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TRANSLATOR'S PREFACE

In May of 1974 1 visited Pulkovo Observatory near Leningrad,
a visit which conjured up images of Q time when the ouservatory
was the "astronomical capital of the world." A century ago
positional astronomy was the princioal activity of astronomers.
The foundation of modern astronecxy was bcing built. It was
Pulkovo Observatory itsclf that set the standaris for a great
deal of nineteenth century astronomy: the determinatiosr of fun-
damental constants, the compilation of fundamental catalogs of
stellar position, the determination of proper moticns and trigo-
nometric parallaxes of stars, the discovery ard measurement of
double stars, the development of instrumentation and methods
of observation for increased accuracy. To study i{he history
of Pulkovo Obgervatory is to study the development of astronomy
in all of Russia over the past century and a half; it has been
the Princioal Astronomical Observatcry of the country since
the time of its founding.

During my visit to the observatory 1 was given a tour of
the grounds and a ccpy of A. N. Dadaev's 1972 work on the
history of the observatory. As a result of the friendly atti-
tude with which I was received, I have since wanted to make
available to readers of English the historical treatise that
was given to me. The start of this project took over two years.
Though a 1958 version o’ Dadaev's hlstory was translated into

Erglish (coinciding with the IAU meeting in Moscow), the second

iv



edition of his history is three times loncer and contains m'wch
more information on the post-World War II activities of the
astronomars at Pulkovo. Bezsides, the English version of 1958

is not readily available. Because Pulkovo Obsgervatory ranks
today with institutions such as Yerkes, Lick, Hale and Greenwich,
the histories of which ara importeat to modern astronomy, I

felt that my translation prcject would be worthwhile, both as

a service to trose interested in the topic and as a thank you

to the Pulkovo astronomers X. N. Tavastgierna and G. S. Kosin.

In addition to the translation I have added a name index
(containing full names and dates where available), a table of
the observatory's directors ard to the 1ist of references some
reading material in English.

The Library of Congress scheme for transliterating the
Russian alohabet has been used thrcugnout. This may make for
some confusion, a3 Defch is also known as Deutsch, GanskiY as
Hansky, and Oskar Andreevich Baklund is also J8ns Oskar Backlund.

I would like to thank Professor S. Vasilevskis (retired
Lick Observetory astronomer) for help in clarifying a number of
passages. The ultimate responsibility for the translation, of

course, is mine.

~evin Wrisciuras

Medium Altitudes Mission Branch
Ames Research Center. TACA
Moffett Field, California

29 Octcber 1977
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At the present time Pulkovo Observatory bears the name of
Princinal Astronomical Observatory of the Academy of Sciences
of the USSR.1 but for a very wide circle of peopole in cur country
as well as outside its borders, it is known by the first of its
rames.

Founded more than 130 years ago, Pulkovo Observatory, in
the first decade of its existence, acquired a reputation amcng
scientists of the whole world as a first class scientific-inves<’
tiecative establishment, and the title of astronomical capital of
the world was already attachod to it then. The world-wide repu-
tation and universal recognition of the observatory came as a
result of its own distinguished works in different areas of
astronomy, to astronomical observations of an excentionrnally
great orecision, and to the carefully thought ocut organization
of the observations and the contissed perfection of methcds and
means of astronomy.

The cbservatory is situated to the south of Leninerad, 19

1Throughout the extent of its history Pulkovo QObservatory
has had several official names:s Principal Astronomical Observatcry
at Pulkovo (1839-1855), Nikolaevska;; Principal Astronomical
Observatory (1855-1918), Principal Russian Astronomical Cbser-
vatory (1918-1927), Principal Astronomical Observatory of the

USSR at Pulkovo (1927-1945), and Principal Astronomical Obser-

vatory of the Academy of Sciences of the US3R (since 1945).



kilometers from the center of the city, on a hill 75 meters
above sea level. A straight and level highway runs almost
along the meridian from the city to the observatory, the domes
of which are visible at a distance from Hoskovski; Prospect in
Leninerad. At the foot of the hill the highway forks: one
oranch goes to the cify of Pughkin (formerly'@%arskoe Selo),
the other to the main entrance of the observatﬁry and on to
Gatéﬂina. Pskov, and Kiev.

The fame of Pulkovo stems not only from the scientific
activity of the astronomers, but also from the battles fo&ght
by the defenders of the city of Lenin, the cradle of the prole-
tariat revolution. Three times in the years of Soviet power
Pulkovo was the scene of a bitter, bloody struggle against :he
enemies of the revolution and socialist state. On the third
day after the achievement of the rev-lution in Petrograd, in
November of 1917, a confrontation took place on the Pulkovo
heichts between the Red Guard forces and the trcops of the
Provisional Government, which were routed there. In Gectober cf
1919 the White Guard army of General iﬁdenich was stopred and
routed at Pulkovo. Finally, the Germano-fascist troops, advan-
cing towards leningrad in 1941, were held back here. From the
Pulkove heights began the all-out offensive of Soviet troc s on
the Leningrad front.

From Sectember of 1941 till January of 1944 the southern
boundary of besieced L2ningrad was defended and held one and a

half kilometers to the south of the main building of the obser-
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vatory. Intensive artillery and mortar fire from the enemy
positions and bombardment from the air brought total destruction
to all buildings of the observatory. General damage done to tﬁé
observatory was estimated at 137 million rubles (or 26 million
American dollars, in 1944 currency).

The year 1953 was the year of the second birth of Pulkovo
) bﬁégrvatory. It was not simply restored, but rebuilt from the
ground:up. Present cost estimates for this exceed prewar ones.
The scientists at Pulkovo worked on diverse probiems in astro-
n-my and related diéciglines. and according to the variety of
:ﬁnderfakings by a number of people, Pulkovo Observatory presents
itself as one of the most important séientific-investigative
astroncmical institutes‘in the world.

Pulkovo played a significant role in the creation and devel-
ooment of a number of observatories in our country and beyond the
border: Simeiz, founded in 1908, Kislovodsk Mountain Station
(1948), Blagovegg;hensk Latitude Station {(1958), gﬁemaiﬁa
(1959), Zelenghukska;; (1968), Ulanbatar {Mongolian People's
Reoublic, 1960), Chile (near Santiago, in 1962 transferred to a
new olace), and others. Pulkovo Observatory has branches at Niko-
1éev (Ukraine), Kislowdsk (North Caucasus), Blagovegizhensk-on-
the-Amur (Par East), and investigative bases at the three points.
From 1960-1964 the number of investigative expelditionary bases
organized by the observatory reached :0, and of these, two-

P -~~~
Zelenchukskaia and Novosibirsk- stand now as investigative centers.

The significance of Pulkovo Observatory in the development
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of modern astronomy is great. The activity of Pulkovc astro-
nomers in the past and present includes almost all branches of
observational astroncmy. with the exception of the monitoring

of meteors, which to an equal extent can be considered an astro-
nomical, as well as an atmosoheric, phenomencn. In the line of
workers at Pulkovo were such prominent scientists as Wilhelm von
Struve,®F. A. Bredikhin, A. A. Belopol'skii, A. A. Ivanov, and
G. A. Tighév. Their works have long been considered classical.
The history of the observatory is closely connected in puroose

— withvthe history of astronomical science, and its modern activity

f211s in 1ine with the demands of science and life.

$Struve is better known by the German form of his name (Fried-
rich Georg Wilhelm von Struve) than by the Russian form (Vasilii

~ ~
IAkcvlevich Struve). (Tr. note)



THE FOUNDING OF THE OBSERVATCRY

The date of founding of the astronomical observatory at
Pulkovo is considered to be the day of its official inauguration-
7 (19) August 1839. The_opening took place in the presence of
members of the Academy‘of Sciences (the full delegatioﬁ);rﬂigh
dignitaries, foreign officiais, eminent scientists and astronomers
from other observatories of Russia. The event had . great signi-
ficance attached to it.

The construction of & large, well-equipoed astronomical
observatory near Saint Petersburg, at that time the capital,
bf direct authofity of the Academy of Sciences was dictated by
practical necessity. Russia stood on the path of capitalistic
development, which signified the expansion of production and a
fuller utilization of resources. The use of the ccuntry's
natural resources was tied to the gecgraphical studies of its
vast territories, and the construction of geographical maps
in the end depends on astronomical observations and a knowledge
of precise stellar coordinatese.

So, the practical objective of astronomy at that time was-
precise stellar coordinates. But this goal was not easy.
Achieving it required the developmen* of astronomy as a science.
Astronomy, precise pnositional astronomy, which, according to the
term, by definition deals with positions of celes*ial bodies,
had ts make a step forward, which is to say, a leap .n its devel-

ooment. This "leap" was mani. 3ted in the activity of the Pulkcvo



Uusservatory in the first ten years of its existence. Precisely
this was typified in the excentional merit of the founder and
first director of the observatory, W. von Struve (1793-1864),
who by right was one of the greatest astronomers of the world.

W. Struve was not only a talented administrator and reformer,
but.was also an immutable ideological inspirer of the transforma-
tions contemnlated by him in observational astronomy. Permanent
concerns to him were to organize not oﬁiy areas of positioﬁal
astronomy. These ccncerns had a non-negligible significance for
the development of all areas of astfonomy. and in general preserve
their significance to the present day.

Let us take a cursory look at the state of astrénomy during
that enoch. O0f course, the Copernican paradigm was accepted by
scientists everywhere. But the system of Copernicus received
confirmation in view qf the discovery of stellar parallax (or the
measurement of the distance to stars) just in the years when the
observatory at Pulkovo was built.

The discovery of annual stellar parallaxes (which are very
small displacements of the stars on the sky due to the annual
motion of the Earth around the Sun) was made, independently from
each other, by a trio of‘astronomerss Wilhelm von Struve at Dor-
pat (now Tartu in Estonié), where he graduated from the university
and began his scientific activity; F. Bessel in Germany; and T.
Henderson at the Cape of Good Hope. In a number of European
countries at that date, and in Russia, there already

existed sufficiently equipped observatories, where systematic
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observations were being carried out and, as it hap-ened, the
discovery was made. Observations for the mcst part were of the
Moon -and piancts, double stars, comets {wiien tney were visible ,
“fogs," according to the modern concept, remote star congregates,
galaxies and gaseous nebulae. Alecng vractical lines, ir ;')ar-'-~
ticular for navigation, star catalogs were periodically made up-
lists of stars with their coordinates. Of ourely theoretical
works, such as celestial mechanical investigations or cosmogoni-
cal hypotheses, these were not yet dealt with, as far as they
were not directly tied to observations.

In any case, from the evidence c¢f annual parallaxes to the

.scovery of quasars anrd pulsars, astfoﬁomy once again had to

+ravel a long road. For comnlete and final proof of the Coperni-
can system it took almost 300 years. What a fas tempo it has
developed at, in order to reanh tlI present state .n 130 years!
And in this develorment of astroncmy an important rcle belongs
to Pulkovo scientists.

Stellar coordinates are fundamental astronomical data, and
this fundamental nature is necessarily nermanent. Confre;:iing
a orincipal problem of the new observatory- the preduction of
high-precision catalogs- W. Struve vpursued not only vcractical,
but also purely scientific goals. The stellar catialogs which
were used un to the founding of the Pulkovo Observatcery could
not nrovide a hovoeful basis for the subsequent development cf
astronomy. Having been made familiar with all grevious cazalog

production efforts, W. Struve used all aspects ¢f a new method,



calied tne “"science of observation,” founded the Pulkcvo
schonl of astrometry. In essence, modern astronomy, as an
imoortant brancn of astronomy, dealing with various astroromi-
cal measurements, originated togcther with Pulkovo Qbservatcry.
It is necdliess to say that at Pulkovo the “art of observation,”
which Pulkove astrcnomers and also their ~redecessors made
famouz, was sucressfully combined with "scientific observation."
Struve's me~hod tied together in itself the elaboration of
theory, the constructicn of instruments, and a program of obser-
ving nearby anv distant objects, and a comcrehensive invesiigaiion
of instrumental and oversonal observational errors. The theoretical
basis of the method might seem at first glance paradoxical, as is
descrited briefly by the fclicwings a considerable test of ore-
visus otservaticns, comnletely ignoring the resulcs. In other
words, on the basiz of the observations W. Struve decided to
create such stel’ar catalogs which would not depend cn data of
orevious catalogs, and the objective would be to build con the
results of his own cbservaticns. In astronomy twc methcds of
observation are distinguished: relative, when the stellar ocsi-
tior.s on the sky are measured with resoect to fundamental stars
with k+own coordinates, associated with scme catalog, and abssclute,
vnen the oosition of every star is determined sevarately, inde-en-
dently from other stars, in arn asgreed-upon system. But it is
necessary tn defire the very system of coordinates. The fixing
of this dernends on knowledee of the Earth's mction, which in

astronomy characterizes itself as a so-called astroncmical constant.



An astronomer must always remember that, while carrying
out observaiions, he is not situated at a fixed point ir space,
rather, on a moving Earth, determining his “"dozen motions,"
owing to the acticn of gravity and other laws of mechanics (in
time he knows "eleven” motions). The measurement of the coord-
inates of celestial bodie: consists in determing two quantities-
right ascension and declination. They are analogous to the geo-
eravhical coordinates on the Earth's surface, longitude and
latitude, and in astronomy there are the concepts of a “"celestial
pole,” a "celestial equator,” and a zero point on the equator-
the “vernal equinox.” These three concepts give an idea of the
system of coordinates for celestial objects. But the coordinate
systen, tied to the cobservations, changes all the time, as the
observer uoves together with the Earth. It is necessary ts find
some "fixed" system or at least one which would move transversely,
always remaining parallel tc one's self. 1In physics such a system
is called inertial, and it is, according tc the theory of rela-
tivity, equivalent to an absolutely fixed frame of reference. 1In
order to have the desired coordinate system it is necessary to
eliminate all motions of *+he Earth, especially rotational ones.
This consists of the proolem of determining astroncmical constants.
Of course, in this prcblem there also enters the determination
of refraction, which is not connected to the Zarth's motioun, but
to the refraction of light in the Earth's atmosphere.

S0, in order to achieve the objectives, it was necessary to

ignore the results cf others' observations, not only to necessarily
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forget ciher catalogs, but to determine astronomical ccnstants
all over again. In this was involved an absolute method of
determining the coordinates of celestial bodies. Struve's methecd
was an absclute system. All the advantages of his method were
arreed uoon much later, when, after his death, the so-called
fundamental stellar catalogs were beginning to be created, about
whizh we will have more to say.

In order to increase the accuracy of the observations W. Struve
propcsed a method of seperately determining both coordinates. For
this ourpose he ordered from Germany instruments of two types:

h transit instrument (objective diameter D = 150 mm, focal length

f = 260 cm) for the determination of right ascersion, and a vertical
circle (D= 150 mm, £ = 195 cm)- for the determinatior of declina-
tion. The instruments were manufactured in Munich according to
Struve's plan by the master Ertel, and were the largest in the

world for the purocse of meridian observations. Repeatedly moder-
nized, they work up to the present time, carrying out a program

of absolute observations.

Struve also planned a large project of relative, or differ-
ential, stellar observations, for which he obtaineda Repsold
meridian circle (D= 150 mm, f = 215 cm), also manufactured in
Germany. Repscld's transit instrument (D = 155 mm, f = 235 cm)
was used for the determination of astroncmical constants (aber-
ratiorn and nutation), it being fixed on the prime vertical, i.e.,
the plane perperdicular to the plane of the meridian.

All instruments were situated in special varts of the main
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building of the observatory, built according to the plan of the
well-known Russian architect A. P. Briullov (1798-1877). The
main structure (as it appears even today) consisted - o. two

steone buildings, a west one and an esst one, and a central obser-
vational part, united by corridors to the east and west buildings.
Above the central part stood three wooden octahedral towers with
conical roofs. In the middle the largest of these contained

a 15-inch refractor, the work of the German opticians Mers and
Mahl#r, successors to the famous Fraunhofer. This refractor,
intended for the meesurement of double stars, wac for a long time
the largest in the world. Thus, the equipment at Pulkovo Obser-
vatory was'nost modern for its time.

W. Struve took special care in the selection of the observers.
Besides himself, the scientific staff of the observatory consisted
of four astronomerss his son 0 tto Struve, G. Sabler, G. Fus, and
F. Peters. This staff would be able to ensure the implementation
of the selected progfam.

Already, in 1842-1843 aopeared the work of 0. Struve, F.
Peters, and W. Struve ... the determination of the constants of

precession, nutation, and aberration.2 Wnereas for the deter-

2Precession and nutation are periodical motions associated

with the rotation of the Earth and consisting of the change of
position of the Earth's axis in space, or the change of position
of the "celestial pole” with respect to a "fixed". Earth. Pre-

cession onerates with a period of about 26,000 yesars, nutation
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mination of the first two, chera.-.evigzing the Earth's rotation,
it required the use of observatiyns carried cut earlier at Green-
wich ard Dorpaf. for the deturﬂiﬁation of aberration W. Struve
utilized his cwn observationh mads at Pulkovo during the years
1840-1842 with the help of the teineit instrument, fixed on the
prime vertical. As far us the constant of aberration is associa-
ted with the velocity of lighy in space, these observations of
W. Struve allowed him to conclude that light from all stars
travels with the same velocity:of 288,433 versts per second,

with an error no greater than lﬁOjfersts (previous determina-

tions contained errors greater %han 3000 versts per second).3

with a period of 18.6 years. Tﬁerefore. +. 2ir determination
requires a number of observations, taken over a considerable
span of time. Only having begun work at Pulkovo, the astronomers
were not able to make tne determinations solely with their own
observations. This was supposed to be done " iter.

The phenomenon cf aberration arise~ .com a sum of velocities:
the velocity of the spreading out of .ight, and the orbital
velocity of the Earth. The const..at of aberratior was able to
be determinecd on the tasis of .uservations ca~ried out over a
veriod of acproximately one and a half yrars.

31f versts are convarted into ki ometers, the velocity of
light, according to Struve, is 3.7,700 km/sec. PFProm this it is
obvicuz that Struve did ..0v quite correctly estimate the accu-

rrcy of the determir:tion of the velocity of light. Of ccourse,
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Until the work at Pulkovo, the best determination of
aberration belonged to Bessel (20°475). In the year 1896,
by suggestion of the American astronomer S. Newcomb, i~ the
capacity of an international expert, it was customary to adopt
the value of 20°470 for averration, close to the determinations
of Bessel and W. Struve. However, the average of its values
from all determinations at Pulkovo from 1840-188C (207493),
also known to Newcomb, was almost in agreement with the modern
(Hamburg, 1964) accepted value (20°496). The same can be said
about the constant of nutation: the customary value (9:210),
which we use by international agreements of 1896 and 1964, is
very close to the value obtained by P. Peters in 1842 (9°214).
Such an objective characteristic of Pulkovo results is now
cleared uo in full measure.

Consequently, quite objective is the recognition of Pulkove

its value was determined much more precisely than before, but it
still was further from the true value than Struve supposed. His
determination depended on the accuracy of determining the constant
cf aberration, but into this value to an uncertain degree enters
one other constant, the so-called solar parallax, or distance to
the Sun, which was known also with considerable uncertainuy. How-
ever, nct only a more precise determination of the velocity of
light, but also the establishment of the fact of the constancy

of this velocity, which already does not depend on the solar

parallax, deserves special attention.
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star catalogs as being the highest precision of all original
catalogs containing first-hand observational facts. Confronting
a basic prodlem of observatories, generations of Pulkovo astro-
metrists created absolute catalogs of right ascensions and decli-
nations of cstars for the epochs 1845, 1865, 1885, 1905, and also
1930 and 1955. At first the catalogs contained 374 stars down
to fourth magnitude, then the number was increased to 558, and
in the catalogs of 1955 the number of stars contained exceeds a
thousand. Already brought to light with the catalogs of 1845
and 1865, arose the possibility of creating fundamental catalogs
on their basis, with the assimilation of observations from

other observatories.

The fact is that from the comparison of two initial (original)
absolute catalogs for different epochs it is possible to obtain
"stellar prooer motions," because with the absolute method. of
catalog construction the motions of the Earth are eliminated
(all except the transverse motion), and the charges of stellar
positions in two catalogs, compared by us after the decades sep-
arating one epoch from another, give evidence for the motion of
most stars, also including the transverse motion of the Sun, i.e.,

u

the motion of the Sun among the stars. These are catalog proper

uStrictly speaking, the initial catalogs contained not only
the "transverse motion" of the Sun, but, as a rule, the precessinn
of the Earth's axis. Therefore, to obtain "absolute proper mo-

tions" of stars it was necessary to eliminate precession, which
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motions and not peculiar, or “properly proper” motions, as far
as the motion of the Sun enters into catalog proper motions in
an uncertain manner. To pracisely determine the velocity of
the Sun's motion relative to the stars was possible only later
on, and for the 1870's the determinaticn of “catalog vr~per mo-
tions” in great quantity was a huge undertaking, more so, as for
all practical ourposes, just such proper motions were necessary.
Pulkovo observations were furthered to a considerable degree
with this undertaking.

Fundamental catalogs of stellar positions contain, besides
coorcainates, also the proper motions. Thanks to this they re-
main suitable for every enoch and, really, represent the very
foundation of astronomy. Such catalogs are made up, originating
from the results of observations of many observatories. Works
for the creation of fundamental systems received their develop-
ment in America and Germany (S. Newcomb, A. Auwers, L. Boss).
But with all the onstructions of {undamental systems, Pulkovo
catalogs, displaying great precision, were invariably given the

greatest weight. So it was, S. Newcomb wrote, that one observa-

was fully possible with the sufficiently large difference in

the evochs of creation of the catalogs. As was found out in

the years 1925-1927, with the discovery of the rotation of the
Galaxy, the motion of the Sun together with the system of planets
was not strictly transverse. This in general complicates matters,

though practically does not enter intc the calculation.
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tion on the Pulkovo vertical circle was equivalent to twenty,
thirty, or even forty observations made by average observers

on a meridian circle. Newcomb himself caught the gist of it

and brousht to use the words of his compatriot and contemsorary,
B. Gould, calling Pulkevc the "astronomical capital of the world.”

Cne of the first works cf Pulkovo astrononers that deserves
mention is the investigation published in 1848 by F. Peters
concerning the parallaxes of B bright stars, based on observa-
tions made with the verticil circle. Peters confirmed the
results of Struve and Bessel and proved once and for all that
parallaxes of stars are exceedingly small, and, consequently,
the distances to them are enormous. Struve himself described
this work of Peters, "as a genuine standard of orecisicen and
inherent nerfection.”

W. Struve's classical work, Etudes g'Aétronsmie Stellaire,
published in 1847 as a separate book, assumes 2 soecial slace.
It was not directly cornected to the rest of the works at Pul-
kovo and, according to its title, did not rertain tc positional
astronory, but rather to the realm of stellar astronomy. From
his vreofound analysis of available data concerning th- distribu-
tion of stars it is nossible to conclude how intricately W.
Struve understocd the or~blems of astronnmy and the sigznificance
of Pulkovo ohservations for following its development. Struve
in particular dem- strated the absorption of starlight with its
passage throrugh svace. This result had an important cunseguence

for the develnpment of stellar astronnmy, and also for a resolution
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of Olbers' paradox (ca. 1828), which concerned the realms of
cosmology and philosonhy.

This paradox may be formulated as follows.. With a uniform
distribution of an infinite number of iuminous objects in the
universe, the brightness of the sky must de infinitely great,
sometiiing we do not observe in reality. The sky 1is dark, but
it should appear blindingly bright. This means either that the
universe is finite, or some othér thingiiééﬁé"iheﬁsky from being
infinitely brighi. W. Struve found the “other thing® in the
form of the cosmic. absorption of light. Of course, as the end
o7 the century the paradox took on another form, and even with
the help of cosmic absorption it was imoossible to resolve it.

Raising a number of ohilosophical problems (the relativity
of motion, an infinite universe) Pulkovo scientists at that
time were still aware of the practical value of the results of
their investigations and they did not ignore the practical prob-
lems of astronomy which also concerned them and the regulations
of the observatory. In accord with the regulations, the Pulkovo
Observatory scientists assumed an active participvation in geo-
desical and geographical undertakings going on in Russia. Any
and all important work of an astronomical-geodesical character
was carried out under their leadership, and the director of the
observatory, not without reasons in his renorts, enumerated the
works oroduced by the General Staff and other departments.

Prom 186 to 1855, field works and observations on a vast

scale were carried out under the direction of Wilhelm von Struve,
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- with the aim of measurirg the different meridians between the
Danube and the Arctic Sea, with a total range of 25O 20*. This
"Russo-Scandinavian arc," or "Struve'’s arc,” presented at that
time a very large measurement of a degree on the terrestrial
surface. It even now has a great value for the determination
of the Earth's Zicure; even by modern standards it ought to
rank as a great undertaking. In the years 1899-1901, soonsored
jointly by fhe Russian and Swedish Academies of Sciences, Pul-
kovo asi.cnomers participated in degree and gravimetric deter-
minations ¢n the Spitzbergen Islands, in a most northerly tri-
argulation of the Earth.

To Pulkovo belonged a great role in the training of geode-
sists and tooographers in Russia. At fir;t the lessons with
the topogranhers were conducted by the director of the otserva-
tory himself, then to the General Staff was sranted the means
which provided the prescriotion of a svecial assistant director,
instructors with the lessons, and the ourchase of necessary
instruments. In the year 1856, to the northeast of the main
observatory building, was built a small military department
educational observatory. From 1863 the corcus of military topo-
eraphers susoended the sending of its officers to Pulkovo, but
the practical training of geodesists continued rieht un to 1917
and even later. Beginnine with the year 1898, nuval cofficers-
hydrograrhers were regularly commandeered to Pulkovo for the
takinz of oracticals, havineg finished the course at the Naval Acad-

emy. For their lessons an observing tower was built next to the
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General Staff's observatory, which was i.stored in postwar times,
and oreserved on it is the name “naval tower."

Soon after the October Revolution of 1917, in connection
with an unusual range of geodesical, topographical, and gravi-
metric works in the country and, first of all, with the apoearance
of many soecialized institutions, the broad scientific and educa-
tional activity for gecdesy gradually began to diminish at Pulkovo.
However, for newcomers to Pulkovo, the trainins of Russian and

foreign astronomers continues to the nresent time.
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THE ASTRONOMICAL CAPITAL OF THE WORILD

In October of 1861, in view of serious illness and on the
grounds of ovegyork. W. von Struve retired from official service.
Already in 1858/fhe activities of the observatory were managed
by his son Otto Struve (1319-1905), who was selected by the
Academy of Sciences in 1862 for the post of observatory director.
In the very same year, according to a new law, Pulkovo Observa-
tory was transferred from the m=nagement of the Academy of
Scierr-- ¢ jmmediate subordination to the Ministry of Public
F.oooe . .ne special role of the observatory was accentuated
« the _gsage of the new law, as far as it w..s made equivalent
to the Academy of Sciences, which was at that time subordinated
to the same ministry. Allocations for the maintenance of the
observatory were considerably i..creased, almost doubling its
scientific estate. For opinions concerning scholarly matters
and the decisions of questions of an important nature for the
activities of the observatory was established the Committee of
the‘Principal Astronomical Observatory, under the chairmanship
of the president of the Academy of Sciences, and made up of
representatives of departments, to which the activity of the
observatory had a direct relationship.

The change of directors took olace during Pulkovo Observa-
tory's period of flourishing, during its worldwide recognition
and fame. Also at that time considerable events were taking

place in physics and astronomy, opening new paths for the devel-
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ooment of science. These éQghié‘foreed_Pulkovo to improvz its
methods of work, in order to keep "p with the times.

The beginning of the 1860's was marked by the invention
of snectral analysis. The applicaticn of it to astronomy, side
by side with the iuvention ~f p60$gg?aphy,l prompted the devel-
ooment of a - 2w branch of astronomic*iréciéncex astroohysics
(the science concerning the nature of celestial objects), for
which the secnnd half of the XIX century was characterized by
the accumulétion of observational materials numerous deter-
minations of lumihosity'(brightness) and color of stars, the
classification of stellar speétra anda*h;55g3r§h f7ﬁa£ﬁe most
rational classification, éhe siudy of spectra\of comets and
nebulae, and the measurement of the velocities df celestial
bodies along the line of sight (the determination of radial

velocities) from the displacement of the lines o their snectra.

1the invention of photography by Daguerre (daguerrotyp.s)
coincided with the year of founding of Pulkovo Observatory;
Daguerrotynes soon after were used to obtain the first pictures
of the Sun, Moon, and bright stars. A more importani apnlica-
ticn wars found for astronomy at the end of the 1850's, a.d since
the 1880*'c., with the invention of 2extremely sensitive dry
bromide~gelatin nlates, photography superceded visual methods of

observing for almost all areas of astronomy.
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The solution of theoretical problems of astroohysics, which made
this as orecise as classical astro:omy, was nossible by the XX
century, thanks to the successes of theoretical nhysics, in par-
ticular the theory of radiation and atomic ohysics.

In essence, astrcohysical investigat® ns were conducted at
Julkovo Observatory from the time of its fourding. Of such can
be considered the datermination of the velocity of light from
the constant of averration (see above), and W. Struve's con-
clusinn concerning the existence of cosmic absorption of light.
From observations of a total solar ecliose in 18£1 0. Struve
reached the conclusion that orominences and the corcna were not
oot 'cal vhencmena caused by the Moon as assumed earlier, rather,
they were férnatinns inherent to the Sun.

In several articles of the vostwar oeriod the thc cht was
~xoressed that in the 1860°'3 astroohysics at Pulkovo developed
slowly, and the reascn for this seemed to be a nersative attitude
of the director C. Struve towards it. This was not so. In two
narers oublished by 0. Struve for the Academy of Sciences in
February of 1866 ("Photogranhy for use in astronomy” and “Con-
cernine the r:le of astr- hysics in astronomy”), it is nostible
to £ e that the director correctly unaerstood the orcblems of
astr~~hysics of that time, and the rurnose of the papners c-n-
siste¢ in the justification of a new direc*isn included in the.
sohere of the observatory's activity. Some restraint was cal.»4
for by Struve with the fear that the enthusiasmfor novelty ara

if it is possible t~ say, the search for discoveries witndrew



23

astronony from its "life our~ase” of scientific exactness and
mathematical nrecisi~n. Later, in 1889 Struve wrote: "aAs far
as astroohysics is concerned, its accentance into the circle
of the observatory's activity was a necessity of the time, be-
cause without this our woark in oractical astronomy would so-n
become incomniete. Also, this (i.e., astrophysics) ir some cof
its varts is a comnletely new branch of investication, and it
is still far from that accuracy in observing and from ccnclu-
sions based on this otserving compared with precise astronony,
which renresents alnost riccrously mathematical motions of
celest®al bndies, but the ranid devel~-opment of astreoohysics in
the last twre decades and its successes in the menticned directicn
(i.e., increased accuracy) clearly show its value <or astronocnmy,
and the successes serve as a zuarantee of further imsrcovement
regarding accuracy."2 Vs
The high precision of the observw.tions made the Zame of
Pulkove. The concern abcut its oreservation was th: business
of many of the observatory's directors of prastice. Like his
father, C. Struve was a tal-rited admi- istrat~r, successfully
Airactine the observatary lonzer than ~ther directsrs- morz than
30 years. If astrcphysics at Fulknve exnii=ited cn-siderasble
pr~oress ir the twenty years followine nis retirement, it was

is d~*ng. Any new field cf science cannot develcp withcut

g

existings canital investments. Astrophysics was esoecially

2 s ot - SN s s
To the Pi“tieth Year of the Nikolievskaia Princioal Astro-

nomical Chservat~ry, Saint retersturg, 1889 p. 5.
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demanding in this respect, as for its develcopment powerful
telescopes and other expensive equioment was necessary. Otto
Struve himself secured the apoortiomment of the necessary funds
from the government and nurchased the required equipment, beqq-
ficially bestowed upon the observatory at the end of the century.
But the technical backwariness of Russia on the whcle, forced to
put in orders for equipment from beyond the border, did not
pronote a constant material base maintenance for Pulkovo Obser-
vatory at a high level. The observatories of other countries,
particularly the USA, surpassed it in equipment, and the fore-
most character of Pulkovo investigztions was preserved basically
for the calculation of an abundance of unsettled questions and
in the ingenuity of the astronomers.

However, in the 1860's and 1870's at Pulkovc, as at other
observatories, astrophysics did not go beyond the accumulation
of observational results. In the years 1868-186G P. Rosen, a
Swedish astroncmer-geodesist, formerly in practice at Pulkovo,
made estimates of stellar luminosities by mears of a ZOllrer
vhotometer (the observatory owned two such instruments then).

He devoted svecial attenticn to the accuracy of the results and
the study ¢f the influence in them of p~ssible errors of obser-
vation. The technical secretary of the observatory, E. E. Linde-
mann,continued these worksafter 1870, using the same method.
Besides stars of constant brightness, variable stars were included
in the voroeram of cbservation. Producing a great number of ob-

servations during the extent of more than a quarter century,
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Lindeman thoroughly studied the errors in his estimates, which
included his work in a number of investigations of paramount
imvortance executed at standard of the time.

The striving towards a preservation of the "life principle®
of strictness and accurz:y in astronomy was an unquestionable
virtue of 0. Struve. His "outmodedness®™ was reported by others.
Fervently cdedicated to scientific progress in Russia, he however
did not draw the Russian intelligentsia toc work. As before,
vacant posts at Pulkovo were filled by Baltic Germans- pupils
at Dorpat University and foreigners. But for the sake of justice
it follows tv say that Struve was not mistaken in the scientific
capabilities of those he invited. For example, in 1872 he invited
to Pulkove the astrophysicist B. Hasselberg from Sto~khclm, who
introduced photoesrachic methods into practical observations.

