observations of the moon by means of
a camera with a mobile filter, proposed by the American astronomer
Markowitz. Regular observations of the moon at observatories of the
USSR were organized in connection with the International Geophysical
Year. Especially extensive work in this direction is conducted at
Pulkovo by Kh. I. Potter, under whose guidance in the workshop of
the observatory a special expeditionary astrograph was constructed.
This instrument was used in several prolonged series of observations
of the moon at Pulkovo and other observatories of the USSR. The
Pulkovo astronomer N. F. Bystrov cnnstructed the original photo-
electrical instrument for automatic measurement of photographs of
the moon, recording the results on punched cards for subsequent
treatment on an electronic computer.

Finally, during the last few years a new ulrection in astrometric
works began to develop rapidly - photographing and measurement on the
photographs of the coordinates of objects moving rapidly across the
sky: artificial earth satellites and space rockets. Fast cameras
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with very exact registration of the moments of exposure were made
for this. With these cameras on astronomlcal observatories and
special stations extensive work 1is conducted on photographic
observations of artificial satellites.

Let us turn to a survey of the work of observatories of the
USSR on exact time service. This 1s the youngest branch of astrometry,
existing around 50 years, since radio time signals began to be
transmitted regularly. But in developing 1ts attalned accuracy of
measurements it considerably outstripped other branches of astrometry.
The time service has the practical functions of determination,
keeping and circulation of the exact tilme.

Determination of time till now most frequently has been conducted
by the astronomical method by means of observing the passage of stars
through the meridian with the help of a transit instrument or
photographic zenith telescope (during the last few years for this
purpose observation outside the meridian with the Danjaune prismatic
astrolabe have been used also). The astronomical time obtained from
these observations is nonuniform due to the fluctuations of the speed
of rotation of the earth around 1ts axis, attalning several hundred
millionths of a period (i.e., in 24 hours near 0.0C1 s). In con-
temporary requirements for accuracy of time determination this value
is fully noticeable. Therefore during the last 10 years after the
invention and introduction into operation of molecular and atomic
standards of frequency, stability of which attains 10'10, for
determination of time continuously running quartz clocks began to
be used also, the movement of which (frequency of quartz vibrations)
is controlled by comparison with molecular and atomic standards.
Comparison of atomic time with astronomical permits revealing
Interesting detalls in changes of the earth's rate of rotation,
indicating the complex character of this phenomenon. In connection
with the discovery of irregularity in the eartn's rotation the 1ldea
about a unit of time 1is examined. Whereas earlier as the unit of
time (second) 1/86400 of the mean solar day was taken, now it has
been decided to start from the length of a year and determine the
second as 1/31,556,925.9747 part of the tropic year for the epoch
1900.0.
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Formerly time was kept by precision pendulum clocks placed in
hermetically closed cases in deep vaults or thermostatic chambers,
under conditions of constant temperature and pressure. Good stabillity

of movement (almost to 10-8)l was demonstrated by free pendulum

clocks. From approximately 1950 pendulum clocks have been displaced
by the more exact, guartz clocks.

B B S e

Time is communicated by means of radio signals. Earlier so-
called rhythmic time signals were widely used (after 60 seconds 61
short pulses were transmitted), which upon aural reception coincided
with, then scparated from strokes of a chronometer, which permitted
a sufficlently exact (better than 0.01 s) reception of signals
* without special equipment. Now along with rhythmic signals pulses
are regularly transmitted on the radio every second from precise

ey

clocks, and sometimes radio transmissions cf frequency signals are
sent from a high-stablility generator, allowing direct determination
of the movement of the quartz clock. Contemporary autcmatic methods

using an electronic counter or oscillograph permit taking time signals
with a precision of 0.0001 s and more. Signals cuannot move exactly
at the assigned moment, therefore the most Important problem of the

time services regular reception of radio signals and corrections on

the basis of astronomical observations. Work of the time services

of various countries is coordinated by the International Time Burezu

at the Paris Observatory, which from the material of the time services

of various countries calculates and publishes the "final" times (of

radio time signals), i1.e., the final corrections of radio signals,

fixing the official international standard time. '

In the 1920's in Soviet Russla two time services functioned
organized under the most direct participation of the Pulkovo Observa-
tory, especially its director A. A. Ivanov (1867-1939), and the
D. I. Mendeleyev? Leningrad Institute of Metrology and

'Accuracy in fractions of the measured time interval is considered.

2pt that time the Main Board of Weights. and Measures.
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N. Kh. Preypich (1896-1946). The last also carried out important
theoretical research in time measurement. To coordinate these works
in the USSR 1in 1924 the Interdepartmental Time Service Committee was
established at the Pulkovo Observatory under the chairmanship of

A. A, Ivanov. P. A. Azbukin, heading the Leningrad Scientific and
Testing Telegraph and Telephone Station, had a large role. In 1928
at Pulkovo calculation of the "final" times of rhythmic signals from
the material of Soviet and certailn foreign observatories was started.

In the 1930's in connection with wide expansion in the USSR of
geodeslic and gravimetric works several more time services were
organized — in Moscow (at the P. K. Shternberg State Astronomical
Institute and at the Central Sclientific Research Institute of Gecdesy,
Aerial Photography Surveying and Cartography-TsNIIGAiK), at Tashkent,
Kharkov and Nikolayev, where time signals in those years were sent
from the Pulkovo, Moscow, and Tashkent observatorles. The Soviet
time service faced a difficult test 1n the years of the Great
Patriotic War, when the majority of astronomical observatorles was
forced to cease work and the Moscow time services, evacuated to
Sverdlovsk (GAISh) and Dzhambul (TsNIIGAiK), and also the Tashkent
Observatory (V. I. Shcheglov) became responsible for providing the
exact time to the country and the front. Thanks to radical recon-
structlon of work, introduction of new equipment and considerable
intensification of astronomical observations, these three times
services successfully coped with their responsibie commission. In
postwar years coordination of the USSR time servlices returned to
Moscow, to the Committee of Standards at the Council of Minilsters
of the USSR, where now the standard time of the USSR 1is calculated
and published, i.e., errors of radio time signals, obtained by
combined treatment of materials from the USSR time services and
certain other countries (at the present the USSR time standard 1s
based on the materials of 17 time services). Now radio time signals
are transmitted from Moscow; some of them are retransmitted 1in
Irkutsk and Tashkent, thus ensuring the exact time throughout the

USSR.

Much attention of the time service 1s given to the improvement
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of equipment for sending and receiving signdls and the comparison

of timepleces. In the USSR original chronoscopes, electroniccounters,
oscillographic arrangements, electronic relay and many other instru-
ments have been bullt and successfully used.

The biggest achlevement of Soviet time services is the Jdevelnn-
ment and successful use of the photoelectrical method of recording
star passages, thanks to which the accuracy of astronomica. observa-
tions essentially increased. The photoelectrical method was first
developed in 1933-1939 by N. N. Pavlov at the Pulkovo Observatory,
where in 1939 it became the workling method of astronomical cbserva-
tions of the time service. In 1955 Pavlov improved his own method
by introducing a mirror grid and photomultipliers, which considerably
increased the stablility of registration and permitted stellar
observaticns durlng unstable weather, in the twilight and in white
nights. Afterward the Pulkovo Observatory ph oelectrical method
began to be used in Moscow (V. E. Brandt), Leningrad, Nikolayev,
Irkutsk, and ncw it 1s used in the observations of almost all Soviet
time services.

Extensive work 1s belng conducted in the USSR for the study and
“urther improvement of instruments and on the study of subtle effects
affecting the results of astronomical observations (thermal gradients
in the body of the instrument and in ambient air, methods of shielding

out thelir influences, refractional anomalies caused by different

layers of the atmosphere, the effect of wind and others). At

Pulkovo N. N. Pavlov constructed a photoelectrical transit instrument ’
with closed pivots and thermal shielding, which significantly |
increased the accuracy of astronomical observations. An interesting

improvement of the photographlc zenith telescope was made at Pulkovo

by V. A. Naumov, who reconstructed the system of time registratior

and introduced stored control. As a result the USSR created the first

automatically working astronomical instrument for exact determination

of time and latitude.

Work of the Soviet time services greatly intensified in 1957~
1959 1in connection with the International Geophysical Year. 1In

these years equipment was essentlally completed (quartz clock,
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oscillegraphs, radio receivers, etc,), the program and methods of
signal reception and astronomical observations were coordihated, and
a single workling list of stars was accepted. Above we already
mentioned that on the basis of the huge materlial of observations
obtalned during those years, very exact catalogs of right ascensions
of stars were composed (work of the Pulkove, Leningrad, Moscow,
Nikolayev and Irkutsk time services). A series of studles was
carried out also on pecullarities of the earth's rotation for this
period and on their connection with meteorological processes (the
work of D. Yu. Belotserkovskily in Moscow, V. I. Turenko in Kharkov,
N. N. Pavlov and G. V. Staritsyna at Pulkovo). In particular,

Pavlov arrived at the conclusion that the jJump 1in the earth's rate of
rotation observed in 1959 was caused by an anomalous temperature
distribution on the northern hemisphere of earth (early spring), and
this placed in doubt the hypothesis expressed abroad on the dependence
of the earth's rate of rotation on solar activity. The discussion of
materlials obtained by the time services for 1957-1959 still has not
been completed; we can expect that 1t will give new Interesting

results.

Let us consider now the basic work of the latitude service. A
change of latitudes induced by movement of the axls of rotation 1n
the body of the earth was revealed from observations in the 1830's.
Soon was clarified the complex character of this phenomenon, in
which two perliods overlapping each other were discovered. The main
period — of U428 days, or the period of free nutation, turned out to
be much longer than the theoretical period of 305 days, derived in
1790 by L. Eyler for a rigld earth; thus 1t was proven that the earth
is an elastic body. The second — an annual period, as was clarified
subsequently — 1s induced and is basically explained by seasonal
shifts of alr masses of the earth's atmosphere. The full swing of
changes of latitudes induced by the movement of the pole does not
exceed 0",8 or 25 m on the surface of the earth. For a detalled
study of thils subtle phenomenon at the end of past century the
International Latitude Service was organized (ILS) with several
observation stations located on one parallel +39°8' and equipped
with the same kind of zenithal telescopes. One of them was built in
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Russia at Chardzhov (Central Asia), where 1t functioned up to 1919.
In 1929 a new ILS was put into operation at Kitab, and recently

noted its 35th anniversary of successful activity. The work of ILS
stations 1is coordinated by the Central Bureau of the ILS, where
combined treatment of observations 1s conducted and polar coordinates
are calculated.

The exact latitude of a place must be known in the absolute
determinations of the declinations of celestlial bodies, therefore
certain observatories, working in fundamental astrometry organlzed
among themselves an independent latitude service, i.e., regular

latitudinal observations with a zenith telescope.

At the Pulkovo Observatory a zenith telescope made in the
workshops of the observatory by mechanic Freyberg was set up for
this purpose in 1904. It turred out to be a first-class tool for
investigating changes of latitude. 1In 60 years of regular operation
around 100,000 high-precision observations have been obtained with
'; it (average error of one latitude determination 1is around £O".15).

One of the problems before the Pulkovo latitude service was the
investigation of brief periodic variations of latltude, which could
not be made by ILS stations because of thelr program of observations.
For this purpose at Pulkovo from 1915 to 1929 (subsequently from 1955
to 1961) observations were conducted on an expanded program, i.e.,

all night - "from dawn to dawn" from which indeed 1t was possible to
determine the diurnal term, true with an amplitude only of several

hundredths of a second of an arc (work of V. R. Berg, S. V. Romanskaya
and others). ' | '

In 1926 the initlative of A. Ya. Orlov (1880-1954) provided
the basis of an astronomical and gravimetric observatory in Poltave,
the plan of whose works included investigations of changes of
polar latitude and motion, as well as the study of diurnal vari-
atlons. For tbhis purpose night and day observations were under-
taken with the zenith telescope for two bright zenith stars — o-
Perseus and n-Ursa Major — culminating approximately twelve hours
after one another. Observations of these stars through many years

permitted N. A. Popov to derive not only the diurnal term, but also
small corrections to nutational terms of a short period, testifylng
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Aleksandr Yakovlevich
Orlov

1880-1954

to the presence of a liquid nucleus in the center of the earth. From
en analysis of a 23-year series of observations of two ienith stars
Popov in 1963 first revealed "diurnal nutation," i.e., minute
periodic motion of the pole, the per.od of which (somewhat shorter
than twenty-four hours) was theoretically derived by M. S. Molodenskiy
in his thorough investigations of the rotation of an earth with a
liquid nucleus. In many works of Soviet "latitude specialists"
questions were examined about secular motion of the pole and about
nonpolar, 1.e., not depending on polar motion, changes of latitudes.
A. Ya. Orlov offered a simple formula for showing slow nonperiodic
changes of latitude from observations; these changes turned out to
be of nonpolar origin, 1inasmuch as at variocus observatories the

measurement results deviated. 1In 1954 as a result of thorough analysis

of ILS materlials it was possible to determine secular motion of the
pole, directed along the meridian 69° west from Greenwich and
amounting to around 10 cm a year. The results of Orlov subsequently

were confirmed by other authors.
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The Soviet "latitude specilalists" allotted much attention to
instruments and the improvement of programs and methods of observa-
tions, lnasmuch as this determines reliability and accuracy of the
obtalned results. Ye. P. Fedorov developed a new economic program
of latitude observations, intended for the study not only of periodic
“ut also secular motion of thLe pole. This program 1s being success-
fully used in the Poltava and certain other observatories. Latitude
investigations in the USSR were activated in the 1950's in connection
with the dlscovery of irregularity of earth's rotation and the
intensified operations in the time services, necessary to know the
polar coordinates. Regular determlnations of latitude were organilzed
also in Kazan (observatory named after V. P. Engelhardt), Moscow
(GAISh), Irkutsk and Gor'kiy. In 1953 for a generalization of
materials obtalned by the USSR latitude services and rapid calculation
and communication to interested departments of approximate polar
coordinates the Soviet Latitude Service was organized (SSSh) with
its center at the Poltava Observatory. The SSSh successfully
developed 1ts operations and as of the present time have accumulated
interesting experilences. It 1s possible to note that in three rears
(in 1956) the analogous International Routine Service was organized
(SIR) at the Paris Observatory.

A further stepping up of latitude studies in the USSR and other
countries took place in 1957 1n connection with the International
Geophysical Year. In Leningrad at the State Optico-Mechanical Plant
a series of large zenithtelescopes ZTL-180 was made, which now are
equipment at almost all observatories of the USSR — the leader in
observations. The new instruments gave results of very high accuracy.
At several observatories (Poltava, Irkutsk, Novosibirsk, Pulkovo)
observations with the DanjJaune prismatic astrolabe, and at the
Poltava Observatory, furthermore, an interesting experiment on polar
motion by means of azimuthal observations with a transit instrument
has been set up.

Although the methods of astronomical observations used in
latitude services give results which had little dependence on
instrument error, nonetheless, a detalled investigation of instruments
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is the most important problem of observers. In connection with this i
there 1s speclial interest 1in parallel observations on two or more
instruments of the same observatories, which, as it turns out, never
shcw an agreement of results due to fine 1nstrument and human errors
which cannot be considered. Parallel observations on two zenith
telescopes have already been conducted at the Foltava Observatory for
more than 20 years, and in recent years also at Pulkovo and Kitab.

S e T W

A big event for the Soviet latitude service was the organization
of the Pulkovo Observatory Far Eastern Latitudinal Station at
Blagoveshchenska-na~Amure. The question about this was ccnsidered
and prepared over many years, starting with the sLove-mentioned
astrometric conference in 1932. At Blagoveshchenska-na-Amure there
is now a zenith telescope ETL-180 with which from 1959 more than
12,000 high-precision determinations of latitude have already been
obtained. With the annexation of the Blagoveshchenska station,
which stands on a 90° longitude from European observatories, the
welight of the polar coordinates calculated at Poltava according to the

e R TS S T S

SSSh, increased four times.

The great amount of material on latitude observations obtained
by Soviet and foreign observatories in 1957-1559 now 1s being i
investigated in detail in a study of pole motion during this time to !
show aonpolar components in changes of latitude, brief periodic terms,
the influence of meteorological factors, the effect of wind and others,
and also to clarify the true accuracy of latitudinal observatlions and
polar coordinates obtained from them.

- - [ S,
.

A serles of interesting studies on these questions has already
been published (the work of Ye. P. Fedorov, V. I. Sakharov and others).
But studies on increasing the accuracy of astronomical observations
is a year-long process; the problem will occupy astronomers of not
only our, but 21so the following generation. After all, there is a
nunber of unsolved problems, such as secular motion of the pole,
mutual shifts of the continents and others, which require obs-rvations
lasting many decades. The value of exact astrometric observations
frequently increases as epochs become a thing of the past, and
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Curve of polar motion from 1959
to 1964 according to the Soviet
Latitude Service.
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consequently, these observations are needed not only for problems

posed during their organization, but also are a reserve for future
investigations.

We have yet to mentinn certain work on use of the methods of
astrometry to determine baslc astronomical constants. These works

have always occupled a conspicuous place 1n the activity of the
Pulkovo, Moscow and certain other observatories. Ev~i at the end
of the 1920's at Moscow with the active participation of N. N.
Parlyskily extenslve work was carried out on determining constant
precession from an analysls of the proper motlions of stars taking
into account thelr parallaxes, the sun's motion and rotation of the
galaxy. Among the works on nutational motion of the earth's axls
we will mentlon the determinatlon of constant nutation made by K. P. oo
Kulikov (GAISh) from an analysis of Pulkovo latitudinal observations

with the xenith telescope, and an extensive study on nutation and

forced motion of the pole, recently carried out by Ye. P. Fedorov

(Poltava — Kiev) on the basis of detalled processing of years of

material from the International Latitude Service.

The new value of constant nutation obtained by Fedorov (9".198)
is the most reliable and exact of all the latest determinations.
Regarding constant aberration, now 1t frequently is determined in
the analysis of a large serlies of meridian and latitude observations
(the work of V. R. Berg, S. V. Romanskoy, A. A. Nemiro and others).
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' The great zenith telescope ZTL-180 of the Pulkovo

Observatory.
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In the restored Pulkovo Obcervatory in 1952 a new instrument
by A. A. Mikhaylov was seen — the polar telescope. It is a flxed
astrograph directed towards the celestial pole, intended for photo-
graphing the traces of circumpclar stars to determine the constants
of aberration and nutation. The instrument was thoroughly investigatcu
and improved by Kh. I. Potter. With the polar telescope a new value
of constant aberration has already been obtalned, which turned out
to be very close to the recently accepted international value.

Two astronomical constants — solar parallax and constant of
abevrration - are rigidly connected by a simple mathematical relation-
ship, which also contains the velocity of 1light. As 1t 1is known,
durling the last few years 1n the United States, England and the USSR
radar observations of Venus and other planets were successfully
carried out, that permitted obtaining the solar parallax with a
precision exceeding the best astronomical results by tens of times.
Now a continuation of wcrk on the determlnation of the solar parallax
and constant of aberration by methods of astrometry should be
examined only from the point of view of their methodical value.
Inasmuch as stars descrlbe aberrational ellipses over a year, the
value of the constant of aberration derived from observation of stars
1llows judgement of seasonal systematlc errors of astronomical
observations that by itself has an 1inportant value.

Work on the determination of astronomical constants can include
also studies of the figure and rotation of the moon in particular
lunar libration; this 1s belng done 1n depth in Kazan at the V. P.
Engelhardt Observatory and in Kiev (A. A. Yakovkin, A. A. Nefed'yev,
Sh. T. Khabibullin and others). Finishing the survey of Soviet
astrometric works, we note that in the USSR a number of moriographs
and training alds on astrometry has been published (S. N. Blazhko,
N. I. Idel'son, M. S. Zverev, K. A. Kulikov, V. V. Podobed, S. A.
Kazakov, Ye. Ya. Bugoslavskaya and others).

We already incdicated that the astrometric conference of 1932
was a critical point in the development of Soviet astrometry, that
this ccnference began the unity of forces of our astrometerists
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around baslic problems and that a series of large collective works
was outlined, which subsequently became international. This
direction obtained further support in 1937, when in the system of
the Academy of Sclences of the USSR a coordinational organ was
established — the Astronomical Council and its branch commissions,
including the Astrometric Commission, which became the leading and
advisory center for astrometric work in the USSR. The commission
met regularly (in the beginning yearly, subsequently every 2-3 years)
to call conferences for the discussion of plans and reports of
observatories, the progress of collective works, and also for
discussions of pressing problems 1n astrometry. Starting with the
tenth conference (December, 1952) the "Transactions" of astrometric
conferences of the USSR are published, which now have become the
collective printing organ of Soviet astrometrists.

Besides conferences on different problems of astrometry, in
1939 the initiative of Soviet "latitude specialists" led to latitude
conferences, the "transactions" of which also will be published. 1In
1960 in connection with the stepped up development in the Soviet
Union of work in the time service and latitude service the Astrometric
Commission branched into a new Astrocouncil commission -~ the
Commission for Study of the Earth's Rotation.

Prior to 1948 the ties of Soviet astrometrists with foreign
observatories were limited to the pa-ticipation of the time services
of the USSR 1in the work of the Internatircnal Time Bureau, participation
of the Kitab latitude station in the work of The International
Latitude Service and the personal membership of a few Soviet
astrometerists in the International Astronomical Union and 1n the
German Astronomical Society. In postwar years these ties rapidly

expanded. At the VIIth Congress of the IAU in Zurich (1948) a
resolution was accepted approving the Soviet plan of photographic

observatlons of remote galaxies, and the following, VIIIth Congress

in Rome (1952) approved the problem on creation of a Catalog of
Faint Stars.

The subsequent broad international expansion of meridian and
photographic observations connected with the composition of the KSZ, !
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Aleksandr Aleksandrovich Mikhalov at the zenith
telescope.

and also the approval of the Xth Congress of the IAU at Moscow of
new programs of meridlan observations proposed by Soviliet astronomers
already was mentioned above.

Thus, it is possible to ascertaln that now all the work of USSR
observatories on meridian astrometry and a cons.derable part of work
on photographic astrometry are conducted in the plan of broad
international collaboration, a good example of which 1s the work of
the expedition of the Pulkovo Observatory to Chile. The International
Geophysical Year promoted the expansion of collaboration in the time
service and latitude service. Observatories of the USSR, leading in
latitude observations, system of International service term at the
Paris Observatory, where now not only the materlial from the time
services regularly are sent, but also the results of latitude
observations. We note the general high activity of Soviet astro-
metrists in the International Astronomical Union; now more than 30
of them are members of the IAU and A. N. Deych, M. S. Zverev, A. A.
Mikhaylov, A. A. Nemiro, N. N. Pavlov and Ye. P. Fedorov at various
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times were or are now presidents or vice presidents of astrometric

commissions in thils international organization.

The Pulkovo astrometric school even in the last century gained

international authority by its outstanding work on the star catalogs

and on the determination of astronomiczl constants. The Soviet

astrometric school, continuing and expanding the best traditions of
the Pulkovo school, conducts work on a much wlder scale, in accordance
with the growth of requirements of a rapidly developing science and

technology.
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CELESTIAL MECHANICS

Celestial mechanics 1s that branch of astronomy studying the

movement of bodlies in the solar system. Problems of celestial
mechanics can be divided into four large groups.

1. Developument of general questions of planetary motion in a
gravitational field (so-called problem of bodies, a special case of
which 1s the famous three-body problem).

2. Development of mathematical theories of the motlon of
specific bodies of the solar system (planets, satellities, comets).

3. Comparison of theoretical research with astronomical
observations, and thus, the determiration of the numberical values
of different astronomical constants (elements of orbits, mass of
planet, constants connected with rotation of earth, constants

characterizing figure of earth and 1ts gravitational field and
others).

. et i .

; i, Composition of astronomical ephemerides (astronomical
almanacs), which concentrate the results of theoretical research

in the region of celestial mechanics (and also in adjacent areas -
astrometry, stellar astronomy, experimental physics, geodesy and
others) and fix at every 1instant t the t'undamental space-time system
of reference necessary for all sclences dealing with the measur:=2ment
of space and time.
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Astronomical almanacs find wide application in practical problems
of astronomy, geodesy and cartography; they ensure naval ("Nava)
astroncmical almanac") and ailr ("Aviation astronomical almanac")
navigation; they are necessary for launching artificial earth
satellites and spaceships.

Development of celestlal mechanics in the Soviet Union 1s
closely connected with the activity of two scientific centers,
appearing directly after the Great October Socialist Revolution:
the Institute of Theoretical Astronomy of the Academy of Sciences of
the USSR in Leningrad and the Department of Ce‘'estial Mechanics of
Moscow State University. These two centers formed Leningrad and
Moscow schools, which determlned the development of celestial
mechanics in the Soviet Union for 50 years.

At Leningrad questions of celestial mechanics were developed
mainly in connection with those practical problems which were set
before the Institute of Theoretical Astronomy at its organization
in 1919 (composition of astronomical almanacs, calculation of
ephemeris of a minor planet). At Moscow the dominating influence
for many years was the cosmogonic problem.

Institute of Thenretical Astronomy

The Institute of Theoretical Astronomy of the Academy of Sciences
of the USSR at Leningrad was the only speclalized sclentific
establishment on theoretical and applied questions of celestial
mechanics in the Soviet Union.

Abroad there 1s only one sclentific establishment, which in
profile and scope of subjJect area approximately corresponds to the
Institute of Theoretical Astronomy — the Bureau of the American
Ephiemerls in the United States. The activity of similar establishments
in England, France and the FRG 1s limited to a considerably narrower
circle of problems.

The Institute of Theoretlical Astronomy began its activity
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7 October 1919 as the Calculating Institute in the All-Russian
Astronomical Union. It was organized due to the initlative of the
outstanding Soviet scientist B. V. Numerov (1891-1943), one of the
greatest Soviet specialists in celestial mechanlcs, astrometry and
gravimetry.l In January, 1920, B. V. Numerov was made director of
this institute, renamed the State Calculating Institute; in 1923

it combined with the Astronomical and Geodesic Institute (organized
in 1920) and became the Astronomical Institute. Beslides organizing
the institute's publication of almanacs and different ephemerides
Numberov in particular made a great contribution to the development
of simpler and practically convenient numerical methods of
determining the orbits of the minor planets and comets. His results,
published in a large work in 1923, composed the basls of further
investigations of the institute, which he directed until November,
1936, when his scientific activity tragically broke off. 1In 1939

the Astronomical Institute was transferred to the Academy of Sclences

of the USSR.

In December, 1942, M. F. Subbotin (1893-1966) was named director
of the Astronomical Institute. Subbotin was a great specialist 1n
celestial mechanics, well-known first of all thanks to his own

'Boris Vasil'yevich Numerov was born in Novgorod in 1891 graduated
in 1913 from Petersburg University and, leaving the Department of
Astronomy, simultanecusly began to work at the Pulkovo Observatory.

In 1924 he was made a professor of theoretical astronomy at the
University and of geophysics at the college of Mines. Begides the
directorship of the Astronomical Institute, from 1926 to 1928 he
headed the Main Geophysical Observatory, and in 1931-1933 managed the
Department of Applied Mathematics of the State Optical Institute in
Leningrad. 1In 1929 he was chosen a Corresponding Member of the Academy
of Sclences of the USSR.

B. V. Numerov carried on general scientific and organizational
Work as chalrman cf the Russian Astronomical Soclety (1922-1926) and
chairman of the Astroncmical Committee of the Narkompros of the RSFSR
(1930-1934), coordinating scientific work and teaching astronomy.
During numerous foreign missions in the 1920's and 1930's to Germany,
England, Holland, France and the United States Numerov introduced a
great contribution to the cause of restoration and of the damage from
the first world war and breaking the blockade of scientific
communications of the RSFSR (and then the USSR) with other cc ntries.
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Boris Vasil'yevich
Numerov

1891-1943.

fundamental three-volume handbook "Course of Celestial Mechanics"
(1933-1949), several generations of Soviet speclalists have studied.

In October, 1943, the Presiclum of the Academy of Sciences of
the USSR resolved to place the Astronomical Institute in charge of
sclentiflc research work in the area of celestlal mechanics and the
composition of astronomical almanacs, for which the Astronomical
Institute was renamed the Institute of Theoretical Astronomy.
Subbotin remained at the head of the institute until August, 1964,
when was forced to leave this. post for reasons of health.

During those years the institute advanced into the number of
l=zasing astronomical establishments of our country.
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Mikhail Fedorovich
Subbotin

1893-1966

Let us consider the basic problems which have occupled and
continue to occupy the collective of the Institute of Theoretical
Astronomy.

The Problem of Three Bodies. Questlons
of the Convergence of Serles

The beginning of the twentieth century was marked by considerable
progress 1in the area of celestial mechanics. This progress is
connected first of all with the work of A. Puankare on periodic orbits
and with the work of the Finnish astronomer Sundman, who succeeded
in solving the general three-body problem (i.e., the problem of motion
of a planet in the field of gravitation of not only the sun, but also
a certain other planet which perturbs the elliptical motion of the
first) using an infinite exponential converging series.
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At the Institute of Theoretical Astronomy in 1925 a special
seminar directed by V. I. Smirnov and A. A. Markov was organized
to study these works. Many Leningrad astronomers and mathematicians
participated in the work of the seminar. The result of the activity
of the seminar was original research !n different theoretical
problems of celestial mechanics.

From 1926-1933 Markov solved certain special ca.es of the three-
body problem and studied characteristic properties of the motion of
three bodies near moments of collisions.

In these years N. S. Yakhontov studied critical points in the
probtlem of two and three bodies. These investigations permitted
him to solve the current problem of celestial mechanics about
improving the convergence of expansions representing the coordinates
of points as a function of time. Yakhontov showed that instead of
time the introduction of functions regularizing simple collisions
as an independent variable considerably increases rapidity of
convergence of series., This variable was then used for calculation
of perturbaticas according to the method of K. Bolin.

The very 1important problem for celestial mechani:s about
intensifying the convergence of expansions 1n theories of planetary
motlon remains even now a current problem in theoretical astronomy.
In 1947 Subbotin found new ways to solve this problem, founded on
very general propertles of trigonometric series representing analytic
functions. The new expansions possess sharper convergence than those
used earlier, and thelr use for practical calculations is facllitated

. by sveclal auxiliary tables.

The lack of practical applicability of Sundman's power serles
due to thelr too slow convergence makes very urgent the problem of
modification of these series to accelerate their convergence.
Important results were obtained in 1963 by the Soviet astronomer
V. A. Brumberg. He constructed series of polynomials whose
effectliveness for a certaln finite interval of time has been checked

e e
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in practice .sing electronic computers. Independent of initial data,
universal fac*ors of convergence were successfully calculated, with
whose help from coefficlents of the standard Taylor series
coefficients of series of polynomials can be obtained. Coeffic<ients
of Taylor series are caiculated recursion formulas, obtained by
reducing the right sides of equations to quadratic functions relative
to tne unknown coordinates.

Questions of convergence of Hill series in the theory of the
moon's motion attracted the attention of A. M. Lyapunov. In 1896
he showed convergence of these series 1f the small parameter in which
the expansion is in |m| < 1/7 = 0.1428,.. For the moon
[m| = 0.0808..., which is less than the limit found by Lyapunov. In
1952 the Leningrad astronomer G. A. Merman proved convergence of Hill
series when |m| < 0.18, which considerably expaned the limits of
convergence set by Lyapunov. This in particular ensured the
convergence of series 1n theory of motion of the eighth moon of
Jupiter, developed by V. F. Proskurin in 1950. For this moon
Im| = 0.146..., which is larger than the limit of Lyapunov, but less
than Merman's limit. 1In 1959 this work was continued by
M. S. Petrovskoy, who generalized the methods of Lyapunov and Vintner
and proved the convergence of Hill series for |m| < 0.21.. An
estimated remainder was glven for different important cases.

Question of series convergence 1n celestial mechanics are closely
connected with the so-called problem of small divisors. The
mathematical difficulties of this problem in considerable degree are
overcome in the work of Soviet mathematicians of the A. N. Kolmogorov
school. The basic idea of these works 1s the use in place of seriles
in powers of the masses 1nvolved consecutive canonical transformations,
which were used in the same form 1in celestlal mechanics even at the
end of the XIXth and beginning of the XXth centuries by S. N'yukom
and A. Puankare. But, moreover, in every approximation a set of
frequencies 1s excluded, corresponding to the small divisors, which
tend to zero to fast. This method, shown for the first time by
N. Kolmogorov in 1954, was then strictly substantiated by his pupil
V. I. Arnol'd.
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In works of 1962-1964, dedicated to the problem of stability of
the solar system, Arnol'd overcomes difficulties appearing due to the
slow rotation of the line of apses and the nodal line of planet orbits
by using averaging and extends his results to the two-dimensional
problem of three bodles and to the problem of n bodies for the case of
small eccentricities and small inclinations of orbits (and also under
the condition that the planetary masses are small as cocmpared to mass
of the sun). The work of A. N. Kolmogorov and V. I. Arnol'd was
honored by the Lenin Prize in 1965.

From the theory of periodic orbits the Institute of Thecretical
Astronomy essentially new results obtalned. An interesting class
of periodic solutions of the bounded three-body problem, and also the
Hill problem was found in 1961 by G. A. Merman. For the general
three-body prublem a new class of periodic solutions was obtained by
Yu. V. Batrakov (1955).

In connection with O. Yu. Shmidt's work in cosmogony in the
1940's, questions of the study of final motions in the three-body
protlem caused great interest. By final motlons are understood those
maximum motlions which tagg place when t + +» or when t + ..o, By
numberical integration Shmidt showed the possibility of capture by the
sun of aprctoplanetary gas-dust cloud with the help of an auxiliary

star.

This result contradicted the theorem of Shazl (1932) about the
impossibility of capture in the case of nonnegative values of
constant energy (h > 0). However, numerical integration in the
problem of O. Yu. Shmidt, carried out by N. N. Pariyskiy, still was
not strict proof.

Such proof was given soon in the work of G. F. Khil'mi. There
was further development of these questions at the Institute of
Theoretical Astronomy in 1953 in work of G. A. Merman. In 1961-1962
he found a stronger criteria of the possibility of capture in
hyperbolic and parabolic cases cof the three-body problem. Analogous
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criteria, more refined in certain cases, have been proposed by the
Moscow mathematician V. M. Alekseyev. He examined certain new
examples of capture and excl.izuge. G. A. Merman (1954) also improved
and essentlally supplemented certain theorems of Shazi. He strictly
proved the impossibillity of capture in the case of negative values
of constant energy.

From a new peint of view V. A. Bromberg (1962) studied the
determination cf orbits, which he set up as a boundary value problem
and solves by the direct variational method of the steepest descent.
Of great interest also 1s his work of 1961, in which he investigated
the probability distribution of coordinates and speeds (or elements
of orbits) for an instant according to an assigned probability
distrioution of initial data and parameters examined as random
varlables. It 1s strictly proven that there exists a finite l1imit
for t, with which error is determination of average anomaly attains
2n and its determination for large t becomes impossible

The theoretical works of V. F. Myachin (1959-1964) on estimating
error in methods of numerical integration have an important value.
In 1963 he was able to strictly substantiate a well-known result of
the American astronomer D. Brauer or error growth during numberical

2
integration in proportion to n3/“

, where n 1s the number of steps of
integration. 1In these works the question about optimum selection of

the 1ntegration step 1s solved.

In conclusion we will note an interesting work of the Soviet
astronomer M. D. Polanuyer, who is 1964 7n the basis of the method
of Lindstedt proposed a new theory ot libration of the moon, free,
in contrast to the classical theory, from resonance terms.

Fundamental Constants Connected with the Earth

The Institute of Theoretical Astronomy has carried out much
research in the development of a method of determination of fundamental
constants connected with tle earth. The prublem of establishing a
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rational system of astronomical constants from a minimum number of
basic parameters, cn the basis of which for any instant 1t 1s

possible to calculate the positlion and motion of bodies of the solar
system with the necessary acc'racy, composes an extraordinarily
important and at the same time extremely complex problem of astronomy.

This problem 1s still far from being solved and systems cf such
constants established from time to time (the last system of
astronomi~al constants was accepted by the International Astronomical
Union in 1964 at the XITth Assembly 1n Hamburg) require periodic
reconsideration and definitization in connection with the improvement
of methods of observations and thelr treatment, accumulation of data
of observations or the increase of the number of interesting obJects.

Among other constants a special place always belongs to constants
connected with the earth, since 1its surface is the base for
observations of all celestial bodies. The predominant influence of the
earth's mass on artificial bodies launched from its surface and
moving near 1t has placed the fundamental constants connected with the
earth Into a series of the most 1lmportant parameters necessary not
only for astronomy, but also for cosmonautilcs.

In 1952 in the "Transactions of the Institute of Theoretical
Astronomy" (Issue III) was printed a large monograph of
I. D. Zhongolovich "The external gravitational fileld of the earth
arnd fundamental constants connected with it." This work was an
essentlial step in developing the problem of astronomical constants
and became well-known in the Soviet Union and abroad. To obtain
numberical results the determinations of gravity known at that time
in approximately 26,000 gravimetric points were used. Considerable
methodlical difficulties resulted from the extraordinarily nonuniform
distribution of these observations, in which over huge spaces,
especially 1n the southern hemisphere and on the oceans, they were
completely absent. The baslc result of the worx was resolution of
the force of gravity in spheric functions tc thc eight order with
determination of numerical values of 81 coefficients of this

expansion.
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For comparison we indicate that in the work of the well-known
English geophysicist G. Jeffreys (1942) as a result of analogous
expansion only 13 numerical coefficlients were determined.

Thus, th” work of Zhongolovich disclosed new values of tho oot
of basic parameters characterizing the earth, the figure of the
geold 1s determlined and general maps of helghts of the geold for the
whole surface of the earth are worked out. Finally new data on the
distribution of gravitational force on the earth's surface permitted
obtalning a general expression of the potential of terrestrial gravity
outslde the surface of the earth.

A work of I. D. Zhongolovich "The potential of terrestrial gravity"
appeared in 1957 shortly before the launching of the first artificlal
earth satellite and was a valuable source of data of 1mportant value
for calculations connected with the motion of artificlal space bodies.

In 1956 the "Transactions of the Institute of Theoretical
Astronomy" (Issue VI) contalned another extensive work of
I. D. Zhongolovich - "The determination of dimensions of the general
terrestrial ellipsold" — which was a natural supnlement and
continuation of the 1952 work. It develops a method of obtaining
dimensions (large semlaxis) of the general terrestrial ellipsoid
according to different astronomical and geodesic works on the malnlands.
The treatment of observations according to the scanning method and =
new method of projection is examined. For numerical applicatlons
published data about deviations of plumb lines inrn approximately 1000
points 1n the territory of the Unlted States and Canada are used and
also data on degree measurement of the so-called Struve Arc. In
this last case 1t was necessary to conduct a thorough historical
investigation about the interrelation between the toise and the meter,

Parameters of the gravitational fleld of the earth can be
determined by the perturbations of orbltal elements of artificial
satellites (see § 7), but it 1s also possible to use artificial
satellites for purely geodesic aims, for determination of coordinates
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of points on the earth's surface, to connect different geodesic systems
among themselves and in the end to determine the dimensions and shape
of the earth. These questions are examined in detail in "Earth
satellites and geodesy" I. D. Zhongolovich (1961).

Motion Theory of the Planet Pluto

The most distant planet of the solar system, Pluto was
discovered 21 January 1930 at the Lovell Observatory in the United
States. With the entry of new data of observations the ephemerides
of Pluto were calculated for the preceding years. By these
ephemerides on old photographs it was possible to show the photography
of Pluto starting from 1914,

In 1935 the French astronomer Ruhr [Translator's Note: exact
spelling not found] began to rublish extensive work on the analytic
theory of the motion of Pluto, using Hill's method in the form given
by Anduaye [Translators Note: exact spelling not found]. However,
this work was not finished. He calculated only four intermediate
orbits of Pluto.

In 1946 by the initiative of M. F. Subbotin the Institute of
Theoretical Astronomy began work on an analytic theory of the motion
of Pluto. This fundamental investigation was carried out under the
leadership of M. F. Subbotin and Sh. G. Sharaf and was successfully
completed in 1963.

In the Soviet Union work of such a character was first carried
out.

The analytic theory of the motion of Pluto was constructed on
the basis of the Laplace-Newcom classical method which completely
Justified itself during the construction of the theory of motion of
the major planets. Perturbations from Neptune are obtained by
numerical integration.
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The theory of motion of Pluto was published in Issues IV and X
of "Transactions of the Institute of Theoretical Astronomy."

The Moons of Jupiter

The discovery in 1908 of the eighthmoon of Jupiter played, as 1s
well-known, a large role in the development of methods of numerical
integration. Perturbations »f thls satellite from the sun are so
great that it turned out to be more convenient not to calculate
perturbations of osculating elements, but to Integrate directly
equations of motion of natural and artificial bodies of the solar
system. The eithth moon of Jupliter was observed rather regularly until
1623, after which it was lost, so the ephemerides of the moon
calculated in the United States turned out to be inaccurate. In the
1920's development of the theory of motion for the eighth moon was
started at the Institute of Theoretical Astronomy. N. F. Boyev,
taking as initial data the cocordinates of the moon in 1916, carried
out numerical integration of equations of motion of theelghth moon
up to 1930 by the method of B. V. Numerov. By 1ts ephemerides the
moon constituting an extremely weak obJject of the 18th stellar
magnitude, attainable only by large instruments, was agaln found in
the United States, after which its cbservations were not interrupted
until 1942, when i1t again was lost. D. K. Kullkov started extensive
work on the presentation of all observations of the moon from 1908 to
1942. He used the method of Cowell for numerical integration in
rectangular coordlinates and successfully solved the problem. The
moon was found agaln from its ephemerides in 1947. Simultaneously
D. K. Kulikov obtained a new value for the mass of Jupiter, which
is in good agreement with other contemporary determinations. In this
work D. K. Kulikov made the first detalled study of the effect of
perturbations on coefficlients of conditional equations.

In 1950 V. F. Proskurin gave a detailed aralysis of all work
vn the motion of the eighth moon of Jjupiter and showed tha*% the
method of constructing an exact analytic theory of the motion of this
meocon proposed by K. Brown and D. Brouwer 1s unsuccessful. In
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connection with this he calculated the basic inequalities by the
method proposed by J. Hill in the theory of the moon's motion. This
method in 1956 was successfully used by S. S. Tokmalayevaya in
working out the analytic theory of motion of the eighth moon of
Jupilter.

The theory of motion of the sixth moon of Jupiter was worked out
in 1955 by V. F. Proskurin. He used for this the literal
decomposition of C. Delaunay (France) in the theory of the moon's

motion.

Artificial Earth Satellites

The launching of the artificlal earth sa*tellites set before the
Institute of Theoretical Astronomy new responsible problems. These
problems exceeded the 1limits of classical celestial mechanicecs, since
motion of artificial satellites has a series of essential
peculiarities as compared to motion of natural bodies of the solaq
system. First of all, motion of artificlal earth satellites occurs

not only under the influence of gravitational forces, but also of

resisting forces, caused by the presence of the atmosphere.

Furthermore, thanks to proximity of orbits of artificial earth
satellites to the surface of the ear-h insufficlent accuracy in F
calculating the figure of the earth and anomalies of the gravitational "l
field cause a deviation of satellite motion from theoretical :
calculations.

Acting simultaneously, all these causes extraordinarily
complicated theoretical research of the motion of artificial earth
satellites. On the otner hand, peculiarities of the motion of
artificial satellites cause certaln difficulties in organizirig their
observations. The rapid angular displacement of a satellite with
respect to the observer makes impossible the application of the usual

astronomical instruments and classical method of observations.
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We will examine certain questions of the method of treating
optical observations of artificial satellites used at the Institute

of Theoretical Astronomy.

The basic mass of all ptical observations is made ur to - -~
visual, and also preliminary photographic observatlons. They have
a low accuracy and give coordinates of a satellite in the sky with
error of the order of 0.1-0°2 and moments of observations with an
accuracy of 0%1. The basic purpose of such observations 1s to predict
the motion of satellites.

A considerably smaller portion 1s exact photographic observations,
which make it possible to determine the position of a satellite on
the celestial sphere accurate to 071, and moments of time accurate to
0¥01 and greater. Such observations permit obtaining the orbital
elements of a satellite with increased accuracy.

V. F. Proskurin and Yu. V. Batrakov in 1958-1959 developed a
sufficliently full analytic theory of the motion of satellites in the
field of gravitationr of the earth, and also a method of calculating
atmospheric drag. In this theory expressions for osculating elements
accurate to the first order of oblateness of the earth have the form!

a = ao + Za,, cos (iM + ko),

e = ey + Zey cos (iM + ko),

i = io+ Zi, cos(iM + ko), (1)
Q = Qo+ Q't + ZQ,, sin iV + ko),

0=+ 't 4 Zwg sin (iM + ko),
M= M3+ My + ZMysin (iM + ko),

!In the right sides of equations (1) the mean anomaly of a planet
M and the argument of the perehelion w are calculated by the formulas
of undisturbed motion, i1.e., are known functions of time,
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where coefficients By Cqpcce depend on constants a5s S 10 and are
series in powers of a small parameter. Orbital inclination 10 is in

the coefficients of these series in the form of finite trigonometric

expressions.