At that time a Dallmeyer photoheliograph was purchased, at once
adopted for the otservation of a transit of Venus across the

disk of the Sun in December of 1874, in an expedition outfitted

at Vliadivostck. Hasselberg made the observations with the photo-
helicegranh. He manufactured the photographic plates by hard,
requiring for it a ereat effort.] The results of his ph~tographic
observations, although requiring a long wait, surpassed in pre-

cision the results cf other authors, who used visual methods in

3At that time dry vlates did not exist and they used wet,

cnlloidal nlates, which were prepared before their use.
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Their observations.
‘n 1876 B. Hasselberg founded an astrophysical laboratory
at Pulkovo and was engaged with spectral Jnvest:gutions with
the u2tilization of photogravhic plutes, which he continued to
maiufacture. He conducted experim:nts with the luminescence of
gases, studied the absorption sna:cira of chemical elements and
conbounds. determined and made more precise the wavelengths of
spectral lines. On the basis of the study of comet spectra and
<§arbon compounds he indicated the presence of the latter in
coneté. His monograph on this question was the first in the
world's literature. A basic princirle of astirophysical invcs-
tigation was clearly reflected for the first time in the works
of Hasselberg- the combination of speciral observations and a
laboratory experiment. Only such a principle could provice the
strictness and precision of results, as far as theory was lacking.
In 1882 a chﬁir of astrophysics was established at Pulkavo
Chservatory, which was occupied by Hasselberg until his return
to Sweden in 1889. On 1 January 1888 the Moscow astronomer A. A.
Belopcl'skii (1854-'934) was invited for one of the vacated posi-
tions of adjunct-astronomer. In 1890 he filled the position of
astrorhysics and until the end of his life remained the director
of astrophysical work at Pulkovo. In 1886 a seperate astro-
physical laboratory building was built with an electrical station
with it, which alicwed laboratory investigatiors to expand much
more widely. In astronomical observational technique, especially

astroohysics and astrophotography, the lag behind foreign obser-
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vatories had become apnarent.

Already at the bdezinning of the directorship of 0. Struve
tne 15-inch refractor, with which he h'mself made observations
over the course of 40 years, had lost its place as the mcst pow-
erful instrument in the world. Its mounting was noticeably out
of date, something Struve became clearly convinced of on his
trip abroad. At that time the Clarks (the father and two sons),
American lens grinders, expanded their activity, having.super-
vised the ﬁroduction of large objectives at Camtridge near Boston.
In 1873 an objective of diameter 26 inches was manufactured at
Ciark and Sons for the refractor of the Washington (Naval) Ob-
servatory, with the help of which Hall discovered the moons of
Mars in 1877. VWith the very same instrument w#s found a number
of close doudble stars, difficult for observations by mears of
the 15-inch Pulkovo refractor. All this defin»di the necessity
of ordering a new, more powerful telescope for Pulkovo. Thanks
to the helo of the Committee of the Observatory and the Ministry
of Education 300,000 rubles was assigned for the ordering and
manufacture of the instrument.

An objective with a diamter of 30 inches (76 cm) was cordered
from the firm of the Clarks; the olant of Peil in Paris manufac-
tured the glass for it and the firm of Repsold in Germanry made
the telescone mounting. In June of 1883 the objective was deliv-
ered to Pulkovo and the installation of the refracter in a speclal
toweru was completely finished in two years; the tower was built

to the south of the main building of the observat-ry, according
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to the plans, and under the direction of the engineer-general

G. E. Powker, one-time Minister of Communication Means. In

this wav Pulkovo Observatory was for a second time the owner of
the largest telescove in the world, but not for long: soon after,
the Clarks manufacfured two still larger lens objectives, with
diareters of 36 aﬂdjho inches (91 and 102 cm), for two American
observatories- Lick (in 1888) and Yerkes (in 1896). The Yerkes
40-inch refractor to this date is the largest in the world.
.Lenses of larger diameter have not been made, for as the diam-
eter js increased, so is the thickress, in which the 1ight col-

lected by tne objective is absorbed.5

uThe tower of the 30-inch refractor. greatly damaged in the
war of 1941-1945, was demolished in 1953. Together with the
towar perished the telescope's mounting, only the objective hav-
ing beer. nreserved, which is situated in the observatory's museum.

SSpeaking of the diameters of telescopes, it fellows to dis-
tinguish refractors (lens), reflectors (mirror), and mirror-lens
telescoves. Large reflectors alrzs.dy existed at the end of the
XVIII century. In 1789 William Herschel manufactured a telesccpe
with a mirror diameter of 122 cm, and in 1845 W. Parsons (Lord
Rosse) created a telescope with a metal mirror of 182 cm diameter.

With the help of their telescopes Herschel and Rosse made many



29

In every case concerning the 30-inch refractor of Pulkovo
Observatory it was destined to go down in history, not only at
its observatory, but in worldwide astronomy. The first observa-
tions with it were made by the thi:d son of 0. Struve, Hermann
Struve (1854-1920), who worked up to it from obse~vations with
the 15-inch refractor. In the first two years of obscrvations
H. Struve carried out an investigation of the instrument and
made a large number of double star measurements. From his work,
conducted with the help of the 30-inch refractor, the investi-
gations of planetary satellites of Saturn, Mars, and other planets

discoveries. however, these gigantic telescopes were not perfect:
‘their mirrors were made from copver and tin alloys, without spe-
cial coatings, which is why they quickly tarnished and needed
repolishing. Therefore, in the nineteenth century refractors with
achromatiz objectives for some time displaced reflectors. With
the invention of thin coatings (at first silver, then aluminum)

it became possible to polish mirrors of durable material- glass

or ovyrex, which possessed a small coefficient of thermal exnansion.
Then were created the largest reflectorss the 100-inch of Mount
Wilson (1917) and the 200-inch at Palomar (1948). In the twen-
tieth cerntury mirror-lens svetems were produced, and also sys-
tems with special correctional plates in front of the mirror

instead of lenses (Schmidt and Maksutov systeme<,.
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produced a most imoortant result. Being also a §hysicist and a
theoretician, H. Struve utilized his observations for the estabdb-
lishment of a theory of motion cf satellites. In the motion of
the seventh satellite of Saturn, Hyperion, he discovered an ex-
tremely subtle nhenomen-n- libration (the tilting of the satellite),
which was given a simole exclanation with the help of the perturba-
tion on Hyverion by the largest, sixth staeliite in Saturn's sys-
tem, Titan. This came to pass in 1888, and in 1892 he discovered
the libration of the two satellites closest to Saturn- Mimas and
Enceladus.*®

In 1895 H. StruQe. having received an invitation from Kon-
igsherg to occuny the nost of director of the observatory and
orofessor at the university, left Pulkovo. In 1904 he became
head of the Rerlin Observatory, for which a new building was
built at Babelsberg. In that way he is ccnsidered the founder
of the Berlin-Babelsberg QObservatory. ;

It is now aporopriate tc speak of three more astroncmers of
world renowr from the fz2mily of Struve. The fourth son of C.
Struve, Ludwig 3Itruve (1858-1920), was at first not on the
staff at Pulkovo Cbservatory, but later on he was a professor
at Eiar'kev University and director of the university's chserva-

tary. Georg Struve (1886-1933), scn of Hermann Struve, wac an

#A tenth satellite, now knswn as Janus, was discovered by
A. Dollfus at Meudnn Cbservatory in 1966. It is now the closest

k~own satellite te Saturn. (Tr. note)
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astrcnomer-observer at the Berlin-Babelsberg Observatory. Par-
ticularly renowned as an important astrophysicist and admini-
strator, the great-grandson of tne founder of Pulkovo Observatory,
the son of L. Struve, was Otto Struve (1897-1963), an American
astronomer, director of two observatories- Yerkes (in the state
of Wisconsin), and McDonald (in the state of Texas), president
of the International Astronocmical Union (IAU) from 1952 to 1955,
~amd in the latter years of his life director of the new radio
éSgronoiy observatory at Green Bank (in the state o; West Virginia).
Let us rétnrn to his grandfather 0. Struve. In 1889, after
. the celebration of the fiftieth year of Pu. .ovo Observatory, the
70 year-old O. Struve, having served at the observatory since the
day of its fournding, went into retirement and soon after moved
to Karlsruhe, where his relations and close friends lived. He
did not lose his interest in science up to the end of his life.
Concerning his work and interests it is possible to judge accord-
ing to the nublications of the observatory and from numerous

letters preserved in the archives.6

6In the Archives of the Academy of Sciences of the USSR is

kept, for exampnle, the corresvondence of 0. Struve with the well-
known Italian astroncmer G. Schiaparelli, then director of Milan's
Brera Observairory, and discoverer of the "canals" on Mars. This

correspondence consists of nreater than 500 items.
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- AT THE TURN OF THE CENTURY

The directioﬁ:of activity of an institution and the condi-
tion of matters in it greatly depend on the director. This was
clearly illustrated in the prerevcluticnary histéry of Pulkovo
Observatory. When, for example, G. A. Ti;hov wrote a history
of the observatory at its hundredth year, he subdivided the
periods of its activity intos the new charter- a new director
(0. Struve), the directorship of Bredikhin, the activity of the
obéefvatory under Baklund, etc. One has to almost precisely
follow this schere, for #ctually the election of a new director
every time signified the beginning of a new period in the obser-
vatory's history. Of course, this did not carry with it the
character of a reveclution. On the whole traditions were preserved,
but new_distinctiuns aopeared, characteristic of every period.

Ir tﬁe sumna: of 1890 F. A. Bredfihin (1831-1904) became
the direc;@x_.f’tha bbservatory. elected in the same year as a
regular acaienician of the Petersburg Academy of Sciences. He
was already .1 important scholar, the investigations of whom o»
the theory of cometary fﬁrms acquired worldwide recognition. Over
the ccurse of 1? years he was director of the Moscow Observatory
and a professor at the university. With the apoointment of
Bredikhin Pulkovo Observatory's "orientation to the west" was
overcome. Pulkovo became a Russian center of astronomical inves-
tigations.

Brediiﬁin himself, in his first report to the Committee of
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the Observatory, wrote the following: * At the very outset of
the governing of the osservatory it was clearly evident to me
that theoretically oriented oupils of all Russian universities,
feeline and declarine their calling to astronomy, must be given,
within the limits of possibility, free access to comnlete prac-
tical training in this science, and then to the pursuit of all
scholarly positions of therobservatory.;. In accord with this
he at oncevappointed four people as additional astrcnomers.1
they having finished the course of mathematical sciences at
the Petersburg and Moscow Universities at the head of the class.
Three of them ( S. K. Kostinskii, A. A. Ivanov, and V. V. Sera-
fimov) closely connected their fate with Pulkovo Observatory.
The drawing of people having graduated Russian universities
to the observatc 'y for additional positions was practiced after
Bredikhin by his successor Baklund. For the calculation of the
availability of "additional staff" the scientific personnel of
the observatory increased itself almost one and a half times.
With the aim of establishing scientific contacts, Bredikhin, in
the very first year of his directorship, visited astronomical
observatories in Moscow, Eﬁafkov, Nikolaev, Odessa, and Kiev.
Such visits he continued in following years. In 1894 he wrote:
*The dealings with Russian university observatories, so lively
now that it follows to rejoice from the soul, for a more or less

proloneged neriod produced good people for us at Russian univer-

lpe present this oposition apnroximately corresponds to the

post of junior scientific worker.
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sities constantly~ those who wish to improve one or another

area of astroriomy. With such a position of our business, ob-
servatories do not have to worry about a shortage of good talent,
when they need it.2 B

Finally, for the sake of the goal of the unification of
forces, in 1890 Bredikhin organized thé Russian Astronomical
Society and was its first chairman.

With the apnointment of A. A. Belopol'skii to the post of
ast:ophys1cist. astrophysical observations all assumed a great
specific weight in the program of observations of Pulkovy Ob-
servatory. At first Belopol'ski; investigated the rotation of
Juoiter on the basis of numerous observations of different ob-
servers. He reported.y discovered the differences of rotational
period for the equatorial zone and in higher latitudess Jupiter
does not rotate as a solid planet. Along this line Belopol'ski;
began a study of the Sun's rotation according to the motion of
faculae, which are c“servable .in numernus photohelioerams ob-
tained by B. Hasselverg in 1881-1888. For the measurement of
the nlates he engaged the help of M. N. Morin. The result was
anralogous to the followings with the degree of moving off from
the sonlar equator to its poles, one can cle rly detect an inciease
of +he rotational period. Later on, in 1905 and 1925 Belopol'ski{

once again returned to a detailed investigation of the Sun's

—
ZRepoAt to the Committee of the Nikolaevskaia Principal Astro-
nomical Observatory at Pulkovo, presented by its director, Saint

Petersburg, 1894, p. 4.
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rot=tion on a spectroscopic bas!s.

In 1891 Belopol'skif was sent abroad for the ordering of
necessary instruments- a stellar spectrograph and a photogfaphic
refractor, or a so-called normal astrograph. The normal astro-
gruph with two objectives, a photographic (D = 330 mm, £ = 350
cm) and a visual (D = 250 mm, £ = 360 cm), was established at
Pulkovo in the summer of 1893. The optics of this instrument
were>manufacfgred b&rthe brothers Hengy‘in Paris, and the mechan-
ical parts by the Repsold firm. A;‘thé-beginning the astrograph
operated undep'the direction of Belopcl'ski;. and after 1895
under the airéction 6f Kostinskii.

A. A, Bélopol‘skiz made the spectral observations by means
of the 30-inch refractor, transferred to his complate direction
with the departure of H. Struve. In 1£)5 Belopol'skil began the
implementation of an extensive orogram of observatiors of radial
velocitias of siars, the Sun, planets and comets. It is possible
to measure velocities of stars along the line of sight from the
disn?acement of lines in their spectra, in comparison with lines
in the svectrum of a stationary light s~urces displacement to
the red side signifies a receding source (positive velocities);
displacement to the violet side, approaching sources (negative
velocities). If the celestial object is ot a star, rather, the
Sun or a planet, the slit of the spectrograph can be placed at
the edge of such an object to obtain evidence concerning the
velocity of its rotation. In the foundation of the measurement

of radial velocities lies a principle for oscillatory processes



34

in acoustics and ootics, formulated in 1842 by the Aus-rian
chysicist and astroncmer Christian Dopnler.

Accerding tn Doooler, the frequency of oicillation detected
by the observer from the source of sound or light devends or the
relative velocity and the direction of motion of the observer amd
the source of oscillations with their apcroach the detected fre-
quency is increaseds with recession it is decreased. On this
basis Doopler unsuccessfully tried to exclain in part the observed
differences in cclor of t.e comporents (comprising) double stars.
Inderendently from Doprler, the Prench physicist H. Fizeau dis-
covered the very same princi-le for cptical chencmena in 1848.
Beth arrived at this conclusion as a result of theoretical argu-
ments. True, for sonant -hen-mena the validity of the principle
is easily verified by exreriment, even simoly by ear. With the
inclusion of svectral aralysis intc astronomy, the principle of
Doorler-Pizean was acceoted unc~rnditionally.*

A. A. Belovool'skii proposed an experimental verification of
this nrine’»le arain in 1894, but Le carried it cut in 1900. The
er2at exactness cf Pulkovc astrcnomers is reocrted in the very
execnticn of the exneriment, in relation tc the authenticity and
nrecision cof the results obtained.

The icdea of Belopcl'skii‘'s experiment was sim.-le, bu< the

*0ne of the most im:-r%ant contrcversies in nodern astron-ny
concerns the red shifts of quasars, which may not be due tc their
receding at velrci*ies cemcarable tc the sneed of light, as the

Don-ler orinci le would imnly. (Tr. note)
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difficulties in the imclementation were substantial, if we bear

in mind the erormous velocity of light, the frequency ofoscilla-
.on (or the wavelength), which is to change bty means of the

reflection of the stellar velocity, i. e., a velocity of order

20 xm/sec. In any case Belopol®'skii first conducted this experi-

ment. Later on, B. B. Goligéyn. a Russian physicist and seis-

mologist, founder of the seism~logi cal station at Pulkovo (1906),

carried out a more precise determination of the experiment.

(

Successfully having carried out the experiment: Belopol'skii
continued spectroscoonic observations with renewed energy. The
ovtics of the 3C-inch refractor were meant for visual observa-
tions, and the displacemer.s of spectral lines were determined
from photographs. In order to adapt the instrument for proto-
graohic observations Belopol'skii ordered a special correction
plate, the adoption of which allowed him to extend the length
of the soectrum and noticeably expand the investigated region
cn both sides, in the red and viclet. Belopcl'skii achieved a
great result in reilation to accuracy of determination of radial
velncities: as at other observatories, for example Potsdam (Ger-
many) and Ho-vard (USA), already having made a considerable test
of the observations, he determined velocities with errors of
+ 2.6 km/sec, which anounts to approximately 10% of the observed
stellar velocities. In this way he did much in the way of the
elaboration of methecds of determination of radial velocities and
was one of the pioneers in this field.

Belopol'ski? selected about 200 stars from 2% to 4th magni-

tude for an investigation of the Sun's motion in space with a



statistical methods According to the measure of increase of
stars observed by him, he placed among them many spectroscooic
double stars, having numbered then in small quantity, but the
imnortant role of which was already fully realized. Like visual
binaries, spectroscopic binary stars furnish information concern-
ing the masses of their comporents (making up the stars), rota-
ting cne relative to the other according to the action of mutual
egravity. The ap~lication of the law of gravity toikhe study of
the orbits of these bodies allows the determination of their
masses. But spectroscopic binary stars display themselves inde-~
pendent of distance, which is why, only thanks to their existe-ce,

do the masses of more distant stars become known.

3It is possible to compute, in a rough aporoximation, that
stars move in different directions with velocities aporcximately
the same in magnitude. If, on that assumption a systematical
deviation toward some direction with a determined magnitude is
observed in the measured (radial or catalog pr~-per) velocities
cf stars, this signifies the moticn of the sclar system not only
in the oprosite direction, but with the same magnitude of vel-city.
qu a double star (implying a pair of stars, physically con-
nected to thems :lves thanks tc mutual attraction) is seperated
into components with the helop of a telescope, then it would be
called a visual binary, even in an instance when the most powerful

telescrpes ad- t nhotograrhy for the seperation. Just visual

binaries were the toniz of study of Pulkovo astronomers until
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Beginning in 1892 Bel~ovol'ekii failed tc see a single cut-
burst of novae, the spectra cf which he studied during the ertent
of the veriod of minimum luminosity, while the observations were
accessible to the instrument. Especially of interest was the
discovery of veriodical changes of radial velccity in variable
stars of a special family, the so-called Cepheids. At the begin-
ning Beloool®skii himsclf included them amcng double =tars, but
the Moscow orofessor N. A. Umcv, formerly cne of the opconents
of Belopcl'ski? for the defense of nis doctoral dissertation in
1896, exoressed an idea concerning the vulsation of Ceocheids.
This idea later on was c~moletely confirmed by both theories of
chenomena and svhisegquent obgervations. 1In 1912 Belopel'ski;
susvected a change of the intensity of the spectral lines in
Cecheids, and in 19.3 his student I. N.LlLehman confirmed this
variation which confirmed the idea of sulsation.

After twenty-five years of observations with the 30-inch
refrcetor, A. A. Belopol'ski; had obtained a thousand spectro-
erams of stars, the Sun and other bndies of the solar system.

He devoted nmuch attention to the study of the rotaticn of nlanets,
the chysics of c-~mets and their tails. On the basis of ar inves-

tigatinn of the rotation of the rinzs of Saturn he established

the avr-earance of astroohysical methods. Astrophysics clexzrly
defined the ccncent of photometric binaries and svectroscooic
binary stars. Those and many others still cannot be sepzrated

with telescopes.



in 1895 “he meteoric character of their structure, which 2cmes
across in accord with the mathematical thecry of the stability
of the rincs, elaborated by S. V. Kovalevska;;.

The works of Belopol'skf; achieved wide recognition. 1In
1903 the Petersburg Agadeny of Sciences elected him an extra-
ordinary, and in 1906 an ordinary academician. In 1907 the
Italian Socliety of Svectrecsconists chose him as a member, and
in 1910 the Royal Astroronical Society (in London) chose him
as a member-ccrresvondent: in 1908 the Paris Academy of Sciences
awarded him the gold medal of Janssen.5 The Russian Astron-mical
Society awarded him many hcnors. In 1908 the Academy of Sciences
elected Belopcol®'skii to the post of vice director of Pulkovo
Cbgservatory. But the events just described took place far from
the limits of the “epoch of Bredfgiin.' -

In a number of astroncmical endeavors of F. A. Bredikhin
the arcreement between Pulkovo Astronomical Cbservatory and the
Magnetic Cbservatory at Pavlovsk, concerning the simultanecus
observations cf magnetic storms and special chenomena on the
Sun's disk, deserves mention. The performa-ces of such obser-

vations were conducted in 1892; they confronted difficulties of

5J. Janssen (1824-1907) was a Prench astroncmer ard one of
the founders of soveciroscoric analysis. In 1868 (a month earlier
than N. Lockyer) he devised a spectral method of observation of
srlar nrominences outside of eclivse, and ir 1870 deveioped the

method of quantitative snectral aralysis.
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an administrative nature, which resretfully they did not attempt
to overcrme. In the observations there are definite im~licati~ns
for the existence of a correlation of magnetic storms and the
Aurora Borealis with the passage of a erouo of spots across the
central meridian of the Sun. It is possible they mieht have
achieved the establishment of a purnoseful “solar service,” the
origin of which at Pulkovo was assnciated with the systematic
observations of the Sun by means of a photohel®oegraph, which

was made by Hasselberg and Belopol';ki; from 1881 to 1895. The
sclar service was finally fermulated at Pulkovo in 1932.

Other observations of an unorthcdox nzture point towards
the notion of 2 latitude service, which almost from the start
was maintained at Pulkovo. In 1888 F. Kustner in Germany estab-
lished the fact of the change of latitude of several Eurcpean
observatories, which could cnly be understocd having allowed
motion of the Earth's poles. The verification of this assumpn-
tion by mears of the organization of latitude sbservations in
Eurone and at the Hawaiian Islamds in 1891-1892 confirmed it.
Besides that vwe remember that the Pulkovo astroncmers F. Peters
ard M. O. Nyren both closely aporoached the discovery of lati-
tude chanees Irom materials of their own observations. Acknow-
ledeing that the matter was ccncluded with the change of latitude
of Pulkovo, they unsuccessfuliy attemcted to corroborate the
305 day veriod of oscillaticn of the pole nredicted by L. Euler
(ca. 1765). Such a neriod in general was not found.

The American astronomer S. Chardler snaweé in 1891, on the
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basis of an analysis of a large quantity of cbservations (about
30,000), that in the displacement of the Earth's pcles there
exist two neriods- a yearly and a 14 mcnth, or 423 day period,
which received the rame Chandler veriosd. S. Newcomb explained
the discrevancy from the Euler period by the fact that in his
theory Euler started from a representation of the Earth as an
abgsolutely sclid body. In fact the shenomen-n depends on a
non-solid Earih core, the presence of the oceans on the surface
and the atmesphere around the Earth, and even on the seascnal
shifts of air masses, snow ccovers, etc., that oroduce the cycli-
cal changes of the planet's mcment of inertia and the vosition
of the axis of rotation inside its body.

In this way the oscillations of the axis of rotaticn of the
Earth are marifzsted in the oscillatcry motions of the Earth's
onles, which "trace® irregular soiral-looking curves in the boun-
daries of a square with a side of 22 meters (or 0%7), influencing
their disvolacements over the whnle coordinate grid and especially
for zeograchical latitude, being measured from the ejuator (or
at the nnles, which is equivalent because the equator can be
determined as the geometric locus of ooints equiiistant from the
nnles). Nevertheless, all this w=s understocd a‘ter a great
number, and a continued span of observati-ns, and also as a rasult
of serious theoretical investigations.

In 1891, after the discovery of Kustner, S. K. Kostinskii
began latitude ohservations at Pulkovo by means of the transit

instrument on the orime vertical. Other ohservers continued
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those observations till 1911, vneriodically publishing the results.
Also in 1891, T. E. Kortazz; at Nikolasv made a determination of
latitude by means of a portablc verticle circle. Simultanecusly,
a thorough reduction of v -evious grouovs of Pulkovo observations
on the large transit instrument and the vertical circle was urder-
taken ané imvortant theoretical investigations were carried out
(A. P. Sckolov, M. O. N}lren. and A. A. Ivancv). Analogcus ob-
servations and investigations were ccnducted by sther Eurcpean
observatories.
With the result of all these works aopeared the orgénization
in 1898 of the International Latitude Service, which from the
next year established six stations (later on cnly five), arranged
on one oarallel (39 8*'), but scattered over different longitudes,
in crder to be able to make an accurate mapr of the motion of the
pole from changes of latitude deing observed at these stations.
In 1899 the Russian station of the Internaticnal Latitude Serrice
began to functicn at Ehard;;ou {in 1930 the station was moved to
Kitab, where it overates even now). The mction of the poles is
irregular; it defies description by mathematical frrnulas, but
as it is influenced by the accuracy of astrcnomical observations
and gendesic determinations, the marked imnortance of uninterrupted
surveys of coordinates of the pole, or latitude surveys, remains.
At Pulkovo, besides regular latitude observations with the
trarsit instrument on the orime vertical, which were carried out
from 1891 4o 1911, in 1904 a zenith telescope (D = 135 mm, f = 175

em), manufactured by the Pulkov:. mechanic G. A. Freiberg, was
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established for t... vijective of a continuous latitude survey.
This instrument functicns even now, exhibiting a standard
of orecision in the skillful hands of several generations of

observers.
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THE EXPANSION OF PROGRAMS OF INVESTIGATION

Declining health, “"greatly disproportionate to an ardent
and diligent attitude toward business," compelled F. A. Bredigiin
to leave the post of director. In Aoril of 1895 O. A. Baklund
(1846-1916), who was not ar. absolutely new person at Pulkovo,
assumed control of the observatory: from 1879 to 1887 he worked
as an adjunct-astronomer at the observatory. Some time later,
after his election as an academician in 1883, he left the obser-
vatory with the intent of devotinz himseli to theoretical pur-
suits. He devoted almost his whole life to an investigation of
the irregularities in the motion of Encke's Come., the cause of
which many theoreticians tried to elucidate since the time of
its discovery by Pons in 1818, but they have not succeeded even
yet. This comet has now received the designation Comet Encke-
Baklund.1 Although the area of scientific interest; of Baklund
lay severally on the side of basic directions of activity at
Pulkovo Observatory, his knowledge, energy and administrative
talent promcted the successful development of the observatory's
work.

The activity of Baklund at the post of director seemed a
direct continuation of the activity of Bredikhin. Basically,
Brediihin only exhibited skill in a number of reforms at the

1at Pulkovo, before U. A. Baklund, H. Gylden and E. Asten

devoted themselves to the theoretical protlem of Comet Encke.



observatory, and the realization of them fell to Baklund‘'s lot.
But the "epoch of Baklund” has its own boundaries.

First of all O. A. Baklund himself implemented a highly
controversial arrangement for that time: from 1895 he began to
invite to computational work a number of women having finished
the Higher Bestuzhev women's courses in the mathematics section.
Concerning the determination of them in state service, i.e.,
concerning being put on the staff, it was out of the question:
pay for work was set up by the job, without the right to a pen-
sion. Ever the special collaboration of the president of the
Academy of Sciences did not allow "official rights" of the ob-
servatory's women colleragues to be gained.2 Three of the first
wemen colleagues having maintained a bond with the observatory

till the end of their lives were M. V. ZHilova, E. P. Milorado-

2Those having finished the Bestuzhev courses acquired the
right of teaching in women's intermediary educational institu-
tions, but to obtain a position was difficult. In 1895 Baklund
invited two women to work at Pulkovo (M. A. Brcnskafa and M. V.
ahflova). and in 1909 the number of women trained for computa-
tionc and the processing of observations reached 14 (with a
conscant scientific staff of 18 people). Obviously, for that,
in order to veil the true position of the matter, the director,
in his report to the Committee of the Observatory, dispersed the
mentioning of temporary women colleagues throughout the whole
renort, In 1897 the works of Pulkovo women collaborators began
to be published in the transactions of the State Astronomical

Society.
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viéﬂ. and S. V. Voroshilova (Romanskai%).

0. A. Baklund obtained an increase of staff and the col-
leagues' rates of pay in July of 1909, and even the essential
increase of allocations for scientific and econoric needs. For
" this it was often necessary for him to complain in reports and
other official documents of the deficiency of means which did
not provide for the expansion of work: "Observatories in Germany,
France, and especially in America have achieved such development
that our observatory has to strain every nerve in order to occupy
a proper place in line with them.*>

Of special merit of O. A. Baklund it follows to discuss the
organization of the branches of Pulkovo Observatory in southern
states- in Nikolaev and Simeiz. The geographic position of the
observatory did not favor the development of many projects, there-
fore the question concerning the organization of a southern branch
was brought un by Baklund at the very begirning of his activity
at the post of director. Thanks to his oersistence at the pro-
jected task, already in 1900 a branch came into existence at
Odessa, where, under the leadership of A. R. Obinskiz. observa-
tions wz- made by means of a transit instrument and a vertical
circle with an observance of the fundamental principles of Pul-
kovo astrometry. The northern position of Pulkovo allowed stars
to 10o south declination to be successfully observed; observitions

at Odessa allowe’ the determination of stellar coordinates with

3Report to the Committee of the Observatory for 1899-1500.



declinations to -30°. Stars of this zone have a significance
for the reliable determination of the celestial equator and the
point of the vernal equinox, which establish the system of use.
Besides that, observations of southern stars were important for
the construction of a uniform catalog of stellar positions over
the whole sky. The idea concerning the construction of such a
catalog occuvied Baklund in the course-.of the whole period of
his directorship.

Observations at Odessa continued fromn 1901 to 1910. They
showed the possibility of preserving a precision of results
with the soread of Pulkovo methods to southern observatories.
The Odessa branch was situated on the grounds of the Novorossiz-
ska;; University. The question concerning the purchase of its
own land, formerly then vital, suddenly dissolved, thanks to
a prooosal of the Naval Departmen to transfer the Nikolaev
Naval Observatory, founded in 1821, to Pulkovo Observatory.

In May of 1909 the Pulkove astroncmer B. P. OstaShenko-Kudriav-
tsev left for the management of the observatory at Nikolaev.
However, the final registration of the Nikolaev branch was
delayed in higher circles.

Almost simultaneously with this, in 1908 Pulkovc Observa-
tory achieved the possibility of estabiishing a branch at Simeiz
(Crimea) on the grounds of a small private observatory. The
initiative of the buildlng of the Simeiz branch belonged to A.
P. Ganskii (1870-1908). HYe carried on negotiations with the

owrer of the observatory, N. S. Mal'%éev, concerning the use
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of it for scientific purposes. Mal'ggev expressed the desire
to transfer his otservatury to Pulkovo as a gift, together ~ith
the land, buildings =.d iustruments. The notarial registration
of the transfer took place on 17 (30) November 1908, aftcr the
tragic death of Ganskf;. who drowned while swimmirg in the Black
Sea. 4 h

The law concerning the establishment of the branches of
Pulkovo Observatory at Nikclaev and Simeiz was only passed in
1912. Together with this, staffs of the brarches (four people
for Nikolaev and twe for Simeiz), the allocation for their
maintenance, and the ordering of additional equipment was organ-
ized. N. S. Mal'ggev thought to establish the Simeiz observa-
tor, as an astrophysical one, and it preservea that character.
As before, the Nikolaev observatory remainred astrometrical. In
1912, in accord with this, an order from the firm of Grubdb (Eng-
land) for the construction of two large instruments was made:
a 32-inch refractor for Nikolaev and a 40-inch reflector for
Simeiz.

The veclume of work at Pulkovo nad increased everywhere.
With an .precedentedly fast tewmno obse.vations were made for
the next (after 1885) cataings cf absnlute right ascensions ard

declinations of stars4 for the epoch 1905.0. The following

has far as the coordinaie system in which the determinations
of stellar posivions are made, does not remain fixed, every
catalog is characicrized hv “its ov.: epoch”™ - the epoch or

creation (of observations).
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catalngs were suonosed to be for the epoch 1925.0 (actual'y the
catalocs were created for the epoch 1939.0). But Baklund, be-
sides tr:t, orgarized observations with ats._:*t2 methods for
extensive intermeciate catalogst: the catalog of 1900 contained
1213 stars from S5th to 7th magritude ahﬁ the catalog of 1915
~ontained 1631 stars of Baklund-Hoff's list (the absolute cata-
10gs of 1630 contained only 558 fundamental stars). PFaint stars
apoearing for the first time in the catalogs allowed the pre-
cision of observations to be increased, in compariscn with the
brichter fundamertal stars; btesides that, they could be used
for a "Link" to nlates with astrcphotogra~hic determinaticns.
Prec® -ely in this perind astrophotoegravhic works received a
wide develooment.

The second intermediate catalo: was created as a result of
an international asreement passed in 1909 in Paris at the Fifth

Congress for Mapring the Skv.5 For works to a compilation of the

5In 1887 the First Irternational Ccnegress for Astrophoto-
erachy, in which from Pula.vo C. Struve and B. Hasselterg par-
ticinated, apnroved - decision concerning the compilation of a
ohntocraohic man of che sky and a- accomparying catalcg. In
the w-rk, accordine ... their membership, the participaticn of
21 ohservatnries cf iifferent countiries was assumed. The phcte-
g-a ‘hic a*tlas, including all stars to 15th magnrnitude, was supvosed

tr ba made up “rom 22,000 lists. The work is stili unfinished.
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ohctographic Carte du Ciel, fundamental determinations of

coordinates of a large number of stars, uniformly distributed
over the entire sky, were requireds on the average one star

for every 25 square degrees. The list of stars in the morthern
sky (to declination -30°) was proposed by Baklund, resultirg
from the 1900 catalog with al. arvendix of stars having been
observed at the Odessa branch. This list was accepted with a
few changes. The list of stars of the southern sky was com:iied
by S. Hoff, director of the Cape Cbservatory (Cape of Gcod Hooe).
for the imvlementation of general proerams of observations S.
Hoff visited Pulkovo ir May of 1909; a month later, with thLe
same purnos2:, the American astronomer L. Boss, an important
sovecialist in the compilation of fundarental stellar catalogs,
came to Pulkovo. So arosz the list of Baklund-Hoff, which
playe.: an imnortant role in astronomy. The catalog ~f 191§

was put together on the basis of observations at the Pulkove

ard Nik~laev branches.

Just as extensive zs for absclute observations were programs
of differentiai determinations of stellar coordinates. As already
said, W. Struve envisicred the imolemertat. sr at Pulkevo nofonly
of absolute, but alsc cof relative, observations. However, his
proegram of observations with the meridian circle was not carried
out. After a significant curtailment of it, observatiors for a
catalog of only 3542 stars for the epoch 1855.0 were finished in
1869 (oublished in 1889). Pive observers participated ir. its

rre1ticn. A subsequent rcatalcg of 5634 stars for the en:ch
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1875.9 was creatad with the wrrx of only o~e observer, H.
Romhere, who made over 2~,Juu cservations in the years 1874-
i16R0. He made orzc:v=_ions (absut 34,530 in number) for a
catalog of ~°* . siars for ihe epoch 1885.9, ornces:el and cre-
sared for rrintine by ER- M. Ze‘oct (they were rublishad in 1309).
In 1896 the meridiar circle otservers M. P. Dié;;nko and
A. S. VYasil'ev began the rectservaticn of 8834 stars from the
cztal~e of Schjelleru96 in the zone of decliration from +i5% tc
-150. Their observaticns were pracessed by Zeghot and were
rublished ir the form cf a catalcg of 4301 stars for the ecoch
1900.0. The obYservations were ccntinued by M. X. iiori- and A.
A. Kondrat'ev and were finished in 1909. The oprccessing of all
observational material was cnly completed by V. V. Serafirov in
1938, Having firished the recbservati-ns of Schjellerup's calalss,
these orservers nroceeded %o a zreat new work, ccnnected with
the o%:’osrachic Carte du Ciel (the observation of 3396 reference
stzrs cf the Helsinsfcrs zcne).
A substa~tial mcder~ization of the large transit instrurent

anrd the meridian circ® opreceded the otservations frr the extensive

6Ch. Schjellerup (1827-18%7) was a Danish astron-mer. The

raohservaticn of his catalcz <f 1865, ccrtaining equatorial sturs,
n s a great significance, in particular for the jatermination of
*he c~nstznt ¢f nr=cisicn. This was irnne ©b. e &. Gorden in

1950 on th2 basis of z comparison of the catalogs of Schiellerun

~d Haorin-Kondrat'ev.
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prosrams (since 1897 the registerinas of stellar transits were
produced by means of an "impersonal =izcometer“), and also a
basic chanze »f method of observation on the vertical circle
(1911) was imvlemented.

An imnortant result for the increasc of precision in the
determinations of declinations were the works of O. A. Bar.urd
and I. V. Bonsdorf on a study of the phenomenor of rc<f-zzticn,
which was given soecial attention since the time of the obser-
vatory's founding. The reduction of observations on a vertical
circle directed H. Gylden to the creation in the 1860°s of a
theory of astronomical refraction, on the b=sis of which A. I.
Gronadzski; built the Pulkovo tables of refraction, oublished
in 1879. These tables, republished without changes in 1905 and
1930, achieved a wide distribution: for the fourth oubdblication
in 1956 the tables were redone by B. A. Crlov. Thanks to the
work of Bonsdorf arose the ccncept of local refraction, which
at once played an imoortznt role.7

Works of an astrophysical nature dis.-layed themselves with

such completeness, thzt they vermitted the allocations and

7The refraction of lizht with its passage through the terres-
trial atmosnhere makes ur ihe principal nart of astro—omical re-
fraction. Besides that, with the differences of temperatures
outside and inside the deme, in which the instrument is situated,
lizht exneriences an additional refraction, called local refrac-
tion, with its entry intn the dome. It also enters into the ore-

cision of observations but does not lend itself to calculation.



the set of instruments of the observatory. Besides the works
of A. A. Belopol'sklz. the astrophysicist on the job, and
according to the character of his investigatiors, it follows
before all to dwell on the werks of A. P. Ganskii, who joined
the observatory's staff only in 1905 at the post of additional
ad junct-astrononer, but actualiy associited himsel, with the
observaitory 8-10 years carlier as a rjormal memoer.

In snite of the relatively short span of his scientific
activity, Ganski; left a deep impression in astrophtysics and
by right ranks with a nuater oi distinguished Russian astro-
nomers. He participated in three distant expecitions for the
observation of total solar eclipseé?f'as a participant at the
Spitzbergen expecition, which w2+ hsaded up by 0. A. Baklund
Srom Pulkovo. A. P. Ganskii organized and led an oxpedition
to Spain for the observation of the solar eclipse of 17 (30)
August 1905. He ascended in balloons several times and repeat-
edly scaled Mont Blanc for the execution of astrophysical obser-
vations. Ganskii determined the dependence of the appearance
of the solar corona on the quantit& of sunspots and predicted
the form of the cororna in 1960. This work is often referred
to even now. He studied solar granulation (the “grainy texture"
of the solar nhotosohere, observable when prcjected on a screen
w’ th gond images or in photoeraphs ~f high quality), the mctions
and lifetimes of existence of th: granules. His photographs of
sunspots and granulation, obtained at Pulkovo by means cf the

normal astrograph with an enlarging camera, have long re—ained
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uinsurpassed in qualivy.

Together with A. P. Canskii, G. A. Tikhov (1875-1960), a
well-known investigator of Mars and a steadfast advocate of the
kypothesis of life on it, began his work at Pulkovo.e T{;hov.
already having aistinguished himself ir astrophysics, was put
on the staff of Pulkovo Observatory in 1506. He received for
nis supervision the so-called Brediihin astrograph, a gift of
F. A. Bredigiin. This splendid instrument (D = 170 mm, £ = 80
cm) was used in the Spanish expediticn of 1905, and after its
return to Pulkovo was utiiized by Ti;;ov for photometric cbser-
vations with filters.

Eclipsing variable stars were an cbject of observation
which were vhotogranhed in different cclors (through different
fiiters). The purpose of the observations had to do with the
search for the cosaic dispersion of light, or the difference
of velocity of diffusion of light in space fcr different wave-
leneths. If such exists, then, with the observation of the
beginning and end of eclipses of eclipsing binary stars, the
disnlacement for different rays must be registered then: in

blue light the eclipse must ensue later than in the red, which

comonli~s with the lesser (ghase) velocity of diffusion for blue

8In his autobiozrannical narrative ‘G. A. Tikhov. Sixty

Years at the Telescope. Moscow, 1959) it is possible to come

across much of interest ccncerning his ow~ vorks and the acti-
vities at Pulkovo Cbservatory, esnecially at the bheginnineg cf

the twentieth century.
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lieht (the normal lisrersion of liant). tfggcv actually observed
the effect suspectea by him. Almost simultareously with him; the
French astron-mer Nordmann observed the same phenomenon for
eclivsing variable stars. The phenomenon received the name of
the Tiﬂiov—xcrdmann effect. 3ut it was still not the discovery
of the cosnic disrersion of light, which we would say conceras
the opresence of the interstellar nmedium: in 1909 >*.encmena were
registeredi by S. I. Eelggvsk{; at Jimeiz, and as a result by
cther observers, which werz the reverse cf the Tiﬁhcv-ﬁordmann
effect, which contradicted *"rnormal diswersion.® In the same
year of 1909 the rencwned Russian physicist F. N. Lebedev attri-
tuted thase effects to pfoperties of -he stellar atmcspheres
erveloeing close binaries; the Soviet ¢stron-mer E. P. Kustel’
in 1934 zave a n=2w intercretaticn of the .nhenomencn. HhHowever,
the Tiggﬁv-ﬁordmann affect has hardly received a final explana-

tion.9

%Phe membar-carréspondent of the Acader:y of Sciences of
the USSR C. A. Hel'rikov thought that the cosmic dispersion of
lizht, althcugh negligitle, had t~ exist, as far as interstellar
selective absersticn of light is observed, which testifies to
the creserce cf, say, interstellar calcium. I~ G. A. Tigicv's
-

and A. A. B2loprl'skiil's work cf *hat neriod the siz-ificance

cf the cosric discersior. was cvereastimated.
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At the time of the great opposition of Mars in 1909 G. A.
Tiiiov photoeraphed it through filters. utilizing the 30-inch
refractor. On the basis of a study of approximately 1000
photozraphs of Mars T{Ehov concluded that the polar caps on
Mars vere made up of frozen water (snow and ice), its famous
“canals" had the =nme color as "seas"”, which over a long time
were said to be the places of vegetation. This point of view
is not accepted now, but is not completely repuciated. Tikhov
discovered the resemblance of optical characteristics of the
atnosnheres of the Earth and Mars. Although this work repre-
sents his first step in the study of Mars, it was carried out
at an advanced level and has important consequences.

Photoeraphy was adapted to astrometry with great success.
With the installation of the normal astrograph at Pulkovo A. A.
Beloool'skf{ produced pnhotograpt of different objects by means
of it:s star clusters, nebulae, the moons of Mars, etc. Beginning
in 1895 plans for the instrument were being made by S. K. Kos-
t?nski{ (1867-1936), one of the founders of photograpnic astrc-
nmetry. In 1895 he set out on a foreign mission for a detailed
familiarization with the experiment of pholographic observations
of stars. He passed several weeks at Potsdam with J. ¢heiner,
a well-known astrospectrosconist, then he familiarized himself
with the methods of the Dutch astronomer J. Kapteyn. Ar%ter his
reaturn to Pulkovo Kostinski{ carried on a large program of
work with a persneciive several decades ahead of the times.

Fir-t of al! an cxtensive zeriz2s of photoesranhs of Ju-iter's
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moons was obtained for a study of their motion. F. F. Renz
carried out the processing of the observations with the addi-
tional Helsingfors plates, the precision of the photographic
results surpassing the precision of visual measurements with
micrometers on large refractors. For this work the Acaiemy of
Sciences awarded Renz a gold xedal.

The measurement of the satellites of planets led to the
discovery of an effect which was thoroughly investigated in
1906 by S. K. Kostinskiz on photographs of double stars and
artificial stellar representations. The phenomenon has to do
with the fact that with two very close images on a photographic
olate it is as if the larger one pushes away its neighboring
image, less according to size, the displacement being stronger,
the closer the images are situated to each other. This pnenome-
non received the name of the Kog:fnskii effect. Subsequently,
the reverse effect was discovered, raving to do with the
"attraction” of images, Thévchq;a:tér sf ths phenomenon depends
on many factors, in particula:r on thé method of development.

In any case, this effect necessarily influences the measurement
of an accurate seperation of very close objects on a photo-
gaohic plate.

The satelliites of the more distant planets (Saturn, Uranus,
Nentune) also were objects of observations. Neotune, with its

satellite Triton, 0 was observed by Kostinskii from 1899 to 1920,

10rhe second satellite of Neptune, having received the name
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Saturn from 1906 to 1920 (over 100 plates c¢f each planet).
Uranus was situated at a position unfavorabie for Pulkovo, anq
Kostinski; only obtained the firast successful plates of its
satellites in 1919. Photography of the la:ge planets have a
significance not only for the study of the motion of their
satellites, but alsc for a more precise determination of the
orbital elements of the planets themselves. As far as the
periods of revolution of the distant planets ars great (for
Nertune the period of revolution about the Sun is 165 years),
photographs of these planets, in the represencation of points
against the background cf stars, gain a special importance
with the increase of the spans of time of their accumulation.
Therefore, the photography of the distant planets of the s~lar
system- Uranus, Neptune, and Pluto, discovered in 1930- con-
tinues at Pulkovo at the present time.

The program of observations of planets became prolonged.
Prolonzed, according to plan, was also the program of determina-
tion of the Earth's own motions. To photograph the whole sxgy
with one instrument would be an inconceivable task. This
apparently, though, would be of the volume of work for the

international Carie du Ciel . Needless to say, the photographing

of the sky for this purpose at Pulkovo was not carried out.

Nereid, was discovered by the American astronomer G. Kuiper in
1949, Remai-ing very faint (19?5), this satellite is not at all

visible on Pulkovo photoeraphs.
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Por the Cairte du.Ciel Pulkovo Observatory made fundamental
determinations of the coordinates of reference stars. Kostin-
skfi's plan was the no less grandiose and no less interesting
plan- than that suggested by Kapteyn in 1906. The idea of
Kapteyn's plan consisted in an objective not to study the whole
immense stellar universe, rather, to organize 206 selected areas,
distributed everywhere on the s8ky, and for stars situated in

the selected areas, to obtain as far as possible more complete
data: parallaxes (distances), proper motion3s, stellar magnitudes,
colors, etc.

In order to determine the proper motions of the stars in a
selected area with the photogranhic method, it is necessary to
have two nlates of the selected region of the sky with a differ-
ence of epochs no less than 20 years. Of course, both plates
must be obtained with the same astrcgraph with identical or
very similar conditions of observations.11 For example, the
vlates must be taken on anproximately the same calendar date:
if a “hotograph is to be produced in a different time of the

year, then annual parallax influences the stellar positions,

11Generally speaking, for the determination of prover motions
of stars plates taken with different instruments can be used,
but then the reduction of the observations is significantly com-
olicated, and the accuracy of the results is diminished. Such
ha-nens with the non-observance of identical eonditions of

observation.
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i.e., nearby stars are displaced on the jplates because of the
motion of the Earth in its orbit. But in the given example we
are not interested in the annual parallactic disoclacements,
rather, in the proper Aisplacements of stars on the sky in
their projections onto the photographic plete. True, these
again are not “properly proper" (peculiar) stellar motions: as
with "catalog proper motions,™ here the motion of the solar
system, or, the parallactic secular displacement of the stellar
positions, does not perceptively enter. Only having been freed
from it, is it possible to obtain peculiar proper motions in
the projection on the celestial sphere.

To take into consideration the motions of the Earth is now
done as with fundamental determinations. When for determinations
of stellar proper motions plates with a time span between them
of 20-30 years are obtained, but at the same time of year, then
with this it is as if they eliminate the motion of the Earth
about the Sun; however, precession, nutation, and other motions
remain. Therefore, the measucements and processing of photo-
eravhic plates stipulates the "reduction of observations," i.e.,
the liberation of them from different distorting factors (the
motion of the Earth, instrumental errors, atmospheric refraction,
the difference of luminosity of the stars). Kostinskii worked
out the method of measurement and of processing of astronomical
negatives in detail and improved the formulas of reduction.

In the accomnlishment of his prc~ram S. K. Kostinski{ photo-

gravhed selected areas of the sky and obtained "first epoch"
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plates for the determination of proper motions of stars. He

was founder of the Pulkove "glass photo library," or “plate
library,” as it was more often called, which rendered an incal-
culable service to subsequent generations of astronomers. Having
done the “second epoch" plates, students of Kostinski;fachieved
the possibility to determine proper motions of stars.

However, Kostinski; already was able to make a number of
conclusions himself. It concerns the determination of stellar
parallaxes. As is evident from previous discussions, for the
determination ¢. the so-called trigonometric parallaxes i* is
necessary to obtain plates of a part of the sky interesting to
us with a time span of half a year. Usually, for ever; section
not two, but three, plates are taken: the second six months
after the first, the third a year after the first. Then every
pair of successive plates will correspond to different positions
of the Earth in its orbit, from which the stellar sky, generally
sneaking, must look differently. But it looks idencical, because
the majority of stars are situated very far from us, and only
the closest stars will put parallactic displacement to the test
with the motion of the Earth about the Sun. Precisely for nearby
stars is there the hope to obtain parallaxes, and knowing the
diameter of the Earth's orbit, it is already easy to compute

the distance to a star with a known parallax.l2

12The small angle (at the Earth) in an extremely drawn-out

right angled triangle, one of the sides of which represents
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g AS with the determination of stellar proper motions, so
| it is with the determination of parallaxes- the photographic
‘method produces more accurate, and larger numbers of, observa-
tions‘ig comparison with fundamental methods of meridian obser-
Avétidﬂs; No less a problem of determination of stellar paral-
laxes ia one of the most difficult: even for the close~t stars
fhé displacement of them on photographic plates is minute,
especially with a short focal length instrument.

: S.;i. Kostinskii determined the parailaxes of greater than
200 spars. True, in the majority of them the resultant paral-
laxes turned out to be within the limits ot observational error

(+ 0%03). This s explained by the insufficient focal length

of the no' n» . astrogragh; owing to which a long fcecus photo-

the radius of the Earth's orbit, and the hypotenuse, the distance
from the Sun to the star, is called the (trigonometric) stellar
parallax. Even for very close stars this angle is less than

one second of arc (for the nearest star- A\ Centauri- it is 0%75%.
the accuracy of modern determinations of trigonometric parallaxes
is 0%010). It is not possible to measure the parallaxes of
distant stars with the direct trigonometric method; with the
utilization of other (indirect) methods of distiance ectimation
the notions of spectral, dynamical, and other parallaxes are
intrc luced. Often the word "parallax" is used in that case

when one is simply speazking of the distance to a celestial ob-

ject.



graohic refractor with an objective diameter of 32 inches (81
cm) and a focal iength of 10.7 m was ordered. Besides that,
the climatic conditions at Pulkxove hardly favor the determina-
tion of parallaxes. Because of the white nights in ths summer
and the csontiruous cl-udy weather in the winter, significant
veriods were lost from *“gSegiyeram of ohotographic otservations.

Astrcohotceraochy vlayed an important role in the wo-ks of
the Simeiz bra~ch in the first 10-15 years of its activity.
According tn the in’tiative of Baklund, from the begi:ning of
1912 Sineiz varticipated in the international prceram ¢f obser-
vations of mircr nlarets, having taken on itself the task of
systematic determination of the phcotocraohic vath of coordinates
ot 120 asteroids. The scuthern oasition of the tranch favered
the successrul implementation sf this tusk. In adiition to
that, the chservers S. I. BelE;vskii ard G. N. Neuinir dis-
covered aporeximztely 100 new asteroiis and sevan comets, six
nf the c~m2t discoveries gcing to seuimin. This is a lot for
o~e axtroromer, and nct without reaso~ was he czllei a "comet
hunter.”

In the nerind »f his directershio 0. A. Baklund orgarized
investigaticns at the otservateory in the area of celestia
mec -arics, and als~ for manv tnenretical probiems of astrer-my.
Bagides L .lund himself, sericus thecretical investigatiorns were
implemaerted by A. A. Ivarov, G. 5§e§nel » and M. A. Vil'ev.
Fer mare than tvwenty yeurs a large work for the determination

of ort:+-~ and evhcmeriaes (cale':lsted nosit ons) of minor rlanets
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and short period comets was carried out (by ¥. V.'Eﬁilova. E. A.
Maksimova, L. L. uatkevi;; and many others).

Having finished the narrative of the “"epoch of Brediziin.‘
it is necessary to mention the serious beginning of the time
transmission service. 1In 1912, at "he Paris conference on the
questions of time transmission by mears of a radio teleg.aph,

O. A. Ba¥Xlund was chosen chairman of the International Committee
on Time. The transmission of time signals by radio seemed then
a novelty, but soon after produced a radical change in the
determination of longitude points nn the terrestrial surface.
Until this, differences of longitude were determined with a
means of conveyance from one pcint of another chronometer,
keenping ac.urate time, then for this ovurpose the wire telegraoh
was used. In 1914 a fundamertal determination of the longitude
difference of Pulkove to Paris was undertaken with the help cf
radio. At first in Russia the transmission of acc .rate radio
time signals was realized througzh tlhie only equipoed Petrocrad
radio station. The beginning of the First World War interrupted
this important werk.

Or. 16 (29) August 1916, while occupying the cost of obser-
vatory director, 0. A. Baklund passed away. The leadership of
the cbservatery was assumed by the vice-directer A. A. belopol’-
skii. chosern in Decem“er of the same vezr as director. 1In his ~'r:~
report Bel~pnl'skii summarized the activity of Baklund thusly:
“The develnprmer.t of perscnnel strensth of the cbservatcry, the

increase of the rumber of colleasues, the acquisition ~f new



instruments in accord with ‘he motion of science forward, the
craation of extensive themes for the activity of the observatory,
combined scientific works with foreigr. establishments, a constant
unity with scholars of the whole world, and on the other hand,
the oresanization of an gxtenaive investigation of the mysterious
m~tion of Encke's ccnet; all this vreserves for him the name of
prominent director and significant scholar.*”

Just words, a merited ap-raisal.
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POST-REVOLUTICNARY YEARS

The social events of 1917-1921, having awakened Russia and
put her on a new, totally unknown path of poiitical and econ-
omic development, could not pass over and did not pass over Pul-
kov~ Cuservatory. The point cannot be only concerning the dam-
afes which shrapnel inflicted ok the buildings, having exploded
<;;er the observatory at the time ~f the events of 10-12 November
1917. That, which carried with its revolutionary achievement
of this great year, penetrated the deep inside of not only the
buildings, but more imvortantly- into the consciousress of the
peoole.

This hapoened, of course, not all at once. At first the
old astronomers, deservedly having enjcyed several privileges,
feared for tr:ir “"modest comfert,™ especially when “"new ideas,

erronecusly informed ponulation® brought “lower service person-

nel at the ohsersvatory® is the p?éséhtétion of demards to the
administr+4tion concerning the increase of pay and "concerning

the objection of quarters at the place having been situated

beneath ground level.” Complainineg to local vowers, who supported
these demards, the director of the observatory was obliged to
satisfy them. But was it not the same directcr, assuming the

post, who wrote about the respect of every o~e of the colleasues
for his comr.des, am>ng which there exist "no higher-ups or
lower-downs"? Demccracy revealad to him in words i~ March of

1917 was soread out with his business doirngs in March of 1919.



Not ashamed of some day being quoted, the director complained:
“The cientific activity of the observatory proceeded in the
revorted year in a serious condition: the personnel were placed
under the yoke of an indeterminate position, not being persuaded
how the new goverrment provides and supplies the means for the
implementation of the tasks, provided to the institution witn
previous epochs."1

Undoubtedly, the difficulties were immense: desperatzly
needed repairs, insufficient fuel, strict rationing of elec-
tricity, absence of tranéportation— all did not further the
develooment of work: and "one must be amazed that the scien-
tific activity of the observatory did not sink tc a minimum:
the number of manuscriots submitted for publication, the number
of scientific transactions, the intensity of observations
remained almost ir the same state as in much better times,"?
although the exhaustion of the reserves of photograchic nlates,
having been purchased abroad, necessarily curtailed some types
of observations. Owing to starvation and exhaustion the scien-
tific cclleague B. A. Zemtsov, having returned from the armed
forces, and chosen in 1918 for the post of scientific secretary,

died orematurely on 2 Novemher 1920.

1Report for the Year 1918-1919, presented to the Committee
of the Princioval Russian Astronomical Observatory at Pulkovo
by its Director. Petrograd, 1519, po. 3-4.

2;919.. P 5.
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Hardships feli not only to the lot of “eterrnal sciance”
workers. The whole ccuntry was testsd by hardshivs, cacrying
the burden of an imperial‘stic war and being subjecied to for-
eign interve-tion. The scholars did everything in their pcwer
t~ withstand all tests. In December of 1917, "with the permis-
sion of the director,” as a director of the observatory himself
was assumed, an Astronomers Council was created at Pulkovo, to
which in June of 1918 a general meeting of the Russian Acadeny
of Sciences granted wide-rarging richts of gcver:nance of obser-
vatories and the selec*ion of all staff to vice-director inclu-
sively. The diractor chose a special commission consisting of
reoresentatives from the Astron-mers Council and from the Academy
of Sciences, under the chairmanshivp of its presiient. In June
of 1919 A. A. Ivanov (1867-1939), rector a d orzfessor of the
Petrosrad University, astrorncmer at Pulkovo frcm 1890 to 1901,
was chosen for the nost of observatory director.

The Astron~mers Council ornduced new staff of the chservat-ry
with a ccnsideration of maximum gratification cf its needs for
comouters, and with a ccnsideration of an ircrease of perscrnel
of the Nikciaev and Simeiz branches. The staff aporcved by the
Academy of Sciences in August of 1919 consisted of 64 nssitions
(of which 9 were fer Nikeclaev ard 7 for Simeiz). This exceeded
‘v more than a facter of two the staff of 1912 (27 gecnle, in-
clusing the staff of the branrches), the large=t which the direc-
ter C. A. Baklund was able tn achieve through the crand patron-

the chairran of the Committee of the GbserVatcry.3 During the
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period of Baklund's directorship; in connection with the accepted
volume of work, astronomers were 8o keenly needed for ladboratory
and computing work, that since 1917 a great volume of unprocessed
photeoeraphic nlates, =pectrograms and catalog observations were
eererated.

The new civil rights and recently ap~roved staff allowed
women to be taken on as permanent help at the observatory. A
few of the first to be put on the staff were I. N. Balanovskaia-

/ehman, M. V. ZHilova, and S. V. Romanskaia. In February of 1918
S. V. Romanskafa became tie first woman tc obtain access to
astroncmical observations. In PFebruary of 921 M. V. Eﬁilova and
S. V. Romanskazé. chosen for the vost of jurnier astronomers,
joined the Astronomers Council.

The active recruitment to the observatory of highly educated
women resolved the problem of qualified calculatory help. In
November of 1920 tiie Petrograd branch of Pulkovo calculaters was
orcanized under the leadership of the experienced and erudite
astronomer N. I. Idel'son. In 1924 the staff of the observatory
(together with the branches) reached 95 peoole, and in 1925 it
was increased to 107 people, 61 of whi:h were scientific col-

leacues, and 36, technically qualified and junicr technical

3From 1889 to 1915 the chairman of the Committee of the Nike-
laevskezia Principal Astrornmical Cbservatory and president of
the retersburg Imoerial Academy of Sciences was Grand Duke Kon-

Ky
stantin Konstantinovich Roma.ov.
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colleagues, !.e., assistants and calculators. In such a way,

as regards "tasks given to the institution with ovrevious eooche,”
the strenzths and means for their imolementation must have suf-
ficed with socme left over. ‘ |

KRowever, the new epoch brought new rroblems. At that time
a genuine revalution in physics and astronomy was taking place.
The discovery of galaxies, the birth of relativistic cosmology,
the establishment of the law of recession of galaxies- all radi-
cally changed the established view of the universe at the end
of the last century. Jumning ahead, it is possible to say that
many Soviet astronomers were ;iterally "krocked off their feet"”
with the bombardment of observational facts and theoretical
conclusions impetuously rushing in from abroad, where technique
allov 2d astonishing discoveries to be made. But only facts
were #ble to oppose the facts, or at least it was necessary to
verify them, so as not to interpret *hem falsely. To obtain
such a volume of facts was imoossible with thc lack of suffi-
ciently powerful equipment.

Highly out of date instruments were furnished to Pulkovo
in volume as a legacy from previous enochs, although the ob-
servatory again was considered the most wealthy among other
observatories of the country in regard to equipment. The manu-
facture of two large, more nowerful instruments, ordered from
England, was sv-pnended beginning with the World War of 1914-
1918. The resumpntion of negotiations with the firm of Grubb-

Parsorns took nlace ir 1920 when dinlomatic relations with
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Western Europe were not far from being resumed again. These
negotiations were carried out through the Delegation of Foreign
Trade (Vne;Ltorz) in London with the direct participation of the
national commissar of foreign trade L. B. Krasin. For the com-
pletion of the work the firm demanded the additional payment of
sionificant sums (over 24,000 pounds sterling, with an initial
cost of the order of 17,000), which, in soite of the severe
economic position of the country, the Soviet government allo-
cated in 1922. In this way instruments were acquired for Pul-
kovo Observatory.

In December of 1924 A. A. Belopol'skiz was commandeered
to England for the inscection of the instruments on site. The
_l-meter reflector was almost ready; arrangements for a refractor
were relatively finished concerning the increase of its diameter
from 32 to 41 inches, in order t~ have the largest refractor
in the world. The decision concerning the increase of the
diameter of the refractor ultimately resulted in the fact that
the firm did not mam facture thé objective. A ohatogranhic
objective with a diameter of 32 inches was finally manufactured
in Len‘nerad under the direction of D. D. Maksutov, but the
refractor was not assemblcd:s the mounting of the instrument,
c~nveyed frem England to Pulk~vo, perished at the time of the
war of 1941-1945, The objective of splendid quality was saved.

The reflector with the l-meter mirror was transoported to

Simeiz in 1y25 and was established in the same year. The quality
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of the optics turned out to be excellent. The establishment
of this telescove presented itself as a highly significant
event in Soviet astronomy of the nost-revolutionarv veriod.
The telescrve, however, was destroyed in 1941 during the time
of the occupation of the Crimea by Hitler*'s troops. The ex-
cellent mirror was disfigured by a direct hit, and the mounting,
remoyed by the occupants to Germany, was used there for scrap
metal.

A large Littrow system diffraction spectrbgraph of length
7 meters (with a dispersion of 0.76 z/hm in the third order)
alsc is of ccncern to large instrumental acquisitions. The
snectroeraph and the coelostat to it (a flat-mirrcred solar
telescooe) was also acquired in England and received at Pulkovo
in 1923. In 1924 investigations of the anparatus and sysfematic
spectrosconic ohservations of the Sun were begun. Tne high
disversion of the apparatus allowed highly or~found prcblens
to be set ur and rescived. With the help of the new sovectrograph
the A0 year-nld A. A. Belopcl'ski? resumed his investigatisns of
the law of rotation of the Sun with the ourcocse cf the ccssible
establishment of the cennection between the rate of rotation and
the activity of the Sun.

i

Acain in 1921 the German Astroncrical Society raised the

}
TPor the internatisnal cooperation of the Carte du Ciel,
the German Astronomical S~ciety (Astrcnomische Gesellschaft, AG),

founded in 1863, played the rcle of a single interrational crgani-
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question of repeated observafion of all stars in the northern
sky to 9th magnitude (the so-czlled zonal catalogs or AG Cata-
lozs). The Astronomers Council of Pulkovo Observatory ¢ -cided
to varticinate in this work, in accord with which an order was
made to the firm of Zeiss for the manufacture of a zonal astro-

graph. The srogram of werk was discussed at a conference of

zation, which compiled the work of observatories oé different
countries, in particular, thanks go to it for the establishment
of the AG Catalog3, undertaken in the 1870°s with the participa-
tion of 20 pbservatories. These catalogs contained pcsiti~ns of
stars to 9th magnitude (about 140,000 for the northern sky),
measured with the differential method by means of meridian cir-
cles. The publication of the AG Catalogs wus essentially com-
pleted at the begirning of the XX century. Often these catalogs
are called 2onz21 cataiogs, as with a consideration of them the
sky is divided into zones of declination, which were delegated
to the observatories-participants of the work. The reobserva-
tion of the zorial catalogs undertaken in the 1920's emolayed

a change to onotogranhic rethods for the determination of *he
nnsitions of the majority of stars "attached" to reference stars,
the vositicns of which were determined with meridian methods

(meridian circles).
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the Astronomical Society called in Augﬁst of 1926 in Kopenhagen
and it took on an international character. From Pulkovo F. F.
Renz participated in the work of the conference and the zonal
commission. The comnission distributed zones of observations
among observatories, the photographic determination of stellar
positions of the circumpclar zone and the observation with the
meridian circle of 3700 reference stars in the zone 35-60° north
declination falling to Pulkovo's lot. The zonal astrograph (D =
120 mm, £ = 205 cm) with a four-element objective (for easy
elimination of aberration and an enlarged working field of 5 X 5°)
was received at Pulkovo at the end of 1926. In the following
year they set about to the nlanned photogravhy of the circumpolar
zone of the sky.

It especially fol'~ws to mention the establishment at Pul-
kova in July of 1940 of the horizental solar telescope (mirror
coeloctat D = 500 mm; principal parabolic mirror D = 500 mm, f =
1700 cm), at that time the largest instrument in Europe for the
investigation of the Sun. Manufactured by the State Optical-
Mecharical Works (now LOMQ), it was the first of that soviet
industry. The construction of the telescope was supervised by
the talented scientist N, G. Ponomarev , the first class optics
manufactured under the direction of D. D. Maksutov. The manufac-
ture of large telescopes in our country on the basis of the
native ©oroduction opened new persvectives in the development
of Soviet astronomy.

Par+s of the history of Pulkovo Observatory during the period
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1918-1941 involved searches for new‘organizatiohﬁl forms. Such
searches were inevitable, as far as the previous organization

of work, with which everything was placed under the direct super-
vision of the Grand Chairman ot the Committee of the Observatory,
did not accord with the principally new form of state government.

As already mentioned, in Decemter of 1917 at Pulkovo arose
an As‘ronomers Council, which independently decided many vital
questions. According to the Statufe of 1921, with the resolu-
tions of the council the general course of scientific activity
of the observatory was determined. In the charter of the Astro-
nomers Council stands a presidium consisting of: the director
nf the observatory, hls assistant, and the scientific secretary.
In large measure the selection of the director depended on the
council, all the remaining poesitions being filled only through
the council. The financial and economic activity was regulated
by an economic committee consisting of the presiding director,
three elected repfesentatives from the Astronomers Council and
three from the remaining personnel of the observatory, chosen
for the year. As is evident, the chosen basis and the democracy
in the government were then established at 2 high level.