This theory is assumed to be the basis of treatment of optical
observations of artificial satellites.

The case of small eccentricities, which are very frequently
encountered in practice, presents certain difficulties and 1s
examined in the work of C. A. Chebotareyev (1962).

Since atmospheric drag causes considerable perturbations of mean
daily motion, which cannot as yet be determined theoretically, then
in the expression for mean anomaly of an artificial earth satel.iite
empirical terms proportional to time are introduced, the coefficients
of which are determined from the totality of conditional equations
simultaneously with orbital elements.

Several programs are composed for the treatment of observations.
The most full program permits determining six corrections to elements
of elliptic motion, and also secular perturbations in the node of an
orbit and in the mean anomaly. Systems of elements of artificial
satellites obtained at the Institute of Theoretical Astronomy are
published regularly in the "Bulletin" of stations for optical
observation of artificial earth satellites (G. A. Chebotarev,
Ye. N. Makarov). Results of the treatment of optical observations
of artificial earth satellite make it possible first, to examine
contemporary ideas about the upper atmosphere and, secondly, to
increase considerably the accuracy cf determination of parameters of
the gravitational field of the earth. As it 1s known, resistance
of air causes secular var .ation of the inversion period of a satellite,
and the gravitational action of oblateness of the earth according .
to (1) causes secular motion of nodes and perihelion of the satellite
orbit. These secular variations can be used for determination of air
density and oblateness of the earth.
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Determination of density of the upper atmosphere by the motion of
a satellite is the subject of the work of A. M. Fominov (1963-1964),
using a new model of nonspherical and nonstationary atmosphere with
a simple analytic structure. Determination of oblateness of the
earth from observations of an artificial earth satellite in 1960
occupied V. F. Proskurin, Yu. V. Batrakov, I. D. Zhongolovich and
others at the institute. To find the oblateness of the earth 1t
is necessary to have good elements of the satellite and especlally
motior. of the node Q2°. Meanwhile accuracy of visual observations 1s
small, while errors in determination of instants have an especlally
strong effect. To decrease the influence of these errors on
determination of elements D. K. Kulikov and Yu. V. Batrakov in 1960
developed a method which permits excluding not only error in fixation
of moments of time during the determination of certain elements, but
also unaccounted for influences of atmospheric drag.

Let us stop briefly on question connected with calculation
of the ephemeris of artificial satellites. This problem consists in
calculation of the position of a satellite on the celestial sphere
with respect to an observer and in determination of conditions of
visibility of the satellite. For calculation of the ephemeris »n
1960 the institue composed special tables (I. D. Zhongolovich and
A. M. Amelin). For mass calculations of the ephemeris a special
method was simultaneously developed which considers the peculiarities
and possibilities of high speed computers (A. S. Sochilin). Finally,
M. S. Volkov, using the Poincaré method, in the cycle of works from
1962-1963 constructed a periodic solution in the problem of rotation
of a satellite in the field of gravitation of a spherical or compressed
planet.

Zone of Minor Planets (Asteroids)

According to data on 1 January 1965, the minor planets
numbered 1660. Of them around 97% has an average distance from the sun
within limits from 2.2 to 3.6 astronomical units. Thus, the majority
of minor planets 1s located between orbits of Mars and Jupiter. The
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structure of the asteroid zone is very complex. The distribution curve
of the number of minor planets depending upon diurnal motion has
somewhat sharply expressed maxima and minima, which are in a specific
relation to the diurnal motion of Jupiter.

The mathematical theory explaining the existence of "hatches"
in the zone of minor planets is very complicated and is still not
completely developed. New results in this question were obtalned by
Yu. V. Batrakov in 1958.

Study of the motion of the minor planets presents a difficult
problem in celestial mechanics. Analytic methods developed for the
major planets usually become unfit for the minor planets. This is
explained by the fact that small parameters by which decompositions
are conducted cease to be small for the minor planets. In particular,
the proximity of Jupiter makes the ratio of the major semiaxes cof
Jupiter and the minor planets closely to unity.

Furthermore, for many small influences, especially for those
recently discovered, the number of known observations 1s so small
that the question of creating an analytic theory of motion for them
at least is premature. Therefore it 1s necessary to use methods of
numberical integration of equations of motion employing contemporary
computers. This whole complex of questions has been the center of
attention of the Institute of Theoretical Astronomy from the very
beginning of its existence.

According to a proposal of B. V. Numerov in 1924 for calculation
of perturbed coordinates of the minor planets for the first time
direct integration of equations of motion in rectangular coordinates
was used. The Cowell method was modified by Numerov by introducing
"special" coordinates, so that integration was very fast without
successive approximations (Numerov method).

The works of D. K. Kulikov (1960) developed Cowell's method in
its original form, but with the use of high-speed computers.
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Simultaneously with numberical methods the institute developed

Wilson's tables f
Minerval group and Bolin's table for planets of the Vesta type. The
periodic orbits of A. Poincaré and K. Shwartzschild were used in 1951
by G. A. Chebotarev to study the motion of the small planets, including

approximate analytic methods of the calculation of perturbations.
r calculation of perturbations of planets of the

planets of the Hilda group, for which classical methods of celestlal
mechanics turned out to be completely unsuitable.

V. F. Proskurin in 1953 developed an analytic theory of motion
for Ceres accurate to terms of the first order relative tc the
perturbing masses.

In 1958 N. G. Polozova made it possible to use electronic
computers to create a strict analytic theory of motion for the minor
planets. If the eccentricity of a planet is small, then after several
hours it is possible to find perturbations of the first order by
Hill's method.

These theoretical works made possible wide participation of
Soviet astronomers in the International Epenmeris Service of the
Minor Flanets. By the second world war the Institute of Theoretical
Astronomy occupied second place in the world in works done in the field
of motion of the minor planets. First place belonged to the Berlin
Calculating Institute.

The second world war distrubed international organization in the |
Service of the Minor Planets. In 1345 publication of the ephemeris
of the minor planets by the Berlin Calculating Institute ceased. At
the All-Union Astrometric Conference held in Moscow October, 1945
the necessity of renewing calculation of the ephemeris of the minor
planets was recognized, and the Institute of Theoretical Astronomy
offered to start thls work. Thus, the institute took on a problem
which had been handled for half a century by the Berlin Calculating
Institute.

Starting trom 1947 and vo to the present time the institute has
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published yearly the "Ephemeris of the Minor Planets," which are the
only publications of this kind in the world. The use of numerical
methods in the presence of contemporary computer technology permits
calculating the overwhelming majority of ephemerides of the minor
planets taking into account perturbations. Thereby the institute was
able to achieve essential progress in scl—ving the problems of the
ephemeris service of the minor planets. T!ese problems were solved
by a large collective of colleagues under the general leadership of
N. S. Samoylova-Yakhontova and S. G. Makover.

The use of high-speed electronic computers led to the solution of
certain other problems connected with the study of motion of the
minor planets. Thus, F. B. Khanina in one year definitized orbit of
150 minor planets.

In 1932 the Soviet astronomers B. V. Numerov, M. F. Subbotin and
N. I. Dneprovskiy advanced the possibility of orientation of
fundamental catalogs using observaticns of the minor planets. However,
research in this region was for a long time delayed. Subsequently by
proposal of N. S. Samoylova-Yakhontova in 1945 several Soviet and
foreign observatories organized systematic observations of ten chosen
minor planets, and the treatment of observations and construction of
the numberical theories of motion was taken on by the Institute of
Theoretical Astronomy.

Dynamics of Cometary Orbits

Comets are unconditionally the most mysterious class of objects
in the solar system. By contemporary ideas they form an extensive
cloud (Oort cloud) on the boundaries of the solar system. The orbits
of the comets in this cloud have major semiaxes - from 50,000 to
150,000 astronomical units — and all possible eccentricities and
slopes to the plane of the ecliptic. Under the influence of the
stars they experience considerable perturbations. In 1964
G. A. Chebotarev showed that apparently it 1s more correct to consider
as the disturbing body not individual stars randomly passing near the
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solar system, but the nucleus of the galaxy as a constantly acting
factcr which causes the evolution of orbits in the Ocrt cloud and
thereby determines the dynamic boundaries of the sclar system. If
the perichelio distance of the comet becomes small, then the comet
area the perihelicn turns out to be in the region of motlon of large
planets. Perturbations from large planets can move the comet into a

hyperbolic orbit, after which the comet leaves the solar system forever.

In other cases planetary perturbations decrease the major semiaxlis
and eccentricity of the orbit. After that the comet passes into an
elliptic orbit and forever remains near the sun, having a comparatively
small period of inversion. Interesting results on questions of the
evolution of cometary orbilts are obtained 1n works of the Riga
theoretician K. A. Shteyns for 1953-1965.

Here there 1s no possibility of mentioning all the numerous
works on appllication of methods of celestial mechanics for calculation
of the final orbits of nonperiodic and long-perlod comets, and also
in the study of the evolution of orbits of short-period comets.
Among the most outstanding Soviet theoreticians working in this area
it 1s necessary to note the Kazan astronomer A. D. Dubyago (1903-1959),
studying from 1924 to 1959 the motlons of the periodic comets Brooks,
Daniel and Shayn-Shal'dex. He also proposed in 1942 original theories
of the causes of secular acceleration, observed for the majority of
pericdic comets. According to this theory secular acceleration is
caused by the reactlion forces appearing as a result of the ejectlon of
particles ot matter from the nucleus of a comet as 1t passes near the

sun.

Let us stcp in somewhat greater detall on the work of
S. G. Makover on the theory of movement of Encke's comet. This comet,
discovered in 1818, was the first object whose movement could not be
explained completely by Newton's law of universal gravitation. The
period of inversion of the comet, freed from the influence of planetary
perturbations, turned out to be not constant but systematically
decreasing from turn to turn. To coordinate all observations
Encke proposed the hypothesls that the comet moves in a resisting
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medium. However, this hypothesls turned out to be a fallure, just as
a serles of other attempts to explain the anomaly of movement of the
comet. Even the Pulkovo astronomer O. A. Baklund, 1investigating

the movement of this comet acccrding to observations from 1871 to
1916, arrived at the conclusion that the acceleration of 1its movement
(and accordingly reduction of its period of inversion) occurs near

a perihelion. S. G. Makover in 1955 was able to show that the
movement of Encke's comet can be represented very exactly by the same
system of elements, if to the gravitational perturbations from large
planets an additional acceleration 1s added at every passage of the
comet through the perihelion in agreement with the hypothesis of

A. D. Dubyago. Thus, the puzzle of Encke's comet, inexplicable for
almost 150 years, can be considered as completely explained. Another
important result of the work of S. G. Makover was a new determination
in 1956 of the mass of Mercury according tc the perturbations which
this planet causes in the movement of Encke's comet.

The value of the mass of Mercury with respect to the mass of
the sun (m = 1:6,280,000) obtained by Makover agrees completely with
other determinations. This result serves as an important additonal
proof that the contemporary theory of movement of Encke's comet
completely reflects its real movement,

In connection with the questior of the origin of comets, the study
of the movement of comets whose eccentricities of orbits are close to
one 1s of real value. In order to determine the initial orbit of such
a comet, we should with the help of numerical integration trace the

movement of the comet through a series of preceding years, far enough
back to be sure that perturbation up to this moment were insignificant.
The gquestion about the character of the future orbit of the comet after
it goes beyond the limits of the orbit of Pluto 1s solved similarly.

A very effective way to calculate the 1initial and future orbits was
shown by Makover, who proposed to use as the independent variable for ]
integration, not tlme, but the true anomaly of the comet. In 1954
I. V. Galibin applied this method to all as yet uninvestigated
long-period comets with sufficiently precise elements. According to




the results (1958-1964) all these comets had in the past elliptic
orbits, 1.e., belonged to the solar system. Regarding, however,

future orbits, then approximately half of all comets as a result of
planetary perturbations are ejected from the solar system on hyperbolic
orbits.

The movement of comets in the sphere of action of Jupiter 1is of
great interest. An exact method of investigation of cometary
perturbations in this case was developed in 1961 by
Ye. I. Kazimirchak-Polonska. She showed in particular that an
insignificant change of the mass of Jupiter leads to essential
deviations in the presentation of observations of a comet after its
approach to the planet.

This fact opens new possibilities for determining the mass of
Jupiter.

Astronomical Ephemerides

Calculation of the varlous kinds of astronomical ephemerides
composes an important divislon of celestial mechanics. Basic
ephemerides, ensurlng all possible astronomical and geodesic work, and
also naval and alr navigation, and at present even the navigation of
spaceships, will be issued in the fcrm of astronomical yearbooks.

Prior to the Great October Soclalist Revolutlion astronomical
work in Russia (both gcientific and industrial) was carried out with
the help of annuals published atroad. Therefore the Institute of
Theoretical Astronomy from the very beginning of its organization

was faced with the basic problem of developing astronomlical ephemerides.

As a result of the enormous work done by the institute, at present
we have not only a first-class "astronomical yearbook," providing
for complete astronomlcal, geodesic and hydrographic work, but also
speclal ephemerides — the "Naval Astronomical Yearbook" and "Aviation
Astronomical Yearbook" — adapted for the most effective service of
naval and alr navigation.
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In the Soviet Union during the period of 1917-1965 B. V. Numerov
(1891-1943), M. D. Rozhnov (1892-1945), N. I. Idel'son (1884-1951),
N. S. Yakhontov, M. F. Subbotin (1893-1966), D. V. Zagrebin and
D. K. Kulikov (1912-1964) played prominent roles in the work on
astronomical yearbooks. The problem of creating special astronomical
ephemerides (naval and aviation astronomical yearbooks) was
successfully solved under the leadership of I. D. Zhongolovich.

An  important divlsion in the astronomical yearbooks 1s the tables
of solar and lunar eclipses. Classical theories of eclipses were
augmented in works of A. A. Mikhaylov 1919-1945. Under his leadership
over many years precomputations were made of solar eclipses visible
in the USSR.

From 1911 the composition of national astronomical yearbooks
has been conducted in terms of an exchange of materials between
corresponding institutes of different countries. Durlng the years
of the Great Patriotic War, when international scientific communications
were interrupted, the Institute of Theoretical Astronomy ensured
completely 1ndependent calculation of all divisions of the
"astronomical yearbook of the USSR." The use from 1939 of computers
(at the initiative of M. D. Rozhnov and I. N. Yanzhul) solved this
problem in a comparatively short time. The 1941 "astronomical
yearbook," composed under the leadership of N. I. Idel'son, was the
first issue of the "great" astronomical yearbook, completely
calculated in the USSR and standing on the level of the best foreign
annuals. A distinctive feature of the Soviet "astronomical yearbook"
from the very beginning of 1its publication was the tendency to ensure
completely astronomical and geodesic work in the territory of the USSR
by the visible places of stars used 1n geodesic practice. In this
respect, as and in certain others the Soviet "astronomical yearbook"
i1s the most complete ¢mong natlional annuals and therefore 1s widely l

used abroad in sociailst and certain capitalistic countries.
Constant development of science and technology, increase of

accuracy of astronomigal calculations, and in recent years the solution
to problems of mastering outer space requlire continuous improvement
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of astronomical ephemeric, reconsideration of methods of their
calculation, increase 1n accurecy, introdu:tion of new numerical
values for astronomical constants,

Therefore the "astronomical yearbook of the USSR" constantly is
improved in order to remain on a high theoretical level in accordance
with requirements of science and technology. Thus, for example, in
1960 there was an important reform of the "astronomical yearbook of
the USSR," connected with increasing the accuracy of ephemerides,

In 1964 the XIIth Congress of the International Astronomical
Union resolved to Introduce into sstronomical yearbooks, startin-
with 1968, new numerical values for the system of astronomical
constants. The transition toa new system of constants presents a
complex problem which 1s being solved with the close collaboration
of the Institute of Theoretical Astronomy (USSR), the Britisn
Bureau of the Ephemerils (England), the Bureau of the American
Ephemeris (United States) and the Bureau des Longitudes (France).

Moscow School of Celestigl Mechanics
and Its Work!?

1, At Moscow State Unlversity imeni M, V, Lomorniosov the chair
of celestial mechanics was organized relatively rccently, namely in
1938, i.,e., alrecdy more than 20 years after the Great Octcber
Sociallst Revolution, However, collective of the chair, a fully
defined scientific group older than the chair itself, and the basic
directions of the work of the chair appeared much earlier than its
organization., Therefore to correctly understand the role and value
of the Moscow school of celestial mechanics it 1s necessary to examine
the history of the group of astronomer-theoreticians in Moscow and
the basic stages of development of its scientific activity.,

This section was written by G. N, Duboshin,
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It is necessary to note first of all that in the first years of
Soviet power (1917-1920) in Moscow there wasn't any group of scilentists
which would be somehow united by general interests in the region of
celestial mechanics, However, there already existed an Astronomlcal
Society, in the useful enlightening work of which participated many
persons interested in different regions of astronomy. Among them
were also amateur theoreticians whose interests were inclined to the
calculations and algebraic computations of celestial mechanics.
Furthermore, various questions of celestial mechanics were examined
sometimes in sessions of the Moscow Mathematical Society and even,
although very rarely, at sessions of the Mcscow Socliety of Naturalists
and Physicians,

‘ndividual (not connected organizationally) amateurs in celestial
mechanics — S, A. Kazakov (1873-1936), I. F. Polak (1881-1954),
A. A. Mikhaylov, K. L. Bayev (1881-1953), G. N. Sveshnikov and certain
others - usually were very overloaded by pedagogic and sclentific
and organizational worl and :ould not allot much time to their
personally interesting, but, it would seem, distant from stormy
practical life, scientific work in the region of celestial mechanics,

At Moscow University there was at that time only one general chair
of astronomy, which carried out the preparation of specilalists in
astronomy. In 1918 one of the leading professors of this chalr was
Sergey Alekseyevich Kazakov, who conducted in those years the following
courses: 1) determination and correction of orbits of the minor
planets and comets, 2) celestial mechanics, 3) theoretical astronomy,
4) spherical astronomy and 5) computer technology and interpolation,
These courses were attended >y all students specializing in astronomy
(they were quite few!), and even certaln students whose specialty was
mathematics or thecretical mechanics. The cause of the great
polularity of lectures by S, A, Kazakov at Moscow University was the
unusual pedagogic skill of lecturer, thanks to which the most difficult
questions of celestial mechanics were clearly and distinctly
illuminated,
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The author of this sections was a pupil of S. A. Kazakov, had
the luck to hear his lectures and very well remembers the calm,
unhurried manner of the professor, and gentle humor, at times
bringing to life the discussion and exact formulations of theorems
and ruies and excellent chalk drawlings on the board.

Besldes the lectures of Kazakov, student astronomers interested
in "theory" listened also to lectures of A, A, Mikhaylov, who taught
higher geodesy, theory of ecllipses, theory of the figure of the earth
and certain other, not so "theoretical" courses., Finully, theoretical
courses also include the course of S, V, Orlov (1880-1958) on the
theory of cometary forms, in which both fundamental results of
F. A, Bredikhin and the investigations of Orlov (a well-known Soviet
speclalist on comets) were expounded.

2. At the beginning ot the 1920's in Moscow appeared two large
astronomical institutes, In November, 1922, in the physics and
mathematics department of Moscow University was organized the
Association of Scientific Research Institutes, which included 11
institutes, in particular the Astronomical and Geodesic Scilentific
Research Institute (AGNII), The director was S. N. Blazhko, The
composition of this institute included only one specialist in
celestial mechanics, S. A. Kazakov, who because he was overburdened
by organizational and pedagogic work, could not create a brilliant
schcol of celestial mechanlics and directed nc sclentific activity “n
thils region.

In March, 1921, from the organizational committee and
astrophysical conference which it held on the construction of the Main
Russian Astrophysical Observatory was formed the Russlan Astrophysical
Institute, renamed in May, 1923, the State Astrophysical Institute
(GAFI)., In the organlzation of the new institute its cadres were
comprised mainly of young people, who znthuslastically took over
sclentific work not only in the region of astrophysics, but also in
other regions of astronomy, Thelir number counted lovers of theory
(K. L. Bayev, B. M, Shchigolev, N, D, Mciseyev, K. F. Ogurodnikov,
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N. N, Pariyskiy and others), who, however, did not form a spearate
theoretical group, btut were scattered through other, already existing
sections of the institute (cometary astronomy, stellar statistics),

The department of theory in GAFI was organized only at the end of
1925 under the name "Department of Theoretical Astrophysics,.," This
group became the nucleus from which was formed later the Chair of
Celestial Mechanics of Moscow State University. The first session
of the department of Tehoretical Astrophysics, taking place
12 November 1925, can be considered the beginning of activity of the
Moscow group of theoreticians,

Very quickly, at the very beginning of 1926, in the section
Professor of Mathematics of Moscow University V. V. Stepanov was made
senior scientific colleague. Then to the department of theory came
B. M. Shchigolev and N. D. Moiseyev, and the department continued
gradually to be supplemented by students and graduate students,
finishing Moscow State University,

The scientific direction of the department followed an
extensive plan of investigations of mathematical character, concerning
the properties of motions of real celestial objects (stars, planets,
satellites, clusters, etc.), under the action either of practically
observed space forces, or not observed hypothetical, but possible

forces.

From the very beginning of activity in the Moscow group of
theoreticlans appeared a tendency to conduct qualitative investigations
of planetary motion, i.e., tendency to study such general properties
of motion as appearance and form of trajectory of a moving body,
finite properties of motion, etc, However, already under the
influence of V. V. Stepanov (speclalist-mathematician) the group
began development of analytic theories of motion for the purpose of
obtaining in the form of matematical formulas a solution to those
differential equations which must inevitably be considered in any
problem of celestlial mechanics, These tendencies of collesgues of the

department, soon renamed "Department of Theory" GAFI, are explained
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on the one hand by the personal tastes of colleagues, and on the other
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by the influence of the leaders.

During the first few years of 1ts existence the Department of
Theory GAFI was able to conduct a series of investigations, printed
mainly in "Astronomical Journal,'" on several important problems in
the <heory of planetary motion. These works were dedicated to the
theory of internal structure of stars, examined as the totality of
a multitude of particles moving under the action of cosmic forces,
problems of the dynamics of star clusters and investigation of the
general properties of motion of particles in a medium, simultaneously
gravitational and resisting, study of the form of branches of spiral
nebulae and other problems of stellar dynamics. In spite of the
apparent separation of these works and their formal disconnectedness,
they nonetheless were in the general framework cf the single plan
which was mentioned above.

At the end of 1928 the director of the Department of Theory was
V. V. Stepanov, who played in the creation of the Moscow school of
celestlial mechanics a very important role. V. V., Stepanov was a

sensitive and strict critic of all works of mathematical character,
especially from the point of purity and validity of mathematical
proofs. Stepanov was the author of original ldeas in mathematics

and mechanics, always in the virgin territory of mathematical
literature.