Because of the great rights of the Astroncmers Council the
director of the observatory did not play that deciding role in
the activity of the observatory which belonged to him in pre-
revolutionary years, although for the "scientific face of the
establishment," who assuvmed this position, as before, had signi-

ficance. Fruitful in his activity at this post was A. A. Ivanov,
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for whom A. D. Drozd was exchanged in 1931 for . short ternm.
The d}rectorship of the latter ﬁas an especially notable “break"
from organization=l beginnings.” His own scientific activity
wgs\bfganized with observations on the zenith telescope in 1917-
1920, and of the processing and discussion .f these obéervations.
At the beginning of 1933 the great scientific professor of
ﬁﬁar'?ov University, B. P. Gerasimoviéﬁ (1889-1937), headed up
the observatory; Pulkovo astronomers knew him since 1915 in
connection with his visit to Pulkovo for the carrying out of
scieﬁilfic work, and in 1931 he was the head of the astrophysical
sector. During the period of Gerasimoviéﬂ's directorship the
scieﬁfific activity of the observatory was sirongly revived armd
strengtﬁened. From 1937 to 1943 the dirzctor of the observatory
‘was S. I. Belgsvskii (1883-1953), an untiring observer and the
head.of:the_Simeiz branch for the extent of almos* two decades.
For the activity of Pulkovo Observatory, which until 1917,
luding the period cf Brediﬁhin's directorship, remained to a
significant degree secluded, in post-revolutionary years there
existed a characteristically uninterrupted growth of scientific
and business contacts with other astronomical pariicipants of
the country. Above all the conhection was manifested in confer-
ences of astronomers, the joint commissions and voluntary unions
of scientists. Again with the life of 0. A. Baklund in the -~
pany of Pulkovu astronomers a project arose concerning ar organi-
zation of Russian astronomers. The project drew the su.ppcrt of

many scientists, and in April of 1917 in Petrograd “ne consti-
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tuent assembly of the Russian Astronomical Union was organized.
Later on the union wes renaqedIiﬁélg}gaéiition-of Astron<mers
oy the RSPSR, which called three more meet? gs: iq 1520, 19324,
and 1927; after this i:s activity was discontinugd, Aftef the
chanze there came about in 1932 a non-professicnal -oluntary
union{of snecialists and amateur astronomers- the All-union‘
Ast'onomical-ceodesicaivSociety (VAGO), which broust: in leeal
sosiety, like the Russian Astron-mical Society, c- .ing orin-
cioally of Leninerad {Fetersburg) astronomers and geovde: 1its,
and the letrooolitan Circle ol Amateur Astréhaigng,_fogndad_{ﬁi
1837, which was 1*k2 the Moscow s~o1ety,;1998). in;? é o

Especially- inoortant was the creat1on of an~organization - ‘

.-ordinating the.a»;1v~ty of astronumical ccl.eagues. ‘rus;*xn?~l
192%, by Gacree of the Countil of Peocsl2a’s COnn1ssars (Sovnarko-)
cf the USSR, ..e Joint Time Service CQ-nission uas~created. uﬁder
tha catirmanshiov of the director of Tulkova Gbserva;ory. Tris -
waz the first serious 2{fort for the coordinution =f the\wcrk.
yet anly in ~n2 narrow sohare. In 1937, with tne aczdamy 6f
Sciances oY the USSR, was formed the astron-mical Ccuncil, as
a directing and coo~dinating center ¢ < all astroncmical investi-

gati~ng in cur country, the standards of which have increased

nany times.
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SCIENTIFPIC ACHIEVEMEITS AND NEW SEAFCHES

Traditional cataiog observations, started at Pulkovo at
the time of the t@unding of the observatory, were not discon-
tinvsd until Julyof 19b1f~~!he observations and processing of
the intemediggé absolute catalogs of 1915 igi;e just finishe’,
when in-1920 %;;etvers with the large transit~iystigneht and
Verfical circléfset about. to create the next ca;;logs. out ;ot

ccordirg to the plan of W. Struve, according to which the next
catalogs were to be intended for the epoch 1925.0. Intermediate
absolute catalogs of riesht ascensions and declinations of 558
bricht stars we.e made up for the 1930.0 epoccn. And this fin-
ished in itself a new program of observations having come into

overation, only just having finished the previous one. The

<o

catalogs of 1925 ;efé:%;gﬁke the intermediate ones. In fact
they present2d thcmselves as a ° cical extension, and a rather
extersive suopiement to the intermediate catxiogs of 1915. The
fact is that the catalogs of 1915, consisting of stars of the
Baklunc -hoff list, were adopted for the special purpose of the
maintenance of the basis of the photographic Carte du Ciel , ard
did not fully satisfy practical, in particular geodesical, prob-
lems. This insufriciency might have been el.minated by means

of a raplenishment of previous catal~gs of stars to 6th magnritude.
Thus aronse the ahsolute catalogs of right ascensions and decli-
wations of 1334 bright sta.s for the evxch 1925.0.

Accordinge tr the meridian circle prosram (difierential
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 observations) it was necessary again to finish the processing
of numerous observations of a larQe nuiber of *.tars of the
Relsinéfbfé zone and:thg " atalog of Schellerup~. But in 1929
the untifing A. A. Kondrat'ev, and also TA. I. Beliaev and N.
V. f‘Si-erm set about to the observations of reféremé .sta;rs i
of therzone,35+6o§ for the international program of the AG Cata~
logs. The work was carried on to the end of 1934. However, in
1932 2 new extensive gfroeram of obéervatibns was outlined, the
inplen?ntatidﬁ;ﬁfkwnich other cbservateries of the USSR took
part in. -The questioa h@’tc{:qricgz"ns;aazj_the so-called “"Catalog of
Geodesical Stars,” c6ntainiﬁg accufate positions ofrall stars
to 6th magnitude from the pole t~ declination -10°.

This catalog contains almost all (witk very few exceptions)
“stars of the absolute Pulkovo catalogs of'1915 and 1925, amd
according to the accuracy the new geodesical catalog must have
had to excell the resultant absolute catalogs. Por stars of the
Baklund-Hoff list (the catalog of 1915) this might have sufficed
by means of a processing of all existing catalogs. As far as
the Baklund Hoff list was recognized internationally, many obser- -
vatories produced observations of stars on the list. The Astro-
nomical Institude in Leningrad and Pulkovo Observatory made that
orocess’ng, ané the summary catalogs were Jlished in 1934-1935.
Positions of the 1334 stars of the 1915 catalcg stood to increase
precision. Por this all 1334 stars had to be observed with maxi-
mum thoroughness repeatedly by several Soviet observatories

ir.cluded in this cooperative work. N. V. TSimmerma.(1890-1942)



' f-orm outthe-ethod of observations; he supervised (11 the
7'0 mmemtioneinnagemmmofmw

- out to be finished in the m ‘of 1939: a eouolete reduction
of‘the eat.log -as delhyed“%ne to. the war and the death of N. V.:

‘ ,lsi-er-an. The co-nletion,bf all proeessing and the pdblieap

tion ‘of the entaleg -us earried out by A. A. ue-iro and B. A. -
Orlov. -~ The 'Catelpg of 2957 mgu: stars -ith declimtions

rro- -1o° to +90°" was brought to ught i.n 1943. Por this -orx
‘the Acadeny of Sciences posthu-ously asarded N. Y. !Si-nernan

the P A nndman' prize.i -;.:;‘ . T

Aireaﬂy a‘ the end of . the 1930's the suceessfu; beginning

“and.nnquestionable progress in the i-nle-entatxon of the first
.«laree joint effort of saviet obsetvatories alloued astronomer<
to setebout to the realization of a far more grandiose vian-

‘the establishnent o' a catalog of precise oositxons of faint stars.
In 1932 B. P. Gerasinovich and N. I. Dneprovskii suggested a
deeoly‘ahdstyproughly thought out proposal concernzng the creation
of such a catzx.og. They did not have a narrowly sractical ob-
jective, rather, an extenzive long range sclentific proeram:

“The universe of Struve and Bessel accessible to measurement

was contained in the sphere, depicted from the center of the Sun

with a radius of a few parsecs; the universe of Shapley and Hubble

tcok uo the snace ¢f a hundred million parsecs. . "1 as an

1Pmceedines of the Astronomical Conference. Pulkovo, 5-9

March 1932. Pulkovo Observatory, Leningrad, 1933, p. 137. In



82

experimental strategy they did not propose to throw all powers
®"to the assault,” for the achievement of new, unprecedented
boundaries, for which no one had the means (high powered tele-
scopes), and tu concentrate the organized human reserves to it,
in order to assimilate and secure the things achieved. For
Soviet astronomy, only having started to play havoc with its
forces, this program was especially reasonable: it allowed the
most advantageous positions at the advanced borders of science

to be taken.

the cited quotation human understardings concerning the universe
of the 1840's and 1940's are compared. H. Shapley and E. Hubble
were American astronomers whc made especially significant contri-
butions in the development of extragalactic astronomy. In partic-
ular, Shapley developed the method of determination of distances
to Ceoheids, which are called the "candles cf the universe"; he
studied the structural features of galaxies and their distribu-
tion in space. Hubble was the first to demonstrate the existence
of extragalactic stellar systems, having resolved the most nearby
galaxies into stars; he established the law of "red shift" (reces-
sion of galaxies). A parsec (parallax of a second) is a unit of
distance equal to 2.26 light years (1 pc = 3.08 X 1013 km). The
latest astronomy and radioastror-mv deal with distances not in

the hundred milliors, but in billions of parsecs, i.e., distances

to 1023 ym.
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The proeram of Gerasimovich-Dneporovskii turned out as
persvective and solely correct as the program of ob:ervations
of W. Struve was in its own time.

The idea of a catalog of faint stars can be elaborated in
the following way. The fundamental catalogs made at the end
of the XIX and beginning of the XX cernturies in essence con-
tained in them brieght stars, i.e., stars primarily near to us;
stars contained in them were heterogeneocus according to spec-
tral make-un, and consequently, their positions and oroper
motions were affected by different accidental and systematic
errors. In a significant number of cases one can aveid this,
reasonably hzving nicked up a sufficiently uniform comolement
of (faint) stars, faint s*ars being advantagecus rot only because
the accuracy of the determinaticns of their coo~din:ites is essen-
tially increased, but also because they stand as resultant tench
marks for the distant and extremely distant probirq cf the uni-
verse, being more remote from us in comparison with bright stars.
In order to obtain conrdinates of the bench marks, vcssibly nore
arcurately, the coordinate system itself, connected with the
“celestial equator™ and the olane of motion of the Earth about
the Sun- the ecliotic- must be "fixed” with all reliability,
for which the observations of planets, and not the Sun, are
to be advantareously utilized. PFinally, the berch marks must
orovide, as far as possible, "absolute values” of prnrer mo-
tions, which follnw to be determined according to practically

fixed ohjects- remote galaxies. All these points of a ccmmon
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idea were new as an idea itself. The interlacing with them
of astrometrical, celestial-wechanical, stellar astronomical,
and astrophysical problems made the whole problem especially .
inviting.

Not byrchance were the scientists ardently devoted to the
proeram with enthasiasm. Moscow astronomers tock to the matter
particularly actively, having done the work under the direction
of M. S. Zverev in such a manrer as to correctly personify the
ideological orogram (the selectioﬁ of stars of fhe program, the
exvloitation of the method of observations. the arrangement
of forces and means, the tria. cbservations and other questions).
The war intercvupted the business which had begun. . .

Worrying about a number of scientific oroblems concerning
anticipatory vork in science, Pulkovo astronomers, as in previous
times, Aid not forget about the practi.al problems having a
national-economic significance. An example of such is the "Cata-
log of (Geodesical Stars.”™ However, it follows to also mention
the organization of a time service on a wide -cale, i.e., not
only for the use of Pulkovo Observatory itself, but for all
ccuntries, expanding on a wide path of accelerated economic
develooment, with which the precisior in time plays a paramount
r~le. Accurate time :oeeully necessary for the unfolding
of geodesical warh.

On 1 Dece- vy, & - ..r2r of preliminary experi-
ments, signals A 7 be regularly transr:tted

from Pulkevo t o, ..~ auragrad radio station "iNew



85

- e
Hollandia," and on 25 May 1921- also through the NMoscow (Kio-

dynska;;) radio station. On 11 July 1923 "New Holléhdia' was
reclaced by the Detskosel'ska;; radio statioﬁ.‘whiéh;did:nog
break the regulérity of transmission. Althoﬁgh the Moscow
transmitting stations all were changed, the'régular prsvisién
of all organizations and expeditions in the countéy-witﬂ accu-
rate time from Pulkovo continued until 12 July 1941i. The dis-
continuance of transmission from Pulkovo did not affect the
vital means of accurate time to the “coﬁsumer}; as far as the
broadcast of radio time sisnals wes prcddcééjalso from Tag;kent
since 1929, and in 1931 the P. K. g;;ernbefg State Astronomical
Institute (gg;éé) in Moscow organized ti.e regular transmission
of rhythmical signals of accurate time.

The establishment of the Interdepartmenfal Time Service
Comnission in 1924 oromoted the development of separate ser- A
vicess if in the first years of Soviet rule only iﬁdgaégﬁféte
time services overated (Fulkovo Observatory and the Principal
Board of Weishts and Me:zsures), then in 1938 the nu~r : of them

reached seven. In 1928 the Commission began to bublish summary

features of rhythmical radio time signals, which had an imnor-

— ww— - -

sat abnut tc oronduce a.alognus oublications in 1931,

The observations c¢f lcngitude differences betweén Pulk>vo
Observatory and cther o-~ints undertaken at Pulkovoc Observatory
had an im~crtant nsractical sienificance. Thus. in 1925, with

the help of a radio telesracsh, the loneitude difference of
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' Pulkovo-Greanwich was determined by TA. 1. Belisev and Ne I.
'Dnebrovskif.z‘ An“;ccurate value of the longitude of’fhlkdvo, -
ffendéred. as all longitudes, from the sero meridian ofAGteenA
wich, was espeqiili} important for‘gQOerical aﬁnfg;ographicai“'
investigations. TIn‘1928 the Rﬁssian Gé&éraphicﬁlséocietﬁ
award~d a gold_iiagl to the executors of this work. Then
fo1llowed a series ot;déteruipdiions in¢ong1tude differences:
Puli:ovo-,riikoza&{irézi ), Pulkovo-Moscow (1930), and with the
participétioﬁféf Pulkbvg astronomers or even with the unilateral
qethbd:wéféfgeterniﬁéd'the longitudes of Simeiz (1928), Sverd-
lovsk and Tbilisi (1930), Arihangelsk (1932), Novosibirsk (1936),
and othef:ﬁbints. Pulkovo Observatory assumed participation

in the determ;natiop qf‘tpg ;ongitudes of several pcints on the
course of the;Baltic Geod;;1;a1“00!qis§ion (the USSR joined this
commission in 1929), and organized é whole series of geodesical
and gravimetric investigations "on the f;ng's Helsinki-Stockholm-

Cooenhagen-Potsdam-Riga-Tallin-Pulkovo-Helsinki.

2with such determinations astronomical observztions were
orcduced at Eoth points with observers changing their places.
The corr@lation of results of treir observations (from which
the difference of longitude was calculated) was attained as far
as possible siﬁultaneﬁusly thanks to the recenstion of accurate
radio time signals by both observers from some prechnsen radio

station.



Fron‘Se;teeter*19iS t0>b%ceiber\i§ébtthe ietitnde gervice
‘of Pulkoyvo Observatory (eyste-etic obeervations on the :enith
jtelescooe) prod.uced observations for an extensive progran
'ell‘night long.? i.e.. from suntet till eunrise. The revw
orogran covered‘e significantly greater quantity of stars than
before. !he pnrpese ofesnch a orogra- consisted of the fact
v'that. besides the study of the general character of the pole's
notion. itV-as to reveal short period changea. in particular
a daily variation of latitude.« During the: I3-year period of
the extensire progrem'ofrobservations over 27.000’1at1tude
measurements, and during the period 1904-1941 about 58,000
determinations, were obtained. Zhe anal&sis of this colossal
material showed that Pulkovo determinations possessed a very
high vrecision and allowed to serve even the control of the
Interrational Latitude Service. Observations for the exten-
sive nrogram revealed in the oscillations of latitude the
existence of a daily term with a very small amplitude (0304),
the rature of which even now 18 not understcod.

Latitude observations were even revived on the transit
instrumert on the prime vertical. From 1917 to 1947 A. S.
Vasil'ev 11858-1§4?)79roénced observations. His results, pub-
lished in 1952, 5ummediub the centennial observaticns of the
transit instrument on the'prime vertical, started by the foun-
der of the observatory himself, W. Struve. The fundamental
inference of A. S. Vasil'ev consisted of the fact that the

daily oscillation of latitude discovered by him (wich another
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rhase and vith‘an amplitude of 07216, essentialiy greater than
on the senith'telescope)pesﬁlted from abnormal refraction,

-ﬁitﬁ waich!,h&wever, 6ther authors did not coiroborate. The
magnitude of tﬁé daily oscillation obtained ty means of the
zenith telescope is taken as more reliable, but the overesti-
mated value, determined from observations on the transit instru-
. ment, possib'y characterized a. frapex o of the instrument,

for example, its greater susceptibility to changes of tempera-
ture of the surrounding air.

Let us return to astrophotography and astrophysics. After
the lapse of two decades photograohic plates from the "plate
library” of S. K. Kostinski; began to acquire a special signi-
ficance. The repeated photography of Kapteyn's‘selected areas"
was undertaken ii. 1924 and 1932. On the basis of this was
carried out the determinations of stellar r~ovper motions with
a difference between epochs of photosraphy of 12 and 20 years.
The trial work (with a difference of evochc of 12 years) was
a catalog of proper motions of 3189 <tars in 13 areas, published
by A. N. Dejch and E. IA. Perepelkin in 1935. Then in 1940
a fundamental work oX A. N. Deibh concerning a ~atalog of
prover motions of 18,000 stars in 74 selected areas was brought
to lieht. The precision of the catalog stood at the level of
modern demands, in spite of the fact that the normal astrograph
was the smallest instrument of those which were used for the
determinations of prcner motions according to Kapteyn's plan.

Another large astrochotogranhical work was imulemented in
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connection with an international &ommitmenté'tﬁé participation
in the reobservation of the AG Catalcgs. TheAphotography of
the circuﬁpolar region of the sky by teans of a zonal astro-
eraovh was undertaken by I. A. Balanovskiis under his direetion
the processing all plates (about 200),- theiEMIeasurenent. and
_ the calculation of-'olate-eonstants" was carried out. ILater.

| _on (for ‘the calculation of stellar coordinates and summary
results) the leadership was passed on to S. I. Bellavsklz.

The result of the work was the "Astrographic Catalog of 11,322
Stars between 70° North Declination and the North Pole," pub-
lished in 1947.

Kantey.a's nlan found reflection in the astroohysical inves-
tigaticns of Pulkovb Ubservatory. In 1926 G. A. Tiﬁzov under-
took the determination of cnlors or stars in 91 XKanteyn areas
with the method of the 'longifudinal spectrograph.” The essence
of the‘method. sugeested by orz2 writer in 1916, consists in the
utilization of a defect of the Bredikhin astrograph- uncorrected
chromatic aberration. As»far as rays of different colors do
not colléct at‘the focus identically (not at one point), -the
ohotogravhy of stellar images will lookx circular on the plave,
affected differently for stars of different colors, ecpecially
if the middle of the objective is masked frcm the incident
beam with an opaque disk. Carrying out the calibrution of
stellar images for stars with known colors, it is then possible
to determine the colors of other stars in great quantity,

which was docne. The results of the determinations were nub-
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lished in the form‘ofnt?o catalogs in 1937 and 195t.

The interests of g; A, 'nfho& brought him aiso to inves-
tigations in the iéea ef'atﬁdsphertc optics~aﬁd»observations V
6fasolar eclipsés. In the summer of 1927 an expedition of
Pulkovo astronomers with I. A. Balanovskil -at.the head ‘departec
- for lalmberget (Sveden) for the observatlon of the total solar

eclipse of 29° Jnne 19273 among'them G. A. I;hhov assumed "pacti-
cipation, who obtained photographs-of the solar cororna through
filters by means of the four-element coronagraph. On their
basis he‘hadg an interéétihgrconclusion concerning the.ﬁapt
that the corona of the Sun consists of two barts: a dirfuse,
reddish one, having a soherical form, and a radiant white one
that ir ‘the same color as the solar photosphefe,l He success-
fully particirated in the orogram of coronal a»? atmospheric-
ontical investigatlons in the observatlons of the solar ecllnsé
of 19 June 1936, the total phas zone of which passed over
terrlt)ries of the USSR. Preparat’on for this eclipse alsc

inc :d‘the manufacture (at Soviet plants) of new instruments;
th~ observations were associated wlfh many exbeditions. At

the beginning of the Patriofic War G. A. Ti;hov placed himself
at the head of an expedition to Alma-Atz for the observation

of the total eclipse of 21 September 1941. After the war
Tiihov remained at Alma-Ata where he organized the Sector of
~Stro-Butany for the Academy of Sciences of the Kazaﬂa SSR,

and he entirely devoted himse.f to investigations of Mars.

In observations of the Sun at Pulkovo itself, except the
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wrrk of A.HA Belopofski;, new irections of investig"tlons were
outlined. 1In 1928 E. IA. Perepelkin began, and in 1933 jointly
continued wmth V. P. Viazaniggyn, svygtema.ic cbservations of
solar orominences by means of the 30-inec- refracior (with the
svectral method). In 1932 analogous obsarvations of the chremo-
gohere with the utiiizatign f the Littrow spectrcgraph were
carried on. If A. A. Belbqu;ki; measured the positions and
disolacements of lineé in the solar spectrum, on the basis of
which he Based the law of rotat-vu of t*2 Sun, then E. IA Pere-
neiﬁin provided the fuhdamental method for the photometry of
sﬁectral lines, i.e., the qualitative measurements withii: lines
(the widths of the lines, their profiles and the strengths of
ahsorntion in them), which allowed the physical conditicns in
different layers of the Sun (photosnhere, chromosphere, and
prominences) to be more widely presented: the relative mainten-
ance of different chemical elements in these layers, the velo-
cities of different 7z :oms producing the spectral lires, the
electron density and eiectron nressure, etc. Ia relation to

the law of rowation of the Sun, ,oung scientists drew conclu-
sions not only concerning thz character of this law accordinrg

to heliozranhic leagitude (like Belopol'skii), but also deren-
ding on the denth of the laycrs of the solar atmosphere (from
snectral lines of different chemical elements, not having an

jdenti~al distribution with deoth).3 They determined .he exis-

3With 2pth (as far as the word is used concerning ite
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in the oroi. -+ .. and in *he chr » osphere, of large turbulent
(mixing) velcciti%s of atcrs, which exceed their thermal veloci-
ties- the therna® velocities of atoms are chz—acteristic of

the given tem-ers.ture.

One of the Q;st im-ortant results of spectrophotometric
investizations cf osrominences wis the establishment of that
fact, that the relationship of the intensity of the lines of
hydroger and calcium revealed significant fluctuations from
ocrominence to proair:cnce, and, on the average, for a large
rumber of ~rominences this relation smoothelv changed with the
solar activity cycle. The intensity of spectral lines depvends
on the number of atoms particinating in the formation of lines,
and also on the quantity and quality of radiation vassing
through the clnud of atoms (gas). As the relative quantity.

of atoms (calcium and hydroeen) cannot be essentialily different

in sevarate orominences, and what is more, it does not change

~elatively small change) not so much the chemical com-osition
changes 15 the temperature ccnditions determining the degree

of excitation of the atoms (the ability of them to emit or
absorb radiation). The conditions of excitation strongly dif-
fer for atoms of different elements, and therefore, sometimes
even with the relatively small change of temnerature, lines of
one element vanish in the spectrum of the mixture of gases and
lines of other elements acpear. This orecisely is characteris-

tic for the different layers of the Sun.
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in the whole solar atmosnhere, and as the quantity of solar
radiation is also considered to be invariable (the "invariabil-
ity" of it éharacterizes a 80 called sclr constant).u then
devending on the vhase of the Sun'ts activity the quality of
radiation chances: with maximum activity (greatest qhantity
of soots) the role of the Sun's ultraviolgt radistion increases.
In that way was established the “"ultraviolet index™ of sclur
activity (ordinary indices of activity are pooled togetrer
from the observed number of sanépots ané the number of groups
of soots, and als~ of the general magnituce of their areas).

In 1932 E. i;. Perevelkin organized a continually func-
tioring solar service. This service was already conceived
twice at Pulkovo. In essence, the photograchy of the Sua by

w

Hasselberg and Belopol®'skii in 1881-1895 already emtodied the

P

service itself. 1In 1921-1929 M. V. ZHiiova produced systematic

uThe solar constant is the total quantity of cadiat?oHn

emanating from the Sun in 1 nin to an area of 1 sguare cm which
is located at the limits of the terrectrial atmoshere, pernen-
dicular to the solar rays, at the avrrage distance of the Earth
*o the Sun: it amounts to about 2 cal/cm2 min., The 5 percent
limits of uncertainty stinulate the difficulty of a comolete
estimate of infrared and ultraviolet ra~iation of the Sun. The
attempt to establish the possible fluctuatirns of the solar

constant devending on the Sun's activity was not brought to

the determined results hecause of that difficulty of measurement.
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ohgervations of sunscots and faculae by reans of a 3-inch
Zoiss zcope with zrajection of the solar image on a screen.5
However, only an acute need in the givén service allowed "to
set it on its feet” finally. This need aruse first of all
as a result of quickly developing needs 2f ccmnunication
(telezranh and esvecially radio), the continuity anrd clegrness
of the work of which decenis on the condition of the icn55§here
(the electrizally charped layer oi the E=2:ch's atmosphere) and
the magnetic field ¢ the Earth. and the corditicn of thke latter
in its own right is detein‘nfa with solar activity. The pra?tical
gsignificance of the s-lar service hal not nuw failed ¢tz be demon-
strated. Data of thig service were not only utilized with the
establishment of communication, as far as the a tivity of the
Sun affected many genphy§ical shen-mena, but also in various
statistical investisations and even in medicinal oractice. as
was ostablished the cconnecticrn between the activity cf the Sun
2nd the condition of health of peoxle sufferinz frcm varicus
chrenic diseases.

In connection with this great value, the forscast cf s-lar

activity was achieved, and the forecastinz, more cftern oI all

L+
“In vari.us »2norts of the Principal Astroncmical Cbservatcry

during these years tables of the number of suns:zts (and faculae)
and the guantity of egroups of snots per mcnth were set fcrth.
This is oracisely that which foilows for the wecrkine cut of rela-
tive “"Wolf numbe:s,”™ which are wiiely used as the most obvi~us

indux of snlar activity uo till row.



95

more reliable in compariiion with purely theoretical methods,
again insufficiently expioited, was produced on the basis of
statistical generalizaticns of results of previous observations.
Thut is why the publication of the "Catalogdef Solar Activity,"
started by Pulkééo Observatory in 1939 {the first catalog con-
tained data for 1932-1937). has an important meaning. With the
organization of the Pulkovo solar service (obse;;étions of the
Sun with the photoheliograph produced at Simeiz) in essence
arose the 'ﬁnif;d Solar Service” in the USSR:s data of other
observatories (Tashkent, &ar'kov. Abastumani) were received at
Pulkovo and included in general summaries.6 Beginning in 1938
the reduction of cata to a single system was produced by R. S.
Gnevygiev. under whose direction the publication of the cata-
ligs continued. Highly valuable were investiguticns of the
influence of~$olar activity oniéﬁe character of variols terres-
trial orocesses conducted by Pulkovo astronomers and collected
in soecial monogranhs.7

Repeatedly in the 1930's came up the question of the orzani-

6At the present time summary data of catalogs of solar
activity are usually built on the basis of results of observa-
tions of 10 soviet solar services and 5 observatories of social-
ist countries.

P

7M. S. éigenson. M. N. Gnaevyshev, A. I. Cl1°, B. M,Rubashev.

Solar activity and its terrestrial manifestation. Moscow, 1948,
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zation in southern lands of an astrophysical branch of Pulkovo
Observatory- a well-equipped base constructed in more favorable
climatic and astre climatic ccnditions. Much of the attention
was devoted to the selection of a suitable site, for which in
1935-1940 were equinped expeditions to the Crimea, Ka;ietigzp
and Central Asia; theoretical questions of the study of the
astro-regime and astro-climatic conditions were pursued. Side
by side with this remained special themes of a practical nature
concerning the investigation with astrophysical methods of the
terrestrial atmosvhere, the luminescence of the night sky, and
the polar aurora (G. A. Tigiov. D. I. Eropkin. N. A. Kozyrev).
With the establishment of the l-meter reflector the Simeiz
btranch became one of the best equipped observatories in the
country. By means of the new reflector highly sensitive astro-
snectrozsconic investigations were implemented. In 1925 Simeiz
was directed by G. A. gﬁain (1892-1954), who was chosen in 1939
as an academician. The discovery (1929) of the ranid rotation
of stars of early spectral classes belcnes jointly to him and
¢ttc Struve. In the Crimea, by means of the 40-inch reflector,
G. A. gka{n and V. A. Al'bitskii determined the radial velocities
of aroroximately 800 stars. They discovered about 30 new spec-
trosconic binaries, the majority of which were repeatedly ob-
served, and were investigated in detail right uo tc the calcula-
tinn of their orbits. G. A. ghain studied the pecullarities
and abnormalities in spectra of stars of different tyves and

oronosed thecretical explanations of these features; in the
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very same period the beginning of his work on gaseous nebulae
took place.
PFrom theoretical works of Pulkovo astronomers, ahong then
can be singled out the investigations of B. P. Gerasimoviéi on
the theory of stellar atmosvheres, the interior structure of
stars, and stellar statistics. V. A. Ambarggum{;n. a distin-
3uished astronomer of our time, an academician since 1953, began
his scientific activity at Pulkovo. There he carried out an
investigation of the temperatures of Wolf-Reyet and ¢ Cygni
stars, which are distinguiched by a rapid outflow of matter

from their surfaces; he studied questions of radiative equilib-
rium of plahefaryrnebulae and more exactly defined the method

of determination of the temoceratures central stars. Then at
Pulkovo aprived N. A. Kozyrev, subsequently m:de famous with
notable works on the ohysics of planets and the physical inves-
tigations of the oroverties of time. 1In 1934 he became distin~
auished tharks to decisicns of an important and actual problem
concerning radiaiivezsquiliuvcium of stars with extended atmosnheres.
V. A. Krat, the oresent director of Pulkovc Observatory, having
become the head of its Astroohysics Section in 1938, studied

the theoretical problem concerning figures of equiiibrium of
double stars. Later on this work took the form of a more general

8
monoegravh. The investigations concerning cosmology and the

3v. A. Krat. Figures of equilibrium of celestial bozes.

Moscow-Leningrad, 1951.
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theory of relativity (V. A. Krat, A. F. Bogorodski;. #. S. é;gen-
s~n) deserve mention.

The educational activity of Pulkovo astronomers was extensive
and many-sided. Many of them are read in lectures at the Lenin-
grad University and different universities. Students of univer-
sities: and students of the geodesical faculty of the Military-
engineering Academy passed<fheir practicals at Pulkovo; young
as‘ronomers from many observatories worked on oroblems; post-
graduate students and thnse working on their doctorates prenared
themselves. In 1938 the number of them reached 11. On the basis
of the lectures read through at the Bes@zhev courses at the Petro-
egrad University, in 1921-1924 appeare& the notable courses of

A. A. Ivanovs °‘Course ori spherical astronomy," which ran into

~t
several editions; of A. A. Belopcl®'skiis -Astrosvectroscopy ;

~
Gs A. Tikhov: -Astrophotometry.~ The two last books were a prcto-

tyne of the “Course on Astrophysics and Stellar Astroncmy,” pub-
lished in two volumes . by a collective of authors under the
editorship of B. P. Gerasimovigh in 1934-1936. The publicaticn
of such a course, written essentially by a new collective of
authors, was once again carried out in 1951-1964 under the edi-
torship of A. A. Mi;ﬁailov (in 3 volumes).

No less extensive was the popularized activity of the
observatory. Starting with 1918 numerous delegations of wor-
kers and excursions visited Pulkovo Observatcry. At the end
of the 1930's the number of excursions reached 400 ver year

with the number of guests greater than 12,000 people. The
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pocpularity of Pulkovo Observatory grew.

This widesvread fame appeared as a result of not oaly the
inclination of the population toward astronomical accomplish-
ments, but alss the versatile and selfless activity'of the
observatory's personnel. The stasf of scientific and scientific-
technical workers of the observ;tory on 1 Jénuary 1941 consisted
of 72 peocle, of which 10 were doctors and 18 were candidateé of
.science. This was in general a small collective for that vast
work which is difficult to wholly survey in so short an essay.

A ceremonlial anniversary session of the Academy of Sciences
of the USSR was held on 3-6 June 1943 in connection with the
100th year of Pulkovo Observatory. No one -surmised that in 14-15
months it was destined to be turned into a heap of ruins.

The war of 10@1-1945. imnosed on our country by the German
Nazis, inflicted great damage io Soviet astronomy. Pulkovo
Observatcry was destroyed to the foundation; it lost all large
instruments, a significant part of the library and many peo~le.
At the time of the blockade of Leningrad N. V. Egimmerman, N. G.
Ponomarev, F. F. Renz, V. A. Elistratov, V. R. Berg, and many
of the observatory's colleagues died; the post graduate student
S. S. Petrov perished at the front; the post graduate student
B. S. gﬁul'man and the manager D. E. Ezhov died from hostile
bomb:rdment. The liikclaev *ranch suffered greatly, situated
within German occunation. The Simeiz branch, ruined and burned
down at the time of the occumnation of the Crimca, Tost its pearl-
the first-class l-meter reflector.

A great ueal came tc¢ be created anew.
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A SECOND BIRTH

~ In Seotember of 1943, at the height of the war, an astro-
némiﬁgl‘cqﬁ}erencertook place in Moscow, called by the Academy
ofESQién¢é§ of the USSR. All distinguished astronomers of the
couﬁtiy assumed participation in the ccnference. The fundamental
result of the conference was an estimate of the role and signi-
ficance of Soviet astronomy in the develooment of world astro-
nomical science and an outline of subsequent actual tasks in the
upcomingAperisd. The significance of Soviet astronomy »as highly
\madestly avpraised, which, in spite of nctable acromnlishments,
“on the whole again did not manage to assume*gfleading position
in world science, which Russian astrometry oplayed in the second
half of the' XIX century."l The proeress of Soviet astrephysics
was also impartially appraiseds "The level of practical and
theoretical astrophysics in our country is equal to the level
in the orincipal European countries. . . However, we cannot
oresently compete with America in ability in the area of funda-
mental problems with a principal method, due tc a lack of pcwerful
equinment."2 The inéufficiency of equioment was discussed in

astrometrical works, although the situntion in astrometry was

better by far than in astrophysics.

1 pstronomicheskii ZHurnal, 1944, v. 21, pt. 1-2, pp. 57-66.

21pid.
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As with the extensive damage, almost a push backwards,
was the loss of two of the best equipped observatories- Pulkovo
and Simeiz. It seemed imminently impossible to return even to
the prewar condition. At the same time as the USA established
a S-meter reflector shortly after the Second World War, we were
forced to recreate that which was destroyed.in the years of the
war. However.-the participants of the conference confidently
discussed plans for the future, hefore everything considering
the problem of the restoratjohfof the Puikovo, Crimean, and
Nikclaev observatories. 7

In the difficult conditions of the dissociation of all
collectives, an acute shortage of materials, equipment and
even foodstuffs, astronomers continued to work at Tagﬁkent.
Kitabt (Uzbek SSR), Abastumani (Georgian SSR), Kazan aid Alma-
Ata, where the circumstances of the war and a forced evacuation
brougnt them. Besides purely scientific problems, astronomers
gave much attention to the working out of questions of defense
thematics, having an imnortant significanc~ for the country at
that time. The organization of scientific work in the war years
was highly instructive ard merits a wider illumination than is
nossible within the limits of the given book.

A conviction in the righteousness of its struggle, unpre-
cedented courage and heroism led the Soviet nation to victory.
Already in Januzry of 1944 Leningrad was finally liberated from
the blockade. The battles subsided 4T Pulkovo. 1In February

of 1944 N, N. Pavlov was the fir:t to return to lLeningrad,
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appointed scientific secretary of the observatory. In the
beginning of March Pulkovo appointed a commission with G. N.
Neu{min at the head, who became director of the observatory in
April of 1944. In May of the szme year governmental instructions
were obtained concerning the working out of plans and a general
estimate of the expenses for the restoration and reconstruction
of Pulkovo Observatory and its branches at Simeiz and Nikolaev.
The war was not quite finished, but astronomers, jointly
with architects, worked over plans of Pulkovp Observatory's
restoration. With a decisibn of the Presidium of the Academy
of Sciences of *the USSﬁ from 24 October 1944, the Simeiz branch
was chosen as an independent écientific-inyestigative establish-
ment of an astroohysical nature. The nrofile of Pulkovo had to
be determined nrimarily with astrometrical problems that took
into account the orojects of the reconstruction of the observa-
tory. Later on life corrected ‘11 projects and created that
profile which the observatory has now. As regards Simeiz, its
actual apportionment was included in 1945. On its basiaz the
Crimean Astrophysical Observatory was fcimulated, equipped at
the present time with larger telescopes and situated in the
Baﬁhghisarazskiz Ragion in the center of the Cri-:an vpeninsula.
Simeiz at the present time is part of the Crimearn )bservatory.
With the selection of a plac. for this observatcry, results of
exnedition investigations conducted during the war were utilized,
and supplementary astro-climatic investig«dtions were organized.

Plans for the creation of a southern astroohysical observatory,



which Moscow and Pulkovo astronomers nurtured in the 1920°'s
and 1930's, came to life.

Historical for Pulkovo Observatory was a decree o. the
Council of Peonle's Commissars of the USSR of 11 March 194].
in which concrete legislativelenactments for the restoration
and reconstructirn of the Principal Astronomical Observatory
>were determined. Restoration works were begun in the summer
of 1945. Pulkovo was made anew. Before all it was necescary
to clear the territory of mines and live shells which prevented
construction workrs. This demanded a great deal of time and
did not orogress without human sacrifice. Accidents even
happened in 1951-1952, when shells and inines of different
caliber and type sucdenly went off. However, general observa-

3

tions’ were already resumed at Pulkovo ¢nr 1 Gctober 1947 with
the help of the Freiberg zenith telescore (ZTFP). The merit in
this belongs as much to the builders as to the astronomers-
observers.

However, all Pulkecvo astronomers longed to ceglir observa-

tions. In May of>19h5 a large group of tho observatory's

colleagues returned from the evacuation ¢f Len'igrad, in c¢-der

3R‘egular observations began on 1 Septamber 1948, since in
June observations were dizcontinued on time, and *he instru-
ment was dismantled in connection with the fact *hat with the
drainage around the pavilion a live shell of large calibe.

{405 mm) was discovered.



1G4

to organize twc expeditions for the observation of the totsl
solar‘gclipse of 9 July 1945. One of the expeditinns was
directed to Mount Ivanova. where observations were hamzered
b& cloudy weather, the othgr. more numerousrexpedition (22
~peocle under the direction of V. A. Krat) was situated on
-Hpunt'Softavala (Kareli;;);: There observations were made
with success and supplied abundant material/for.prccessing and
discussion that took tw& and agﬁé%f years. A

The staff of the obsgrvatofgy,%greatly thinned out in the-
years of war, already nimbered 62 people at the end of 1946
{of which 11 were doctors and 12 candidate of science). After

b were

tle re-evacuation, scientific 2partments and izhoratosries
disversed to several locations scattered over the central part
of Leninerad. The dissociation to a certain extent remained,

but the colleagurs had the opportunity to meet every aaye.

uThe observatory was then systematically sutdivided into
six scientific departments: astrometry (N. I. Idel'son), photo-
graphic astrometry (A. N. De;;h), tine service (N. N. Pavlev),
astrophysics (V. A. Krat), solar service (M. S. ﬁ;genson). and
the spectroscopic laboratory (0. A. Mel'nikov). All department
heads nad scientific desrees of a doctor of sciencec and ranks

of nrofessor.
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Leninerad quickly healed its wounds; life returned to ncormal.
Ar: especially gratifying phenomenon was the fact that the
scientific works accumulated over several years were quickly
rublished. A sad event of that year was the sudide death of
the observatory's director G. N.Neu;min. who energetically
undertock the reconstruction of the observatory, but prema-
turely departed from life.

N. N. Pavlov temoorarily directed the observatory. 1In
June of 1947, in compliance with the regulztions of the Academy
of Sciences, the Moscow astronomer A. A. Miihazlov. menﬁer-
corresovcendant of the Academy of Sciences of the USSR since
1943 (aczdemician since 1964), was selected for the post of
Pulkovo Cbservatory director. Héxzaready Xnown: then as a
versatile astror-mer, a sonecialist in the areas of gravimetry._
geodesy, stellar cartoeraphy, the theory of eclipses, astro-}
matry, and actronomical instrument makine. From 1934 to 1960
he was chairman of the All-union Astron-~mical-geodesical Society,
fr-m 1939 to 1963 chairman of the Astron~mical Gouncil, and

from 1945 tc 1948 vice-president of the Internaticnal Astro-

VY
nomical Union.s To the end of his directorship A. A. Mikhailov

SThe International Astronocmical Union (IAU) was founded in
19" 93 in Brussels. The Scviet Union joined the IAU in 1935. With
the oreganizztion of the Astronomical Council in 1937 a national
committee from the USSR was to rerresent the latter in the IAU.

Basic membership in the IAU is collective (members of the IAU
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had abundant experience as an administrator. More than once
chnsen director, he successfully directed the observatory in
the course of 17 years. Having left the high post in December
of 1964, he did not leave Pulkovo, and shortly thereafter placed
himself at the hzad of the astroncuical constants deoartment.
The directorshio of A. A. li;hailov fell i a period of
excentiorally stormy Gaevelopment and an unprecedented upsurge
of a2ctivity of the observatory: its restoraticn, systematic
reconstruction, trhe formulaution of new branches and scientific
dervartments, the birth of experimental astronomy, the building
of large telescopes, the wide scope of expeditionary investi-
gations, and the develooment of international scientific ties.
The oroject of restoration and reconstruction of Pulkovo

Observatory was carried ou. .nder the direction of the prominent

make up a national committe~); besides this exists individual
membership. Of Pulkovo astronomers 11 scientis.s were rembers
of the IAU in 1946, and among Pulkovo colleagues at the 1970
conference there numbered 42 members of the IAU. Confer=ences
of the IAU take onluace usually every three years. An executive
committee with the nresident of the IAU at the head carries out
the leadership with the Union. Of Pulkovo scientists, V. A.
Ambar%éum;;n was chcsen president of the IAU (1961-1964); A. A.

Mikhazlov, V. A. Ambar%&umian. B. V. Kukarkin, and A. B. Severnyz

were vice-nresidents.
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architect and academician A. V. gg;huseV»(la73-i949). The
Br;;llov-tyoe classical features of the main building were
ﬁreserved. only the form of the domes on the central part of
the building beingz changed. Instead of polynedrons of wcod,
which cnce tooved the buildine; now sta.d three stone towers
with hemispherical metal revolving domes on them. The interior
layout of the eastern and western buildings was considerably
altered. It subordinated the setting of both buildings: the
eastern one a laboratory, the uéstern one for administration.
Originally, in pre-r;;oiﬁtioﬁéri tiues. these were in essence
living quarters. A sight of the western building is the
scrlendid two-color ccnfexencefrocn. finished with red marble
witii bas-reliefs of n;aminent‘;stronamers. Russian and foreign.
In harqonicus accord with the main building is situated
a scientific céurtyard with observation towers and pavilions,
layed out to the sov‘h of the main buildirg. On the side of
the Kiev highway the observatery is protected by a monumentsl
cast-iron railing. The entrance to the territory of the obser-
vatory is designed with portals in Doric style, like the north
vortico of the main building. The portals are ornamented with
bas-reliefs symbolizing the zodiacal constellations. From
there the view is at once ooened to the two story building of
the hotel-hostel (architect D. Eﬁ. Enikeev). Encircled with
stone railings with vase: and flowers, founiains and flowerbeis
in front of the facade, especially beautiful in summertime, this

buildirg resembles a Russian country estate of the last century.
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Asghalf roads éénnect the auxiliary buildings with the
business complex (the garage, boiler house of the central
heatiﬁg syster, the gas controls, the materials warehouse and
-.the workshops) and the living guarters, situated in the eastern
part of the territory. Thé general area belonging tc the ob-
servatory grounds consists of 150 hectares® (before théfwar 25
hectares). A significant part of it is covered by trees and
shrubs and presents itself like a park in its basic iandscape
style. On the eastern side of the Kiev highway, whare a part
ofﬁthe'dbservétory grounds is a;sd situates, the living gquarters °
were built opposite to the entrance; soutn of them is a grammar
school and a large laboratory building, erected in 1963.  Here
is situated the observatory's computer station, with an elec-
trqnié calculating machine "Minsk-22" and a comnlex of other
machines, but laboratory avparatus and new instrumental ideas
of astronomers and engineers for the means of observations
are mainly developed and realized here. Side by side with the
laboratory building are arranged two astrorcmical towers of an
experimental nature. They are there as if to underscore the
belonging of all buildings to the observatory. In short, today's
Pulkovo Observatory is a whole town, the aopearance of which is
especially imoressive to the east nr southeast (in the direction
of Pushkin and in the direction of Aleksandrovka).

The construction-restoration works osn the whole were com-

#1 hectare = 2.471 acres. (Tr. wot¢)
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_ovleted in 1953. One after another of the astronomical instruments
were again nut into ope}ation up to their termination: the -normal
astrogranh (1948), the éirféi-lens camera system of G. G. Si;;L
sarev (1949), a model of the chromosnhere telescooe of S. B. Ioffe,
ﬁﬁnnfactured on the basis of ! nterference-polarizing filters (1950), -
the completely restored horizontal solar telescope (1951), and
others. Astronomers witho t d«lays began to produce observations,
taking uo residence in the .comcleted south wing of the hotel-
,hgstéi with orovisiona} heat;‘without water and sewers. They did
nofrgopplain about the cohditi&ns of 1572, but it was impossible
_ to call them normal. :

~ In 19477the Pulkovo .time service set up work at Leningrad
ﬁniversity's observatory. As far bac« as 1934-1939 N. N. Pavlov
ﬁeveloped a method of photoelectrie (avtomatic) registration of
§te11ar transits, which essentially irrreased the accuracy of

determination of astronomical c¢iock correction5§ In 1939-

6The time service took ae form of three sections: the deter-
mination of the correctiuns from astronumical observations, the
custody of time, and the transm®seion of accurate time signals
to users. The first of thosa mentioned was the "weakest section”
because of errors ir thc .etermination of the astron:omical clock
corectiong, eshecially because of the so-called nersonal errors.
The introduction c¢Y automatic registration of observations elimi-
nated these, although it introduced new errors, however, compara-

tively more easily lending themselves to calculation.
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1941 régular observations with the application of - ®"impersonal”
registration were produced at Pulkovo. Observations interrupted
by the war were necessarily to be resumed as soon as possible

for the purpose of the further improvement of the method (in 1947
N. N. Pavlov was honored with a StaféiPiise) and were employed
with other time services. 1In July pf 1953 the Pulkovo time ser-
vice shifted‘ifs base onejani¥a half years after other devartments
and was safely based at fuliqv;?{fséif. }

Not long before the tranéfer of all scientific:departments
from Léningraﬂ to Pulkovo, the struc?urefof the observatory was
subjected to re&rganizaribn in aécord‘with the thematics of inves-
tigations haviﬁg changed. D;fense thematics were phased out;
reconstruction tasks were moved away from :n the second place;
first and foremost, observational,:=. ourely astronomical problems
moved forward. At this time fer the conéolidation of the Nikclaev
branch, the Pulkovo astrdﬁomer ;R. E. Gordon was directed there -
ir the capacity of manager. In 1948 a new branch of Pulkovo .
Observatory was formulated- the Mountain Astronomical Station at
Kislovodsk, founded by M. N. and R. S. Gnevyshev. The principal
prohlem of the station in the establishment of systematic obser-

Loronq
vations of the solarAby means of a Lyol coronagraph. These obser-
vations have been carried out since 1950. Togéther with that
a whnle series of observations of all layers of the Sun was
organized with optical and radio-astronomical methods.

At Pulkovo itself the question concerning the equipment of

the observatory for the measurement of observations was keenly
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felt. !hesnzstoration.of-tka;eld telescopes (like the )5-
30-inch refractors) -ould take sign;ficant -aterial expenditures
‘And wouid divert the eonstruction forces, but the out of date

: equinnent,:nuld on the whole restore astronomers “morally.”
Several orders,uere supposed to be carried out in the USA and
in England, nﬁefé in 1946 0. A. Mel'nikov and B. A. Oriov went.
Howeier. it sould have proved more reliable to utilize the oos-
sibllity of native industry. which slready befere the war had
earried out several experinents. ‘especially after the -anufac-
. ture of the large Bolar telescope. In essence, this telescope.
with several ilnrotenents in its coﬁstruction,iitrodu&ed by :
P. V. Dobychin. was nade anew. Besides that, a whole series of
:snall and med1un sized instrnnents was nannfactnred. outf1tted
not only at Pulkovo, but at other observatonies. and whlch pro-
vided the possibility of an ootical-ﬁechanicsliihdustpy to build
“up experimshts in order to begin the manafsctuis of lsrge tele-
scoves. i

- Among tﬁis series is the above-mentioned Slgassrev camera
(the ASI-4; D = 280 mm, £ = 150 cm), the meniscus telescope of
Maksutov (MTM-500; D = 500 mm, £ = 650 cm), the Ponomare. short-
focus double astrograph (AKD; D = 100 mm, £ = 70 cm), the Mel'-
nikov-Ioannisiani quartz spectrogzraph system (ASI-53 D = 250 mm,
f =75 cm), the Maksutov photoﬁeliograph (D = 100 mm, £ = 880 cm),
the interferometric heliometer system of the academician V. P.
Linnik, his stellar interferometer (first model), and cther

instruments. A large par:t of all this was the means of astro-
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physical obgservations. As regards fundamental astrometrical
problems, as in absolute determinations of the coordinates of
celestial bodies, for the time being were revived the “old
horses®- the large transit instrument and tke Struve-Ertel
vertical circle, and for relative determinations the observatory
purchased the meridian circle of Tepfer (D = 190 mm, £ = 250 cm),
a more modern instrument than the previous meridian circle of
Rensold, given to the Nikolaev branch.

The estAblishment of the normal astrograph at Pulkovo
allowed astronegatives ("glass plates”), accumulated for decades
and preserved in the war years, to be effectively utilized,
‘being of great vglhe f&r the massive determinations of stellar
prdher motions, the theory of motion of planets of the solar
7system. investig: ions of muliiple stellar systems and planet-
like companions of st-.s, and other problems. The largest
Zeiss refractor in the USSR (D = 650 mm, f = 1050 cm), also
established at Pulkovo, was intended for astrophotograohic
purposes.

The less all this sétisfie& astron~mers, indeed it could
not comnletely satisfy the . demands presented to modern
astronomy. Therefore, searches for new methods and means of
observations and their reduction continued and continue. Several
of the instruments established at Pulkovo were created in the
ooticai-mechanical workshnps of the observatory: the polar
telescope of A. A. Migig;lov (D = 200 mm, £ = 600 cm) for the

determination of astroncmical positions, a model of the hori-
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”\
rental meridian instrument of L. A. Sukharev, and the corcnal

specfrogragh of I. A. Prokof‘eva for observations of the sclar
fcofcna. Laboratery measuremen’ instruments and cther éﬁuip-
ment, created according to the plans of Pulkovo astronomers,
were especially numerous: the original level trier of L. A.
Su;;arev. manufactured in five ccpies for different observa-
‘tcries of the USSR, the ijective micrometer of A. V. Markov
for accurate onotometric measurement of plates, the self-
registering isoohotcmeter of N. N. li;;el'son.'ﬁ. F. Kuprevi;;;s
instrument for the automatic registering of the solar spectrui;
thez Lérge diffraction spectrograph to the horizontal solar
telesc~pe (in place of the Littrow spectrograph}, and the
négzle to the telescope (the receiver) of A. A. Kalingak. with
ar image converter. This was only the beginning. If we were
to enunérate ;11 equipment created in the pvost-war years only
in the ccnstruétion bureau and the workshcps of Pulkove Cbserva-
t~ry, then at first glance it can be said that to design and
oroduce new instruments was the fashion. Haowever, of that genre
works were absalutely inevitable in certain areas characterized
for the scientific-investigative plan of the observatcry of the
nost-war period.

A new trend of investigations bro:ight to realization in
1952 was the denartment of astroncmical instrument making,
which was headed up by the nrominent Soviet optician, the inven-

tor of the meniscus system, member-corresvondent of the Academy

of Sciences of the USSR since 1944, D. D. Maksutov (1896-1964).



114

" fhe department had a great significance for the development
of instrument making at‘Pulkovo. but thke main purpose of its
organization inrluded the working out of technical jobs for
the erécéion of a 6-meter telescope, the largest in the world.s
A well known consfructor-of astronomical telescooves was rawn
te these wnrks. later on a recioient of a Lenin orize, B. K.

Ioanniszani A great rcxe in the works also belonged to 0. A.

-

1'nikov-aﬂ§ N. N. likhel'son. to whom was passed on the manage-
‘%ment of the deoartment of instrument maklnz after the sudden
f;ﬂeath of D. D. Iaksutov. Also then were begun site searches
,¥for the erectlon of the future astrophysical observatory with
@he 1argest telescope{{ The early action taken was not unneces-
‘N;gﬁjiiexpéditionary astrqcliqatic inyestigations carried out
undér;the direction of N. I. Kugierov (1905-1964) took up
more than ten years. ‘
Seven scientific departments and twe branches (Nikniaev
-and Kislevodsk), about 90 scientific and scientific-technical
colleagues (with a general staff of 240 peoole), newly con-
structed buildings anG outfitted lat:ratories, 20 operating
instruments for the nroduction of astronomical observzations
and ten having been imnlemented on'y during the post-war years
of serious investigations- such was Pulkovo Observatcry at its
official opening after the restoration. At the zame time was
established the "Pulknvo" seismcrlcgical station- one of the
best equipned stations of the Institute of Physics of the Earth
of the Academy of Sciences of the USSR.

#See Sky and Telescope, Nov. 1977, pp. 356-362. (.r. note)
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The ceremcnial opening of the restored Princioal Astro-
nomical Observatory of the Academy of Sciences of the USSR took
vlare in May of 1954. A special session of the Department of

Physical and Mathematical Sciences?

of the Academy of Sciences
of the USSR was devoted to this event, having taken place on
20-23 May in Leqinarad and at Pulkovo. Besides members of the
Devartment, overASOO astroncmers and ceodesists from different
observatories and estatlished countries, Pulkovo builders, rep-
resentatives of the Leningrad public and academicians of the |
Union of Republics attended the session, and also 47 fcreign
scientists from 18 countries, including the general secretéry
of the IAU, P. Oosterhoff, who read greetings of the then-time
oresident of the IAU, 0. Struve, great-grandson of the founder
of Pulkovo Obsérvatory. Those wh~ assembledywarmly saluted

Pulkovo astronomers on the occasion of the second birth of

their observatory.

7In 1963, from the structure of the Department of Physical and

Mathematical Sciences, was formed a number of new departmentss
mathematics, gereral and anplied nhysics, the deoartment of Earth
science, and nthers. The Princinal Astronomical Observatory
became a ovart of the Decvartment of Gereral and Anplied Physics,
which soon after wus rearmel thne Department of Ge-eral Pnssics

and Astroncmy,



116

"~ PRADITIONS AND NOVELTY

] Pcu;>years later Pulkovo Observatory again received visitors.
In August of 1958 in Moscow thIe;:‘::onference of the IAU took place, .
the largesf of ail previous conferences: over 1200 delegates and
visitors from 35 countries, of theh 778 foreign astronéﬂers. who
showed great interest in our country. The lauhching of the first
artificial satellite of the Earth (Asg)rin;the Qbrld. reélized on
" %-October 1957, demonstrated the sfféngtﬁ of Soviet industry, the
high level of deveioppenfvof.sciehcergnd technology in the USSRg,\
For astroncmical science this signifiea\theiﬁiréh éf a new area-
exverimental astronomy.1 The peculiarity.of the Moscow assgmbly

was such that it happened in the period of the International Geo-

physical Year (IGY), the most grandiose scientific collaboration

1Astronomy. the oldest of “he sciences, for centuries remained
'priﬁarily an observationa’ science. Only meteorites having hit
the Earth from interplanetary space can be touched. Everything
else beyond the limits of the Earth remains inaccessible to direct
study. To bring nearer the means of observation to celestial
bodies became possible thanks to rockets, automatic stations in
the coémos, and piloted cosmic flights. What is more, by means
cf nowerful rockets it became pcssible to create artificial celes-

tial bndies. This signified the birth of experimental astronomy.
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of schnlars of all countries of the worid.

_.The foreign delegates of the conference were invited to
vigit Lenincrad and Pulkovo. By that time Pulkovo was even more
,,iéﬁui;t-thanks to the organization of the station of optical ob-
sérvations of the ASE (1957), and the department of radioastro-
nomy (195&). New instruments were established during the IGY,
> ) -mtab1e was the constructicn of the Mrae Puikovo radio-

1+ (LPR, 1956). he‘largest radiotelescope in the world
+ 'tineter wavelengths. To Pulkovo fell the great honor to
_recelve the most notahle astronomers in the world within its -
nglls. In ifs guest book, opened by the president of the IAU,
>A. Danjon, appear hundreds ot signatures and notes in many lan-
guages. A broad opportunity of establishing personal contacts
with scientists of other countries was presented to Pulkovo
astronomers in these days, and the establishment of the exchange

of ovinions, the reception of advice and critical remarks on
the side of the greatest authorities in the worid. But the
criticism was exceptionally business-like and well-wishing.
During the days cof the conference and for a long time following
it, testaments of thanks and articles filled the Soviet and
foreign press. So the puarticipants of the conference aporeciated
the hespitality of the Soviet government, the Academy of Sciences
of *he USSR, and soviet colleagues.

The wide contact and collaboration through the IAU, especially
with scientists of - ocialist countries, became habitual for Pulkovo

astroncmers in post-war times. Many of them in turn were chosen
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preéidents and~vicespresidents of different continﬁally existing
Acommissions of the IAD.; In 1952, 2+ the VIII conference of the

TAU in Rome, a spec1a1 symnos*“m. "Problems of astrometry of

~faint stars," was conducied on therlnltlgtlve of Sovief astro- - R
nomers. Revorts of the Pblkovo astfonomers M. S. Zverev and -
- A. N. Dé?éﬁ wéfe DreSehted at it which affecte& the state of

; the nroblem-of ‘the Catalog of Faint Stars (CFS) and which maln-_ff

e

::Vtained proposals concern ng 1nternatlonal collaboratien in the
'i“creatlon of this actuai catalog. The oronosals were settled
Aby the General Assembly 1n'the form of a recommendat1on of the
’iwork. chentlsts of soclallst countrles weoe the first to
resoondt Poland and’ Rumania. The’Wroclaw and Bucharest"obser-'
vatories were 1ncluded in the aeneral program of observations.
The prceram of the CFS was recognized as international, but
organ1zatlona1 arrangements were still discussed in ccrrespording
ccmmissions ofrthe JAU. At the follow1ng conference of the IAU,
wi.ich tock place in Dublin in 1955, a final understanding was
achieved on the basis of a merger of éoviet and American oro-
posalss the crogram of the CFS was consclidated with an inter-
natisnal undertakirg according to the reobservation of reference
stars of the zonal photoeraphic catalogs. The ccens-'idated orc-
eram previded for the observation of over 30,000 stars, the
crardinates cf which were subject to determiration from meridian
obgservations. In the following several years these observaticns

were intensively carried out at 11 obgervatnories of different
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countries (Washington, Greenwich, Paris, Heidelberg, Pulkovo,
Nikolaev, and others). Especially important remained the or-
ga:.i:;ation of analogous observations at observatories of the
Southern hemisrhere. Because of the very small number of ob-
servatories in the Southern AemiSphere. its sky was more incom-
nletely investicated than the sky of the Morthern hemisohere.
Therefore, at the XI conference of the IAU, which took place
in Berkeley (USA) in 196i, a resoluiion was passed which opro-
vijed hove at the Washington (Naval) and Pulkovc observatories
in relation to the devel-raern? -* otservations of southern
r=ference stars (SRS). Cne of the principal participants of
~his new work was the Chiiean expedition of Pulkovo CObservatory.
At Pvlkovo iiself, observational work developed in all di-
rections. After a thorough invesfigation of the instruments,
inevitable because of the prrolcnged interrupntion in their func-
tioning, observers on the large transit instrument and the ver-
tical circle set about to work on the compilation of the next
absolute catalogs for the enoch 1955.0. As already stated, the
new absolute catalogs contained almost twice as many stars as
the nrevicus cnes: besides the brieght stars of Struve's o ram,
fundam.ntal faint stars were included in the program of absclute
observations The general number of them was 1046. Thus, -2’
traditional orogram was essentially rerovated and would enta.
great difficulties for the CFS, which was pivetal! Tcr Pulkovo
astrometry of the nresent period.

Almost simultanecusly with this was bezun observaticns with
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the weridian circles at Pulkovo and Nikolaev of stars for the
ir.ternational program, the_so-called AGK3R- reference stars

of the northern sky for the recbservation of zonal catalogs.
Pulkovo took on itself the determination of the coordinates of
11,500 faint reference stars; Nikolaev- 10,000 stars. The pro-
cessing of the observations was carried out jointly at the Pul-
kovo and Washington observatories.

The qﬁesfion must arises Qas the international cooperation .
with Soviet astfono-ers in the creation of the catalogs of
faint stars required.for it, if Pulkovo Observatery only, to-
gether with its branch at Nikoiaev and the Chilean expedit;on.
made observations of the whole sky and carried them out in a
comparatively short time?

The point was not to “"seize the initiative®"; it was enovgh
that it belonged-to Pulkovo Cbservatory. The question, in
essence, concerns the creation of the foundation of astronomy
of the XXI century, and the majesty of the problem immensely
increases resoonsibility. It is necessary to determine the
coordinates of a huge number of stars with the greatest pre-
cision attainable in modern conditions. With the point of view
of the next century the insufficient level cof develonment of
as*ronomiczl mezsurements could accomodate a largse quantity
of varticizants for the work. That is why the greatest number
of observers pnossible was expediently drawn into the work. The
substantial number of vparticipants raised the accuracy and soed

up all works. But this is even more imocrtant because the
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determinations of stellar prcoer mcticns enter inte fundamental
determinations, except for the mezsurement of coordinates, and
the sooner the first vert of the orogram is carried out, the
earlier the second stage can be started-‘uitinately- the reduc-
tion of prover m~tions. In 1964 the number of cbservatories-
particivants ir the 1nolenentat10n of these tasks reached 25,
on the whole globe, in the Northern and Southe’n heaxsnheres.
Pulkovo Observatnry solidly retalnﬁd the xn;tiaxlve nbt .
only in an organizational mode (through a connzssxon of the IAU
and the Astrcometrical Cﬂmn1ssion with the Astronomrcal COunc11
of the Academy of Sciences of the USSR). buf:in a constant dis-
- olay of a "personal exanple‘ in the work. Before all oI this
wz2s the scone of astrometrical and éstréphp;es?éphic?wcrksi
ths quantity of cbservatiuns, their reduction, the organiiation
aﬁd oroducticn of cbservations in the Soutnerr hemischere. Hany
facts of nc small consequence were dealt with. In 1956 the “Pre-
liminary Summary Catalog of Fundarental Faint Stars with Decli-
nations from +90 to -20" (PFCFS) was pr-duced by K. S. Zverev and
D. D. °olﬂghen;;ev. based on coservaticns cver the ccurse cf 15
years at 10 observatcries, of which twe were fcreign- Eucharest
and Wroclaw.z This catalog, computed ir a short time snan with
the rarticinatior of the Institute of Thecretical Asironomy (ITA)
in Leninsrad, made manifest the fact that it had a direct rela-

tion to the rrcblem of the CFS (one more samale for cuplicaticn)

2 . s .
“Trarsactions of the Princical Astrcnomical Cbservatcry, v. 72,
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and compared with a number of the first fundamental catalogs
directly produced at Fuilkcvo. Until then the "monopolies of
production” of fundamental catalogs belonge& to German and
American astronomers (A. Auwers, A. Kopf, L. Boss, B. Boss,
H. Morgan).

A year earlier a ccmnlete series of funcamental catalogs
for one coordinate- right ascension- was calplgted. These
catalogs were the result of processing undertuken by A. A.
Nemiro of the 100-year sequence of ohservations (1839-1939)
on the large transit instrument. Por the tirst time fundamental
catalogs were created oh‘the besis of observations of great ore-
cision, oroduced ohlone instrument. The dream of W. Struve was
indeed realized! True, advarcing the plan of creaticn of strictly
absolute catalogs of stars. the founder of Pulkovo Obéér?atory
supposed that this task would be accomplished on one insirument.
But the task (human practice in the rather wide sense) was
carried out by many followers of the Pulkovo undertaking, ard
A. A. Nemirn, for the construction of the catalogs themselves,
of course utilized summarized experiments of other observatories.
In varticular, it was advisable to ufilize generally acceoted
international values of fundamental astronomical constants, but
correcfions to them were outlined concerning the necessity cf
imorovement of these conventional values, precisely in the di-
rection to which they were subseguently changed by the Hamburg
assembly of the IAU.

For the determination of astronomical constants a joint
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aralysisrof absolute observatinns uf right ascensions and de-
clinations would be especially valuable. B. A. Orlov (1906-
1963) undertock to carry out analogous work on the gereralized
100-year seguence of observations with the Struve-Ertel ver-
tical circle (aosolute observations of declinations). His death
interrupted the work, which had not reached the mid-pcint of
the projected task. The work awaits amother executer. It
genercusly réturns his kin&ness. gll the more now that, with
the publication of a new absolute catalog of declinations of
1055 (G. S. Kosin, B. K. Bagil‘dinskii), material became far
more extensive and richer.

One theoretical investigation again merits attention- one
more tagi'of the "personal examnle.” After the examole of the
PPCFS, over several years it would be possible to set about to
the construction of a fundamental system of stellar coordinates
cevering the whn e sky. However, for the southern sky the ob-
servational material was clearly insufficient. Considering this
deticiency, Pulkovo Observatory took on itself the completion
of the orocessing of absolute observations carried out in 1928~
1941 at the Melbourne Observatory (Australia), which in 1944
ceased to exist. The oronosal concerning their reduction ori-
gnated from R. Woolley, present director of Greenwich Observa-
tory, through which all materiai of cbservations was obtained.
The orceram of Melbourne observations on the whole ccatained
stars of the Baklund-Hoff list (almost 2250), and also stars

~\
of other lists. K. N. Tavastsherna directed the processing of
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material. The first part of the work was comoleted and pub-
lished in the form of a separate publication.

In 1960 the observations of 11,500 stars of the interna-
tional orogram and the absolute determinations of the coordi-
nates of the 1046 bright and faint stars were completed. Several
years were required for the final reductiom of the oyservations
and discussion. More quickly of all this was done apcordihg -
the works of an international character. regulated obligation,
and strict time constraints. However, the observers on the
large transit instrument and the vertical circle almost at once
were invelved in new crucial observations with the aim to deter-
mine the vositions of the large planets, hich was dictated by the
necessity of a more precise determination of their corbits and
the theory of their motion, so important for a calculation of
accurate trajectories of flights of interolanetary space
stations. The practical significance of the astrometrical inves-
tieations regenerated earthly goals: astrometry became useful
for cosmonautics. _

Together with that a serious nroblem of the further increase
of accuracy of astronomical observations stood before astron-~mers.
In snite of the fact that the accuracy of the observations nro-
duced at Pulkovo was sufficiently high, new problems cresented
scientists the necessity to accomnlish a 10-15 fold increase in
accuracy in a single bound. This was possible cnly on the basis
of a radical reformation of methods and a complete replacement

of instrumental equioment. Along this line several works were



128

already conducted at Pulxovbs -the namtacture of the horizontal
meridian circle of L. A Sukharev (at first in the form of a
model, then- a working design). the photograchic vertical cir-
cle of M. S. Zver:v, the large transit instrument for the Chilean
expedition yith constructional improvements introduced by A. A.
Neniro. it'is‘possible to determine the subsequent progress—
- of the ideas%n@?the“nethodical and 1nstrulenta1 character pecu-
1iar to Pulkovo; -

- Indeed tradltionsﬁat Pulkovo Observatory are contained not

-,;-n, - .;; - ,&_A‘»'«—

only in an atggchnent to several problems (for examcle, the com-
pilation of stellar catalogs or the determination of astronnmical
constants).”but also in a constant perfection of <he methods of
aporoach to these old orcblems. Perhaps Struve had not found a
comoletely new method of aébroach to them. This was a particular
tradition because the novelty inwardly inherent to it was this
tradition of novelty. Howev?r. here is no passion f5f novelty
for the sake of noveltys evetything was subordinated to the “vital
principle'\of strictness and accuracy- the principal demand of

the Pulkovo astrometrical school.

Let us turn to another traditional problem- the determina-
tion of astronomical constants. As is evident from the foregcing,
seme astroncmical constants are obtained ‘rom “themselves,” in
essence, from any number of observations, but still W. Struve
presented the task of their special determiration from observa-
tions with the tra-sit instrument on the prime vertical. The

polar telescope of A. A. likhailov gserved this very purpose at
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' ~ .
post-war Pulkovo. After imorovements introduced dy KH. I. Potter

into the method ard the prosress of observations (a semiautomatic
control with the photocraphing of the circuavolar regién of the
sky, a differentiated measurement of temperature, and a wmainten-
ance of the stability of the instrument),the processing of a 7-year
sequence of observations (1953-1959) £§su1ted in a value of the
aberrstional constant of 2024965, which is extremely close to

the value recommended by the Hamburg asseably of the IAU (2024988).
Later, in turn, it was based on the results of radio location
-observatibns of Venus.B,carri;d out in the ussi and USA in 1960-
1962.