Under Stepanov, whose closest assistant was soon N. D. Molseyev, ¢
the plan of sclentific work of the department gradually changed
(mainly to an increase of exactitude and strictness of formulations
of problems, but nct essentlally). The basic direction was foundation

and mathematical development of existing cosmogonic thecories. This
direction, obtaining the name "dynamic cosmogony," remained the |
leading one in the work of the Department of Theory for several years ‘
and led to interesting and useful results, in many respects covering,
supplementing and definitizing a seriles of results of foreign
scientists working in that same region.




3. In 1931 the State Astrophysical Institute, which up to this
time was an independent establishment and absolutely did not depend
on Moscow University, was combined with the Scientific Research
astronomical and Geodesic Institute of Moscow State University.
Colleagues of both institutes composed the cadres of this new
institute, which was included in the system of Moscow State University
under the name of the Joint State Astronomical Institute imeni
P. K. Shternberg (abbreveated OGAISh, and soon simply GAISh). In
conr.ection with this the Department of Theory began to be called
the "Theoretical group" OGAISh (June, 1932 renamed the "Sectlion orf
Cosmogony and Celestial Mechanics" GAISh).

After the merging of GAFI and AGNII the director of the theoretical
group, and then of the Section of Cosmogony and Celestial Mechanics
was the oldest astronomer-theoretician of Moscow State Unlversity,

S. A. Kazakov. In a supplement of a study of problems of cosmogonic
character he directed the attention of theoreticlans of the section
to problems of strictly celestlal mechanics, which at the time was
occupled by the study of motions chiefly of bodies of the solar
system (majJor and minor planets, comets, satellites, meteors). It is
especlally necessary to note extensive work of the section in the
region of a general theory of stability of motlon, created by

A. M. Lyapunov, and its concrete applications to celestial mechanics.

In this direction extraordinarily frultful and active was the
work of N. D. Moiseyev, who during the 1930's and 1940's introduced
to the Lyapunov theory of stability many new original ideas, promoting
development of this theory and 1ts practical application. Examining
the multitude of particles forming at an initial moment a compact
cloud, i.e., belng at very close distances from each other, and
solving the problem about stability (or instability) of a certain
"leading" motlon in the field of force, we find 1t possible to judge
about the further fate of such a cloud, namely about its preservation
in compact form (in case of stability of leading motion) or about its
scattering in time (ir case of instability). For dynamic cosmogony
of the 1930's-1940's such problems and their strict solution played
a great role. On the other hand application of methods of the theory
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of stabllity to celestial mechanics permitted constructing exact
analytic theories of motion of celestlial body in the form of an
infinite series, convergent absolutely and evenly 1in a certain interval
of time. Furthermore, for celestlal mechanics it turned out to be
possible to use A. M. Lyapunov's theory of periodic solutions, based

on the theory of stabllity, more general than the well-known theory

of Poincaré, and including the latter as a speclal case. Finally,

a certain further generallzatlon of the theory of Lyapunov was
developed, namely the theory of stabllity during constant operational
perturbations (G. N. Duboshin, end of 1930's).

Besides the theory of stabllity, the section used other methods
to qualitatively study planetary motions. The basic work in this
direction was the work of N. D. Molseyev and his pupils in the 1930's
and 1940's (N. F. Reyn, G. K. Badalyan, T. V. Vadop'yanov and others)
on the development of a method of contact characteristics. This method
originates with works of Poincaré and Adamar (second half of the
XIXth to the beginning of the XXth century), dedicated to general
and geometric characteristics of integral curves of systems of
differential equations, determining motion in the dynamic problemn.

As the experience of subsequent work showed, use of this method can
give many valuable indicatlons with respect to character of motion,
form of trajectories and, so forth.

A seriles of problems in celestial mechanics was examined in work
dedicated to use of the method of so-called contact characteristics.
Here we find the work of N. D. Moiseyev on the study of motions in
special cases of the three-body problem (bounded circular and
elliptical three-body problem, Hill's problem, Fatu's problem),
work of N. F. Reyn on study of periodic orbits and motions in the
gravitational medium, work on application of averaged Gausslan-type
(and more general) schemes and also many others. These investigations
included G. K. Badalyan's presently very timely work on the properties
of motion in the problem of two statlonary centers and the work of
Kondurarya on the theory of translational-rotational motion of
celestial bodies, which was the first link of an extensive cycle of
work of V. T. Kondurarya himself and many other scientists later.
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In 1936 N. D. Moiseyev (1902-1955) was named director of the
section. He was an unusually energetic and able-bodied (in spite of
severe illnes§) person, possessing much learing in the physical and
mathematical disciplines in general, and astronomy in particular.

He was the true founder of the Moscow school of the Moscow School of
Celestlal Mechanics and directed the work of the theoretical group
for almost 20 years up to his own premature death 1i. December, 1955.

4. The end of the 1930's saw the beginning of a new period in
the hlistor y of the GAISh theoretical group, marked by organization
of the chailr of celestial mechanics. During this time the mechanics
and mathematics department of MGU was jolned by the Division of
Astronomy made up of six chalrs of astronomy in acdition to the GAISh
departments. Thanks to the energy, persistence and efforts of
N. D. Moilseyev among these chalrs of astronomy the chair of celestial
mechanics was also organized and headed by Moiseyev. During the Great
Patriotic War the chalr, not interrupting its scientific work of
celestial mechanics, was also occupled with thie development of certain
special needs for the front.

In the summer of 1941 GAISh was almost completely evacuated to
Sverdlovsk. At Moscow B. M. Shchigolev and G. N. Duboshin, remained
to teach at Moscow State University until the end cf October, 1941,
and then after a break again went back to thelr pedagogic work in
February, 1942,

In 1944 GAISh returned to Moscow, and the chair of celestial
mechanics renewed its work. But by this time the Section of
Celestial Mechanics and Cosmogony had actually ceased existence and
the theoretical group of GAISh continued work only in the composition
of the chair. The chair went completely to subjects of cclestial
mechanics and concentrated its attention on qualitative 1investigations
in the region of the organic three-body problem, the theory of
perturbed motion and the construction of analytic theorlies of motion
of natural satellites of certain major planets and also asteroids.
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Nikclay Dmitriyevich
Molseyev

1902- 21955,

N. D. rolseyev set as hls cwn targ=t the study of general
properties of trajectories 1lr problems <f celestial mechanics on the
basis of using differential equationrs of motrion and certain known
integrals and constructed in the 194N s-1950's an avsolutely new
theory 1n celestlal mechanics on the satisfactoriness of osculating
elements of perturbed Kerler motlon (elliptic). N. D. Molseyev and
his pupils conducted a qualitative study of a serles of concrete
problems of celestial mechanics, i.e., problems about the motion of
fully concret: hcdies of the solar system, arnd also the question

about practical application of gualitative results to certain bodies
was posed and solved.

In particular, it vas srhown that the "li1ost" minor planets had
unsatisfactory elements according to criterla of N. D. Moilseyev.
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A later large cycle of N. D. Molseyev's work in celestial mechanlcs
was on the study of secular and long-period perturbations in motions
of natural celestial bodies, mainly the mlnor planets. Starting
in 1645 N. D. Moiseyev investigated in detail earlier proposed
averaged diagrams (Gauss, French sclentist Delaunay ‘and others) and
constructed a series of new averaged dilagrams, of practical use
in au1s cwn work and in work of his colleagues (K. A. Shteyns,

M. .. Yarov-Yarovoya, the young Hungarlan scientist Arpad Pal and

othe.,s ).

The so-called interpolation-averaged diagrams, first created by

. seyev, should be especially noted. Thelr basic idea can be
vriefly formulated. From results of observations of celestial
bodies are derived approximate empirical integrals. These integrals
are used to average the force function, after which differential
equations of motion are integrated by quadratures. Quadratures
deliver approximate formulas, making it possible to calculate and to
Judge abcut the general propertles of motion. Thus & theory is
constructed which then can be definitized by comparison with
observations. The development cf this method (which occupied Moiseyev
until his death) was shared by other colleagues of *“he chair

(G. N. Duboshin, A. A. Orlov, M. P. Kosachevskiy), #ho used it in
thelr own works on constructing an analytic theory of motion of the
satellites of Saturn, Uranus and Mars. 1In these wcrks, however, in
contrast to Molseyev's work, the averaged equations were integrated

. somewhat differently, for example, by using methods of

A. M. Lyapunov, developed by him for use in problems about stability
of motion and adapted by GA1Sh for the actual calculation of seriles
satisfying averaged equations and representing the motion of
satellites.

At the same time In 1945-1955 another branch o< the same dlrection
was Jdeveloped, namely a theory of motion of a celestial body was
constructed using the averagling not of the actual fnrce function, as
was done in already mentioned 1investigations, but 1its derivatives,
i1.e., right sides cof differentlal equations of motion

(B. M. Shchigolev). Furthermore, at the chalr work continued on the
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theory of stability of motlion bcth from the point of view of deve_oping
supplements to the actual theory and from the slde of 1its applications.

During several postwar years many colleagues of the chalr were
occupled with development of applications of the theory of
A. M. Lyapunov and its changes in form (N. D. Moiseyev) not only to
problems of celestial mechanics, but also to purely technical problems.
Soon arter the war the chair renewed and intensified its work on the
preparation for publication of original and translated educational
and training-auxiliary literature.

This period in the life of the chalr was completed in 1955
by the merging of the chairs of celestial mechanic: and gravimetry
into a single chair, named the "Chalr of Celestial Mechanics and
Gravimetry," for which the subjects of scilentific work considerably

croaided.

After the death o N. D. Molseyev, G. N. Duboshin in 1956 became
the director of the Chair of Celestlial Mechanlics and Gravimetry.

At the end of 1957, after the Soviet Union launched the first |
artificial eesrth satellite in the world, the Chalr of Celestial i
Mechanics and Gravimetry began gradually to pass to new subjects,
namely the theoretical study of motions of artificial celestial
bodies. The new reglon of sclence which appeared - theory of motion ‘
of artificial celestial bodies, or, as in now frequently called
"astrcdynamics" — promoted wide interest toward problems cof celestial
mechanics in the most diverse circles of speclalists.

The barlc problems of astrodynamics at present are: translational
motion of any kind and type of artificial earth satellites (and
also artificial satellites of the moon, Mars, Venus); rotation of
artificial satellites; space flights from the earth to the moon,
Venus or Mars (or at least to a reglon near these bodies); rotation
of spaceships during interplanetary flights; flights to other regions
of outer space, for example tc regions far from the ecliptic plane and |
a multitude of other problems.
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The motion of an artificial celestial body which already is in
orbit subsequently can occur exclusively under the action of natural
(not depending on the will of man) forces — attractions, replusions,
resistances of medium, radiation pressure, etc. 1In this case the
problem of the motion of such a body in principle doés not differ
from the problem of motion of a natural celestial body and can be
distinguished from the latter only by initial (or final) conditions.
But if during the flight of an artificial celestial body additional
forces begin to act, depending on the will of man and controlled by
him, then a fundamentally new problem appears about the motion of such

bodies which requires new methods for solution. The Chalr of
Celestial Mechanics pursued a solution of problems of the first
kind. and according to traditions and interests of colleagues cf the

chalr — thelr analytic solution.

It is known that in practice problems about the motion of
artificlal celestial bodies are decided at present for the most part
by numerical integration of differential equations of motion on
high-speed computers. However, the construction of ar analytis theory
»f motion presents independent interest; furthermore, 1t facilitates
also direct numerical operations and provides many possibilities for

qualtative investigations.

First of all in the period from 1955 to 1965 colleagues of the
chalr pursued the development of an analytic theoi;'y motlon of
artificial earth satellites under the action of the attraction of a
nonspherical earth and the perturbing influences c! the moon and sun,
and also an analytic theory of the rotation of a satellite around
its center of masses. Along the way other problems were examilied,
for example the general problem about translational-rotational m tion
of a solld, calculation of conditions for interplanetary flights, etc.
The theory of motion of an artificai satellitve in the gravitationral
fleld of the earth, developed at first by Ye. P. Aksenov,

Ye. A. Grebenikov and V. G. Demin, ard then only by Ye. P. Aksenov,
is consldered especially promising. This theory takes as the initial
orbit not the Kepler ellipse, but a trajectory closer to reality

in which the influence of the oblateness of the earth already 1s
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considered and which 1is the trajectory of a certaln speclally selected
croblem of two fixed centers.

Another variant of the problem about motion of a satellite in
the gravitational field of the earth is the problem examined by
A. A, Orlov (GAISh), which uses the very convenient method of
Deloné, and makes 1t possible to find rather simply perturbation from
separate harmonics in the decomposition of the earth's potential.

At present work has been successfully begun on an analytlc
theory of 1nterplanetary trajectories (G. N. Duboshin,
M. S. Yarov-Yarovay). Thils work is based on the possibility of
building a conveniert serles representing motion of the ship in
powers of a certain regularizing (in the sense of Sundman, Levy-Chivit)
variable.

It 1s obvious that 1n the very near future the solution of the
tremendous problem for man's conquest of outer space will also lead
to new outstanding successes In the solution of problems of
celestlal mechanics.
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THE PLANETS AND THEIR SATELLITES

It is difficult to evaluate physical investigations of the
planets of the solar system and their satellltes. After all, among
celestlal bodies planets are the.closest in nature to our earth, and
a study of the many sides of the physics of the earth is 1lmpossible
without a comparison with other planets. Planets are the only bodies
on which organic 1life can appear and develop. This 1s why besides
purely astronomical problems, planetary study meets problems solved
by geophyslcs, geochemistry, geology, biology, meteorology and others.
Futhermore, the planets ard thelr satellites, especlially the earth's
own moon, are the nearest celestial bodies to the earth, and three of
them — the moon, Venus and Mars — already are 1inside the sphere of
attainability of contemporary space rockets. Man's entrance into
the Cosmos made a visit to the mc.n and planets by astronauts a
reality, which still more increases Lhe role and value of investigation
now. However, half a century ago, in the second decade of the XXth
Century, the position was different. At that time the pocsibility
of space flights was not even discussed seriously in sclentific
circles; the pioneer works of Tslolkovsky were not wide-spread, and
in other countries no similar works were being carried out. 1In
astrcnomy theoretical astrophysics and the physics of the stars and
nebulac developed rapidly, and the prob._em of stellar astronomy and
cosmology was intensively attacked.

The nature of the planets and satellites at that time was gliven
comparatively little attention. Individual researchers, depending
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upon their interests, from time to time carried out works on the
physics of the planets, having sometimes a very important value. An
example of such work in particular are the determination by A. A.
Belopol'skiy (1895-1909) of the periods of rotation of the planets
by the spectral method and the first photographs of Mars with lignt*
filters, obtained in 1909 by G. A. Tikhov. ’

In the first years of Soviet power, our country conducted
mainly visual observations of the planets. Starting with 1918
regular observations of Mars (and then also Venus) were conducted
in Kharkov by N. P. Barabashov, and in Leningrad by A. V. Markov.
The same period embraces the first investigations of the nature of
Juplter by V. G. Fesenkov (1917) and his work on selenology (1917-1922). |

The predominance of visual observations of the planets in those
years was connected with the almost tctal absence of large instruments .
and good astrophysical instruments (spectrographs, photoumeters and !
others). The 30-inch refractor at Pulkovo after 1909 was used mainly
for spectroscopy of the stars and sun, and the 15-inch refractor was
used fcr astrometric observations. The U40-inch reflector of the
Simelz Cbservatory, obtained in 1925, also was used to study the
spectra of the stars. Observations of the planet were conducted in
our country in that period with 5 tc 10-inch telescopes. However,
even in the 1920's we began to develop photometric and polarimetric
studles of the planets and the moon. Application of the method of
photographic photometry permitted N. P. Barabashov (1922) and A. V.
Markov (1924) to establish and theoretically interpret the ract that
any detail sn the moon attalns maximum brightness in a full moon.

By the beginning of the 1930's the Scviet photometric school
had beeir basically formed, and its members included V. G. Fesenkov,
N. P. Barabashov, V. V. Sharonov {1901-1964), N. N. Sytinskaya and
young astronomers working at two basic centers of planetary investi-
gations: the Kharkov Astronomical Observatory under N. P. Barabashov
and the Astronomical Observatory of Leningrad Uiiversity under V. V.

Sharonov.




Improvement of methods and improvement of instrument possibilitles
(in particular, the use of the 30-inch Pulkovo telescope and the
normal astrograph of the Tashkent Observatory for photographing
planets) demanded the development of theoretical research in the
absorption and scattering of light in the atmosphere of the planets
and the reflection of light from the surfaces of planets. Concerning
planets with rareried atmosphere (as of Mars) this was done in works
of V. G. Fesenkov (1944), N. N. Sytinskaya (1944-1948) and N. P.
Barabashov (1946). Theoretical research on light scattering in
turbid and dense gaseous environments was carried out by V. A.
Ambartsumyan (1941-1942), who developed a generzl theory of light
scattering in a turbid medium, and V. V. Sobolev (1944-1949), who
developed metnods of approximation of the solution to this problem
by applying it to atmcspheres of a planet similar to Venus.
Subsequently results of these investigatlons were put in monographs
(V. A. Ambartsumyan and others, 1952; V. V. Sobolev, 1956). Almost
simultaneously (1944-1950) a general theory of scattering in
optically solid media was developed 1n the United States by
S. Chandrasekar, whose monograph in 1953 was translated into Russian.

Vsevolod Vasil'yevich
Sharoriov

1901-1964
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The direction of the work of both branches of the Soviet
photometric school — Kharkov and Leningrad — somewhat differed.

At Kharkov N. P. Barabashov and his colleagues (B. Ye. Semeykin,
A. T. Chekirda, I. K. Koval', V. I. Yezerskiy and others) paid
primary attention to the accumulation and treatment of observations.
They obtained (using light filters) numerous observations of the
moon, Venus, Mars, Jupiter and Saturn, by which the values of visible
albedo (reflectance) and the character of his change considering a
change of angles of incidence and reflection of solar rays were
determined for these planets, the indicatrix of reflectlon for lunar
and Martian types and the indicatrix of scattering for the atmosphere
of Venus were worked out, photometric properties of atmospheres of
Jupiter and Saturn were studied. The works of the collecagues of the
Kharkov Observatory as a rule contain detalled tables (or graphs) of
photometric parameters of the planets for every date of observations,
which r2rmits any researcher tc use them for checking hils own theory
or for comparison with his own observations. Many results of the
work of Kharkov astronomers are summarized in monographs of N. P.
Barabashov (1952, 1957), in his surveys (1932, 19237, 1948, 1960) and
in collections (1959).

The Leningrad school, headed by V. V. Sharonov and N. N.
Sytinskaya, posed as a basic problem the more preclse determination
of basic photometric parameters characterizing the general reflective
properties of different surfaces and the reflectance of the planets
as a whole, the development of a method of photometric investigations
and carrying out laboratory experiments. At the same time V., V,
Sharonov and his pupils (N. S. Orlova, L. N. Radlova, I. A. Parshin
and others) conducted numerous observations, using methods of both
visual and photographic photometry. The methodical investigations
of Leningrad photometrists are in a monograph by N. N. Sytinskaya
(1948), in surveys and monographs of V. V. 3haronov (1940, 1954,
1958, 1965). As a result of these investigations besides the long-
known ideas of geometric, spheric and true albedo (Lambert's altedo)
in planetary photometry appeared such new ideas as the brigntness
coefficient, visible albedo (brightness factor), illustrative albedo,
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luminosity. If for an orthotropic surface many of these formally
different values are equal to each other (spherical, i1llustrative
and true albedo, and also luminosity), then for an nonorthotropic
surface they can essentlally differ, which was insufficiently
considered in former works.

In order to show the value of the work of Soviet photometrists
in the study of planets prior to the 1950's, 1t is sufficient to give
one example. In the summary of determinations of atmospheric

ressure on Mars, composed by the French sclentist G. Vaucouleurs
(1951, Russian translation 1956), Soviet sclentists are credited
with half of all the determinations (5 of 10). These works pertain

to 1933-1G44., At the end of the 1940's Soviet astronomers, lagging
now their foreign colleagues (mainly due to the absence of correspond-
ing equipment), started to use electrophotometric methods (A. V.
Markov) and polarimetry (Yu. N. Lipskiy) in the study of the moon.
However, we conducted individual studies in visual polarimetry of

the moon even earlier, in the 1920's.

It happened that after the classic work of A. A. Belopol'skily in
our country no spectral investigations of the planets were conducted
for a long time. The cause of this was furthermore the absence of
large instruments, forcing the use of indirect (colorimetric) methods
instead of direct (spectrophotometric).

The restoration of observatories, destroyed durlng the Patriotic
War, including the Pulkovo and Simei:, and the installation of new
instruments in place of those destroyed demanded considerable time,
efforts and resources. Only in tne 1950's did Soviet planetary
astronomy obtain the necessary instrument base, which continues to be
expanded and to improve.

But even before this, starting from 1947, in Soviet planetary
astronomy appeared a new area. G. A. Tikhov (moving during the war
from Pulkovo to Alma Ata) began active work on a hypothesis of the
vegetable nature of the "seas" of Mars and used the services of
speclalist biologists, with whose participatior. the Department of
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Astrobotany of the Academy of Sclences of the Kazakh Soviet Soclalilst
Republic was organized. The department worked basically on a study
of the spectral reflective properties of plants growing in different
climatic conditions, and comparison of them with corresponding
propertics of the "seas" of Mars. In this work besides astronomers
(G. A. Tikhov, N. I. Kucherov, A. K. Suslov and others) botanists
also participated (A. P. Kutyreva, V. S. Tikhomilrov, K. I. Kozlov

and others).

Gavriil Adrianovich '
Tikhov

1875-1960

Work done by the school of G. A. Tikhov obtained wide fame.
Vegetable 1ife on Mars was the center of hot discussions (at
sclentific conferences ancd in print). However, after the death of
G. A. Tikhov (1960) the Department of Astrobotany ceased to exist
and purposeful investigations in this region almost ceased.
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Approximately from the beginning of the 1950's a new stage in the
development of planetary study in our country began. Even at the
end of the 1940's a Commission on the Physics of the Planets was
formed in the Astrocouncil, and was directed a long time by N. P.
Barabashov. Now is is headed by D. Ya. Martynov. In May, 1949, at
Kharkov the first conference on the physics of the planets was
conducted at which Soviet leaders in planetary studles c¢rganized the
first wide exchange of oplinions on basic scientific problems. At
the same time the question of constructing special planctary telescopes
was dilscusscd.