The aberrational constanfwwas repeatedly determined at Pul-
kovo by several authors (V. S. Bedin, N. M. néiiréii. N. N. Pav-
lov, G. V. Starig;yn) from diverse observations, in particular
from sequences of observations of the time service. The constant
of nutation was sufficiertly dependably determined from latitude
observations. Thus, as a result of the processing of an extensive

sequenne of observations on the Pulkovo zenith telescone in 1915~

3The radio location of Ve-us allowed an accurate distance
from the Earth to Venus to be determined, consejuently, to more
accurately determine tine measure cf the sclar system. As follows
from the concept of aberration, an accurate value of the distance
from the Earth to the Sun and the magnitude of the velocity of
light gives the possibility to calculate the aberrational con-

stant, which was done on the basis of radio location observations.
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19¥1. S. V. Ronrnska;; (1886-1969) obtained a value ﬁf the
constant of nutation of 9t2041, which aporoximates the best
deterlinafions. for examole the determination of E. P. PFadorov
(Poltava), and, probably indicated the necessity of a more
vrecise determination of the international conventional value.
However, the question concerning the improvement of astronomical
_ ,constants is not decided only on the basis of astrono-ical data.
Al,Constants are. related throngh their -athenatical dependences.
- An exanole of the=nost_31-nle comnecticn is the reciprocal dep@n»‘}
i“aence of ths ihertational constaﬁt and the solar parallax A
| more cannlicated theory connects the constants of precession and °

nutation v1th the mass of the Moon. The Qeternlnation of the
~ generally acceﬁted values for these quantities can be mutually

in accord. This problem proved to be exceptionally difficult

and still remains unsolved. ‘

The determination of astroromical constants was closely
connected with the study of the Earth's rotation. This problem
acquired a special imocrtance during the IGY. The systematic
study of the Earth's rotation produced twc services- time a=d
latitude. At the beginning of the IGY both services were "ready
for action": the staffs were made up and trained, instruments
were acquired, observations were oroduced acccrdirg to the comore-
hensive orogram. With the aim of the investigation of instrumental
errors and the influence of them on the results of latitude deter-
minations, a second genith telescope (the ZTL; D = 180 mm, f =

236 cm) was eztablished at Pulkovo in 1957, manufactured in
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Leninerad on the basis of constructional plans of V. I. s;;Barov
and I. F. Korbut. The idea of parallel observations with two
gsenith telescopes, presented anl for the fi-st time realized by
Palkovo astronomers, won recognition in a number of observatories
(at Poltava, Kazan , Kitab, then at foreign observatories).

‘ In 1967 a 19-yeawrisequence of uninterrupted latitude observa-
fibns-by;neans of the ZTF, started in 1948, was finished. After
:ifhiqrtile. covering a whole nutational per.cd (18.6 years),
QB;OOOV-easure-entS'of’lgtitude were obtained, a good half of
uhichiuere taken in the‘é-year tina.Span (1955-1961) of observa-
"tions for the comprehensive orogram. The "density of observa-

_ tions® after thls time span exceeded the density of observations
of 1915-1628 by a factor of two, also carried out for the compre-
hensive orogram. But the principal thing was not the quantity of
the observations. The traditions of Pulkovc were kept sacredly;
the Pulkovo latitude service oroduced the best results in the
worlds the accuracy of its observations was almost twice as great
as the accuracy shown in any of the stations of the International
Polar Motion $¢rvie (IPMS), the number of observatories of which
now taking part is about 40, scattered over the whole terreszirial
globe.

Observations of "high density” olay an imnortant role in
the study of short-neriod variations of latitude. So, from ob-
servations of 1915-1928 a "daily term" with an amnlitude qf 0% o4
was revealed. The processing of a new set of data, begun by L. D.

Kostina 4, led to the reduction of the amplitude of the daily
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to 0°015. This processing was carried out under the direction
of V. I. Sa;Larov with the application of a new methcd, accor-
ding to the utilization of a more oprecisely determined value of
the aberrational constant and with the calculation of all oossi-
ble corrections recommerded by the Astronomical Yearbook accor-
ding to the execution of a reform of 1960 in the computation of
the so-called reduced magnitudes. All results of the processing
of the new 19-y§ar sequence of observations are still difficult
to foresee but tﬁey undoubtedly will be interesting.

The results of the observations of the latitude survey were
regularly communicated to the Soviet center (Poltava) and the
international centars of the IPMS (MizuSaww, Paris). However,
lati sude chsev=tions for a long time exceeded the limits of

2

purely "y .cva; zoals.” These observations give broad scien-
tific m>:erial for the decision of such nrofound‘(in the direct
and figura.iQe sense of the word) problems as the study of the
"viscrsity of the Earth," or, for exampnle, the interaction be-
tween the terrestrial core and the mantle of the "solid" Earth,
set in rotation. So the practice gave birth to a theory, the
develooment of the theory was subsequently required, mcre often
of all of the mndified oractice, and a new practice sugzested
new theoretical problens.

Such transformations continuously hao~ened with another
astronomical oractice- the time service. according to a number

ef reasons the Pulkovo service was not resumed with radio ctrars-

mission of accurate time sierals, rather, concerning its activity
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on the reduétion and verfection of methods of the astronomical
determination of time. There existed the difficult task of the
assimilation of the "lageing section." Here arose a number of
almost insurmourtable difficulties, which turned out to be quickly
circumvented, rather than to be overcome, changine the methods
of combination of theory and oractice. With the introduction of
an automatic-method of observations, attention was di-ected to
the study of iﬁ;iftmentgl errors and the influence of surrounding
conditions on *he accuracy of observations. With the works of
V. M. Vasil*ev, the influence on the precision of observed clock
corrections of th differences of temperature of separate varts
of the instrument was proven, and also the local difference of
temoerature in the dome. As with other authors, the snecific
role of local refraction and the effect of wind was shown. To
create the theory, to calculate and introduce corres onding
corrections in the observations was not shown possible. It
remained to be attemnted to chance the conditions of observa-
tions, in order to decrease errors, of course, having in view
the determination of a “thenretical state of affairs.”

With this aim N. N. Pavlov obrorosed andi built a new (in
the constructional sense) transit instrument (PTI) with thermal

insulation -nd other imnrovements.u In 1959 observations by

uThe Pulkovo transit instrument (PTI) was constructed and
manufactured in the mechanical workshons of the ?KWHCkpq\ Astroncwmica)

Oloserva*w‘y with the utilization of the main parts from a
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means of the PTI came to Je produced in a large separate dome
with = powerful exhaust ventilation. The flow of air exiting
through an open hatch of the dome and flowing sround the instru-
ment eliminates local differences of temperature in the dome and
vartly reduces the 1nf1uencernf ocutside wind. In order to

avoid local refraction the instrument is raised under the roof
such that the objective end of the,inétrument is situated at the
iimits of the dome slit in the pfgsen#e of the oren hatch.

These arrargements curtailed errors of obseréations almost by

a factor of three. Such an imoortant practical result influenced
the determination of theoretical questions in an astronnmcial
asoect,

The high precision of the observations was also the result
of a res:i. xtiyn of their quantity. The more determinations of
.some magnitude that are oroduced, the more trustworthy and accu-
rate would be the knowledge about them. After only 10 years
(1954-1963) the time service at Pulkovo observed over 82,000
stars. At the time of the IGY the program of observations produced
by the Pulkovo service and carried out by many time services of
the USSR contained about 500 stars. The list of stars was sve-

cially expanded for the calculation of catalog purposes. At

Hildebrand transit instrument. Presently the manufacture of
another, more modern transit instrument construction has been
comnleted, the idea of which was also intronduced by N. N. Pavlov

and carried out in the workshops of Pulkovo Observatory.
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this time the collective of the department of time secvice
airea@y,had gained the experience of the comﬁilat’on of stellar
cataloge. In the process of the “"service" with the photoelec-
tric method.‘passaéés of the same star were systematically ob-
served, thanks to which it was possible to reveal the errors
~of thé-cétalog positiong (for right ascension) of the observed
stars,l The*objectiveneééiof the method and the repetition of
the process of measurem;hfs allow these errors to be determined
. exceotionally agcuratgly. In such a way eight of the "photo-
electric catalogs® (F1-F8) were put tozether, which were dis-
tinguished by a high precision. Especially valuable was the.
summary catalog of right ascensions of 807 stars put together
by N. N. Pavlov, G. V. Stariggyn. and P. M. Afanas'eva- and
based on twenty separate catalogs of nine time services of the
USLR. The number of observations used in it exceeded 185,000,
of which 80,000 were prnduced by the Pulkovo time service.
According to its precision this catalog exceeds the best modern
fundamental catalogs by approximately anr ocrder of magnituae, i.e.,
by ten times.

Catalogs of stellar positions were a traditional aim of
scientific investigations conducted at Pulkovo since the 1lay of
the founding of the observatory, but in the given case this was
not an eri in itself. As far as observations of the time sarvice
directly reflect the phenomenon (fact) of the Earth's rotation,
tha+ opens the oossibilify of study of the means of eu: 'ly ro-

tation. "Clock corrections,” which were obtained from astro-
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nnmical observationrs may characterize both the irregularities

of the motion of the clocks and the irregularities of the Earth's
rotation. It is necessary only to be assured that the laboratory
clncks are sufficiently accurate. Until comoaratively recently
there was no such assurance, and the direct method of study of

the irregularity o ear*h’. rotation by means of a comparison
with labecratory clocks remained irapolicable, although the irregu-
larity icself was an estabiished fact.

Thus, from tne theory of tides and tidal frictinn, elaborated
by ©. Darwin at the end of the XIX century, it followed that the
Earth must have a secular re.ardation of cotation. It was really
manifested in the form of a lack of ccincidence of theoretically
calculated moments of the beginnine of solar eclipses with the
factually observed moments, from which the magnitude of slowinz
down was calculated. The secular retzrdation w:zs manifested in
a gradual increase of the neriod ¢f the Earth's rotation (a day)
which amounts to 0.0023 seconds in a century- the magnitude
still inaccurate in direct verification. On the basis of the
theory of motion cf the Moon and several planets with an analogous
method, i.e., from the comparison of precalculated vositions of
celestial bodies with observed values, uneven variations of
veiocity of rotation of the Earth in different years were sus-
pected. The fgreatest (to 0.004 sec) deviations of neriod from
the "normal” re observed in 1897 and 1920. It was supnosed
trat such variations happened with a "leap” on the side of an

acceleration or a deceleration of rotation with a gradual return
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to the normal temdo, however, the "leap" itself was not revealed
at once on account of its minuteness (the change uf the veriod
of rotation did not exceed 0.001 sec in 24 hours), and was re-
vealed over some time as the result of the accumulation of error
due to the "abnormal®” velocity of the Earth's rotation.

After the invention of quartz clocks (in the 1930°'s), seasonal
variations of the velocity of rotation of the Earth were distovered
with a direct method. As it turned out, the duration of a day
could deviate from the average value by more tﬁi§~02001 sec, the
Earth rotating faster in June-August than in December -Petruary.
Quartz clocks keot time much more reliadly than the best penqﬁlun.<h
clocks uséd up to that time. The daily chance of quarts cloérs
d:d not exceed 0.0001 sec. A new stage in the investigation of
the irregularity of earihly rotation wz=s begun with the intro-
duction of the more accurate, high precision atomic (or lolecular)r
clccks, the first examples of which were constructed in 1954-1956.
The IGY nroeram stimulated thec> investigations.

the orecision of the motion of laboratory clocks is now con-
fidently controlled with the helo of "atomic standards.” Changes
of the duration of the day on the order of 0.0001 sec can be easily
regisiered, if a method of comparison is allowed- astronomical ob-
servations w-ich give an accuracy of only 0.01 sec. That is why
this "intermeaiate link"” came to lag behind, and the success in
the verfection of astronomical observations opens the oath to a
detailed investigation of the irregularities of the rotation of

the Earth. However, the study of the character of seasonal and



135

uneven irregularities, especially the cause of their origin,

was shown to be a -onfusion of shenomena. The French astronomer
A. Danjon (1890-1967) attemoted to coordinate the uneven changes
of the wvelocity of rotation of the Earth with the outbursts on
the Sun.observed in 1958 and 1959. or accompa-ying phencmena-
solar corouscular winds and earthly magnetic storms. The con-

. nection with outbursis 2nmdi solar activity has now been demon-
strated. In earlier worxks N. Stoyko (Prange) discovered changes
of the longitude differences between Eurocpe and North America,
which bore a seasonai character, and alsc were associated with
f‘fhe neriod of sclar activity. Near the maximum of the activity
Europe and America were closer, near the minimum further avay

: }fniséaéhfbther by several meters.

N. N. Pavlov turned his attertion to this curious result
and confirmed it in modern, moic accurate ad more exteniive
material, offering data of observations of time servicesscatiered
over diferent continents. What does it mean? Time services
gatner astron-mical observations and, in the limits of their
accuracy, systematically register the duration of the veriod
of rotation of the Earth. The " «sult shown depends or. the time
of year, the nhase of solar activity and, finally, on which con-
tinent the observations are oroduced. If the velocity of rota-
tion of the Earth is registered differertly on different conti-
nents, then tefore al' it is necessary to rind scme average
velocity, taking into account that fact that .ll services do

not observe identical y accurately. The sroblem has many
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uncertainties. N. N. Pavlov Attenpted to refine the material,
after which he was convinced that the oscillation of the dif-
ferences of langitudeAbet-ecn continents did exist. Supposing
the phenomencn to be real, he explained the mobility of the
earthly continents, which is expressed in their 'oscillatovy"
disolacement from a relatively average positicn. This "oscilla-
tory mction™ was connected with the acceleration or deceleration
—of eaithly éstation and, probably, is explainedAas a result of
" an exchange of rotational energy between tae earthly core and
the atmosochere, the condition of qhigh‘is charaéteri;ed by
fchanging circulations.ndepeudinélon the filé of the ﬁbar and
on stormy rracesses on the Sun.

Going further, N. ﬁ. Pavliov compared the detected displace-
ments of the continents with large earthquakes énd discovered
that the ;atastrophic Chilear. earthquake in May of 1960, accor-
ding to Burovean ard American time serviées. was oreceded by an
abnormal shift of the American continent in the direction of the
Scuth Pole and amounting to 14 meters towards the Chilean coast
of the Pacific Ocean. Does this not mean that data of the Earth's
network of time services (which further amounts to the title of
*Earth rotation service"), it is possiblé. some time can be
utilized for the prediction of earthquakes?

From the foregoing discourse it is evident that for the
measurement of times it is possible to avail oneself of other
veriodical phennmena, for examnle, the motion of the Mcon. But

here also arose the question about the orecision of the observa-
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tions; as far as the observations would be accurate, as far as
long intervals car be reliably "reasured off.* OQf course, the
sienificance and the theory of mction of the Moon are part of
this question. Consequently, side by side with the measurement
of time, such observations can be used for - more precise deter-
nination of the theory. For these nurposes the positions of the
Moon are obtserved bg a rhotographiral method with a scecial camera.
The camera which !aVP the best rasults was invented by the amari-
can astr-nomer V. Harkowit:. _An instrument of that type was
manufacturé& in the mechanicai workshops of the ?rincipal Astro-
nomical Cbservatory; the methcd of observations was wocrked out by
KH. I. Potter. The accuracy of the cbservations at Fulkovo was
shown to be high. The oraobable error of a determination of the
cecrdinates of the Moo~n from chservaticns on cre night amcunted
tc +0215.

Ohservations of the vesitions ¢f the NMocer can alsc be used
for genlesical nuracses for the measurenant of large arcs on
the terrestrial surface (the distances between rem-te pcints).
Accordineg t- an idea of KH. I. Pctter, an exzeditiornal astrearash
was built in 1062 by the Principal Astroncmical Cbservatery for
oh~tozrachical sbservations of the Moon; it was utilized in a
number of exveditions. For the measurement of the cccriinates
of the M~on on oh-~tosranhic ~lates, an autcmatic measuring
engine was Zceizned by X. F. Bysticv, wnich gives rhe results
of the measurerents cn sunch cards for subsegzuent ccmutaticral
reductisn by means cf a cemuter.

Except for ~ur natural satellite- the Kcon- observations of
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artificial satellites of the Earth (ASE's) are used for the
measurement of large arcs on the terrestrial éurface. Created
by the hands of peovle, th2se "celestial bodies" are distin-
guished from the remaining celestial objeets not only by their
artificial origin, but by other features, in pa:ticuiar.‘the _
‘gﬁickness of motion on the firmament. The first'obsérvatiopsA
of then,pnésehted themselves an unusual matter. The phbidgrﬁphy
_of their éiacks‘uas especially co-pliééteds these were raint,
bus quickly moving, celestial bodies. Becansevof their small
dimensions they were_faintly illuminated by reflected sunlight,
-but because of their nearness to the Earth it was only possible
to observe them in twilight, when the sky was still comparatively
light. The effort of photograohing the paths . meteors was
almost inannlicable: for ASE's a high precision of the deter-
mination of their coordinates follows, otherwise the cbserva-
tions lose their meaning.

Originally observations of ASE's were produced on the whole
by a visual method with the help of a special scope (a small
telescope), possessing a substantial field of view (D = 50 mm,
11° field of view with 6X magnification). The Astroncmical Council
of the Academy of Sciences of the USSR organized over 70 stations
of optical observations of ASE's in the territory
of the USSR and socialist countries. Such a station, containing
uo to 20 observers-volunteers, was created at Pilkovo. In crder
to assure the best survey of the assumed route of an artificial

satellite, observations were produced simultane-usly by 6-10
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observers. The satell;te. “picked up" by one of the observers,
was "attached” to any star observed in the scope at that ver}
moment. The time of the “"attachment™ was registered with a
chronograph by means of a pressure key. The error of the obser-
vations from the best 6b8erleofies amounted to 091 in angle and
0.2 seconds of time. Perhape this is too great an inaccuracy,
if we consider that in one second the ASE travels ardistance of
}about 8 knm. : :

Por the first time the photograchic vrogram of an artificial

satellite (more accurately, the rocket-carrier of the first Soviet

ASE) was obtained by T. P. Kisél@ba-; at Pulkovo on 10 October
1957 by means of the short focus astrograph AKD, which subse-
quently used for systematic observations of ASE's. But these
observations demorstrated the necessity of the creation of a
special camer . with a fast acting shutter. In the capacity of
such devices light gathering cameras were utilized
vith special mechanisms for the accurate registering of time.
Although the work for the orgarization of the observations of
ASE's was orcduced on the whnle by the Astronomical Couneil, a
laree role in the matter of the improvement of apparatus anrd
the increase of pnrecision of observations belonged to Pulkovo
astron-mers (A. A. Mi;;a;iov; D. E. é;;;egolev. L. A. Panaiotov,
B. A. Pigaro, G. V. Panova ). The methcd of reducticn of the
photogranhic observations of ASE's was proposed by A. N. De?&h

and A. A. Kiselev; the laboratory of scientific photography,

directed by I. I. Breido, was occupied with questions of the
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increase of sensitivity of photoemulsions. In 1965 the number
of photozraohs of satellites oroduced at Pulkovo still exceeded
a thousand. The precision of the registerings of the moments
of observation reached 0.002 sec, and the error in the deter-
mination of the position of a satellite did not exceed #4".

Such an accuracy allowed them to avail themselves of obser-
vations of satellites for a so-called cosmic triangulation. The
geodesical connection between two or more points on the Earth is
accomnlished with the help of triangles, the bases of which are
based on the Earth, and one of the vertices, comron to all tri-
angles, is situated in space. This is an orbiting satellite,
obse ved from those points which we canr “connect,” i.e., deter-
mine the distance between them. According to this the main thing
is the synchronization of observations, then a picture at the
moment of the observation makes it stationary, which simplifies
the calculation. The synchronization could have been ensured
with the help of special geodesical satellites with impulse lamp
flashers, however, this method is still insufficiently worked
out. Some methods were suggested by D. E. gggiegolev and other
authors, and what it came to is that "mechanical™ syrchronization
was replaced by "mathematical" synchronization, i.g., the special
methods in the reduction of observations were not implemented
quite simultanenusly, but were related to a common scale of time-
stardard time of the USSR. With the participation of the geo-

desical service, exneditional s*tations and many ouservatories of

the USSR and socialist countries, the carrying out of a methcd



141

of cosmic triangulation vas done on the space from the Kiril
Islands to East Germany with a general extent of over 10,000 km.
Praditions instilled by the founders of the observatory

continue in the area of geodesy.
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“HIGH MATTERS" AND EV:=RYDAY WORK

Thé‘opinionihas been excressed thai astroncmers occuny
themselves only withi "high matters-" Undcubtedly, astroncmy
is an ldeoloéiéal science; it to a significant extent is con-
nsctedvyith philéibphy. in particular with dialectid“material—
fsm. But before that, to indulge i~ philosnphical reflections,
it ic necessary to create a firm basis for them, otherwise they
cwh>b§7350wnrto bé erroneocus. Already from previcus ci apters
it is evidenf that astronomy is alsc clesely connected with
‘practical activity of pecple: for examcle, accurate time and
coordinates are equally necessary for the orientation both on
the sky and on Egrth, orocured as a result of "celestial ob-
servations"produced on the Earth. More often of all this role
of ground astroncmy remains unnoticed, ard its imvortance is
spoken of, although it would seem that half of the scientists
ani scientific departments of Pulkovo (Observalory give principal
attention or-cisely to it.

The other half (astrovhysicists, radiaﬁstronomers. rather
than stellar astrorcmers) is more closely contizuous to "high
matters,” as far as it is connected with observations of astro-
nomical phencmena and it is possible to say "performs discoveries.”
How~ver, to "discover a new star," or "coun* stars on the sky,"
to measure the distances to them, to broader the frontiers of
the surveyed universe, to discourse about the gecings-on of the

world, is not at all a simnle matter. In order to discover
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something new in astronomy, as in any other area of accurate
knowledee, one eenerally has to begir with a creation of appa-
ratus. Of course, modern telesccpes are constructed and manu-
factured chiefly by factories, but not without the participa-
tion of astronomers, who still "nurture the idea™ to the expres-
sion of the thought concerning the construction of new equipment
end work out the method. Then, after the realization of the
idea, a thorough investigation of the iﬁstrunent and the improve-
rents of methnd, rrclonced observations and the processing,
labor-consuméng to them, falls to the share of astroromers.

The division of labor was a nratural phenomencn. Collective
investigations were especially fruitful, but in the collective
not everyone has to collide with a "high matter."” Nevertheless,
an astron-mer looks on it like on a working tonic, without shy-
ness, in exactly the same way as a worker of any other profession
considers a toric of his activity.

Let us return to photograohic astrometry. Laying the foun-
dation of this area of science, S. K. Kostinski;—determined its
proeram for Pulkovo more than decades ahe.d. A disciple and a
successor of Kostinskii. A. N. Deich completed in 1942, and in
1947 published, a discussion of a catalog of proper moticns
of 18,000 stars. Besides an ordinary (for such investigations)
determination of the direction (avrex) a:rd velocity of motion of
the Sun in gpace, A. N. Dé}ch deduced the so-called secular paral-
laxes of various grouns of stars, which allowed the distances to

them, their true luminosity, and the total absorption of light
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in the galactic plane to be estinated. Significant was the
discovery of a new subclass of stars- subdwarfs, the name of
which was suggested by the American astronomer G. Kuiper, who
also discovered them and earlier pudlished a short note himself.
A&eording to identical proper motions, A. K. Delch revealed a
significant quantity of doudble stars and discovered that, of
every 33 stars, one turned out to be doudble. The question is
concerning the widely separated stars not observed visually in
the form of doubles, dut presenting themselves as physirally

connected pairs, or wide stellar pairs.1

1#he nearest stars to the Sun, Alpha and Proxima Centauri,
are an example of a wide stellar pair. The firat- Alpha- is
ftself a visual double with a distance of 17.6 between the com-
ponents and a total luminosity of almost 0 magnitude. The second-
Proxima- is a star of 11th magnitude, displaced from the bright
pair by an angular distance of 2° 11'. It was discovered in
1915 by R. Innes (1861-1933), the director of the observatory of
Johannesburg (South Africa), on the basis of the total magnitude
and direction of prover motion. A subsequent measu.ement of the
parallax of Proxima confirmed the presence of the physical con-
nection of it (through gravity) %o Alpha Centauri. After the
discovery by Innes, KostinskiY put together a special program
of photographing bright stars and their surroundings with the

aim of revealing wide stellar pairs.
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J J
The "first epoch" plates of Belopol'skii and Kostinskii

now acquirad a greater value. With the establishment of the
normal astrograph in the postwar period. a second series of
plates came to be obtained with a difference of evochs of
50-70 years with regard to the first series. The richest
material for the determinaticn of siellar proper motions was
obtained, and the study of the motion inside star clusters and
gaseous nebulae (accordinz to the il%yminated "rodules” on
photeosranhs of these remote objects). Only in the postwar
years were prorer motions of several tens of thousands of stars
determined, the determinations being distinguished by a high
orecision thanks to the gre . dgffergnce of epochs. An exten-
sive investigation was carried out by V. V. Lavdovski;; The
orooer motions of 13 open'star clusters and the stars in the‘r
environs were studied by him; over 14,200 stars were measured.
Data of modern three-color colorimetry of stars was drawn to
the investigation. As a result, not only the peculiarities of
the motions were studied, the measure of the clusters and the
quantity of stars in them mxde more accurate, but the composi-
tion of the "stellar population” of the clusters was alsc revealed.
The study of the prcoer motions of globular clusters was
indertaken by N. V. Camale€¥ (1914-1954). Globul~r star clusters
are the most remote objects of our gal:xy, and their prc;er
motions (angular disnlacements on the firmament), in spite of
the relatively large space velocities, are very small; none the

less the res+lt was 3hown by Gamalet that with a large difference
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of enochs such measurements make sense. %. I. Kadla success-
ful'y continued the work. A groun of students of A. N. Degch
(G. V. Aﬁhundova. N. M. Bronnikova, L. V. gﬁukov. L. S. Koro~
leva, A. A. Latypov, A. B. Onegna, O. Ii. Orlova) occunisgd
themselves with a determination ~I “he proper motions of vari-
ous objects, includine, for examnle, such things as stellar
associaticns, and ptangtary nebulae, for which expansion.is
éharacteristic.

The investigaticn of the star 61 Cygni was especially
interesting on methodological and ideological grounds. The
ohotogranhing of this double star, possessing a raoid proper
motion, was begun at Pulkove by means of the normal astrograph
at the end of the XIX century. Thanks to the perturbations in
the motion of a component of 61 Cygni, a dark, invisible com-
panion of it was suspected. Only in 1943 did the American
astronorer K. Strand manage to calculate the perturbing mass
of this c inion, which was shown to equal 0.016 solar masses.
Strand had available a comparatively small number of observa-
+iong, and at IMlkovo materizl was accumulated over 60 years.
A. N:npe;ch car~ied ou: the reduction and analysis of all
meterial and confirmed the existence of the invisible companion
from c»e (just from the brighter) of the components of 61 Cygni
with a mass of 0.012 solar masses and - period of revolution f
4,9 years. As far as the mass of the companion of 61 Cygni only
exceeds the mass [ Juviter by a factor of 11; it can ©- regarded

as a planet-like vody. In this way t-e possibiiity of the exis-
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tence 9f other nlanetary systems was demconstrated. In m;dern
times the presernce of nlanet-like bedies is established or -
susvected for at least a dozen stars.

Chservations with the nnrmal as*rosraph continue. nnther
oh~t~zrannic instrument- the 26-inch refractor- has a similar
ne~zram. By means of it ogen star clusters, stellar assoscia-
tions and their nuclei, and stars with invisible comcanicrs were
systerma.ically ohotograohed, and a principal part cf the EFTogram
‘nclules the determinm=tion of trigon«metric parallaxes  cf star§
and the chotographine of double stars with the aim cf a'study3-
of the elements o. their ordits  The inst;ument was imgrévedj
the aut-mation of tine observations took rosat: this hapnéned with

the dirsct particiocation of the observers I. I. Kanaev, A. A.
N

Kiselev, axd G. A. Pliugin. Their —ames pr~dably will be ramem-

pate
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hered through many decades, such that with aratitude the: are
Pramqgr
called the & chse vers on the normal astrosraoh.

Also, it i difficult t» imagine Pulkovo after fifty y=2ars,
st*]l% amongst 1 s*ruments of the future there still will be such
“archaic® tel- >»s as the 26h-inch rzufracter, the attitudes
t-waris whirn wiil he the :ame &3 it is now toword the normal
aztrrorars, N:rertnelass, the normal astrczraph still has
zerved for a 1-ng time. Works for the oroblew. of the Cazalog cf
Faint s*%ars nrezented themselves with a ~u.rantee +- it. With
the 1 ral astr-osranh was oraduced the shn<o~ranhing of “areus
with galaxies® with the aim of su%wsojuent utilizatica for

n
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o occreyet ~f ar ahs-lute system
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of stellar orover motions. Or the bacis of extensive material
A. N. De;ch. V. V. Lavdovskii. and N. V. Paf;hi;hin put toegether
a catalog of 1500 galaxi2s in 157 areas 2° X 2° (the field of
the n~rmal astroeraoph) from the North Pole to -5° declination;
of them 600 galaxies were shown to be suitable for accurate
astrometrical measurements. The accumulation GIf plates “of the

<irs1 evoch®” was comcleted in 1958 (in all 900 plates obtain~d);
for nlates of the second epoch of time, it is ~nssible, it :s
still to be dcone: the more the decades pass, the greater the
accuracy of the subsequent measurements. However, it was of
interest to obtain them for the observers themselves althcugh
it would be a oreliminary result. Therefore, thue repeated
photorraphing of the same areas ard the joint measurement of
*he nlates of the first and second enochs has alre .dy begun.
Works acquired not only an all-union (Mos~ow, Kiev, Taghkent).
but an international, character (Bucharest, Bordeaux, Toulouse,
San Pernando, Shanghai, and also chserv. -ories in the Southern
hemisrheres Santizgo, Perth, Cave, LaPlata and Cordcdba). With
*he establishment of the new astrograph in Chile Pulkovo Cbser-
vatory obtained factual material over the entire sky.

The other vart of that erandiose work was the observation
of minor nlanets for the orientation of the system of cocrdinates.
A larege group of observers systematically produced cintoaranhs
of selected mireor olai. s with the normal astrcsraph at Pulkovo
(since 1949) and the zcnal astrosraoh at Nikolaev (since 1961);

the results of the otservations are nublished in the form of
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precise coordinates of the olanets in Soviet and international
circulars. The participation ¢f observatories of the Southern
hemisohere is also assumed in this work.

At restored Pulkovo photographic observations of the owter
olanets of the solar system- Uranus, Neptune, and Pluto- were
ree'med. In connecticn with the development of cosmonautics
and the necess:ity of a more orecise determination of the orbits
of th: large olahets. attemnts were m:de for the determination
-of the ccordinates of the bright olanets (Verus and Mars) with
a ohotocrachic method, which before gave results essentially
lower in precision than meridian observations. The svecial
method, apnlied by T. P. Kiseleva for the observations of
Kars, produced the desired results the accuracy was shown to
be ev:n somewhat hixher, in comparison with meridian observa-
tions. Astroochotograohic observations and measurements were
utiliged, for exarnle, for such oroblems as the de~ision of
the question about the asymmetry of the discs of the planets
Juoiter and Saturn (Eﬁ. I. Potter and B. N. Strugaf%kii). wnich
gave, however, a negative answer, in spite of the assumotions
of N. A. Kozyrev cnoucerning the asymmetry of the fcrm of the
nortnern and souther~— hemiscvheres of the rapidly rotating
olanets. The study of the form of the Earth, on the basis of
an analysis of the orbits of artificial satellites, aooare:.tly
confirms tnis assumntion, exoressed long before tne apoearance
of ASE’s.

we now consider astr-rernical problems in real earnest.
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The interest for the nearest celestial bodies- the Moon and
planets- first weakened, then grew in relation to the develoo-
ment of the means of observations. At the present moment it

is imvossible to speak of its slackening, but several works

of Pulkovo astronomers ir some measure anticipated the advance
of the cosmic era. Before all it fcllows to mention the works
of A. Y. Markcv (1897-1968) and his group (N. S. Orlova, E. K.
Kokhan, ib. N. éhist{;kov and others) on the investigation of
the vohysical characteristics of the lunar surface on the basis
of comparative chotometry, volarized and radiometric measure-
ments, as a result of which the deduction about the temoerature
of sevarate formations, the rougnness >f the relief and the
characteristics and aze of lunar rocks were orocured or deter-
rined more accurately. These investigations acquired a soeciail
significance in combination with the radio lccation of the Moon
and radio astroncmical observations produced at Pulkovo under
the direction of N. L. Kaidanovskii.

In 1960 an interesting collection, "The Moon,” was nublished
under the direction of A. V. Ma~kov, which enriched methodological
questions and results of grourd observations. In December of
that s.me year the IAU, imparting a svecial significance to the
achievements of Soviet scientists, organized an international
symposium at Pulkovo which was devoted to investigations of the

lloon.2 Of course, the principal tnings in the notice of the day

2The mazerials of this symoosium were oublishe. by Pulkove
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vere the reports concerning the results of the photography of
the back side of the Moon by means of the third Soviet inter-
vlanetary rocket, which vas ‘avnched on 4 October 1959 and which
later received the name "Luna-2." In the deciphering of the
fi-st ohotographs of the surface of the Moon invisible to the
Ear:;;;:Ikovo astronomers assumed varticipation (A. A. likhaglov.
A. V. Markov, I. I. Bre?do. D. E. gagﬁégolev). Later on they
also narticiovated in the processing of the ohotographs obtained
by the space orodbes "Zcnd-3," “Luna-9," and "Luna-13."
almost

It seemed as if ground-based astronomy would:have ;)\ nothing
to do in relation to the Moon, especially after flights of pennle
to the Moon. However, such an opinion is not quite correct, and
the works of the Pulkovoc astroncmer N. A. Kozyrev proved this.
On 3 November 1958, while taking observations at the Crimean
Astropb,sical C .servatory by means of the 50-inch reflector, he
disrsvired a ohencmencn which was interpreted by him as volcanic.
The search for active orocesses and changes on the Moon was
carried out during all periods of telesco :ic observations, but
even in the last century the ovinion was established that the
Moon was a dead body. Cnrnvinced of the activity of the Moon,
Kozyrev persistently sought an indirect manifestation of interior

oroeenetic forces, in particular, igneous gas from the irterior,

the emergence ¢of which on the lunar surface can be observed with

Observatory in Russian under the general editorshio of A. A.

Mi» ailov,.- New thines concerning the Moon. Moscow-Len.ngrad,

1963.
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a spectral method. The unique spectrocram obtained by him pre-
cisely testfied to that phenomenon. His interpretation was called
into question for a duration of ten years. O:rly iﬁ?ece-ber of

1969 did the Committee for the Business of Inventions and Dis-
coveries of the Couscil” of Ministers of the USSR award N. A. Kozyrev
a divloma for the discovery of lunar volcanism, and in October

of 1970 the International Academy of Astronautics rewarded him
their gold medal with imolanted diamcnds portraying the constel-
lation of Ursa Major.

Es-entially, N. A. Kozyrev introduced something new into the
investigation of planets. Por exam-le, for the siuady of the chemi-
cal comoosition of the atmospher: of Venus he proposed (1953) to
observe the svectrum of the luminescewce of its dark side, i.e.,
that part of the Cytherian atmosphere which is situated above the
cl~ruds escan’'ng from the lower atmosohere and surface of the planet.
In this way he detected nitrogen in its atmosphere, the oresence
of which was confirmed with the direct investigations of the
internlanetary orobes "Venera-4%"-"Verera-7?" with the entry of
them into the dense atmosphere of this mysterious olanet. In
accord with the observations of Kozyrev (1954) and his interpre-
tation, the opolar capns of Mars to a significant degree present
themselves as atmosoheric fermation' (snow clouds). Later on
other nlanetary exoeriments confirmed this.

The articles of Kozyrev, side by side with the results of
the observations, contained profound and elezant theoretical dis-

couries , without the cumbersome calculations given to original
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treatments. Thus, he theoretically nroved (1963) the possibility
of the existence of a rarified hydrogencus atmosohere for Mercury,
although his observaticns in favor of the proper theory called
into question other authors wno spoke of an atmospher: of carbonic
acid. Observations and theories of another type, the wrong way
around, have stood the tests. The question here is cne of the
observations of the rings of Saturn (1968). Kozyrev detected
water vapor in their opresence and explained this as a phenomencn
of photosublimuation- the rarification of a crystal lattice of
ice, a fraction of which makes up tﬁe rines of Saturn, under the
action of ohotons of solar radiation.3 The work of Kozyrev stood
in contradictionnto the investigations of the American astronomers
G. Kuiper and D. Cruikshank, who interpreted their observaticns
as the oresence of ammoniac ice in the rinss. However, at the
beginning of 1970 these authors rescinded from their previcus
interpretation and came over to the exolznation ccmnletely corre-
svcnding with the results of the Pulkovo astroncmer.

Kozyrev carried out his observations with the use of the

noh . .
instrument® of the Crimean obsorvatory. Because of the white nights

in the summer, partly also bzcause of the low altitudes of pnlanets
above the horizon at times favorable for observations, large tele-
ccopes were unsuitable to be established at Pul<ovo. They are

situated in southern states.

1The concent and term "photosublimation" has not been used

in nhysics until now.
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- N\
Observations in the Crimea allowed A. A. Kaliniak, another

Pulkovo astroohysicist, to carry out a highly complex investiga-
tion of the Gali'ean satellites of Jupiter in search of atmos-

4 The search was carried out by means

vheres suspected for them.
of a specially constructed spectrograoh in combinaticn with an
imsize converter. In the neighborhood of wavelength 5300 A (the
visual portion of the spectrum) in the first three satellites,
and especially clearly for Ganymede, sSpectral lines were observed
which did not belonz to the Fraunhofer solar spectrum. Their
arpearance could relate to the calculation of the oresence of
atmospheres of the observed satellites, although for a number

of reasons a question concerni z their atmospheres still remains

to be resolved.

The use of image converters in the cavacity of receivers of

uThe four bright satellites of Juniter (Io, Europa, Ganymede,

and Callisto) were discovered by Galileo in 1610. The dimensions
and masses of three of them (Europa excepted) exceed that of the
Moon. In particular, Ganymede is greater than the Moon by mcre
than a factor of two in mass and almost one and a half times in
diameter. This circumstance and severai others led to the idea

concernint the vossible existence of atmosvheres for them.
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lieht extended the vossibilities of telescopes. Thanks to the
transformation of a beam of light into a flow of electrons, it

is ovossible to transmit invisible radiation (for example, infra-
red rzdiation with wavelengths to 1.3 microns), for which ordinary
plates are insensitive, into a visible radiating image. The lumi-
nescence can be irtensified, dispersing electrons with an electric
field, wh'ch even more 30 can extend the power (aperture) of the
tgleecooe. Eqpeciallj advantageous is the direct action of
eiebtrnns on the film located inside a vacuum tube, where the
electron fiow féfﬁs. The lahoratory headed-up:by A. A. Kalingzk
worked over this in the course of a number of years. As a result
of orolonéed expgrimental’sea:gpes the construction of an electron
camera for inter;vacuum pheiégr«jhy_%as worked out, which markedly
differed from the camefa‘6ff§igf§}i;ﬁ§p4(France), the first to
create a device for that puf;oéé) :

An analogaus effect led to the application of television in
astronomy. A transmitting tube (IR-vidicon) located at the focuis
of the telescone reforms the invis_bie IR radiation of a luminous
body into a visible image on the screen of the television. The
electroric scheme allows the brightness of the image to be inten-
sified. To some measure thia is equivalent to the enlargement of
the entrance anerture of the telescope. Photosraphing the Moon,
more c-rrectly, separate details of it by means of a television
system, N. F. Kuorevi;h achieved a total increase of the intensity
of the image by a factor of 300, which allowed the exrosure tc be

shortened (to 1/50 sec) and which alsc allowed the influence of
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atmosvheric turbulence to be reduced. But the most important
thing consisted of the fact that television observations of the
Moon in infrared rays (about 2.3 microns) led to the visidble
increase of the relief of the images. As is well known, the
relief and contrast of the imagass at full moon are washed out
at visible wavelengths. The effect of relief (also at full moon)
probably happens on accont of extra infrared radiation (lumi-
nescence) of separate details. With this the appearance of
details on the television of infrared pho:ographs is explained,
which are not observed on ordinary photographs of the Moon.

Works on the installation of television technique in the
carrying out of astronomical observations, begun at Pulkovo in
1956, have attained a broad scope at the present time. One
channel and two channel television telescopes were constructed
which were successfully used for observations of celestial bodies,
the study of the characteristics of atmospheric disturbances
and the creation or an automatic system for the struggle against
them. V. L. Lentasman worked out the method of intensification
of the contrast of television images of faint details for the
decrease of interral arparatus complications, i.e., for the
increase of the signal to noise ratio. Having shown a positive
result with testing under laboratory conditions, the method
promisead much in the discernment and detection of obtjects, which
were blended with the diffuse background of the sky.

The results of radio astronomical observations of planets

are of spacial interest. With the hel, of the large Pulkovo
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raiio telescooe (LPR) in 1962, observations of Venus and Ju-iter
were undertaken at waveleneths of 3 and 10 cm with the aim of
studying the distribution of "radio brightrness” on their disks.
For Venus this was equivalent to a resolution of where its radio
radiation comes from, to which a high temperature (about 600 °K)
corresoonds. If its surface is heated, then the radio brightness
must increase toward the center of the disk; if the radio radia-
tion results from the atmosvhere (ioncsphere), then the "bright-
ness"” must increase toward the edges. However, the resolving
ocwer of the (PR is 1° (at 3 cm wavelength); such a value is much
greater than the visual diameter of Venus. In order to obtain
the distribution of radio brightness over the olanet's disk, ;B.
N. Pariiékii developed a special method of exposing small varia-
tions from a uniform distributicn. A low-noise narametric (molecu-
lar) amnlifier, constructed by D. V. Korol'kov and G. M.Timofeeva,
was used for the observations. A decrease of radio brightness
toward the edeges of the disk was established by the observations,
which corresoonds to a heated planetary surface. This result was
announced to the Scientific Council of the fvinc(x! astronomical Coservatory
in November of 1962, months befcre the American nrobe "Mariner-2,"
which flew close by Venus, established the same fact by direct
measurement of the distribution of radio brishtness. Observations
of Juriter delivered much information concerning the means of its
radiation zones. Later, in 1967, with observations at millimeter
wavelengths, a still greater resolution was reached, thanks to

which da+ta about the distribution of the radi~ brightness over



158

the Cytherean disk were gathered toecether with yocket orobes
and were of much higher quality. For Jupiter, inferior zones
of radiation and a temnerature gradient in its atmosphere were
discovered.

The creation of a powerful experimental base in an astro-
physical lab-rat~ry can promote the developmert of planet:ry
and other astrophysical investigations after its construction
and the putting into oneration of new equipment. In particular,
a functioning 100-meter gas tube is to be utilized for the model-
ing of nlanetary atmosvheres and the study cf the spectral charac-
teristics of gaseous mixtures with the registration of selective
absorotions when light passes through them, variations of pressure
and the attainment of a large number of passages of light beams
through the mixture which are studied give the possibility of
imitatine the atmosnheres of planets and comoaring the spectra
ohtained in the laboratory with spectra of the rlanets themselves,
for the establishment of their chemical comrcsition, trustworthy
information concerning which is had only in relation to Venus,
thanks to direct investigations of interplanetary orobes.®* At
ths present time extensive data have already been obtained (L. A.
Mitrofanova, V. D. Galkin, L. N. gﬁukova) concerring the behavior

of the absorption lines of atmospheric oxyeen with different

*With the landing of the Americar »robes Viking 1 and Viking 2
on Mars in the summer of 1976, analogous data for the Red Planet

are also available. (Tr. note)
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pressures and different ootical deoths, i.e., with the change
of the gereral path of light passage in the tube by means of
repeated reflections, the numher of which has now reached 20,
which signifies a 2 kilometer depth of gas.

In oost-war times, thanks to the energetic activity of
V. A. Krat, who headed u» the Pulkovo heliophysicists, a wide

range of investigations of the Sun was carried out.5 In <he

5Por an understanding of terminclogy connecte’® with solar
investigations, we are reminded of several terms abcut the Sun.
Tﬁe Su~ presents itself as a gaseous sphere with a dianeter of
about 1,400,000 kilometers. Being of gas, the substance of the
Sun, however, is highly opbagues observers possessed with various
means penetrate to a deoth in it of not more than 400 km. There-
fore, the solar disk precisely appears to be sharrly outlined.
The visual diameter of the Sun amounts to 1920", hence, 1" = 725
km on its surface. The external border of the snhere (about 075)
apoears s~mewhat darker at the edze of the disk because of the
fact that the edge rays pass through a significantly greater
thickness of gas than the central rays. The luminous surface of
the Sun is called the photoshere. Its average temnerature is
6000 °K. The ohotcsnhere is heterogeneous; it is ccmnletely made
un of luminous spots, soread out like a view of "rice «rains”
against a dark backeround. This heterogeneity bears the name of
granulation. Sunspots and faculae (long luminous formations)

also have to do with the ohoto-phere. Higher than the basic surface
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years of restoration of the observatory attention was con-
centrated ~n the comnletion of the processing cf m:terials
from 1936-1941 and the .bservaticns of sclar eclipses with
the help of preserved equinment. Except for the eclicse of
1945, exveditions were organized: to Brazil (1947), to
égiili in the Kazaga SSR (1952), in the Southern Caucasus
and in Kuban' (1954). Several expeditions only partly

carried out their »rog-~ams. For example, in Brazil,

are situated layers (at about 7000 km height) which can be observed
only under special conditions (a. the times of a s-~lar eclipse or
with the use of special avvaratus) and visually apcear like "fiery
grass® of red light. which is called the chromosohere. Above it
aonear the prcminences (ejectinns of material), which reach alti-
tudes of 50-100,000 km. The outer envelope itszs1lf is the s-lar
c~rrna, having a radiant texture. Cbservations of prominerces

and the corcna also require soecial aonaratus.

Krowledge about the interior of the Sun is ziven only b,
the~ry, but its conclusicns le~d themselves to »Hractical verifi-
cation. The temperature of the center (abrut 20 million deerees)
results in thermonuclear reactions, which represent the s~urce =¥
s-lar energy. The trarsfer of erergy from the interior to the
surface of the Sun ahnnens by means of radiation, although then-
retically the existe:ce of a skin-deen mone of convection just
under the rhotnschere has bheer. ~r~ven. Many authors have written
that it carries awav the nh~tos-here and granules »re-ent ther.-

@slves as <eparate "cenvection elements.”
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because of clcudy weather, it was prooesed to carry out only
radio astronomy observations. However, the preparation for the
exvedition and all of their organization demanded, in any cace,
much time a~d energy.

The orocessing of materials of observati~ns obtained at
Pulkovo until the war, and in Tathkent during the war, led to
the sonelling cut of a series of articles on the investigation
of sunsnots and faculae (T. V. Krat), prominences and filam=nts

(Vv. K. Kugherova). and luminous flocculi (V. N. Zuikov).6

6Filame'.ts are orominences projected on the solar disk which
are ohserved under definite conditions in absorption (as dark for-
mations); at the edge of the solar disk preorinences are observed
in emission (as luminous formaticr=). FPFlocculi are extensive
lun®nous formations in the chrom-~snhere, sometimes called chromo-
s~heric faculae, but which are observed in mon-~chromatic iight,
for exanrle in the lines of ionized calcium and hydrocer, then,
as ohotes-heric faculae, are visible in general (inteerat -°) light.
Ph~toeranhs of the sclar surface, obtainea in mon-chre~ .t.c lighre,
are calle” soectroche!‘oegrams. Filaments and floccull appear on
orecisaly such ohote-ranhs. Of ccurse, a svectrcheliogram shows
*he fea*ur=s of the distribution over the disk ~f the Sun of that
chemiczl element in the rays of which it is taken, on accoun. of
whicn s-~lar formaticns tnemselves ootain the names of calcium or

hydroge~ic fioaceuli or filaments.
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Observations of eclinses were utiligzed for the study of the
chromosnhere and cor~na. V. P. V;Qzani{;yn (1908-1960) carried
cut a thorough investigation cf the chromosshere from materiels
of the eclipses of 1941, 1945, and 1952, obtained with the large
prism camera with the phctosranhing of sc-called solar flares
(the the moments of the interior contacts of the lunzr a=d sclar

disks during total sol:r eclinses).7 These were scectra of the

7‘F1ares' near the secord and third contacts of an eclipse
c~onsist of the sudden transformation of the dark Fraunhofer lines
(which characterize absorption) into dbright emission lines. The
layer in which such a trancformation takes nl=ce was earlier
ralled the "reversing layer": accordinz to moderr notions, there
is no intermediate layer wnatever between the photosvhere and
the chromosohere, ratner, the reversing of the lines takes rlace
orincinally in the lower chromosphere.

The term "flare” (for an ecliose) must be distinguished fr-=

a similar, outwardly sumetimes identical term, "chromosssheric out-
bursts,” or sim~ly "outbursts.” Chromospi.eric outbursts (in pooulc.
literature they are often called "explcsions on the Sun®) can be
picked ocut on spectroheliograms taken in the line of hydrceen H
as the brightest formations on the Sun which do not exist for a
ar~lonced period. They are observed by means of scectrohelio-
scooes or soectral telescooes, which are furnished with an inter-
ferometric-pvolarizing filter (IPF), intended for the passage of

mon~chr~matic 1ieht (in a narrow wavelength runge) in the linz of Ho('
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most external layers of the solar atmosphere, basically the
chromoschere. All aaterial was investighted witl: particular
thoroughness and Pulkovo-style conscientiousness, which allowed
valuable data concernine the oshysical conditions in tne chromo-
s-here to be extracted. This very material was used for a
srectrophotometric investigation of orominences (V. N. Zu;iov)
and for the ochotometry of the green lire of the solar corona
(T. V. Krat), which resulted in the discovarj of formations in
lower narts of the corcna, later on call>d “coronal condensations.”
In the observations of the ecliose of 1952 V. 2. Krat utilized
e slitless meniscus diffraction-orism soectrozrach of his own
design and carried ocut absclute svectrorhotzmetry of the chromo-
s “here. TLe chotometry of the solar ccrona, according tc direczt
vlates of it at the time of the eclipses of 1945 and 1952, was
carried cut by A. V. Markev and N. N. Mifﬁef&ou. for which a
scecial isochotometer w:-s constructed for this nurpose. In 1948
N. P. Kuorevigﬁ constructed an instrument for the automatic regi-
stration of the vrofiles of the 'ines in the solar sreztrum- a
chotonelectric soectroohntometer, which oroduced a record in "in-
tensities.”™ This was significantly mcre advantaceous than the
measurement of scectra on photorra~chs, which registered "darxenings"
and not "intensities,” which directly characterize a guantity of
e~ergys; for the tranfcrmztion of the darkeninegs intec intensities
labor-cons'ming work is required with the utilization of the char-
acteristic curves (calibrations), which at first are necessary tc

be formed with the calenlation of their individualities for every
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phntosrashic olate. MNuch later an improved aodel of Kucrevié;'e
soectrooh~tometer his been regularly used to the oresent time.

A great amount of material was collected by T. E. Dervis, L. N.

g iﬁukova. and L. A. Mitrofanova, covering one and a hazlf cycles

of solar activity. In their Hublication in 1960 a change of the
central intensity ot several :ines with the phase of solar activity
was rioted: the higher the Wolf number, the lower the central inten-
sity. This result gave rise to doubts (no changes whatever in thne
spectrum of the Sun hzd vreviously been otserved), yet American
astronomers did not confirm it in 1969.

A number of thecretical-experimental and theoretical investi-
gations was carried out in the fiésfrpost-uar years. O. A. Mel'-
nikcov redetermined the tem-erature of the reversing layer. Accord-
ing to laboratory intensities of linecs of iorigzed ireorn, L. A. Mit-
rofanova made a "curve of growth® for the Sun- a graphical recre-
sentation of the devendence of "equivalent widths” of spectral lines
on the nuamher of absorbing atoms. V. A. Krat published several
articles on general s~lar circulations, questions of interpretaticn
of spectroheliograms, the develoome-t of the forms of formaticns
in the sclar atmosphere resulting fr~m a princiole feormulated by
him, “elect*restatic stationariness” in the photos-here and - .romo-

s “here, the cens*ancy of electric fields in the plasma.8 These

8a plasma is the "fourth state of matter" (s~lid, liquid, and
Zas exconted), a highly ionized gas, in which vcsitive and negative

charees, which are created by electrically charged zarticles (icns
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works were the theoretical basis for subsequent investigations.
In the sui=mer of 1950 I. A. Proxof'eva established a small
telescooe with an interference-polarizing filter (IPP) in tle
*naval tower® (see p. 19), which was designed and mz-ufactured
by S. B. Ioffe. This telescove was the first model of a stan-
dard instrument, the chromosoheric telescone "taken tc arms® by
the solar services at the beginning of the IGY. Observations
with an IPF were later vroduced in the cdome of the horizontal
solar telescope: the material obtained was used for a study of
chromecsnheric heterogeneity and served as one of the stimuli for
the creation of a thecry of the heterosereous chromos-here.
Observations of the Sun extended in different directions
with the rrconstruction of tne horizontal sclar telescoce in the
soring of 1951: direct ohctogravchy at the prime and secondary
f~ci {with focal distances of 17 and 60 meters and solar image
diameters of 16 and 56 cm, re:pectively), spectral otservations
hy means of quartz (orism) and diffraction scvectrosraphs, the
automatic registering of solar spectra, and the chromoscheric
observations with an IPF. Observations of the Sun allowed the
features of the Pulkovo astroclimate and its advantages for the
performance of delicate investigations to be determined. Tke

ané

mild and dams marine climate :the relatively lcw heat of the

and electrons), are idertiical or almost identical in any volume
consiiered. The substance of the Sun and stiars actually is not

a zas, but rather, iz a plasma.
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soil in summer days create favorable cr aditions for daytime
observations. Often the "washed out® images do not exceed
several tens of seconds of arc, and sometimes it is close to
0%2, the limit of resolving power which the atmoschere generally
allows at the given altitude above sea level. Olsarvations were
intensively continued till the summer of 1954, when the wooden
dome burned down due to defective electrical wiring. Observa-
tions were only resumed in the autumr of 1955 in a newly con-
structed dome of "fireoproof” construction.

The series of victures of s2lar granulation were an imoor-
tant result of tne first seriod of observations (1951-1954).
If Ganski; succeeded to fix granules with a visual di:meter of
abcut 1", then on the new cictures granules were discovered
which were twice as small in size (to O%4). This led V. A. Krat
to the sugegestion that still smaller grarules exist. and the
ohgerved sizes would be characterized by only the resolving
oower of the instrument (j>in.ly with the atmoschere). Although
the thought was not taken as a nrediction, it came true. In
1957-1959 the American astronomer M. Schwargzschild obtalned ex-
centional pictures uf granulation, according tc clarity, with
the ascension of a telescove into the stratosnhere, and confirmed
the oragrasis of V. A. Krat. In 1966-1970 Snviet stratospheric
solar staticns suonlied oictures on which the smallest granules
did not exceed 100-150 km (less *han 0%2) in diameter.

The confirmaticn of the orosnecsis led to results of great

significance. In 1954 V. A. Krat again set down the hypothesis
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concerning the wave nature of granulation desovite the widesoread
conviction that grarules ovresent themselves as convective elements.
The hyoothesis was converted into theory. Indeed, if there were
-no standard elements, if granules of vanishingly small sizés were
encountered, then the ohenomenon of granulation was indeed similar
to waves in the ocean, where the brisht places were the crests,
and the darker spaces were the places between the waves. The
ideas of V. A. Krat concerning the wave nature of the phenomena

of the solar photospherd: penetrated many investigations of Pul-
kovo heliophysicists, who advanced like a single front against
this mystery.

A powerful diffraction spectrograph was established in 1956
in the new dcme of the solar teiescose. Constructive ideas of the
‘capable young  sclentist, V. N. Karpinsk{;; were used in its
construction. The new spectrograrh granted o*servers wide pcssi-
bilities. Investigations of the chrom:sphere, prominences, and
chromosnheric outhursts ccntinued w th entanusiasm. Cinematograchy
was apolied to the study of eranulation by M. Kerimbekov; the
“duration of life” of erarules confirmed an clready expressed
point of view on their nature. The photcelectric observations
of V. A. Krat and I. V. fbdina bore witness to this very fact.
The practical im-ossibility of measuring the horizontal motions
of granules (in the pictorial rlane on the surface of the Sun)
created difficulties. But these difficulties were overcome with
the placing into opecation of the original autcmatic magnetoeraph

of L. M. Kotliar (1959). The magnetograph allowea the intensity
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of the magnetic field (the longitudinal component) and the
radial velocities to be simultaneocusly recorded; efter'inprove-
ments on the instrument (1963) it again became possible to
register the brightness or-{;r measured strip, which is eQuiva-
lert to the heliographical 'binding' of it to sunspots and
chromosoheric formaticns (flocculi, filements). The first works
of G. TA. Vasil'eva and G. P. Bia.shin with the use of the mag-
netocraph led to results deserving attention. The observations
obviously could be interpreted in favor of the existence in the
photo3ohere of vhenomena which resemble sound (transverse) waves
and :Iwvity waves (lonzitudinal oscillations resembling the agi-
tati~ in a water glass in which a stone is dropred). Superposi-
tion (ihterferenée) of these waves gives the observed picture.
*Thus, the vhotoschere of the Sun is this continuously churning
ocean of gas,” as summarizes the referred-to werks of the author.
of the thesry himself.

Another direction of work was the develooment of ine ideas
of the Pulkovo astrophysicist E. E;. Perevelkin (1906-1937) con-
cerning the heterozeneity of the chromosphere. Although the
first observers (in the middle of the XIX century) compared the
chromos-~here with a "fiery orairie," emohasizing its heterogeneity,
they theoretically considered it to be a uniform layer in which
the "barometric formula® or a law similar to it operates. Pere-
ve'kin was the first to try to build a theory with tiie consideration
of the fact that "the chromosrnere appears like a g:thering of

a larse numher of separate filuments- prominences,” which only
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bstause of_fhe@r great number statistiéaiiy 'fﬁ;n‘é cbniinuqﬁa
sheil at first glance.” This representation was obtained in the
subsequent develooment in~the _works of V. A. Krat, T. V. Krat,
and V. M. Sobolev on the bazis of modern knonledze about the-
characteristics of olasma. The chronoaphere is consiuered to
be a trhnsitional layar. not in equilibrium. frOl the nhotosahero
jto the coronas it consists ‘of currents of gas moving upward and
downward in the magnetic field, which is “wound® irto . the plasma
and fofns with 1f>a single. whole entity.Abecapse of which the
chromesphere is-preééﬁtegA;s,being in quasi~equilibrium. It§
discrevancy consists of this, its "dialectic.” What is more,.
as far as the exnransion and pressure of the»gas (with the ascend-
ing and descending streams) in the magnetié field resulis innr
str~ng oscillations of temperature, a difference of temperature
can bYe observed in the chromosnhere (in that very same layer)
at the determined moments of time; therefore, lines of s'ich atzms
and ions can exist in the spectrum of the chromcsshere, the spec-
tral indications of which appear in non-identical »nhysical condi-
tions. The theory of the chromosphere in non-equilibrium was
not only worked out quanitatively, it was led there for the cal-
culation of numerical values of different parameters in their
comparison with observed data.

A significant quantity of work (V. N. Zu?kov, M. N. Sto;;n-
ova and others) was devoteil to the analysis of cpectra of Tlares
and nrominences. In 1958 V. A. Krat and L. N.\Pravd{;k observed

bands of continuous emission (a brigzht glow), the source of which
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ij‘pljééd inkth§‘§h0§939hefe. The phenomerion resembled chromo-
spheric outbursts, however, the outbursts were in the photosphere.
Hence, t@;;ihi%rence was suggested that outbursts can arise in
both layers of the solar atmosphere. The presence in the facu-
lated areas of the disgsemination of hot gas with a temperature

of about 50.000° was established by the same authors according

to observations of the lines of helium; such formations are called
"hot snots.” In 1956 T. V. Krat detected previously unknown for-
mationé in the chronoséhere in the form of dense clots, resembling
depse orominences- "chromospheric condensations.”

'Aifhirg direction of work was the solar service. On the
wnole these works were concentrated at the Mountain Station of the
?&ﬁiirn| astronomical Okserwlry. Systematic observations at Pul-
kovo have been conducted since 1957 in connection with the IGY,
they being organized at once with observations of the magnetic
fields of sunspots according to a method worked out by G. F.
vial*Shin. A year earlier the corcnograph of 1. A. Prokof'eva
beegan to work at Pulkovo, which was manufactured in the optical-
mechanical workshops of the observatery (to the inclusion of the
diffraction grating spectrograph) and which was markedly different
than the Lyot coronograph, the essential details of which (the
*artificial Moon," nlaying that rnle which the Moon does during
a tntal eclipse, and the "field lens," also connected with its
objective) were absent in the coronngraph of Prokof'eva. The
imace of the Sun was formed directly by the curved slit of the

snectroecranh, which fulfilled the role of the “"Moon." In other



171

respects, care was taken concerning the elimination of scattered
light inside the instrument. Since the time of its establishment,
the new coronagranh, much simonler in design, allowed photozraphy
of the green and red lines of the sclar corona to be carried out.
The observations were regularly conducted, practically at sea level
(tozether with the tower, the height of the installation was about
90 meters above sea level), which by itself testified to prosress.
These observations were not included in the solar service, but the
coronagraph was successfully utilized for the study of the charac-
teristics of coronal lines, weak snectral lines of nromirences
and chromospheric outbursts. In varticular, coronal crndensations,
which T. V. Krat first detected in 1949, were investigated in de-
tail by I. A. Prokof'eva.

The oublication of the monthly bulletin "Sclnechnye dannye"
(edited by Eﬁ. I. Vitinski;). in which, besides urgent data of
the services of the USSR and socialist countries, short scientific
renorts are published. has a direct relation tc the solar service.
Tl 2 buvlletin has been published since 1954 by Pulkovn Observatory
jointly witn the Commission for the Investigation of the Sun of
the Astron-omical Council of the Academy of Sciences of the USSR.
Aorendirces to the bulletin have apneared every half month since
1962: detailed maps of the magnetic fields of sunsoots are circu-
lated to observatories and interested participants in the form
of a separate brochure. Pulkovo continues the publicati-n of the
"Cataloes of Solar Activity.”

A frurth dir=ction of work w.2 the creation of new instruments.
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Concerning many works of this genre, we have bcth already spoken
in general and in connection with solar irvestigations, but atten-
tioﬂvuet once more be turned to them, as these works undoubtedly
have to do with a number of imbortant achievements of the obser-
vatory, which stimulated all its subsequent observatiocnal and
investigational activity. In 1967 one more solar telescovne was
osut into operation at Pulkovo, the AEEUbS (diameter of the coelo-
stat mirror, the supolemenrtary and main mirrors D = 440 mm, the
focal distance of the main mirror f = 1750 cm, the secondary focus
of 60 meters, the path of rays horizontal), placed in a special
stone room not far from which was situzted a separate laboratory
location, but which was connected with it by communications. The
telescone was supnlied with a four-chamber isothermal diffraction
svectrogranh of high resolving nower, the design of which was
Principal OB servatory
worked out at the A - Astronomical.- A -*; the spectrogr~ph
was constructed ard built by the staff of the observatory. 1In
accord with the name ¢f the apnaratus, four portions of the srec-
trum can be simultaneously »hotographed. A second feature of it
c~nsists of "scanning" the solar surface. The image of the Sun
from one edee of the disk to the other passes over the slit of
the svectrogranh, which cuts ~ut a portion of +he surface (with
a size un to 45" X 180"). The photographing of spectra is auto-
matically carried out over different s»ans of time. In such a
way the sovectrograph gives information of the physical conditions
of the determined region of the solar atmosphere in three measure-

mentst the slit cuts out an area, and the picture of the phenomena



173

gecording to height is determined by the instrument in one or
anﬁther portion of the spectrum. A spectrum ottained with high
disversion contains abundant information about the magnetic field,
radial velocities, relative intensities in the soectral lines

and the "continuous backeround,” from which the reductions and
calculations infer diverse physical characteristics.

The creationr by fl N. Karpinskiz and N. I. PeghinskaE; of a
double ciffraction spectrogrzaph with digital read-out in 1969 was
another achievement in this realm. Works on the construction of
a vhotoelectric monochromator for the double diffraction instru-
ment were begun by Karpinskig at the end of the 1950's; the first
results were nublished in 1961-1963. The new instrument allcwed
"ghosts"” (imaginary spectral lines peculiar tc diffraction gratings)
and scattered light inAthe spectrograrh to be nractically completely
eliminated. Thanks to tris, ccntours of the Fraunhofer lines were
obtained in clear view, which, undoubtedly, cromoted the study of
weak snectral lines which mazke up the busis of the s~lar s~ectrum.
The subsequent imnrovement of the instrument in combination with a
calculatrry-deciding mechanism led tc the creation of a comnletely
orizinal srectrophctometer.

On a orincinally different basis, with the use of image
converters, A. A. Kalin;;k develooed a differential
method of determining svectral distinctions in the photoschere.
His method was applied to the expcsure of ver, faint Fraunhofer
lines and to the study of all sorts of sovace-time variatiocnc on

the Sun and in the solar svectrum. The striving towards multi=-
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regularity of information led to the realization of a model of
a twp-chamber coronagranh {(on the basis of the coronagraph of
Prokof'eva), which allowed synchronized observations of the solar
corona to be produced in two wavelengihs with an arbitrary time
span between them. For monochromatic observations of the surface
of the Sun A. V. Merkulov worked out a scheme and constructed a
model of & "static srectroheliograph.” Especially important was
the participation éf Pulkovo astronomers and inventors in the
creation>bf stratospheric astronomical stations and their out-
fitting, iﬁféﬂded_for direct pictures of the Sun (granulation)
and the pho%ﬁéraphing of solar spectra (ultraviolet and visible
gpectra ;ﬁ,the>centrg; and edge portions of the Sun. corresponding
to the photosphere and chromosphere).

fifth direction of work was radio astronomical observations.
Investigations of the Sun with the use of radio telescopes were
carried out at the time of eclipses (partial, total, and annular)
on site (at Pulkovc with the GPR) and with the departure of expe-
ditions to regicns of eclipses. Attenticn was concentrated on the
study of bursts of sclar radio radiation, which hapnen at the
beginning of chromnspheric outbursts, and local sources, which ar
1ifferently called "radiosrots." The study of the latter i: es-
pecially favorable at the time of eclipses since, with the hiding
of them by the lunar disk (then with the emersion) one can con-
fidently determine (localize) their locations on *he disk of ti:2
Sun and compare them with objects observed optic=:.ly. Such a

method increases the possibflites of small rzdio telescopes. The



175

larye Fulk~ve radiotelesc~oe, ncssessineg a significant resclving
rower, allows observations and the localizatizn sf socurces to be
carried out at any time (outside eclipses, but during the passace
of the Sun thr~ugh *he meridian- the directicnal lay~u: of the
~ienna of the radi~telescone). Therefcre, the GF'  -~s used
escecially at the time of the IGY for the organiz.ticn of simul-
tz~e~s chservatirns of chromoscheric outbursts and bursts of
radio raiiaticn with ootical and radio astro>nc - cal methods.
Both methclds give similar results for the determination of the
avezrage *emeratur~ of the sclar ccrorz, but do not always acree
r= the idert.fication of local scurces. Thus, according to data
of V. N, Iggsa'ova. radiosvots often do not ccincide with sunsnots.
As a result o. diverse observa.ions, theoretical estimates
»»i :prve-t discussions, Pulkovc radio astroncmers (C. B. Gel--
fre;;h. V. N. Iiﬁsanova. N. S. ?cbrleva.k.?.Moléhanov and others)
*constructa2d . m~uel” of local! sources in the form of condensa-
tions of corecral gas, disposed above tne photeschere to a height
cf D0.75-0,.57 s-lar radii, ar which do not coircide with cecronal
e~nlenszticns (hserveu ovtically. Investigatirrs ot bursts led
A. T, Dravsxikh ard C. F. Gel'frei;h to the ccenciusion thu. the
hurs*s of radin razdis’ ion arise in regions with a strong an.gnetic

rield und A temnerature vnich sigrilicartiy exceeds tThe ave - .ge

)=

ter 2 ture ~f the cor~na .ntcui 1 millicr deegrees) and wh.ch
re .rh tore ~f Ril icns of aecrees. The result seemed unlikely,
rar o0n aftar 1t was c~r-Tirmed. Accord re tc datx of measure-

rer~g cf K-va,; r~dii.i n f the 3Sun cblained oy r~cket. it turred
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out that zcnes of exceotionally high heating can arise above
the visible flares. Pulkovo radio astronomers were the first
to note this. The mechanism of fcrmation was obvious: with the
strong heating, portions of the coronal gas acquire velocities
on the arder of 1000 km/sec, which exceeds the velocity of
escave for the Sun (619 km/sec).