The new stage was characterized first by an expansion of the
instrument base of the Soviet planet astronomy; secondly, organization
of planetary studies in a number of new observatories and institutes,
where there had been no earlier study, and attracting a great number
of young astronomers; thirdly, wide use of new various methods of
investigation: spectroscopy (including infrared), radio astronomy
(including radar), polarimetry and others. Finally, in the study of
the moon starting from 1959 robot space stations have beern used.

At present Soviet leaders in planetary studies have such first-
class tools as the 122-centimeter reflector and 260-centimeter
Shayn reflector at the Crimean Astrophysical Observatory, the 125-
centimeter reflector of Southern Station GAISh in the Crimea, 70-
centimeter telescopes AZT-8 of the Astrophysical Institute of the
Academy of Sciences of the Kazakh Soviet Socialist Republic in Alma
Ata and AZT-2 of the Main Astronomica. Observatory of the Academy of
Scliences of the Ukrainian Soviet Soclialist Republic in Goloseyevo,
similar telescopes of the Astronomical Observatory of Kharkov
University, AGISh and Abastumani Observatory.

New centers for planetary studies appeared: at Pulkovo (A. V.
Markov, N. A. Kozyrev, N. I. Kucherov and others) Aima Ata (V. G.
Teyfel'), Kiev (I. K. Koval' and others), Abastumani (V. P,
Dzhapiashvili). Planetary studies were embraced by the Departments
of Radio Astronomy of the Pulkovo Observatory, Physics Institute
'm. P. N. Lebedev of the Academy of Sciences USSR, Gor'kly Radin
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Physics Institute, Institute of Radlo Engineering and Electronics
and others.

Let us now turn to a short survey of achlevements of Soviet
Astronomers in the study of separate planets and their moons.

The Moon
The moon has always been for astronomers a convenient object for
observation and study. In the Soviet Union moon studies took several

basic directions.

1. Investigation of chotometric properties of the lunar surface.

As was already mentioned above, this 1s one of the earliest subjects
of moon study in the USSR. Even 1n the 1920's N. P. Barabashov and
A. V. Markov showed that any object on the moon attains maximum
brightness in full moon, and not at the time of greatest height of
the sun above the horizon. This "Barabashov-Markov effect" was
explained by the pitting of the lunar surface and the presence of
much irregular detritus. The surface of the lunar "seas" and
"mainlands" 1s porous and rough.

Numerous photometric observations of the lunar surface made in
1948-1952 by A. T. Chekirda and V. A. Yzerskiy (Fedores), gave a
detailed picture of the change of brightness of different formations
with phase.

A series of studles was dedicated to clarification of the color
of lunar detalls. Starting with 1950 N. P. Barabashov obtained a
series of color photographs of the moon showing the presence of
various color shades on the lunar surface. On the other hand,
colorimetric observations of V. V., Sharonov and L. N. Radlovaya
indicated minute values of color contrasts. As spectrophotometric
investigaticns of V. G. Teyfel' showed, in most cases color contrasts
on the moon do not evceed 8%, but in particular cases attain 15-20%,
while these places coincide with the most colored regions on
photographs of N. P. Barabashov.
102 i
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Many researchers strived to compare albedo, color 1indices,
scattering factors, curves of spectral reflectance of the lunar
surface and different terrestrial rocks, and also meteorites (V. V.
Sharonov, N. P. Barabashov, A. T. Chekirda, N. S. Orlova and others).
Full simiiarity with even one form of rocks was not obtained. The
surface of the moon turned out to be darker than all terrestrial
rocks and redder than meteorites. Nearer than others in photometric
and polarization properties are volcanic slag, volcanic aches; further
we have tuff, lava, obsidian and certain basic rocks (basalt,
diabase, gabbro).

2. Nature of external cover of the moon. Thils question was
discussed repeatedly here and abroad from the widest points of view.
Basic initial data for its solution were, first, photometric
investigations, which we spok. of above, and, secondly, determination
of the change of temperature of the lunar surface durlng the time of
a full phase cycle (lunation) and during lunar eclipses in the
infrared and radio-frequency band.

Already ir 1957 N. N. Sytinskaya advanced her "meteor-slag
hypothesis," according to which the lunar surface 1s covered everywhere
by a crust of porous foam-like material, appearing from the substance
of the lunar bedrock under the influence of the high temperature
accompanyling the explosions of meteorites falling on the surface of
the moon. The dark color of the external cover Sytinskaya explains
by the separation of 1ron oxides from the silicates which are in the
composition of lunar rocks.

A competing hypothesis was the "dust hypothesis" of the English
astronomer T. Gold, according to which the external cover of the
moon consists of a thick layer of dust. The basic argument in its
favor was the low values of thermal conduction of the 1lunar surface,
which were determined indirectly from radlo observations of the
change of temperature of different sections of the moon during

lunation and lunar eclipses.

A series of observations of the moon on wavelengths of a very

103




. ——— ————- .

wide range (from millimeter to decimeter) was conducted by V. S.
Troitskly and his colleagues at the Ger'kly Radlo Physics Institute
starting from 1958. Analysis of these observations brought V. S.
Troitskly to the conclusion that the external cover of the moon
resembles not dust, but a friable porous materisl with density

p v 0.5 g/cm3. At a depth of 1-2 m temperature fluctuations connecced
with lunations and lunar eclipses completely cease ard with further
depth the temperature increases. Extrapolating the temperature
gradient, referred to an external layer of 20 m, Troltskly expressed

the opinion that at depth 50 km temperature reaches 1300°.

Subsequent observations using an "artificial moon" - a four-
meter black disk with rated temperature — confirmed the appraisal of
density of the external layer and showed that its thermal conduction,
which 1s 30-40 times less than for terrestrial rocks, nevertheless is
40-50 times more than for a layer of thin dust. This substance,
conditionally called "moonite," should be porous, externally
resembling pumice, and in radiating properties close to volcanic
rocks. Thus, the studles of V. S. Troitskiy's group confirmed the
"meteor-slag" hypothesis of N. N. Sytinskaya. Still more graphic
verification came from photographs of the lunar panorama, obtalned
by the Soviet station "Luna-9" in February, 1966. They clearly show
the porous, slag-like structure of the lunar surface. The same

showed up 1in photographs from "Luna-13" (December, 1966).

An interesting fact 1s the luminescence of the lunar surface,
first revealed in 1946 by the Czech scientist F. Link from
observations of lunar eclipses and confirmed by N. A. Kozyrev (1956)
from the narrowing of profiles and the increase of residual intensity
of H and K lines in the sp: trum of certain craters.

3. Origin of lunar forms. The origin of basic forms of the

lunar surface — craters, "seas" and light ra&s — has been the subject
of a great many work oi Soviet astronomers. As it 1s known, even in
the last century sclence has witnessed the struggle between supporters
of the theosries of endogenous (volcanic) and exogenous (meteoritic)
origin of lunar craters. One of the objections to the meteoritic
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hypothesis was for a long time the round form of the craters, whereas
under the oblique impacts of meteorites elliptical shapes should have
occurred.

In 1937 K. P. Stanyukovich showed that at the time of impact of
a meteorite agalnst the surface of a planet a centrai-symmetric
explosion occurs, and therefore the shape of the crater does not
In 1947 K. P. Stanyukovich and
V. V. Fedynskly gave an approximate theory of crater formation as
a result of meteoritic impacts, and through 1950-1960 Stanyukovich
developed a more general theory, using experimental data from

depend on the angle of incidence.

powerful ground explosions. The application of this theory to lunar,
and alsc to terrestrial meteoritic craters was the subject of a work
by K. P. Stanyukovich and v. A. Bronshten in 1960-1965. However,
works of Stanyukovich carried mainly a phenomenological character.
Another approach — from the cosmogonic pcint of view — can be found

in works of B. Yu. Levin (1955-1962).

Already in 1949 the American selenologist R. Baldwin in his book
"The Face of the Moon" gave a developed account of the meteoritic

hypothesis in its new form: taking into account explosive phenomena

and extending the shock-explosive mechanism to the
only of craters but also of round "seas." "Seas,"

Baldwin, were formed as a result of lava effusions

formation not
according to
after the impacts
showed that

of comparatively large bodies - planetisimals. He
the "diameter-depth" relationship for hallows from bombs and shells,

meteoritic and lunar craters obeys one law

The change from the prevailing point of view of the formation
of the moon by separation from the earth to the theory of accumulation
of the moon from hard planetisimals permitted a giving a new,
cosmogonic foundation to the meteoritic hypothesis cf the origin of
Levin in the USSR and
All these researchers

lunar relief. It was done in works of B. Yu.
B. Yuri, G. Kuiper in the United States.
consider that the bombardment of the moon occurred as a result of a
loss on it (and on the earth) of the remainders of a primary
cluster c¢f bodles, from which were formed the earth and the moon.
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But where Yuri (1960) examines the capture of a "ready" mnon by the
earth, Levin {(1962) assumes accumulation of the moon from
clrcumterrestrial cluster of bodies with a "delay" of 200-300

million years as compared to the earth. The history of tbe formation
of the moon is examined 1in a number of works by Ye. L. Ruskol
(1960-1962), and its further thermal evolution is found in works of
Levin and S. Mayevaya (1960-1965).

.l SAadeh

Explanation of different forms of lunar relief within the bounds
of the meteoritic hypothesls was the subject of a great number of
works both here and abroad. The Soviet amateur astronomers P. F.
Sabaneyev and A. M. Benevolenskly carried out (1953-1959) a series
ol successful experiments on substantiating this hypothesis, recreating
“he formation of many characteristic shapes of lunar craters (rays,
central ridges, partitions, secondary craters and others) by
dropping solids and lumps of powder on a powdery layer of substance.

No less popular was the endogenous (volcano-tectonic) hypothesis.
The year 1949 saw publication of a thorough monograph by geologist
A. V. Khabakov, which gave a detailed analysis of structural
peculiarities of lunar relief, estimated the relative age of different
formations and developed a unified picture of the evolution of the
lunar surface. According to Khabakov, the periods of formation of
craters and "seas" alternated. His classification of 1960 counts
seven such periods: the most ancient, Hipparchus or Doalt [Translatcr's
Note: exact spelling for the Russian Jloantalticku#t (Doaltsyskiy) not
found] (formation of the ancient walled-plains), Altay (early stage
of formation of circular "seas"), ptclemalc (formation of majority
of craters), ocean (forma‘ion of the most recent craters and "seas"),
Copernican and contemporary.

Simultaneously with works of A. V. Khabakov similar investigations
were being conducted by geolugists in other countries: K. Byulov in
the German Democratic Republic (1955-1965), J. E. Spurr in the United
States (1944-1950), G. Fielder in England (1955) and others from
1962-1965 in the USSR this problem attracted the attention of many
geologists (Yu. A. Khodak, V. B. Neyman and others), who, approaching
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the study of lunar relief from geological positions, try tc substantlate
the volcano-tectonic scheme of the origin of lunar craters.

It is obvious that on the moon occur volcanic phenomena. Beslides
| the well-known observations of the emission of gases from the central
ridges of the crater Alphonsus by N. A. Kozyrev and V. I. Yezerskly
in 1958 and a similar phenomenon in the crater Aristarchus in 1959,
this 1s also indicated by such formations as lunar domes.

Independently of any any manifestations of volcanism on the moon,
meteorites fell and continue to fall. Photographs obtained by the
American Ranger stations in 19€4-196%5 showed the presence of a
continuous sequence of craters from250 km to 1 m in size, with a
preservation of structural similarity. This result was an important
arugument 1in favor of the meteoritic hypothesis of their origin. A
defect in the volcanic hypothesls was always the absei:ce any mathe-
matically developed mechanism of the formation of craters.

4. Use of robot space stations. Photographs of the reverse
side of the moon, obtained by the Luna 3 station 7 October 1959
and the Zond 3 station 20 July 1665, introduced an essential
contribution to study of the nature ol our satellite. Interpretation

of photographs obtained by the Luna 3 and composition of an atlas

of the reverse side of the moon were assigned to three observatories:
GAISh, Pulkovo and Kharkov. As a result of this treatment the "Atlas
of the Reverse Side of the Moon" edited by A. A. Mikhaylov, N. P.
Barabashov and Yu. N. Lipskiy was published (1960).

Consideration of photographs obtained by the Zond 3 gave even
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more interesting results. These photographs had a much higher

P

resolving power, on them one may see nearly 3500 craters and cther
objects. Essenctlally new on these photographs was the detection of

S e A

extended crater chains up to 1.5 thousand km long, which many times
exceeds the extent of similar chains on the visible side of the moon.
Photographs were treated at the State Astronomical Institute im.

| : P. K. Shternberg, the Astronomical Observatory KhGU and at the

! Pulkovo Observatory. On the reverse side of the moon are few "seas,"
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but then there are extenslve sea-like depressions 200-300 km in

107

o e e n

A
A
!
&
i

AR vt £l RIS AR




diameter, called thalassoids. Thalassolds are bounded by a ridge
(usually not solid), and in the centrzl part is a flat round slab.
Such formations are alsc on the visible side of the moon.

By proposal of Soviet Scientists 172 fcrmations on the reverse
f side of the moon were named in honor of the most prohinent sclentists,
and inventors and designers of jet engines from 19 countries. An
honorary place among them is occupled by Russian and Soviet scientists.

The first photographs of the panorama of the lunar surface,
obtalned by the Soviet station Luna 9, making a soft landing on the
moon in tne Sea of Storms 3 February 1966, were of outstanding value.
! The station transmitted to earth three full circle panoramas at
§ various heights of the sun above the horizon (7, 14, and 27°) and

part of a fourth panorama (at 42°). Resolving power of these phcto-
I graphs attains 1-2 mm. Photographs from the Luna 9 permitted a
detailed study of the microstructure of the lunar surface and made
possible a new confirmation of the meteor-slag hypothesis of N. N.
Sytinskaya. The moon's surface where the station landed was pitted
by shallow craters from several meters to 10 cm and less 1in diameter.
On the surfaces evident traills of erosion are seen, connected
apparently with micrometeorite impacts and the action of the "solar

e .

wind." The loose layer of ground on the moon, as showed photographs
from Luna 9, Luna 13 and the American Surveyor 1 (landed on the
moon 2 June 1966), is very thin (not thicker than several centimeters).

The launching of the first Soviet artificial satellites of the
moon — Luna 10 (put into selenocentric orbit 3 April 1966), Luna 11
(28 August 1965) and Luna 12 (25 October 1966) — permitted obtaining
many valuable sclentific data about circumlunar outer space, and
Luna 12 obtalined and transmitted new close photographs of the moon
(up to 100 km).

The first measurements of the magnetic pole of the moon and the
intensity of radiation near it were made by the Luna 2 in 1959.
Magnetic measurements conducted at up to 50 km from the surface of
the moon did not show signs of a magnetic fleid, whicn, i1f 1t exists, J
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does not exceed C.1-0.2% of the earth's. Radiation meaéurements at
up to 1000 km from the surface did not reveal a growth of intensity
of radiation within limits of 10% of the space background. This
signified that the moon for practical purposes has no raciaticn belts.

The sensitivity of magnetometer on the Luna 10 was 15 times
higher than for the lura 2. Its measurements showed that magnetic
field strength in circumlunar space fluctuates within 1imits from
17 to 35 gammas and changes little in different points of orbit. 1In
the environment of the moon was revealed an increased intensity of
low energy, particle fluxes, in particular of electrons. Furthermore,
it turned out that the volume density of micrometeorites near the
moon is higher than in surrounding interplanetary space.

The gamma-ray spectormeter on the Luna 10 permitted a study of
gamma radiation emitted by radioactive isotoupes (uranium, thorium
and potassium-40) in the composition of lunar rock, and also radiation
appearing during their bombardment by comsic rays — the latter
required around 90% lunar radiation. Analysis of gamma-ray spectra
of the moon showed that the amount of radicactive elements in lunar
rock corresponds to the amount in terrestrial rock of basic (basaltic)
or ultrabasic (dunite) composition. Conversely, rock with a high
content of radioactive elements (for example, granite) did not occur
in the studied regions of the moon.

5. Studies of the figure of the moon. Such studies were made

over many years by A. A. Yexovkin at Kiev and now are continued by
A. A. Gorynaya and I. V. gavrilov (Main Astronomical Observatory of
the Academy of Sciences of the Ukrainian SSR).

In 1934 A. A. Yakovkin proposed a model of the structure of the
moon with concentric distribution of density, in which noncoincidence
of the center of the figure with the center of masses depends only
on the relief. This model explained a number of observed phenomena
(libration effect, stretchability of the disk in the polar direction
and others). In 1950-1955 this model was successfully used to treat
observations of the figure of the moon for 21 years. A more complex
model was proposed in 1960 by A. A. Yakovkin and A. A. Goryaya.
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The figure of the moon and its physical liberationwas studied
also by I. V. Bel'kovich, A. A. Nefed'yev, Sh. T. Khabibullin
(Astronomical Observatory im. V. P. Engelhardt) and Kh. I. Potter
(Main Astronomical Observatory, Academy of Sciences USSR). Nefed'yev
composed detalled maps of boundary relief of the moon (1958).

Venus

Methods used in studies of Venus in the USSR, as in the whole
world, experienced a breakthrough in the middle 1950's. Therefore
they can be conditionally divided into "classical" and "égﬁtemporary."
"Classical" methods include visual observations, visual and photo-
graphic photometry, colorimetry and polarimetry, and also spectro-
scopic observations in the visible part of the spectrum.
"Contemporary" methods can also embrace spectroscopy of the far
infrared region of the spectrum, radio astronomical methods, radar,
observation from ballons and robot space stations.

1. Visual observations. Even at the beginning of the 1920's
at the Kharkov Observatory N. P. Barabashov began a study of Venus
by the visual method. However, numerous visual observations of this
planet, conducted with the most diverse instruments by many observers
in various countries, gave very modest results. From time to time
on the disk of Venus light spots were observed, while some of them
presumably connected the poles of the planet. According to published
data of the observations of such spots for 1912-1950 I. T. Zotkin
and A. N. Chigorin in 1953 attempted to determine the slope and
direction of the axis cf rotation of Venus, obtaining coordinates of
the north pole a = 8°, § = +62° and 39° slope of equator to plane of
orbit. This position of the pole is 26° from that obtained by
Goldstein using the radar method (a = 299°, &§ = +78°, accurate to
£15°).

2. Photometric investigations of Venus have been intensively
carried out in our country. In particular, integral colorimetry
(determination of the index of color and color excess — index of
yellowness of Venus) was conducted in 1948-1952 by N. P. Barabashov,
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A. T. Chekirda and V. I. Yezerskiy according to spectrophotometric
observations, and also by comparison of the visual observations of
Miiller and Danjon with photographic observations of King, where a
certain change of the index of yellowness with phase was obtalned.
In 1948-1956 V. V. Sharonov conducted several series of visual
comparisons of the color ¢f Venus and the sun, and in 1954 I. A.
Parshin determined the index of yellowness according to surface
photometry.

Surface photometry of the disk of Venus was conducted visually
by N. P. Barabashov in 1919-1923 and photographically by N. P.
Barabashov and B. Ye. Semeykin in 1932 using light filters. This
last work began an extensive series of observations, conducted in
subsequent years by V. V. Sharonov (1940, 1961), I. A. Parshin
(1948-1954), V. I. Yezerskiy (1957) and I. K. Koval' (1958).
Moreover in the works of N. P. Barabashov, V. I. Yezerskiy, I. A.
Parshin and I. K. Koval' it was found that the maximum brightness
of intensity on the equator corresponds to the condition of equality
of the angles of incidence and reflection (1 = ¢), le., a quasi-specular
reflection of solar rays occurs. Reflecting elements could be, in
the opinion of the authors of these works, ice crystals in the clouds
of Venus or even water spaces on its surface (this conclusion was
made prior to radio astronomical measurements of the temperature of
the surface of Venus). At the same time V. V. Sharonov did not
confirm the result, finding that at -he point of maximum brightness
i >e. In 1964 N. P. Barabashov and I. L. Belkin at the Kharkov
Astronomical Observatory treated spectrograms of thelarge dark spot
on Venus. Spectral distribution 1. the dark spot on Venus, obtained
for the first time, showed that similar spots are noticeable not only
in the ultraviolet region of the spectrum, as was conslidered earlier,
but also in the visual region. 1In the presence of such spots, which,
in general, appear quite often, the distribution of brightness on the

disk of Venus changes strongly. This apparently explains why V. V.
Sharonov could not find the mirror effect found by N. P. Barabashov.
The distinction of the drop in brightness in the ultraviolet region
of the spectrum noticed by various observers 1s also the result of
the appearance and disappearance of these spots.
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It 1s necessary to note the first work on absolute photometry
of the disk of Venus, carried out by I. A. Parshin (1954), absolute
photometry of the planet in ultraviolet and infrared rays, conducted
by I. K. Koval' (1958), and also the comparison of the indices of
light scattering in the atmosphere of Venus and in the layer of water
droplets, conducted by V. V. Sobolev (1944) on the basis of his
approximate theory of light scattering in dense atmosphere and the
phase curve of Venus, obtained by Miiller.

In 1950 an analogous investigation was made by N. P. Barabashov
and V. I. Yezerskiy, using the Danjon phase curve. Goond qualitative
dimilarity of indicatrixes for the atmosphere of Venus ana for drops
of water was obtained.

The numerous photometric investigations of Venus by Soviet
astronomers are most fully illustrated in a large work by V. I.
Yezerskiy (1957) and in a monograph of V. V. Sharonov (1965).

3. Spectral investigations of Venus were begun in our country
rather recently — in 1953 by N. A. Kozyrev. After the pioneer work
of A. A. Belopol'skiy (1900-1911), having as its purpose the
determination of the period of rotation of Venus according to the
slope of lines in its spectrum and not giving any defined results,
only spectrophotometric observations for a study of the color of
Venus (see above) were made.

In 1953 N. A. Kozyrev with the help of the 122 cm reflector of
the Crimean Astrophysical Observatory of the Academy of Sciences
USSR first studied the spectrum of the dark part of the disk of
Venus and revealed a series of emission bands, of which two (13914
and 24278 &) he ascribed tc ionized and neutral molecular nitrogen,
and the others remained unidentified. For the bright crescent N. A.
Kozyrev obtained a general lowering of the reflectivity of Venus by
the ultraviolet end of the spectrum. The luminous intensity of the
dark side of Venus 1s 50 times greater than the brightness of the
earth's night sky and can be explained by aurore polaris.
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This work of N. A. Kozyrev provided the impetus to similar
studies in other countries, first in the United States. It 1s true
that the American astronomers (Richardson, Kiess, Owen) did not
confirm the presence of emission bands, and Newkirk observed only
some of them, confirming, however, the estimate of the brightness
of the nlght sky of Venus obtained by Kozyrev. Kozyrev could not
observe emission bands in 1956-1961, and then his investigations
produced much discussion, promoting further work in this region.!

Searches for absorption bands of oxygen 1n the atmosphere of
Venus, conducted by V. K. Prokof'ev and N. N. Petrova in 1961-1964
and leading to a positive result, are of great interest also. It
is true that recently in the United States doubt of the authenticity
of thls result has been expressed, and new investigations are
required for a final solution.

Work on the 1nvestigation of the far infrared spectrum of Venus
was undertaken in our country only from 1961, with a fifteen-year
delay as compared to the first work in this region by Kuiper (1946).
Nonetheless the work of V. I. Moroz in the Crimean Cbservatory and
at the Southern Station GAISh led to very interesting results. Six
new absorption bands were discovered in the infrared region of the
spectrum (1.1-2.5 um), of which one %elongs to CO, and twe to the CO,
molecule with heavy carbon Cl3. It was possible to estimate the
012/C13 ratio, equal approximately to 100, which 1s close to the
analogous ratio for the earth's atmosphere. Also found was a smooth
lowering of the albedo of Venus with wavelength on a section 1.1-2.5 um.

For the ultraviolet region of the spectrum I. N. Glushneva
(GAISh) in 1963 did not obtain a sharp fall of albedo with decrease
of wavelength as earlier revealed by N. A. Kozyrev. However T. A,
Polozhentsev (1966) showed that the distribution of brightness over
the spectrum (in its ultraviolet region) changes from day to day and

!In 1964 N. A. Kozyrev obtained the emission spectrum of a flare
on the dark hemisphere of Venus. In the opinion of V. K. Prokof'ev
lines of elemental nitrogen were present.
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the recsults of N. A. Kozyrev and I. N. Glushneva do not contradict
each other.

4, Radilo astronomical observations and their interpretation.
The first observations of the radio emission of Venus were carried
out in the United States in 1956, and in our country in 1959 at the
Serpukhov Station of the Physics Institute im. P. N. Lebedev of the
Academy of Sciences USSR (A. D. Kuz'min, A. Ye. Salomonovich).
Subsequently Soviet radioc astronomers conducted numerous series of
observations of the radio brightness of Venus on wavelengths from
4 mm to 9.6 cm, studying its change with phase. In 1962 the Pulkovo
radio astronomers (D. V. Korol'kov, Yu. N. Pariyskly, G. M. Timofeyeva,
S. E. Khaykin) first studied the distribution of radlo brightness
across the disk of the planet, revealing a drcp by the edges of the
disk and very small excess of radlo diameter over the visible. This
favored the 1dea that Venus has no radliation belts, and the source of
radio emission 1s its surface. Both results were confirmed during
the flight of the American station Mariner 2.

The sharp distinction of the radio temperatures of Venus on
millimeter and microwaves, revealed by both Soviet and forelgn
researchers, required theoretical interpretation, as also, and the
actual value of temperatures (350-410°K on A0.4-1.18 cm and 500-690°K
on A1.35-21.0 cm). PFurthermore, in constructing theoretical models
of the atmosphere of Venus 1t was necessary to consider data from
infrared radiometry (T ~ 235°K) and determination of the rotational
temperature across the CO, bands (285°K).

Soviet astronomers and geophysicists participated 1n discussion
of both alternative hypotheses about the structure of the atmosphere
of Venus: greenhouse effect and ionospheric hypothesis (a third -
eolosphere hypothesis of Epik — did not find support among Soviet
astronomers). The basic 1dea of the ionospheric hypothesls was
expressed in 1961 by A. D. Kuz'min and A. Ye. Salomonovich ‘
independently of D. Jones, who 1n the West 1s considered to be the
author of this hypothesis. A thorough lnvestigation of the ionospheric
model was made in 1961-1964 by A. D. Danilov and S. P. Yatsenko,
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who tried to coordinate 1t with the results of not only radlo astro-
nomical, but also radar observations on 10-70 cm wavelengths. They
proposed a model of a "porous" ionosphere for Venus with a lower hot
layer (Te n~ 1500°k) and an upper cold (Te ~ 600°K), where the
coefficient of porosity 1s close to 0.5. A close model offered 1n
1963 by A. D. Kuz'min. However, investigation of polarization of
the thermal radio emission of Venus, carried out in 1965 by A. D.
Kuz'min Jointly with B. Clark at the observatory in Owens Valley
(the United States), showed that the source of radio emission from
Venus 1s 1ts surface, and not the atmosphere. Thils work recelved
many responses in Sovliet and foreign literature. Of great value

for checking both models were radar observations of Venus in which
waves of different 1length twice pass through the atmosphere of the
planet, experiencing in it absorption. Such observations were
conducted starting from 1961 at the Institute of Radio Engineering
and Electronics of the Academy of Sciences USSR under V. A. Kotel'nikov
(see the section "Radio Astronomy").

Another result of radarobservations of Venus was the independent
establishment of its reverse rotation and estimate of the period
(230-250 days) in good agreement with the foreign determinations
(242-248 days).

A theoretical analysis of the structure of the atmosphere of
Venus, founded on ‘he use of radio onaservations (within the bounds
of the greenhouse hypothesis), was made in 1965-1966 by G. M.
Strelkov, A. D. Kuz'min and others. The used observations of a rare
phenomenon — covering of Regulus (star a Leenis) by Venus 7 July
1959, Although thils phenomenon was not observed in the USSR, treatment
of the published brightness curve of Regulus permitted D. Ya. Martynov
and M. M. Pospergelis to obtain values of height cf the homogeneous
atmosphere ana hypothetical temperature above the level of the cloud
layer, and also to express a series of consliderations about the
distribution of temperature by height. Martynov calculated by these
observations the radius of Venus, conflirming the value of Auwers
(6100 km).
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Mars
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In investigations of Mars in the USSR it 1s possible to outline
three basic directions:

1) "classical" methods of investigation analogous to those for
Venus (visual observations, photographic photometry and colorimetry);

2) astrobotanical investigations, having the special problem
of confirming the hypothesls abcut the presence of vegetation on

Mars;

3) 1investigations of the spectrum of Mars in the far infrared

region.

1. Visual observations of Mars were conducted by N. P. Barabashov

starting from 1920 in almost every opposition. During the years of
great and neaf-great oppositions, the observations of Mars involved
many astronomers and also amateurs. Results of these observations
were usually maps ofAthe surface of the planet and descriptions of
separate parts. Observations ¢f Mars 1n the period of the last
favorable opposition in 1956, when a series of unusual phenomena in
1ts atmosphere and on its surface was noted, are of great interest:
the appearance of powerful dust clouds, light spots in the regions
of Argyre and Noachls, sharp turbidity of southern hemisphere and
others, Detalled descriptions of these phenomena were published by
N. P. Barabashov, V. A. Bronshten and V. V. Sharonov. Under the
editorship of N. P. Barabashov the "Atlas of the Figures of Mars"
(1961) and the collection "Results of Observations of Mars During the
Favorable Opposition of 1956 in the USSR" (1959), were published.

Thorough synoptic observations of cloud formations in the
atmosphere of Mars were conducted for many years by N. P. Barabashov. -
The melting rate of the southern polar cap in 1956 was determined by ;
micrometric observations of V. A. Bronshten. ;

2. Photographic photometry and colorimetry. These types of
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observations began to be used systematically for Mars 1n our country

; ostarting with 1933 ( N. P. Barabashov and A. T. Chekirda), although
already in 1909 G. A. Tikhov for the first time photographed Mars

through light fillters, allowing him to discover the three well-known
"Tikhov effects" (chenge of visibility of light and dark spots and
pclar caps, and also contrasts between time in different rays).

Colorimetric and spectrophotometric observations of the surface
and atmosphere of Mars were conducted by N. P. Barabashov, B. Ye.
Semeykin, A. T. Chekirda, I. K. Koval' in Kharkov, by N. N. Sytinskaya
and V. V. Sharonov in Tashkent and Pulkovo, 4. A. Tikhov and his
colleagues at Alma Ata. The theory applied to the treatment of these .
materials was developed in 1944 by V. G. Fesenkov and in 1944-1948
by N. N. Sytinskaya.

e e it

As a result of these observations curves of spectral reflectivity
of different Martian formations were obtained (polar caps, continents,
"seas"), curves of the drop in brightness at the edge of the disk
(for ccomparison with laws of diffuse reflection), determination of
"sea-mainland" and "mainland-polar cap" contrasts in different rays,
and also determination of density of the Martian atmosphere.

Above, the place which Soviet photometric determinations of the
density ol Martian atmosphere held among other methods prior to 1956
was already mentioned. Abroad these methods were hardly used, \
although polarimetric and spectroscopic investigations were better :
developed there.

In exactly the same way determinations of spectral reflectivity
of Martian formations carried out by Soviet photometrists was long i
the only information about the possible nature of these formations. :
A valuable ald in comparison of these determinations with
characteristics of the earth's surface is the work of Ye. L. Krinov )
"Spectral Reflectivity of Natural Formations" (1947). The
experimental investigations of photometric and color properties of

different terrestrial rocks, conducted at the Astronomical Ubservatory

PRIEYS X S

of Leningrad State Univers’'.y under V. V. Sharonov were also of
great value.
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Basic results of the work of Soviet photometrists with respect
to the nature of the surface of Mars lead to the following. The
continents of Mars are covered by a finely crushed substance and
reflect by Lambert law. Thelr color and albedo correspond to
limonite (Fe203-nH20). Polar caps are close 1in reflecting properties
to river ice.! Regarding "seas," they do not reflect by Lamber law
and are more rought than the continents (I. K. Koval', 1957; V. A,
Bronshten, 1962).

3. Astrobotanical lnvestigations. As was already said above,
these investigations were conducted malnly by G. A. Tikhov and his
colieagues and consisted in the comparison of spectral reflective
properties of the "seas" Mars and terrestrial plants. One of the
most important results obtained by the school of G. A. Tikhov was

the detection on earth of plants not possessing Wood effect, i.e.,
increased reflectivity of infrared rays. The majority of terrestrial
plants manifest this property so strongly that in infrared rays they
seem white. The "seas" of Mars on the contrary do not possess this
property. The school of G. A. Tikhov showed that the absence or
softening of the Wood effect is a criterion of the adaptation of
certain plants to severe conditions of climate. Certaln speclalists
in blology set up experiments on growing plants at low pressures and
temperatures (S. M. Tokmachev, L. M. Lozina-Lozinskiy), the results
of which indirectly confirmed the hypothesis of G. A. Tikhov about
the presence of vegetation on Mars.

Whereas G. A. Tlikhov allowed the possibllity of existence on
Mars of even the highest plants, hils opponents V. G. Fesenkov and 0. V.
Troitskaya (biologist) came forward in 1352-1954 with a series of
objJections, leading to the full negation of the possibllity of 1life
on Mars. Besldes the purely sclentific questions, discussions touched
also certain philosophical problems.

'However, N. P. Barabashov (1952) found that polar caps are red.
This, in general, does not contradict their 1ice nature, 1f one were
to consider that frequent dust storms on Mars can cover them with a
layer of reddish dust.
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An interesting attempt to predict properties of assumed Martlan
! vegetation on the basis of certain physical condltions on the surface
| of the planet 1s the work of K. A. Lyubarskiy "Synopses on Astrobio. zy
: (1962). In it a conclusion is made about the predominant role in the
pigmetation of Martian plants of carotenolds over chlorophylls, and
also a series of considerations 1s made on their most "profitable"
. (from the point of view of Martian conditions) structure. This work
:‘ gives an objective criticism of works of the school of G. A. Tikhov

and views of V. G. Fesenkov. '

4, Investigations of the infrared spectrum of Mars. These
investigations were started in 1963 by V. I. Moroz at the Southern
Station GAISh with the help of a sulfur-lead photoresistor fastened
to a 125-cm reflector. During the investigation of the infrared
spectrum of Mars in the region of 1.1-4.1 um 12 CO2bands were found,
of which 7 earller were not observed; the presence of "Sinton bands"
on AX3.43, 3.53, 3.59 and 3.69 um has been confirmed, attributed to
organlc compounds (the second band was not noticed by Sinton), and
also the presence of absorption bands of ice 1n the spectrum of the
polar cap. With the help of another recelving system V. F. Yesipov
and V. I, Moroz studled the spectrum of Mars in the region of
0.6-1.0 uym. The albedo of Mars drops with wavelength, and the whole
picture of its change in the interval of wavelengths 0.4-4.0 um
satisfactorlly agrees with the spectra of reflection of limonites.

B I . A s -

From the 002 band Moroz made a new estimate of the pressure of
the atmosphere of Mars at the surface: around 20 mbar, which agrees
well with recent estimates of American astronomers, but is 3-4 times
{‘ less than estimates founded on photometric and polarimetric observa-
| tions. As Sytinskaya 1ndicated, this divergence 1is connected with
dust in the Martian atmosphere: scattering created by particles of
aerosol, registered earlier as gas components of the atmosphere. E
) The American probe Mariner 4 gave still smaller values: U-7 mbar, h

It 1s posslible that the smallest dust purticles suspended in the
| atmosphere of Mars introduce a contributlion to the Rayleigh component
. of scattered light, so that it is doubtful whether the true pressure
of the atmosphere cof Mars exceeds 10 mbar.
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5. Certaln theoretical works. In 1957 A. I. Lebedinskly
examined the hydrologic cycle on Mars. Proceeding from the condition
of radlation equilibrium in the atmosphere of the planet, where the
basic heat sink 1s carbon dioxide, Lebedinskiy constructed a model of
the atmosphere, in which temperature decreases with height, tending
to a 1limit value of 110°K. A close model was constructed in the United
States by Goody. As A. I. Lebedinskly showed, steam forming as a
result of melting of the polar cap, should rapldly disappear, and .
the transfer of moisture be carrled out in the form of small hard
ice crystals or snowflakes. Subsequently the problem of the
hydrologic cycle on Mars was developed by A. I. Lebedinskiy and G. I.
Salov.

V. D. Davydov expressed a hypothesls about the existence on .l
Mars of a layer of permafrost and about the formation of '"channels"
due to the cracking of the surface in places of where there are ice
outcroppings. However, 1t is doubtful whether thls hypotaesis will
be able to be checked by obtaining more detailed investigations with
the help of space rockets and robot space stations.

Original views on properties of Martian atmosphere were
e.nressed by N. A. Kozyrev (1957), who considered it capable of
conslderable selective absorption arid explained by thls the many
color properties of the surface of Mars. The ldeas of Kozyrev were
met with criticism and did not obtain the support of the majority
of astronomers. '

Mercury

Investigations of the spectrum of Mercury were conducted almost
simultaneously (in 1963) by V. I. Moroz and N. A. Kozyrev. V. I.
Moroz, studying the infrared spectrum of the planet in region
AA 1.0-3.9 um with the help of the same setup as for the spectrum
of Mars, found on AX 1.576-1.606 um CO, bands, estimated the pressure
at the surface as 2 mbar and constructed a model of the atmosphere
of Mercury. N. A. Kozyrev, studylng contours of lines of hydrogen
(HY and HG) in the spectra of Mercury and the sun, revealed 1n the
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spectrum of the planet an asymmetry of these lines, which 1t explained
- by the presence c¢f hydrogen in its atmosphere, introduced by sclar
corpuscular streams. This result still requires confirmation, even
more so because American observations with a higHE? dispersion in the
spectrum gave cause for an absoiutely different interpretation of this

phenomenon.

Jupiter

Visual observations of Jupiter were conducted for many years by
Soviet astronomers — speclalists and amateurs. Results of these
observations were maps of the visible surface of the planet, tables
and graphs of latitudes and the widths of bands, regularly published
in "Bulletin VAGO." Dependence of width and intensity of bands on
solar activity was studied by V. V. Fedynskily (1927, 1933), A. M.
Bakharev (1948) and 3. M. Rubashev (1951), but their results are
contradictory. A study of variability of width of the two main
(tropical) bands of Jupiter for 65 years, carried out by V. A.
Bronshten, A. N. Sedyakina and Z. S. Strel'tsovaya (1967), showed nho
connection with solar activity and the presence of fluctuations of
band with period of 3-U4 years.
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,Considerable changes in the appearance of Jupiter in 1962,
accompanied by a merging of both troplcal bands into one, were
described by S. K. Vsekhsvyatskiy. Numerous phctometric observations
of Jupiter in different rays were conducted from 1932-1939 by N. P. ,
Barabashov and in 1938 by V. V. Sharonov. These observations are
well represented by the thecry of V. A. Ambartsumyan of light

scattering in a solid medium. Fast changes on Jupiter are explained,

* according to N. P. Barabashov, by the evaporation of droplets of
methane and small crystals of ammonia or the reverse processes. A
. purely gas layer above the cloud level should be optically thin,

In recent years (1958-1965) various spectrophotometric investi-
gations of Jupiter were conducted by V. G. Teyfel (Institute of
Astrophysics of the Academy of Sciences of the Kazakh SSR). Study
of the distribution of intensity over the disk along the equator
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in the band of methane 61990 % did not show any distinctions with
distribution in a continuous spectrum. The search for latitudinal
distinctions of the equivalent width of this band did not confirm

the conclusions of Hess (1953) about the existance of such distinctions.
Optical thickness of the gas layer in the center of the band was
estimated by Teyfel' at 0.05, and in the continuous spectrum - at

1-2 orders less, which coincides with the conclusion of N. P.
Barabashov. Teyfel' detected also certain color distinctions between
zones and strong absorption in the ultraviolet region of the spectrum
of the planet. An investigation of the spectrum of the Red Spot
showed that the upper edge of the spot does not differ in height

from the upper border of the cloud layer, which contradicts the
hypothesls of Wildt about the Red Spot as a solid body floating in
the atmosphere of Jupiter. Rather, it is a gas formation, containing
aerosols and having infinite optical thickness. Ultraviolet

absorption in the Red Spot is stronger than in other places of the
disk.

Different theoretical models of the internal structure of Juplter
were developed by V. G. Fesenkov (1924), V. G. Fesenkov and A. G.
Masevich (1951) and N. A. Kozyrev (1951). According to the model
of V. G. Fesenkov and A. G. Masevich, Juplter has a hard nucleus
consisting of hydrogen and heavy elements (density 7-11 g/cn3), an

intermediate layer of "packed" atomic hydrogen (density 0.8-2.8) and
an external layer of molecular hydrogen (density 0-0.4). On the edges ~
of the layers density changes by a jump. 4

Kozyrev expressed an 1dea about a high temperature — up to
200,000° — in the center of Jupiter, generated by radioactive decay.

There 1s great interest in observation of the radio emlssion
of Jupiter, which constitutes a combination of three forms: thermal,
nonthermal (synchrotron) and sporadic radio emission. These observa-
tions were conducted starting from 1963 at the Pulkovo Observatory
(Yu._ N. Pariyskiy and others) on 3 and 6.5-cm wavelengths, at the
Scientific research Radio Physics Institute of Gor'kly State
University (V. S. Troitskiy and others) on 70-cm wavelengths and
at the Institute of Radio Englineering and Electronics AN USSR
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0. N. Rzhiga, Z. G 1Trarsv’ ob Y%a-~. wsvelengths. Effective tempera.
tures and values . radiatioa Jux Woere gG@termingd and also the
dimensions of radi. 4on belts -t thr plianm:t, Although in tie2 region
of observatiocns of adlo emi.scicm from Jupiiar vy radis astronomess
still lag behird fo :!'gn astisaomers, £.11i (d4¢ $iso 1p xany olher
questions of astrop .ilcsY trec:;¢vi~al research on the ¢adio emiss_ion
of Jupiter 1in our cc.nvry L ver , osuczezgful.  Jugt 2o, V. V.
Zheleznyakov from 1¢ = nhe;rn 3 rl.ecry .o sporadic radio emission from
Jupiter, according to wrich the source is plasma oscillations 1n

the ionosphere of the planet (taking into account the influence of its
magnetic field). V. V. Zheleznyakov examined also the origin of
decimeter radio emission of Jupiter. His results are summarized in

a monograph (1964).

saturn

Considerably less attention in our country has been given to
studies of Saturn. The absence on its disk of noticeatble details
(besides the white spot appearing in 1933) did not attract the
attention of visual observers.

Photographic photometry of Saturn was started already in 1909
by G. A. Tikhov at Pulkovo. The photometric observations of Saturn
were continued in 1933 by N. P. Barabashov and B. Ye. Semeykin in
Kharkov, and in 1935 and 1937 by V. V. Sharonov (A0 of Leningrad State
University) at the Erevan and Pulkovo observatories. Pictures of the
distribution of brightness along the equator and isophots for the
whole disk were studied, and 3Sharonov conducted visual absolute
determinations of the brightness factor of the p.ianet. The white spot
of 1933 was observed photographically by N. P. Barabashov in infrared
rays for two years.

Photometry of the rings of Saturn was carried out by N. P.
Barabashov (1950), V. D. Furdylo (1941) and V. N. Lebedinets (1954),
studying photometric cuts, color of rings and change of their bright-
ness with phase (in the interval of phase angles from 16' to 1°).

Of great value was theoretical research of light Jscattering by
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the rings of Saturn, conducted starting from 1940 by M. S. Bobrov.

In his works a physical interpretation is given of the phase curve

of the rings of Saturn, the shadow effect 1s studled, estimates are
made of the dimensions of particles, thickness, volume density and

mass of rings.

Spectrophotometry of Saturn and its rings was produced in 1957
by V. G. Teyfel' and Ya. A. Teyfel'. It revealed a distinction in
the color of Saturn itself and the rings (disk of the planet is
redder). Furthermore, contours of methane banks 6190 R in the
spectrum of Saturn were studled.

Radio emission of Saturn in the Jecimeter range was theoretically
studied by V. V. Zneleznyakov (196"a), being explained, as in the case
of Juplter, by synchrotron radiation of relativistic electrons in the
radiation belts of the planet.

Uranus

This planet both he.»e and abroad has been studied only
episodically. In 1934 P. P. Parenago photometrically determined
the period of rotation of Uranus — 10 hours 49 minutes - in good
agreement with other determinations.

In 1956-1960 V. G. Teyfel' at tne Dept. of Astrobotany AS Kazakh
S3R made a spectrophotometric study of Uranus and determined its
color indices: visible and true (corrected for the influence of
the abso}ption bands of methane). Contours of four methane bands
were studied also.

Minor Planets and Planetary Satellites

In the discovery and study of small planets the Sovlet scientists
hold an honorary place in world science. For many years the Simeiz
Observatory occupled second place in the world in the number of
disccvered minor plarnets (G. N. Neuymin, S. I. Belyavskiy and others),
until "exhausting” the planets accessible to the Simeiz double
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astrograph changed this position. After the war observatlons of the
minor planets were renewed at Simeiz (19'"8-1956), Alma Ata, Vil'nyus,
Kazan, Klev, Moscow and Tartu.

Calculations of orbits and composition of the ephemerides of
the minor planets after 1945 was concentrated at the Institute of
Theoretical Astronomy AN SSSR in Leningrad, which since then has been
the werld center on definitization of orbits and publication of
the ephemerides of the mlnor planets. At the institute a series of
new methods of calculation of orbits and ephemerides was developed
(taking into account perturbations) using electronic computers.

Physical observations of zsteroids were conducted by Soviet
astronomers systematically. Let us note the photometrlic and colori-
metric observations of V. P. Tsesevich (especially his investigation
of changes of brightness of Eros in 1930-1932), I. I. Putilin (1929-
1953), A. N. Deych (1935-1939), N. S. Orlova (1939), Ye. K. Kharadze
(1940-1942), Ye. V. Sandakova (1950-1955), V. G. Riyves (1952-1955)
and others. In these observatlions phase curves, color indices and
short-period fluctuations of thebrightness of serlies of asteroids

were determlned.

During the last few years investigations of physical properties
of asteriods employed the spectrophotometric method. In 1956-1960
V. G. Teyfel' carried out spectrophotometry of Vesta and Evnomin.
He determined color 1indices and spectrophotometric gradients, while
for Vesta a periodic change of color was detected (a change of its

brightness was known long ago).

Many scinetists studied the problem of origin and disintzgration
of asteroids. Let us ncte here the work of V. G. Fesenkov, N. M.
Shtaude, S. V. Orlov, I. I. Putilin, V. V., Radziyevskily, O. Yu.
Shmidt, B. Yu. Levin and their colleagues. The state of our
kncwledge about the minor planets in 1953 is summarized in the
monograph of I. I. Putilin "The Minor Planets." A valuable supplement
to 1t are surveys N. S. Samoylova-Yakhontova, published in 1960.

125




Most of the work about planetary satellites was dedicated to
the study and explanation of observed acceleration in the motion of
the Martian satellite-Phobos (M. P. Kosachevskiy, 1954; I. S.
Shklovskly, 1959; N. N. Pariyskiy, 1960; V. V. Radziyevskiy, V. P.
Vinogradov, 1964). Several hypotheses explaining this phenomenon
have been offered: retardation in external layers of the atmosphere
of Mars (I. S. Shkolovskiy), tidal braking (N. N. Pariyskiy),
pressure of radiation on bodies of irregular shape (V. V. Radziyevskily
and V. P. Vinogradov). However, the real cause of this phenomenon,
if 1t exists, still remains open.

In 1964 V. I. Morcz investigated infrared spectra of the satellites
of Juplter — Io and Ganmede, showing an absence of methane and

ammonlia bands in them.

As we see, studies of the planets 1n the USSR have progresszd

successfully, especially photometry, spectrophotometry and theoretical
works. Even newer results are given by radlio astronomical methods of
observation. We need not doubt that guaranteeing the Soviet planetary
leaders large telescopes, located in points with best conditions of
the astroclimate, will have a berneficial effect on further development
of planetary studles in our country.
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THE COMETS

Soviet cometary astronomy inherited rich traditions of founder
of srlence about comets of Fedor Aleksandrovich Bredikhin: wide
generalized data of observations on the basis of contemporary theory
and consistent penetration into the mechanism of cometary phenomena.

For 50 years in the USSR all divisions of cometary astronomy
expanded, both observational and “heoretical.

The basic center of cometary astronomy during more than 30 years
was Moscow, where cometary studies in 1922-1958 were directed by S. V.
Orlov (1880-1958). During the last 20 years similar centers
appeared also in Kiev, Dushanbe, the Baltic states; the journal
"Comets and Meteors" was founded.

i g Tt At A . Gl s =

In the USSR was 14 new comets discovered (see table).

Mechanical theory of cometary forms. One basic problem of
the mechanical theory of cometary forms is the detevrmination of
forces on particles of the cometary talls, which leads to finding their
accelerations. The latter usually are expressed in parts of the
acceleration of gravity force to the sun and are designated by symbol
l + y, where y — relation of the force of radiation pressure to

gravity force.

Knowledge of 1 + u gives a basis for the solution of another A
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Comets discovered by Soviet astronomers.

-

e e

Number .
Surname of Coauthors of discovery
Final Provi- discoverer
sional

1921 I . (1921c) A. D. Dubyago (Kazan) .

1921 II  (1921a) i Reed (Capetown, south Africa)

1923 III  (1923a) " Barnard (Madrid, Spain)

1925 VI (1925a) G. A. Shayn (Simeiz) |Comas-Sola (Barcelona,
Spain)

1929 III (1929h) G. N. Neuymin (Simeiz -
1936 III  (1936b) S. M. Kozkl (Tashkent)|Kao (Kannopa [?], Japan)

Liess (Mountain Obs.,
i Carpathian mountains)

1936 IV (1936¢) G. N. Neuymin (Simeiz) |Jackson (Johannesburg,
South Africa)

1939 I (1939a) S. M. Kozkl (Tashkent) |Peltier (Delphos, United
States)

1939 III (19394d) I. V. Akhmarov and Cassel (Hokksund, Norway)
S. N. Yurlov (Udmurt.
| Autonomous SSR)

— o e

- (19391) B. I. Kaminskly -
(Tashkent)
1943 I (1942g) G. A. Tevzadze Whipple (Harvard, United
(Abastumani) States)
Fedtke (Koenigsberg,
Germany)

1949 VI  (1949e) P. F. Shayn (Simeiz) {[Shaldac (Lovell Obs. USA) .
1955 IV (1955f) A. M. Bakharev MacFarlane, Krinke (Seattle,
(Dushanbe) Canada)

1957 IX (1957f) I. N. Latyshev Wildt (Bern, Switzerland)
(Ashkhabad) : Barnum (Arizona, United
States)

*A final number has not been conferred, since due to the small
number of observations the orblt was not calculated. .
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important problem — classification of cometary talls, principles of
which were developed by Bredikin.

According to Bredikin, type I 1lncludes tails which have 1 + p of
the order of several tens; talls of type II have a value of 1 + u of
the order of units; tails of type III are characterized by 1 + u of
the order of fractions of one. To this division also corresponds
the distinction of the physical nature of tails: type I — plasma;

II — dust, finely-dispersed with possible presence of neutral gases;
IIT — dust, roughly-dispersed. Anomalous talls are directed not

from the

Bredikin, the initial phase of the formation of meteor showers,
generated by the nucleus of the comet.

After Bredikhin's new methods of determination of relative
accelerations 1 + y in the tails of comets were given by A. Ya. Orlov
(1910), S. V. Orlov (1935) and N. D. Moiseyev (1925). The theory of
anomalous talls was developed by S. X. Vsekhsvyatskly (1932). The
motion of particles 1n a resisting medium is examined in seriazs of

articles

1948) and 0. V. Dobrovo'skiy (1961b). Convenlient formulas were
developed for the transformation of cometcentrical coordinates

(S. K. Vsekhsvyatskily, 1929; S. V. Orlov, 1935). Along with formulas
of German scientist Stumpf (1956) and theory of projection of

cometary
outlines
disposed
cometary

visible orientation of cometary tails on the firmament if thelir

location

Various researchers studied a great number of cometary tails.
In particular, relative accelerations were measured (1 + u), which

attained

Vorontsov-Vel'yaminov, 1930; G. K. Nazarchuk, 1959, and others),
2.0 and 0.6 respectively in tails of type II and III (S. V. Orlov,
1935) and 0.0-0.1 — in the heads of comets (O. V. Dobrovol'skiy,

sun, as 1is usual, but to the sun and present, according to

by G. N. Duboshin and his colleagues (see M. F. Subbotin, !

forms of Arend {(1959) they permit establishing by the visible
of cometary tails the true dimensions and form of tails,
actually not in a picture plane, but in the plane of the

orbit. and solving the inverse problem of determination of

in the plane of the cometary orbit 1s assigned.

2000-3000 in tails of type I (see, for example, B. A.
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Sergey Vladimirovich
Orlov

1880-1958

1961b). Types of tails were also determined and a catalog of 169
cometa*y appearances (A. A. Demenko, 1964b) was composed.

2
Precision methods of calculating the orbits and ephemeris of }
cloud formations in tails of type I, developed in the above mentioned ;
articles of A. Ya. Orlov and S. V. Orlov, at present heve only
historical interest, but in their own time they played an important 1
role 1n the appearance of new directions in the theory of talls of ¢
type I, since thelr application made evident the insufficlency of

the theory of classical mechanics and the necessity of acquiring

additional forces of a nonmechanical nature.

Conversely, in the theory of tails of types II and III,
consisting of dust particles, application of classical methods is
very natural, and one should consider fully justiflied the appearance
of tables, facilitating the synchronous and syndyname construction
and finding the moment of departure of particles and thelr acceleration
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Comet 1939 III, discovered 15 April 1939 by I. V. Akhmarov and
@. N. Yurlov (photograph of the Zonneberg Observatory).

A
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or ed coordinates, for example the table of E. Fayziyev (1962,

R

1 4d also the appearance of highly effective methods of H
approximate calculation of tails (0. V. Dobrovol'skiy, Kh. Ibodinov,

1967). Work similar to that conducted by Fayziyev was done in England

by Meek, but the tables of Meek were never published.

Let us note certaln results of the investigation of individual
comets.

N. D. Moiseyev (1925) examined work of Bredikhin about the main
tall of comet 1901 and found that it 1s synchronous, and not syndyname,
as Bredikhin thought. S. K. Vsekhsvyatskly (1932) revealed that
anomalous tails of comets 1823, 1877 II, 1886 II in reality are
synchronous tails of type III. A classic example of such a pseudo-
anomalous tail in recent time 1s the lanceolate branch of the comet
Arend-Rolan 1957 I1I, investigated by Soviet and many forelgn authors
and appearing also as a synchronous tall of type III.

S. V. Orlov (1944), developing the idea of F. A. Bredikhin,
explained the strange formation near the head of the great comet of
1882 II as a projection of a remote part of the twisted tail of the
comet onto the head reglon. At the same time investigatlons of
separate comets showed that habltual attempts to adjust talls of
comets of types II and III always as synchronous or syndyname are too
stereotyped and impoverish the true nature of the phenomenon. Thus,
for example, the main tall of comet 1957 III according to separate
photographs allowed fitting under one of the standard curves, as also
was done by the Frenchman Gige, but jJoint analysis of many postitions
of the tall showed with certitude that 1t was neither synchronous nor
syndyname, but represented the result of a continuous outflow of
particles having different accelerations (G. V. Dobrovol'skly,

E. Fayziyev, Kh. Ibodinov, 1966).

Thorough study of the main tail of another bright comet, 1957
V. Mrkosa, lntersected by numerous lines — end synchronous by classical

theory — put under boubt the correctness of classlcal interpretation
of end synchronous in general, (S. K. Vsekhsvyatskiy, 1959). If the
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orlentation of line<s, closer to the direction to the sun than was
expected, can be explained by the 1nitlal speed of ejection orierted
along the axls of a tall of type I as the German astronomer P. Notni
(1964) did, then the briefness of their visibility remains not quite
understandable. A similar pseudosynchronous picture was observed in
the tall of the comet Seki-Layns 1962 III (Demenko, 1964a). Therefore
the opinion of S, L. Vsekhsvyatskly (1959) about the fect that not
only in the tails of type I, but alsc in formations of, at least
certain, details of talls of type II nonmechanical forces take part

is not deprived of foundations.

These works permitted Soviet science in the region of the theory
of cometary forms and after Bredikhin to preserve a leading role 1in
world science.

Photometry. Even 1In the pre-October perliod S. V. Orlov proposed

the later widely-used formula

E = EQA-'I‘.',
or in stellar magnitudes
mmme+4SlgA425nlgr,

connecting the visible brightness of a comet m, or illuminance E
created by it, with hellocentric r and geocentric A distances of the
comet. Another well-known empirical relationship belongs to
Vsekhsvyatskly:

m-mool-SigA+z(r‘—i),

where My, N and z are constants. Regular determination of photometric
parameters m and n permitted conducting a series of interesting
statistical investigations, in particular to reveal secular weakening
of brightness; the mean value of n was found close to 4 (S. K.
Vsekhsvyatskily, 1958, 1962, 1964).
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Besides general methods of the photometry of extended objects
(N. N. Sytinskaya, 1948), special methods of the photometry of
comets were developed and used: focal and extrafocal joining to
stars (V. G. Riyves, 1946, 1957b; V. P. Konoplev, 1959, 1961, 1962
and others); photometry of moncchromatic images of comets (B. S.
Shul'man, 1947; B. A. Vorontsov-Vel'yaminov, 1954); electrophotometry
and pclarimetry of comets began to be successfully used. Excellent

YRR

isophots of comets, competing with the best foreign, were constructed.
This permitted Soviet astronomers to study in detail the distribution
of surface brightness I and volume luminosity N in tke monochromatic
heads of many comets. For the majority of comets N » R-Y, where R -

distance from nucleus, and y — index, as a rule, smaller than 2.
Typical numerical values cf N for central regions of the head turned

out to be from several tens to 1011

radlating molecules per cubic
centimeter. The general number of molecules in the head of a comet
NO is estimated from 1030 for the weakest comets to 1038 for the

: especially bright comet 1882 II (S. M. Poloskov, 1951).

E Huge statistical material on physical characteristics of comets
has been collected in the unparalled major monograph Vsekhsvyatskiy
(1958), continuing the tradition of the famous collections of

1 Golechek, published at the end of the XIXth and beginning of the XXth

Centuries in Vienna,

The theory of isophots of comets intensively expanded, the
beginning of which was the well-known works of D. O. Mokhnach :
(1938, 1956, 1958). 1In particular, it was found that during uniform “
outflow of nondestroyed particles, i.e., when y = 2, and arbitrary

L G I T
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direction of acceleration of the force of radiation pressure

I~R?

(law of Mokhnach, well justified for many comets). Considering an
outflow of substance nonuniform in various directions, the photometric
center of the head cannot coincide with the gravitational center and
because of this generates systematic errors in elements of orbits
(Mokhnach, 1956). 1In recent years more complex models were examined,

e e — OIS T .
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when ini:ial velocities of particles are not identical; for example,
they have Maxwellian distribution (A. V. Kurchakov, 1960, when
particle can change speed by a jump within the 1limits of the head in
the process of photodissociation (V. G. Riyves, 1960a, 1964 and
others). V. G. Riyves developed also an interesting method of
determination of the speeds of molecules by the apparent distribution
of brightness in the head of the comet. First his application for
thermal velocities of maternal molecules directly separated from the
nucleus gave a value of the order of 3-10“ cm/s, and for speeds of
radicals — products of their dissociation — a mean value of from
6-10" to 1.5-105 em/s (V. G. Riyves, 1963), well agreeing with
experimental data on photodissociation.

The most exhausting theory of isophots, embracing both the
majority of Soviet and foreign models of Wallace and Miller (1958) and
Kaiser (1957), was put together by A. Z. Dolginov and Yu. N. Gnedin
(1966).

Itense polarimetric investigations of comets began here and
abroad chiefly 1n connection with the appearance of the bright comets
1957 III Arend-Rolan and 1957 V Mrkos. The majority of observers
in comparatively good mutual agreement obtained a degree of polariza-
tion of the glow of comets up to 20-30% and orientation of the plane
of preferential oscillations of the electrical vector approximately
normal to the radius-vector. By pho-ographic means such results
were obtained in particular by L. V. Mirzoyan and E. Ye. Khachilkyan
(1959) in Byurakan, D. L. Astavin-Razumin (1960a) in Kuchin, D. A.
Rozhkovskiy and A. V. Kurchakov (1960) in Alma Ata, Blackwell and
Wilstrop (1957) in England; electrophotometrically — P. N. Boyko and
A. V. Kharitcnov (1957) in Alma Ata, Bappu and Sinvkhal [Translator's
Note: exact spelling not found] (1960) in India. The biggest values
of polarization were registered in normal and anomalous tails of the
comet Arend-Rolan (to 55%, D. L. Astavin-Razumin, 15950a) «nd in the
head of the same comet (to 45%, N. Richter, 1961). Many researchers
have noted the growth of the degree of polarization with a transition
from head to tall, for example the Czechs Blaha, Hrugka, gvestka and
Vanisek (1958). The effect was explained by the distinction in the

135

R T ek G, o F I I it R . O A It ke, S S

——r e




i contents of gas and dust (various polarization ability) in the head
and tall of the comet. It was found ldentical in rays of various
color (M. Martel', 1959, 1960). D. L. Astavin-Razumin (1960a, b)
showed that this effect has an inconstant character and for such a
small perioa as 3 hours the distribution of polarization in the tail
can change.

Soviet researchers found that there are considerable local
deflections from average also for the direction of the plane of
palarization, which are connected with the ejection of powerful
streams of substance from the nucleus (L. V. Mirzoyan and E. Ye.
Xhachikyan, 1959). Yu. N. Lipskiy (1957) in Moscow established that
the direction of the plane of preferential oscillations depends also
on the wavelength of 1ilght dispersed by the comet. Polarization
observed by Sovlet and foreign astronomers 1s explalned as the result
of diffuse reflection from dust particles of the order of a micron in

size, and as the result of resonance fluorescence of cometary gases.

Burst of glow. Sudden changes of glow 1lmposed on a smooth 1light

curve are characteristic for many comets, e¢specially for weak comets.
Sometimes changes of general brightness (chiefly a drop) are
conrected with the fission of cometary nuclel, but more frequently
they occur for some other causcs. In the USSR the study of these
causes began even in 1923 by S. V. Orlov, showing on the example of
Halley's comact 1910 II the close connection of brightness of the
nucleus with solar activity, as the index of which he selected the
Wolf number (S. V. Orlov, 1923}). He showed that the head of a comet
on the whole does nct react to Wolf numbers. Hence 1t was possible
to concluce that the nhead of small comets, in which the brightness
of the central near-nucleus part plays a tasic role, also will be
sensitive to solar activity. This indeed was shown for the majority
of investigated comets having a fluctuation of brightness, although
not fo:* all (see, for example, Yu. V. Filinpov, 1929; O. V.
Dobrovoliskiy, 1061b).

S. V. Orlov proposed another explanation of the bursts — collision
of the nucleus with a meteorite. Such encounters are improbable, but
Jointly with the mechanism >f F. L. Whipple (1950, 1951) - spontaneous
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destruction of the very friable surface layer of the nucleus in the
process of sublimation — can explain the bursts not connected with
solar activity. Regarding the latter, the mechanlsm of 1ts 1nfluence
has been studied long ago, but it 1s still not clarified 1n sufficient
measure. The change of the speed of sublimation under the effect of

corpuscular streams passing from the sun 1s one of the probable
causes, but it 1s doubtful whether it 1s the only one.

Soviet work on study of the connection of the phenomenon of a
comet with solar activity stimulated numerous investigations abroad,
especially in Czechoslovakia (see, for example, Z. Sekanin, 1960).

Nature of the nucleus. Structure of the nucleus and processes
in 1t determine in the end the whole phenomenon of the ccmet.
Therefore the constant interest of researchers 1n the theory of the
nucleus 1is understandavble. In this question throughout all history

Soviet science has played one of the main roles.

For a long time 1in Soviet science there coexisted two equal
moaels: the nucleus as a more or less compact swarm of meteoric
particles (A. D. Dubyago, 1950; V. G. Fesenkov, 1964) and the nucleus
as one or several monolithic chunks (S. V. Orlov, 1935; B. A.
Vorontsov=Vel'yaminov, 1945). At present the majority of researchers
leans toward the second point of view as the most effective, although
the model of the nucleus-swarm has not been abandoned.

The theory of the cometary nucleus with gases adsorbed in it
was first developed by B. Yu. Levin (1943). From the expression for
the speed of gas liberation, following from the theory of desorption,
he obtained the now widely-known expression for the brightness of a

comet in stellar magnitudes:
m=A+BYVr,

where A and B are constants. Thls formula replaced the empirical
relationshlp of S. V. Orlov.
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A. D. Dubyago (1948) by means of celestial-mect.anical calculations
firct indicated the comparatively large reiative decrease of the mass
of a nucleus after one passage near the sun: the loss of mass and
the connected momentum. at least for certain comets, turned out to
be so great that orbital elements of the comet considerably change.
This permitted Whipple (1950, 1951) to justify convincingly his
model of the nucleus as a conglomerate of 1ices, independently proposed
also by Vsekhsvyatskiy (1948). 1In this now almost conventlional model
degassing occurs no longer only due to desorption or activated
diffusion, as Riyves considered (1952), but basically as a result of
sublimation of ices and the flow of forming gases through a friable
dust layer, possible covering the surface of bodies composing the
nucleus of the comet. The form of Levin's formula remalns constant.
Later calculation of heat transfer 1inside the nucleus, not foreseen
in the initlal theory of Levin, lowered the index of r and led to

the generalized formula

m= A + Br*, a <0,5,
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l.e., to a theoretical foundation of a varlant of the formula of S. K.
Vsekhsvyatskly. A generalized formula was obtained almost simulta-
neously and independently by M. Z. Markovich in the USSR and A.
Weigert in Germany.

Integration of heat-conduction equations taking into account
losses on radiation and sublimation permits calculating tlhieoretically
coefficients B and a and comparing them with observations. On the
basis of such integration, conducted in 1963 by the numerical method,
M. Z. Markovich showed that the closest 1light curve to observations
comes from a nucleus with properties close to 1ice H20. Conversely,
ices close in properties to highly volatile solid CHu in no way can
be the basic component part of cometary nuclei (0. V. Dobrovol'skiy,
1966).

Nature of cometary atmospheres. The beginning of research in
the physics of cometary atmospheres in the USSR was the works of
G. A. Tikhov, G. A. Shayna, S. K. Vsekhsvyatskly, S. V. Orlov, B. S. ;
Shul'man, obtaining and interpreting in prewar years (published after
the war) the spectra of certain interesting comets (B. S. Shul'man,
1947; S. A. Shorygin, 1948). 1In recent time spectroscopic investiga-
tions are conducted episodically at many observatories (Pulkovo,
Abastumani, Byurakan, Crimea, Moscow, Kiev, Alma Ata, Dushanbe and
others). As a result in cometary atmosphers the presence of a great
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number of free radicals 1is conflirmed, such as C2, C3, CN, CH, OH, :
NH, NH2, N2+, CO+, and others, Na atoms, dust particles; their

prevalence in comets 1s studled. However, the basic centers of

cometary spectroscopy both observation and theoretical continue to

remain in Belglium, France and the United States. At present and

where we live, in considerable measure under the 1nfluence of the

program of the International Year of the Quiet Sun, the problem of
organization of a spectroscopic service of comets using large

instruments like those existing in the West has been posed.

Theoretical research on the physics of cometary atmospheres
in our country 1is connected in considerable measure with the name of
a pupil of S. V. Orlov — S. M. Poloskov (Moscow), whose main work
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was 1in the decade of 1947-1956. Poloskov investigated the relative
effectlveness of different mechanisms of the glow of gases under
conditions of comets and confirmed the well-known conclusion of

Swings that the basic role belongs t¢ resonance reemission of sunlight
by molecules (S. M. Poloskov, 1948a, 1951). He studied the probability
of ionization by solar radlation and found that it does not ensure

the observed abundance of CO+. This conclusion was confirmed in
Dushanbe by 0. V. Dobrovol'skiy (1964) on the basis of the latest
rocket and laboratory data.

Proceeding from the position about the fact that in cometary
atmospheres the overwhelming majority of molecules 1s 1n the lowest
electron state and therefore only resonance serles are excited,
Puloskov analyzed conditions of visibility of different molecules
whose presence was probable. He concluded that independently of the
true chemical composition of the atmosphere the basic emissions in
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the visible region of the spectrum must be CN and C2 rescnance serles,
and among 1lonized molecules — CO+ bands, which explalned the vislble
abundance of CN, C2 and CO+- This permitted him to make the conciusion
that the full density of the cometary atmosphere is at least an order
higher than the partial density of a cyanic atmocsphere or an

atmosphere from cafbon monoxide (S. M. Poloskov, 1956). Numerous
spectral observations showed the presence and unforeseen Band emissions

and a dependence of the appearance of the spectrum on the chemical
structure of the comet, but the conclusion concerning high general
density of the atmosphere, following alsc from other considerations,
was confirmed. Latest 1nvestigatiocons of forbidden lines of oxygen
in the spectra of comets showed that the general density of the
atmosphere must be 1ncreased by several orders as opposed to that
given by photometry (L. Biermann and Ye. Trefftz, 1964).

In connection with this the problem of chemcial reactions in the
region of the head close to the nucleus indicated by Dobrovol'skily
(1961) becomes especially interesting. 1n particular, the probability
of all possible ways in comets of the disintegration of molecules NH3,
(CN)2, HZO’ CO2, CHu, and several other hydrocarbons, calculated by
V. I. Cherednichenko (1956), must be augmented by probabilities of
certain of the simplest binary reactions between them and products
of thelir disintegration. The latter i1s only partially done in the
mentioned work of Biermann and Trefftz, explalning the appearance of

CO+ by chemical reactions between ions ard neutral molecules.

S. M. Poloskov (1948b, 1949) studied radiation pressure on
gases of cometary atmospheres and the connected differentation of
substance in the head of the comet. He, in particular, showed that
the high acceleration observed in talls of type I cannot be the
result of radiation pressure. Conversely, acceleration in talls of
type II can be easily explained by the radiation pressure on molecules.

Radiation pressure on the dust component also was the subject
of consideration of Soviet astronomers. After the firs® work of
S. V. Orlov (1935) there appeared a more detailed study by B. Yu.
Levin, finding that radlation pressure on dust particles 1s sufficlent
to explain accelerations only in talls of type III, but not of type II.
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Hence, and also from the analysls of certain spectrograms obtalned
with the objective prism, he made an important conclusion concerning
the gaseous nature of talls of type II (B. Yu. Levin, 1947). However,
this conclusion 1is impossible to consider final. On one hand, the
density of dust particles can be less than accepted by Levin in view
of their possible friable nature (and, consequently, acceleration

1s greater). On the other hand, photometry of the head and tail of
type II of the bright comet 1957 III showed that practically all
substance of the head, contalning both gas and dust, passed into the
tail (V. G. Riyves, 1960a, b). Therefore the majority of researchers
at present has declined to decide on a combined gas-dust nature of
tails of type II. Very necessary are good slit spectrograms of taills
of type II 1in order to finally decide thils questlion. Between the
acceleration of dust particles 1 + u and their 1initial speed v 1s an
interesting dependence. It was studied by P. B. Babadzhanov (1951)
and in greater detail by O. V. Dobrovol'skily (1961 and 1966), finding
that 1 +poov?, as should be during the ejection of dust by the gas
flow from the nucleus.

Electrodynamics of comets. This 1s one of the youngest divisions

of cometary astronomy, born as a science after H. Alfvén provided

a foundation in 1942 for magnetohydrodynamics, although the considerable
role of electrical forces in comets had already been expressed 1n the
XVIIIth Century, and in speclal astronomical literature from the
middle XIX Century. It was glven the attention of such classics in
astrophysics as Bredikhin and Eddington. Baslic in this reglon was

the work of L. Biermann (1951) and H. Alfvén (1957), in which
concrete patterns are glven of the interaction of corpuscular streams
of the sun wlth cometary atmospheres.

Biermann's scheme - the transmissidn of momentum to the cometary
atmosphere by means of paired interactions of cometary ions with
electrons and electrons with protons of the flow — was augmented by 4
0. V. Dobrovol'skiy (1961) by means of the calculation of distant
interactions.

Alfvén's scheme, first using in conslderation magnetic fields
ard treating the beam structure of talls of type I as materialized
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lines of force of the magnetic field of the corpuscular stream

e frozen in the comet, was expanded and augmented by various (including
many Soviet) scientists. Dobrovol'skly (1962) first examined
quantitatively the question about a corpuscular stream being shielded
by the head of a comet. L. S. Marochnik (1964a) laid the foundation
of the theory of shock waves appearing during the interaction of a
magnetized corpuscular stream with cometary plasma. Many works of
L. S. Marochnik, Z. M. Ioffe, N. G. Ptitsyna are dedicated to the
calculation of forms of lines of force and comparison of them with
observations (see L. S. Marochnik, 1964b). These works considerably
supplemented and definitized theoretical research conducted abroad
on the interaction of the talls of comets with corpuscular streams. :

As a result the qualitative scheme of Alfvén obtained quantitative
confirmation, and the role of the stream of corpuscles from the sun '
in the formatlion of tails of type I became evident. The high i
accelerations and also motion of rays like ribs of a closed umbrella
were explalned. However, certain questions stlll awalt a solution. i
For example, the role of electrostatic flelds, whose value was
indicated S. B. Pikel'ner and 0. N. Mitropol'skaya (1948) and 0. V.
Dobrovol'skiy (1961b), has not been completely clarified; the theory
of acceleration of separate structural formations in talls of type I
has not been developed; the concrete mechanism of the separation of
plasma of a tall into separate rays or the appearance of such forms
of motion of substance in comets as pendulum-iike osclllations of
the talls (A. Malayz [Translator's Note: exact spelling not found],
1963), perlodic compression and expansior 3f the components, random
motion of separate formatlons across the taill (¥X. Rudnitskly, K. Ye.
Kirns, 1965).

PRSP S

Experimental cometary astronomy is the youngest, most rapidly
expanding and promising division of science. The number of 1ts basic
problems already includes a laboratory reproduction of the phenomenon
of the comet, calculation, creation and observation of artificilal
comets 1in circumterrestrial space; in the near future it will include

sending research rockets to natural comets, and in view is sending |
manned artificial comets to the sun.

: TR <
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Research laboratories and groups with such problems appeared
almost simultaneously in different countries, which in considerable
degree promoted corresponding scolutions accepted at the XI and XII
Congresses of the International Astronomical Union (IAU).

SR R demrile i SO LT A et A A5 S

The program of laboratory investigations officlally declared in
the United States included the study of the behavior of different
po3sible components of the nucleus under the joint action of corpuscles
(protons) and electromagnetic radiation. An analogous problem was
solved by the Institute of Astrophyslcs of the Academy of Sciences of
the Tadzhik Soviet Soclallst Republic in collaboration with the
Institute of Physical Chemistry of the Academy cof Sciences of the
USSR and has been posed at other establishments of the USSR. In
particular, it was found that such substances as solid H2O and CO2
sublimate under the influence of a corpuscular streams faster than
in the same conditions but in the absence of irradlation. At the
Physical and Technical Institute of the Academy of Sciences USSR im.
A. F. Ioffe under the leadershlip of Acad. B. P. Konstantinov the
sublimation of H20 and CO2 1ces 1is being studied; the formation of
a dust matrix on the surface of 1ices enriched with dust and 1its
drop with a flare of brightness 1s being reproduced in the laboratory
(Ye. A. Kaymakov and V. I. Shirkov, 1967) and others.

A certaln preparation for work 1in tne second direction 1s the
observation of "artificlal comets," i.e., sodium, ammonium, etc.,
clouds thrown-out by rockets at high altitude. Such work also 1is
being conducted in many countriles.

"Artificlal comets" created by Soviet space rockets were
observed by photographlc and electron-optical methods at many
observatories of the USSR. In form they were similar to cometary
halos and had an expansion rate (~1 km/s), also typical for halos;
thelr observations present interest for the study of properties of
the medium in which expansion occurs (see the section "Space

research..."). /

z
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Cosmogony. Cometary cosmogoecnic theories can be divided into

two large groups: developling ideas of Laplace (interstellar origin)
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and Lagrange (conception in the planetary system).

Theories of the first group were investigated in a cycle of
work by N. D. Moiseyev, I. P. Tarasashvili (see N. D. Moiseyev, 1948).
The majority of researchers at present does not share the Laplacean
point of view. The most serious argument against it 1is investigations
of the initial orbits of comets, most of which 1s carried out in the
USSR, primarily by I. V. Galibina (1958, 1963), calculating according
to a method specially developed by S. G. Makover the initial orbits
of more than 50 comets, and also A. A. Mikhaylov, M. Ya. Shmakov,
M. A. Dirikis, 0. N. Barteneva and others. It turned out that
initial orbits always have positive reverse semiaxes 1/a, corresponding .
to elliptic orbits; unit negative 1/a, corresponding to hyperbolic
orbits, lie within 1limits of errors of determination.

Thoeries and hypotheses of the second group are detated the
most animatedly. They include the assumption of S. V. Orlov (1948)
about formation of comets as a result of separation of asteroids
upon collisions with meteorites, subjected to criticism from the
side of Moiseyev (1948). The subject of rather passionate discussio-
among, a great number of cosmogonists 1s the hypothesis about the
ejection of comets from large plarets or their satellites, revived
in our time by S. K. Vsekhsvyatskiy {1932).! V. A. Krat (1956)
advances a hypothesis about simultareous formation of planets and
comets, In which comets are examined as a thickening, formed in the
process of gravitational condensation of remnants o.' prestellar

B R
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substance.

Expressed and other hypotheses. A direct check of the theory
of S. K. Vsekhsvyatskly was undertaken by means of celestial mechanics,
attempting with the greatest possible accuracy to calculate a serles
of comets closely apprecaching Juplter; however a straight substantiation
of Vsekhsvyatskily's position has not been achieved. Though the
theory of Vsekhsvyatskly could explain certaln peculiarities of

'Such an idea was expressed even in the XVIIIth Century.
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observed motion of comets, the 1ldea of comet-forming explosions on
satellites frightens the majJority of cosmogcnists; primary efforts
at present are directed towards development of the ideas of J. Oort
(1950) about a ring of comets in the solar system near the boundary
of the sphere of action of the sun, supplying the observed comets
thanks to the perturbing action of stars (S. G. Makover, 1964).

The most considerable cyclie of works is the cycle dedicated to
finding the distribution function of comets arriving from an Oort

cloud, in reference to 1/a and other elements of orbits under planetary
influence 1in the first place of Jovian (Jupiter), perturbations taking

into account disintegration of comets (K. A. Steins, 196la, b; K. A.
Steins and E. P. Riyekstyn'sh [Translator's Note: exact spelling
not found], 1960). This cycle of works develops the vies of N. D.
Moilseyev (1948) and other foreign authors (1948, 1950). The theory
will agree satisfactorily with observations in a number of cases.
However, 1t 1is very far from perfection, and intense work continues.

Recently numerical methods of integration using electronic
computers have received every increasing promlnence. As a result
there 1s a calculated series of initially circular orbits in the Oort
belt transformed under the action of the general gravitational field
of the galaxy into ellipses and hyperbolas (G. A. Chebotarev, 1964)
(see al:e the section "Celestial mechanics"). 1In this direction one
should expect the most interesting results about the origin of
mysterious strangers from space.
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METEORS AND METEORITES

Meteors

Meteors are light phenomena occurring in the terrestrial
atmosphere and observed in the form of stars speeding through the
heavens. Frequently after the flight of a bright meteor, usually
continuing only fractions of a second, on 1ts path remains a weakly
luminescent trail, which vanishes after several seconds.

Meteors cause an invasion into the atmosphere of the earth of
hard grains, so-called meteor bodies or particles. Noneless the
frequently even speclalists refer to as meteors not cnly the light
phenomena, but alsc the actual meteoric particles even when they are
in interplanetary space (V. V. Fedynskiy, 1960). In reality, meteors
as a phenomenon appear at a height ¢f nearly 120 km and vanish at a
height of nearly 80 km,

The study of metecrs in our country began in the 1830's. 1In
1832 at Kursk the talented self-taugnt astronomer F, Semenov observed
the Leonid meteor shower and at the same time assumed a connection
of meteors witin comets., At the end of the past and the bgginning of
this century the study of meteors occupled the most prominent Russian
astronomers F, A, Bredikhin, V., K. Tseraskiy, S. P. Glazenap,
K. D. Pokrovskiy, S. N. Blazhko, G. A. Shayn and others. However,
only after the Great October Socialist Revolution did the study of
meteors in our country take a systematic character, »roceed
systematically with the application of new improved methods and
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become widely expanded. Atroad extensive visual observations of
meteors were conducted in Canada — under the leadership of Millman,
in England — under the leadership of Prentice and then Denning and
in the United States under the leadershlp of Olivier, where even in
1911 the American meteoric soclety was founded.

In the 1920's in our country the mass visual observations of
meteors, started already at the beginning of this century were
renewed, ccnducted at many points by both individual amateur
astronomers and also collectives of observers, For example, sys-
tematic observations for several years were conducted in Leningrad,
Vitebsk, Kursk, Trubchevsk and Odessa and were coordinated by the
existing Russian socliety of amateurs and world leaders. Similar

observations were conducted by a collentive of observers of the
former Moscow scciety of amateur astronomers., Later work on meteor
astronomy was carried out at the P, K. Shternberg State Astronomical
Institute and at the Institutc of Theoretical Geophysics of the
Academy of Sclences USSR, Extensive visual observations of meteors
were conducted alsvo by uembers of the All-Union Astronomical and

Gecdesic Soclety.

As a result more than ten years of work attained serious
successes. First of all, starting from the end of the 1920's and
during the 1930's the method of visual observations of meteors was
considerably improved and its errors investigated (E. Epik, 1921;

V. A. Mal'tsev, V. V., Fedynskiy, and later I. S, Astapovich, 1958).
Then a number of new meteor showers was discovered and catalogs of
their radlants composed, and alsno showers already known at that

time were studied in detail. For certain showers in 1934-194Q

thelr orhital elements were definitized, the structure of the showers
anil the physical characteristics of meteors were studled: brightness,
color, speed, height of breaking up, etc., the connections between
showers and comets and the evolution of showers were studled, different
dependences (for example, helght on speed, length of apparent patns

on distances to radiants and others) were found (N. N, Sytinskaya,

V. V. Fedyrskiy, I. S. Astapcvich).
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Much attention was given to the study of lonization traces of
meteors, determination of direction: and speed of their drift, and
together with this — the study of physical properties of alrstreams
in the upper layers of the atmosphere (V. V. Fedynskiy, 1950).

Dust trails of several bolides were studled also.

Toward the end of the 1930's with the help of telescope or
binoculars obscervations of sco-called telescopic meteors were begun,
i.e., meteors of low brightness, invisible to the naked eye. Later
telescopic meteors were observed especially intensively and are now
being observed at the Astronomical Observatory of the Institute of
Astrophysics of the Academy of Sciences of the Tadzhik Soviet
Socialist Republ.c in Dushanbe.

Finally, in the 1930's photographic and photometric methods
for observations of meteors were developed and used (N, N, Sytinskaya).
In 1938 at the astronomical observatory in Dushanbe the first meteor
patrol in the USSR was established under the leadership of Ye. N.
Kramer, and the photography of meteors began, using cameras with
shutters, which permitted determining the speed and deceleration of
the meteonric particles.

One may assume that the 1940's finished the first period of
the observations of meteors in our country. It 1s characterized
mainly by observations conducted in considerable degree by amateur
astronomers using the visual method. Along with this preparation
was laid for more exact observations by photographic methods.

In 1945 began the second period in the observation of meteors.
Even during the war (1942) a new center of meteoric observations
was created in Ashkhabad (Institute of Physics and Geophysics of
the Academy of Sciences of the Turkmen Soviet Socialist Republic).
In Dushanbe and Ashkhabad began extensive observations of meteors
by visual and photographic methods. The use of short-focused
cameras with small dispersion began, making it possible to obtain
spectrograms of meteors. Simultaneously a new radar method of meteor
observations was introduced into practice; near Dushanbe a special
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Photography of meteors.

Obtained 14 August 1958
at the Astronomical
Observatory of the Insti-
tute of Astrophysics,
Academy of Scilences of
the Tadzhik Soviet
Socialist Republic

(above — photograph
obtained without shutter,
at the bottom — with
shutter),

station was built for radar observations. For the first time in
Soviet Union the radar method was used in 1946 during observations
of the Draconid meteor shower. As a result it was posslible to
trace the maximum of the shower, which was observed in bright
daylight after *he sun had risen. The radar method, founded on the
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study of radio waves reflected from ionization trains of meteors
and recorded by the photographic method in the form of curves, the
so-called echo method, permits determining the distance to meteors,
theilr speed and direction of motion.

The meteor patrol established at the observatory in Dushanbe
was considerably improved, in 1953, 1In 1956 under Ye., N. Kramer
a new, standard meteor patrol was created, of which there are staffs
at Dushanbe, Odessa, Kiev, and Ashkhabad. In the 1950's the
Institute of Applied Geophysics of the Academy of Sciences USSR
began the investigation of penetration of meteor particles into the
earth's atmosphere.

The basic result of the study of meteors in the second period
was the creation of a physical theory of meteors. It 1s expounded
in the monograph of B, Yu, Levin (1956). The physical theory permits
presenting a general picture of the phenomena considering motion of
meteor particles in the earth's atmosphere. This theory is based
on analysis of two basic Interacting processes — evaporation and
deceleration of meteor particles. The monograph contained results
of long investigations conducted at the Institute of the Physics of
the Earth, Academy of Sciences USSR, on the quantity and distribution
of meteor substance in interplanetary space. In 1957 a handbook
was publi lied for the photographic observation of meteors, composed
by L. O. Katasev on the basis of cumulative experiment. In 1958
the monograph of I. S. Astapovich about meteors appeared, in which
the author expounded the results of bservations and study of meteors
conducted mainly by himself during the period of three decades. 1In
1961 a new, considerably expanded instruction for visual and photo-
graphic observations of meteors and their treatment (I. T. Zotkin)
was developed,

The beginning of the third period in the field of study of
meteors coincides with the beginning of the International Geophysical
Year (1957). This period is characterized by considerable expansion
and improvement of the radar method of observing meteors. According
to the program of the IGY radar observations of meteors were conducted
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in astronomical observatories of the Odessa, Kazan and Kiev State
Unlversities, at the Kharkov Polytechnical Institute, Tomsk Poly-
technical Institute, Institute of Astrophysics of the Academy of
Sclences of the Tadzhlk Soviet Socialist Republic, at the Institute
of Physics and Geophysics of the Academy of Sciences of the Turkmen
Soviet Socialist Republic, This work permitted obtaining extensive
information about meteors and about properties of the upper layers
of the atmosprere. Success of the work was ensured in considerable
degree by the ract that during the observations of meteors a whole
complex of methods was used: visual, photographic (including
photometric) and radar.

As a result a significant number of orbits of individual meteors
and meteor showers was determined and their catalogs were composed;
the structure of many meteor showers was 1investigated, for example
the Quadrantids, Lyrids, Perseids, Draconids, Geminids and others;
the connection of meteor showers with comets was studied and catalogs
of cometary radiants was composed (Ye. N, Kramer, 1954; Ya. L, Al'pert
and others, 1960; B. L. Kashcheyev, V, N. Lebedinets, 1961). Results
of extensive investigation of meteors by the radar method, as also
a description of the actual method, are contained in the recently
published monograph of B. L. Kashcheyev and V. N. Lebedinets (1961).
Also an important contribution was another monograph on the method
and certain results of photographic investigations of meteors
(P. B. Babadzhanov, Ye. N, Kramer, 1963).

Meteor stations created in the reriod of the International
Geophysical Year at Vannousk (near Ashkhabad), Tripol'ye (under
Kiev), Mayakakh (near Odessa), Savino (near Kharkov) and Simferopol
are stlll successfully operating.

For coordination of work in the Soviet Union on meteors, and
also for discussion of obtained results and the development of
further directions in 1935, 1937 and 1939 three conferences were
conducted on cometary and meteor astronomy. In 1937 at the
Astronomical Council of the Academy of Sclences USSR the Commission
on Comets and Meteors was created which is the coordinating center
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of scientific work in the Soviet Union in the region of cometary and
meteor astronomy. From 1951 to 1965 the commission conducted 11
plenary sessions. In 1956 publicatio. of the nonperiodic "Bulletin
of the Commission on Comets and Meteors" was started (as of 1964
nine issues were published).

At present in the Soviet Union the study of meteors is held in
great esteem. Subjects on meteor astronomy are included in plans
for scientific work of many astronomical and other scientific research
establishments. This 1is explained by the fact that scientific interest
toward meteor astronomy strongly increased in connection with the
beginning of study of celestlal bodies using artificial earth satellites '
and spaceships.

The study of meteors 1s not less important in the sclution of
many purely astronomical problems: structure and evolution of the
solar system, processes of accretion and disintegration of the
substence of this system. It is of great value also in the study
of dust matter in the Galaxy. In geophysics meteors help to study
physical properties of the terrestrial atmosphere; meteors render
an essential influence on the state of the upper ionized layers of
the atmosphere. The recent establishment of the existence of a dust
medium in the environment of the earth increases the value of study

of meteors for the problem of the motion of artificial earth
satellites and interplanetary ships in interplanetary space.

Meteorites

Meteorites should be called remnants of space (meteoric) bodies,
falling on the surface of the earth or some other planet or 1its
satellite independently of the source of formation of these space
bodies. It is necessary to exclude the fall of remnants of artificial
bodies — artificial earth satellites, tneir rocket carriers, etc.

The dropping of these objects to earth is accompanied by phenomena
very similar to those which are observed when meteorites fall.
However, such bodies cannot be considered meteorites.
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Contemporary data permit us to allow the existence of at least
three sources of formation of meteorites. The basic source 1s
asteroids. Products of the destruction of asterolds, generated as
a result of theilr collisions, constitute the usual meteorites,
subdiviaed into iron, iron-stone, and stone.
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