A sixth direction of work vas the investigation of the nature
of solar activity and its manifestation in the solar svstem. I3
frllows iere to merticn the works of bB. M. Rubé;ﬁev ard his grcuo.
At the oresent time it is quit2 evident that a convecticn zone is
the main czuse of all active formations on the Sun. Therefore,
oraceeding to a working out of a theoretical method of predicting
relative Welf numbers, B. M. Rubagiev becan with a detailed study
of the churacteristics of the avective zone and subohotospheric
stratification. Having crvated a theory of the ccnvection zcne
as = houndary layer, he found a new methcd of determining the
thickness of the ccnvection zcne. In principle, the trickress
of it is fixed by the sizes of sunsrcots: the larger they are, the
deener they lie. H2nce a rough calculating method of oredicticn
came abr~ut, however, it still did not give the Wolf numbers.

These works centinue.

Emnirical-st:tistical mrothods of orediction of sclar activity
were simultanecusly work=d out and im:r-~ved at Pulkovo (A. I. 01°,
;G. I. Vitirs'f:‘. They turned cut to be less crude than the
calcula*ory met.od. Predictions of Wolf numbers, mzde uc on their

basis, were used by fecnhysicel and radiophysinal institudes. A



laree quantity of work on the problem of the "Sun-Farth” be-
lonced to B. M. Rubashev. In particular, he prorosed a method
of calculation of the heating of the lower ionoschere (with a
he‘ght of 100 km above the terrestrial surface) according to
the observed characteristics of magnetic storms. As far as
meteorol~gical chenomena are cornected with the heating of the
upover atmosphere, the method, tesides other applications of it,
was used for the elucidation of the character of the influence
of solar activity on weather. Rubdg;ev showed a direct manifes-
tation of solar activity in the lower layers of the atmcsohere
(tronosrhere), having established the connecticn of the intra-
yearly fluctuations of sclar activity with types of atmospheric
circulation. The prresence of such a connecti~n helped in the
wrrking out of lonz-term meteorolceical predictions on the basis
of the vredic’ior.s of Wolf numbers. Finally, Rubagiev detectied
a manifestation cof sclar activity in the variations of brichtness
of the nlsnets Juriter and Saturn, pericdical changes of ire
zZonal roctatien of Juositer, etc.?

Thus, from "high matters,” from sclar n cer in its turning

hot c~nditicns (i~ the "fourth state"), tocether with them, a

9The examined questions are surmari‘ed in detail in the litera-

~
ture: B. M. Rubashev. Problems of solar activity. Moscow-Lerinerad,

—~ .
19643 TU. I. Vitirskii. Predictions of solar activity. Moscow-

Leninsrad, 1943; The morohology of sclar activity. Lenrinerad, 1966.
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rather insignificantly small part of it, having varted comnany
with the Sun in the form of a seaz of highly agitated charged
particles, ve mentally return to our Earth. The value of sci-
ence, esvecially natural science, is often measured by its prac-
tical avplications. Thies was proven in full measuie by the

examhle of solar investigations.
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NYSTERIES AND PROFOUND SPECULATIONS

Nodern astronomy contains two extensive rezlas of inves-
tications especially closely related to philosophy. They are
cosmogony and cosmology. They do not correspond to that divi-
sion of astronomy which was formulated in the middle of the XIX
century and was severally enlarged till the middle of the opresent
century, in accord with which all sciences concerning the sky
were subdivided into astrometry, celestial mechanics, stéilar
astron-my, 2stroohy:ics, and radio astronomy. Envelcosing all
areas of astronomy, cosmogony ani cosmclogy simoly advanced as
two immense oroblems because of the immensity of their objects-
the whole universe.

Pr:aly, cosm~gony, not following from the literal meaning of
its name (the origin »f the universe), divides up the universe
into sevarate, characteristic “cosmic forms," in which material
in the universe exists, and studies questions on the origin and
develooment of celestial bodies and their systems, and not the
entire universe. Cosmolcgy does not divide up the universe and
considers the universe as a single whole. Literally, very little
had b2en devoted to this subject; the twofsld presentation cf the
guestinn was connected with the General Thenry of Relotivity,
wrrked ~ut by A. Einstein in 1915-1916. Models of the universe
as a whnle anneared after 1917 on its thecretical! basis (the first
‘rdel belnnoed t~ Linstein himself), which, thanks to and only

thanks to such a oreseantation, questicns led in gener.: to a onic-
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ture of the ultimate universe in space and in time, in spite
of tﬁe historically assembled representation concerning the
limitlessness of the universe.

The contradiction challenced many areuments. At times
they flared uv and intensified, taking on an ideological color-
ing, at times they subsided but did not come to an end. Cos-
mog~ny, dbreaking into vieces its own object of knowledge, was
the arena of less violent battles, dbut, in essence, if the limit
of the universe were to be proven by cosmclogy, the procblem of
its origin wzuld quickly arise, and this oroblem would signify
cosm~rgony in that orimary and direct meaning of the word, as
it is understood in myths concerning the origin of the universe
reaching us from mary ancient countries (Indians, Egyptians,
Jews, Greeks and others). Both problems for a locne time were
organized on a scientific basis. However, the decisicn of di-
verse guestions of cosmclogy and cosmogony in an essential way
derends on the accunulati-~n of facts, observed data.

Generalizations of the achievements of astrophysics, stellar
stztistics and stellar dynamics led to definite conclusions con-
cerning the age and directions of develocment of stellar systems
of di“ferent classes, several tynes of stars and other forms of
cosmic matter. Here it is sufficient to mention the works of
the oviet astronhysicist and academician V. A. Ambar%sum{;n or
the investiration of stelluar associations, th: stability (and
disintegrati-n) of stellar systems and multiple systems of gal-

avies and nther thiras. His conclusinn (1947) concernine the
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fact that, "the formution of stars continues in the galaxy at
the opresent time,” forced the models of the universe to be im-
proved, accord*ng to which the birth of galaxies and s:iars is
computed as occasional and is unambiguously connected with an
“act of creation.”.

The newest achievements ir radio astronomy- the discovery
of quasars (1963) and the backeround radiation (1965)- led to
arguments over the use of the :-osaclogical model of an expanding,
hot and overde.nse universe in the past. Now it is possible to
quote the words of the academician il. B. Zel'dovié;: “the theory
of the expmanding univrrse is one of the most imnortant achieve-
ments of science of the XX century."1 Radio astronomical obser-
vations confirmed the predictions o7 .a. theory that shows a
criterion of truth in any theory cr hypcthesis (at the borders
of its applicability).2 Born with the theory _f relativity, it

”\ ~—
1IA. B. Zel'dovich and I. D. Novikov. Relativistic astro-

physics. Moscow, 1967, p. 387.

2The theory of +n- ‘rez miverse dernicts the Metagalaxy-
the surersystem uvnit Y 1 galaxies~ in its -resent
state in a ohas: - r', 2vidently, was rcreceeded
by a state with -, = ificantly higner tem
peraiure. Only t. ‘.l = "1 adio radiation confirms
this and the calc. o : 3 +. 1 udensity of “he distribu-
tion of quasars, 1i? J - . neidered, which is highly likely,

as a pregalactic form of a:t.:r. C(bservations never say anything
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also demcnstrated the power of its parent. Henceforth, rela-
tivistic theory took its stand with 2 method of cogniticn of
the universe. On this basis arose, and in a very short time
develoved, a new realm of astronomical science- relativistic
astrophysics (or rather, the modern theory of eravity) in the
canacity of a orincinal element for the decision of astrophys-
ical oroblems, especially oroblems of cosmclogy and cosmogony.
However, it does not follow to overstate the all-embracing
meaning of it. The mathematical apparatus of the modern theory
of eravity brilliantly justified itself as the mears of know-
ledee of the Metagalaxy. It follows tc once again emphasize
how telescopes and radio telescoves reached the bouniaries of
this indeed immense supersystem, and how the thecry described
the scales of it along general lines, qualit.tively. Quantita-
tive correctisns (they were also essential) b.- -at in the re-

sults of observations.3 Observations also allow=d a suitable

about the fact that the superdense state was primal, c:asequently,
they do not serve as a c~nfirmation of the nrimary phases of the
state of the universe, which the theory calculates in detail and
affirms.

3In the 1930's, on the basis of treory, the "radius of the
universe” was computed t» egzual 1.8 billion light years. At that
time it was thought that the 100-inch Mount Wilson _lescone
penetrated to a denth of the universe to one half of its "theo-

iretical radius.” In order to reach its "border"” a telescone w'th
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choice among various theoretical modeis of the universe to be
made. In this way much information concerning the Metagalaxy,

in varticvlar, the confirming observations, could be considered
as sufficiently orcven. This cunfirms the theory of an expanding
universe, although on the whole it still is far from being com-
oleted. All the more erconeous was the assertion of the advo-
cateé of the universality of the new theory concerning the fact
that it includes the whole universe. It depicts the Metagalaxy,
amd not the universe, and there was no necessity to identify
these two different concepts. If the theory led to the conclu-
sion about the limited nature of the universe, then it says, of
ccurse, nothing about its weakness concerning the limited nature
of the sohere of its applicability. Any physical and mathematical
thecry is urecisely such, because a theory builds on the basis of
limited practice and does not allow a limitless extrapnlaticn.

Only a correct combination of thecry with practice (the verifica-

twice the size was constructed. Socn it was established that
measured distances must be doubled and in this way it turned out
that the new 200-inch telescope detected otjects (galaxies) at
distances tc 4.25 billion light years. Naturally, the "theoreti-
cal radius" had to be adjusted to those thinegs which were obser-
ved. Then it once more !ad to changze, when objects (quasars)
were detected by radio telescooes at distuances of 9-10 billion

light years.
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_tion of theoretiesl conditions of observaticns) and methodology
(the *heory of knowledge of dialectieaA naterialisn) can lead to
the disclosure of yet unknovw mysteries of the infinite universe.

Sciepce does not repuqiate. and has no basis by which to
repudiate the existence of other metagalaxies. It is possible,
*:there already is sone set of observationdl data in favor of their
-existence. only we are not able touresen*ly examine all of the
abe;a;nce"arwsacts, and are not ab:e to decipher their aufhentie
meani-a. Thus it was, for example. with galaxies. Seientists
bdndered the existence of cther galaxies. In the 1840's A. Hum-
bolss expressed thoughts on "world islands," or "island universes,"“
as those objects wese called in the first thifd of the XX century.
Astronomers even ﬁade available observational data. As far back
as the end of the XVIII century ¥. Herschel cbserved "unresolvable"
nebulae," among which were galaxies. However, only in 1916-1920
were they deciphered, as a result of which it was proven that
astronomers for a long time had come into contact with extra-
galactic objects- other galaxies. The accumulation of facts
and new, powerful’means of observations were required for the
proof.

Works of Pulkovo Cbservatory in a large part related pre-
cisely to the accrumulaticn of cbserve:iional facts. Its rule in
the decision of cosmogonical and cosmnlogical nroblems can be
described as modests the role of any observatory is such, if a
4

scie~tist does not have t» work on theoretical generalizations.

Howerer, at Pulkovo they had and have a olace. As far back as
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W, Struve, one of the problems of cosmology- thé‘bﬁofonetrical
‘paradox- was come into contact with and was successfully handled
‘at tﬁat time by them. Later, in 1929, A. A. Belopol'skif'attenpted
to uncover the non-Doppler explanation ofvtheA'ted~§ﬁift.'5 iIn

“!he ‘more" significant inveszigations in the realnfof COBMO-
logy and cosnegc*" are connect;&~with the nanes: A. Rinsteln. A.
Eddington,ﬁ%g_c. Lemaltre. J. Oort. F, Hoyle. and also.Saviet |
scientistsl A.A. Priedmann V.. A. Albartsumian. B. V. Kukarkin,
Y. G. F-senkov, O. IU. Sﬂmidt. IA. P. Z°1 doviuh and others.

S5fhe “red shi.t* is the displacement of the spectral lines
in the spectra of galaxies toward the red € 1, which, in accord"
with the Doppler principle, signifies recession. For galaxies
it means literal 'pééession.“ as the velocity of their recession
is propo;tional to distance: the furt'er they are observed to be,
the fas{;f:they recede. Precisely this law (Hubble's law) served
as an experimental basis for the “"idealistic® tr2ory of the ex-
nanding universe. Belopcl'ski;’attempted to give a material ex-
planation of the "reddening” of the light on the basis of the
*aging" of quanta, robbing them of energy: quanta traveling in
space for hundreds of millions of years lose energy, which is
equivalent to an increase of the wavelength of light (a disclace-
ment toward the red wavelength side). The explanaticn of Belo-
pol'ski;. however, met insurmountable difficulties of nurely

rhysical means.
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the 1930°'s Pulkovo astronomers (B;'P. Gerasimovié;. A. F. Bogo-
rodskii. M. S. ﬁ;gensqn qnd.o£hers) carried out a whole series
of works of a serious theoretical nature. In the post-war years
V. A. Krat published—spng quantity of diverse investigations on
the questions of cosmpgony.('On the develooment of stars,” "The
Afiginrbf the solar sySfégg"létc.). | ; |
| In 1953 V. A. Krat suggested a proper hyoothesis of th;
q;igin'of the solar sySﬁém whicb,‘in_hig opinion, was formed
from a cloud of solid particles:of,coméf-like tybe. The Sﬁﬁs
itself at the time of formation of the planetary system had
jéased through several stages in its developmenf. The forma-
tion of the outgr vlanets took place in that period when the
- Sun was a hot B-type star with a mass of 5.5 presently sclar
masses. All material inside the orbit of Jupiter evaporated
because of the high temperacure cf the Sun. Subsequently, the
star (Sun), according to V. A Krat, underwent - evolution
through the Wolf-Rayet, f Cygni and red giant stages. The
star passed through these stages (from B .star to red giant) in
10 million years, i.e., "very quickly,” according to the age
scale of the ®uu. As stars of Wolf-Rayet and ( Cygni tyre are
distinguished by‘a rowerful outflow of matter from the surface,
that Sun passing through the corresponding stages had to have
*lost" a fundamental part of its matter, and its mass at the
red giant ohase could not have exceeded 2.2 times that of the
present. The red giant nhase was also not pr longed because of

the loss of matter for a different reason (with the large radius



187

;1iof the red giant. the 'veloclty of escape ot partlcles was net

:great). The inner planete (planets of. the terrestrialogrouo)

:}i7were fotmed from the rest of’the dusty cloud, brought neéarer -to

‘fcfthe Sun,thanks to an inhalation of. material thrown out from thie

‘i'"Sun&during the star's WUlf;Rayat stage. Aftnr the forwation of

;tha‘planets and the ulssipation ot the fundamental‘-ass of matter
"thh the Sun. the "life ‘of the‘sular saa%em over;ihe‘couzse of

7b111ions of years lansed 1&%0 a" “tranquil situationa * reminiscenmt

B i ! k3 -~ -% :L"‘

of the present. e ‘ )
A positive aspect in the hyoothesis of VZ a. xrat was the
fact that he was the~first to attemnt to take iwfo account the
possible change of the Sun Itself during the oerlod of formation
o. the olanetary sy°tem and in the~ear1y period of its evolution.
With this; the formation of the planetary system. according to
his h: nesis. hapoened mere or less simultaneously w1th the
procoss of - formati cn of the central luminous object. In his ar-
ticlés V. A.kKrat expressed original understandings as regards
the formation and evolution of the galaxy, gaseous-dusty nebulae
and stars. A "corpuscular instability"” plays an essential role
in the develooment of stars (a principle formulated by him in
19¢3), consisting of an accelerated dissipation of the atmosophere
of stars ovcssessing gigantic sizes and & high temperature. Svoer-
massive hot stars,subsequently losing mass,quickly undergo evolu-
tion. They follow tn be related to voung cbjects which formed
*not long a<o." At the present time such stars are observed

only because they still have not ggcceeded to undergn 2volution
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qng advance in their develouoment to +he clAss of- "later” stars.
The age of young stars estimated by V. A. Krat was in agreement
with estinates of V. A. Ambartsumian. Y. G. Fgsernkov and other
autﬁﬁrs on the basis of different considerations.

~AAs regards Works which were cohtributing'te the accumula-
tion of data of ébservaxions. any astrophystca; and stellar- =
astrenomical investigriiins were of intercst for cosmoZony. Work
on the nhyslcs cf nlanef and stell ar astronomy were elucidated
-in the orevxnus chapter; now the question is one of works on the
nhysics of stars.

The work of C. A. Mel*nikov attracted great interest in this
area. - 1944 he compieted an extensive spectrophotometric inves-
tiga ion of Cephelds on the basis of observations at Pulkovo and
Simeiz in 1936-1939. Because of the circumstanceg of war time,
the work was only published in 1950. In several senses 0. A. Mel'-
nikov continued the line of investigatioﬁs of A. A. Belcpol'ski;
ard I. N.Lghman-Balanovskaig. However, he gave a profound analysis
of the rhysical conditions in tha atmnsoheres of Cepheids and a
complete oicture of com~lex ohencmena in them, on the basis of
which several inferences of a ccsmogorical nature could be mace.

A second part of the work contained a statistical inveztigation

of lone-peri~l Cenheids. The fundamental iosult of Mel'nikov's

irvestigationr. was a more crerise determinatic of the magritude

of cosmic ahsorotion of i1ight and ih2 zero--point ¢f the "pericd-
luminosity" curve.

In accord with the new zero-point, the nersured distarces
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in the universe had to be .r- ecased by aporcximately 1.3 times.

It fnllowed t~» increase ihe linear size of tke Andromeda Nebula

6Por several classes ofxso-calleé physical variable stars,
for classical Cecheids, clunzter-tyce variables, etc., t-ere exists
a devendence, established kijOngcvations. between the vceriod of
variability and the brixhtness, or more precisely, the luminosity,
i.e., with the general quantity cf radiated stellar light. Tharks
to this dependence of the period of change of the brightress, which
is comparatively easy to observe, it is not difficult to establish
an a®solute brishtness of a star. But the absolute briehtness
would bear witness to the true lumin~sity of a star if all stars
were situated at an identical distance. As the light of the star
decreases oroportional to the square of the distance, the observed
brigh*ness of a star (the apoarent stellar magnitude), in compari-
son with its absclute brishtness, allows the distance to the star
to be determined. In this way the "pericd-luminosity” deopendence
allows the distance to variable stars to be determined on the
basis of the observed stellar magnitude and the veriod of varia-
tion of brightness. This dependence is also c-nfirmed thecreti-
cally, only from c-servations it fcllows tc determine the zero-
point of the "pveriod-luminosity®" curve, but for this it is neces-
sary tc know several initial distances, which often have to be
estimataed with indirect m~thnds, and besides this, it is necessary
to determine the mag~itude of the cosmic abs-rotion of light.

"All intrieacies” of method are c-ntained in this.
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in the same orovortisn, which still more (not only by structure,
but also by the actual size) made it similar to our galaxy. Some
time later, in 1952, W. Baade, utilizing results of prcoer obser-
vations with the helo of the 200-inch Palomar telescope, estab-
lished that intergalactic distances had to be doubled, which was
agreed by international decree.

It is necessary to mention that the determination of the
scale of distances, or the zero-point of the “periocd-lumincsity"
curve, decends on the fagt that this h-lds for any grour of stars
as far as they éan beloné to different "posulation types," wh'ch
can lea2d to different results.7 *Cluster-tyoe variables," which,
howsver, are not observed in neighboring galaxies, as far as they

are very faint, give a more certain result. Therefore, it is

7In 1943 Baide sh~wed the diverse make-up of "stellar ncoula-
tion.” All stars in the galaxy (and sther stellar systems) can
be suhdivided into two tynes: I- the “population of the planar
comoonent,” which is found in the arms of spiral galaxies and
in irregular form galaxies; II- the “pooulation of the snherical
comoonent,” characteristic for the nuclei of galaxies, globular
clusters and elliotical galaxies. The works of Soviet astron-mers
(B. V. Kukarkin, V. A. Ambarggungn and others) of tha* neriod
showed earlier *nat tyoes of "stellar populatinon" were nore diverse,
and that the affiliation of stzrs to one or annther type is deter-

mined by their "genetics"- the community of "genealngizal lines.”
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desirable to have relizble scales "gracduated® for different
tyoes of ohysical variables. (. A. Mel'nikov often returned
to work on a more crecise determination of the zero-pocint of
the scale of distances with the calculation of all sorts of
circumstances, in varticular, the make-up of “"stellar popula-
tion.*”

The works of the astroohysical school of V. A. Krat and
0. A. Mel'nikov were diverse. On the whole they were carried
out with the metheds of soectrophotometry and electrochotcmetry.
The objects of study were stars of different spectral classes,
situ=ted at different stagzes of evolution and on different
oaths of develomment. Highly comolex ohysical characteristics
were obtained for stars making uo phontometric binzries. Con-
cerning the abundance of material, a list, though short, is as
follows: svectrophctometry of the ecliosinz variables u Herculis
and RS Vulpeculae (N. M. Gol'dberg-Rogozinska{é). an investiga-
tion of hot suverziants in eclinsing binary systems (A. N. Dadaev),
electrophrtrmetry of subgiant sturs (A. V. Sofroni;sskii). colori-
metry and snsectrnnhot~me*ry of subdwarfs (K. Kaléiaev. A. N. Demi-~
dova). Quantitative analysis of the c~ntinucus spectrum and
snec*ral lines (soectrophotometry)- a more productive method of
studv of the nhysical c~rnditions in the atmospheres of single
stars- was annlied in all cases when the means of cobservaticns
were allowed, in ovarticular for the study; of "white” and "yellow"
suvergiants (T. M. Fofanocva), stars in the Coma 3erenices and

Pleiades clusters (N. N. Gorokhova), “"opseudoce ‘hei-is” (V. S. Porov),
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and magnetic-variatle stars (T. N. Kuznegéova). This method

was utilized for the study of the interstellar absorbing medium
(N. V. Bystrova). Now it is oossible the time has come to Some-
how summarize this material, which was odbtained over tws and

one half decades.

Two more investigations were closely related to these works,
which were connected with the workineg out of methcds, but which
were imnlemented side by side with observations taxen for the
verification of the methads: the determination of stellar radial
velocities by means of a direct visior objective prism (L. A.
Panaiotov) and a ohotometric study of 15 sviral gaiaxies (D. E.
ggaﬁezclev). the result of the latter merits special attention.
The investigated galaxies have, according to the chotometric data,
simila~ structure: the srimary cart of the radiation is created
by stars of the "snherical comconent,” which ferms the continuous
backzround of the nebula; the sniral arms c~-nsist of stars of
the "ovlanar comoonent."” Absorbing m:terial is ccncentrated in
the galactic plane less strangly than stars of the sniral arms,
but more strongly than s-zrs of the backeround. Cur g:laxy orob-
ably lo-ks like that from outside.

The wnrks of N. A. Kozyrev stand by themselves, irn which the
nreohlem of the interaction of cne bady (of a mechanical com-:lex)
with an~ther is studied as a nrincipal theme through the chanse
of the nr-perties of time on acc~unt of the z~ines-cn in their
irraversihle (cause and effect) orocesses. Cnly with such an

interacticn, accordinz t~ Kozyrev's ooininn, can the rhysical
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features of the components of double stars be exolained, which
were discover=ad by him on the basis of a statistical investiga-
tion and which consists of the fact that that the components of
small mass and size seek to come closer, according to their

means, to the more massive comwonents, and thi- is made notice-
able because of the deviation from fundamental stellar-statistical
regularities, before all from the "spsctrum-luminosity” diacram.B
Kozyrev attemoted to investigate the universal orenerties of time,
determined in astronomical orocesses, experimentally and in labo-

ratory conditions. The appyendix to his “causal mecharics,” inci-

dertally soveaking, contradicting physical cancns, was highly diverse.?

8The *spectrum-luminosity"” diasram is one of the fundamental
laws of conformity of stellar astronomy and astrophysics. It was
first constructed by E. Hertzsorung (Holland, 1911), and some time
later, and indevendently from him, by H. 3. Russell (U3A, 1913),
which is why it is sften called the Hertzsprung-Russell diaeram
in nrevious literature. The modern diasrams are unusually involved
and are strongly distinguished from the originals, but on all, as
before, one can nick out the main sequence branch of stars, on
which the stars of greater mass and luminosity corressond to the
hntter stars (stars of the earlier snectral classes). This diasram
und~rubtedly has a "genetic" and evolutinnary meaning for all
classes and suhclasses of st:rs.

9The nrohlem of the orcperties of time was set forth by h. A.

Kozyrav in the brnk: Causal or non-symmetric mechanics in the
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At last, from the investigations in the area of gptical
astronomy, it follows to mention the work of A. A. Kalin{;k.
carried osut jointly with V. I Krascvski? and V. B. Nikonov,
according to ohotozranhy of the galactic center in infrared
ligcht. The existerce and location of the galactic rucleus
wags established on the basis of the rotation of the galaxy,
ohserved for stars. However, such a mighty and compact stellar
cluster at the center, which theory prescribes and which is
visible on vhcotogranhs of nther s-~iral gzlaxies, we do not vis-
ually observe in our g2laxy because of clcuds of absorbing mat-
ter (in the constellation of Sagittarius), which obstruct the
galactic center from us. Phctography carried out in 1948 with
imagze converters at a waveleneth of about 1 micron, distinctly
show the structure of the galactic nucleus.

The young science of radio astroncmy thrust oper a new
“window to the universe,” which impetuously developed in the
years after World vWar II and which made at this time important
discoveries of great significance. 3efore all, radio astron-my
decisively chansed the previnus view cof the universe as some-

thing which stands its ground, changes extremely slowly,

Principal Covervasry
linear approximation. The A Astronomical A » Lerinerad,

1958, ani an :rticle nublished in the collection: The history
and methodology of natural science, v. II. Physics. Moscow State
University, 1963, pp. 92-106. An astrophysical sur-lement con-

tains more snecial articles.
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invariable over the extent cf billions of years, and is almost
unfathomadle -in its evolution. Undoubtedly, the disccvery of
violent, energetic and short-lived processes has an influence

on the success of modern cosmogony and cssm~logy. Not quite so
fantastic now, as :t was perceived in 1948, seems the thought,
exsressed by V. A. Ambarggumian concerning the possible existernce
of “crotostellar bodies,” from which the observed stellar asso-
ciations are bern by means of an explcsicn. Explesions in gal-
axies, far more rowerful than had bheen supvosed, were established
by radic astronomical methcds. The Priedmann-Lemaitre model of
the exnanding universe came to be ovreferred in place cf the
stable-equilibrium cosm~lcgical models of the universe. This
very model was transformed fra@ the thecry of a one-time forma-
tion of all galaxies ard starslﬁxothe "bics bane" theory, or the
“catastronhe which apneared at the beginning of all catastrophes”
in the universe.

Radio astronomical investisations still have that signifi-
cance for cosm~:ngy, thanks tc the colossal pcwer of the erergy
sources with which radio astroncmy dezls; they allow the decths
of the universe to be nenetrated at significantly sreater dis-
tances than contical astronomy. Truly, quasars (quasi-stellar
radio scurces), which allow this to be done, at first were als»n
taken to he the objects (massive suvers*ars) predicted by F.
Hoyle and W. Fowler in 1963, precisely on the eve of the dis-

covery of quasars. The disnlacements cf the lines observed for

quasars can be internreted not only as cosmeclogical (Dopnler-like),
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but also as gravitational, being calculated for collapsing
superstars.lo In this case we would be dealing with objects
situated comparatively nearbty, although beyond the limits of
the galaxy, and which would sooner be of interest for cosmogony
than for cosmclogy. However, there almost remain no dcubts now,
tha; the displacement of the svectral lines for quasars have
the Doprler-like interpretation and that these objects are

situated at cosmclogical distances.

10Gravitational collapse, understnod till now only theoreti-
cally, is the fall of the mass of a superstar towards its center
with the velocity of light or rear the velocity of light, if the
raiius of the star for some reason is less than the critical gravi-
tational radius for the nhenomensn of collapse. Principally,
however, a collapsineg superstar cannot be observed: it closes
not only matter inside its volume (with a radius ejual to the
eravi ta tional radius), but also radiation. It can be produced,
but the material inside such a sghere must undergo a degree of
comoression such that the gravitational radius for the Sun (or
a body »ossessing its mass) equals 1 km, and for the Earth, 1 cm.
The concept cf gravitational radius (sometimes it is called the
Schwarzechild radius) was introduced by the German astronomer
Karl Schwarzschild (1873-1916), and had made significant theo-
retical enrichments in different areas of stellar astronomy and
astroohysics, in particular, those which led to the theory of

radiative equilibrium in stellar atmosnheres and which advanced
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When in 1954 a department of radio astrcnemy w:s organized
at Pulkxavo Gbservatory.11 already over 20 observatories and in-
stitutions on the terrestrial glcbhe (of vhich &4 particinants
wore from the USSR) had been oroducing radio astroncmical ob-
servations. S. E. g&ézkin (1901-1968), a well-known scecialist
in the areas of mechanics and radio nhysics, created”and headed
uo the new section of the Princical Astronomical Cbservatory. Since
1968 the talented young scientist gb. N. Parizskiz has directed
the section. Still, up to the organization of observations at
Pulkovo, naturally, a question arose concerting the»chcice of
working wavelengths at the limits cf the "window of transparercy"
for rzdio waves, which was deﬁéned by the characteristics cf the
terrestrial atmosohere, which lets in radio waves in a range

from millimeter tc decameter lenzths. With this ch-ice was ccn-

nected annther question- ccncerning the nmost rational constructicn

the first theory of the interior structure of the Sun and stars

(1905).
~ 1lAt the end of 1969 the denartment of rudio astronsmy had

~

an influence of the SAO (Special Astr-ohysical Cbservat-ry of
~

the Academy of 3ciences of the USSR, Zelenchukskaia villace,

Nerthern Caucasus), for the time bheing remainine at Pulkovo.

Cnly a sroun of r=dio astronomers-helicphysicists making ur the

denartrment of s-lar nhys’ns was retained with the Prircipal

Astron~mical Chservatory.
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of radio telescopes. Almost all observational stations worked
then at the most advantageous meter wavelengths. According to
a series of considerations for the work at Pulkovo a range of
centimeter Qavelengths was chosen. It to some degree "prede-
termined” the construction of the radio telescope, the original
decision for which was made by S. E. Eﬁaikin and N. L.‘Kazdanov-
skii. A

With the erection of the Pulkovo radio telescope it was
sought to achieve the maximum possible resclving ppwér (about
one minute of arc at the chosen wavelength of 3 gm).‘ The resolu-:
tion of a radio telescope (reflector), aggfof"an optical
telescope, is prorortional to the wavelength and inversely pro-
ovcrtional to its diameter; given both quantitiés (the resolving
power and the wavelength), the third can be calculated- the size
of the reflector¥ To construct a bowlshaped steerable telescove
(with a diameter or: +he order of 100 meters) with a high precision
parabolic surface (the flexure cannot exceed 0.5 cm over its whole
area) was not techﬁically possible. Therefore, the construction
of a non-steerable fan-tyne antenna was chosen, made up of sepa-
rate flat elements of sheet duraluminum. On the whcle they ap-

oroximate the surface of the shape of a vparaboloid with a variable

#For-a circular reflectcr the resolution - o (measured
in radians) is equal to 1.22 2/D , where ) and D, rescectively,
are the wavelength of radiation gathered and diameter of the
reflector, both measured in the same units. The larger « is,

the "smaller" the resolving power is, j.e., the ability to separate

close snurces of radiation. (Tr. note)
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profllev(an antenna of variable orofflea'AVP). the profile
depending on the ‘altitude of the object Iradio _source), which
is observed on the meridian with its passage through the "di-
rectivity’diagran of the radio teIescooe. The variabllity
of the orofile (the change of the parameters of the narabo‘oid)
:can be achieved accordlngly. calculated beforehand in a stipu-
ilated oroeram of observations w1$h~the disnlacement of every
element of the antenna In principle. automatlon is oossible
*7by a. combuter whlch makes the calculat1ons and gives the “"com--
mand for the corresoonding shift.

,Ae.fap‘as,the,horizgntal and vertical sizes of the antenna
are not equal (the length—of'the band is nearly 60 times greater
than the;height). its appea:ence~is like a "knife blade" stood
on edge; the horizontal resolution of the radio telescope amounts
to 1°, and the verticel resolution, 16 (for a wavelength of 3 cm).
The radioc telescope (with a measure of 130 m by the chord, a
radius of about 100 m, and a variab’e focus, depending on the
form of the antenna) does not move and is directed to the south.
Observations are carried out at the moment of passage of a radio
source through the meridian, without fracking after the source.
If the object of observation  is not a point source, the "knife-
like array” cuts it into “"vertical strios® (with a width of one
minute of arc), the signals from which are registered by the
receiving apnaratus; the "slice" of the radio sounce is obtaine
in right ascension. In such a way it is r~:sible to note (local-

ize in one coordinate) the pcsition of increasasd radio radiation
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in extensive objects, for example, on the disks of the Sun and
Moon, the v:sible diameters of which are about 32'-31'. For’
complete localization of sources (in doth coérdinat&s). obser-
‘vations must be taken in two azimuths. The radio telescope ‘
allows obseriafions to‘bé carried out with shifts of 15—260
to the east and west of the meridian.

So arose the larye Pu;kovo:radio;telescopg‘(lPR) in“1956,
_thé most powerful radio telescope in the world_af centimeter
wavelenzths. The utilization of it“fof radio astronomical ob-
servations warranted all estimates and hopes which were led by
it. After 14 years of the radio tele;cppe's use (with several
interruptiéns in conneéticn with the femoval of moving parts
of the supoorts soocn after its establishmeat and reconstruction
in 1965-1967 with a change-over to millimeter wavelengths), a
se:iesiof significant results was obtained; a number of them
were mentioned in the previous chanter. The inspirer of almost
all of the investigations up to the end of July 1968 was S. E.
Eﬁagkin. In 1965, for work in the area of radioc astronomy, the
Academy of Sciences of the USSR awarded him the A. S. Popov gold
medal. Constructional ideas for the LPR were used as the basis
of the design of the gigantic reflectiﬁéffadio telescope at
centimeter and decimeter wavelensths, the RATAN-600, the con-
struction of which on the Zelenchukska;; plain, begun in 1967,
has already nrosressed a great deal (EB. N. Pariiski{ and N. L.
Ka;danovski{ embndy the general scientific leadership with this

undertaking). A circular fan-shaped antenna (AVP) with a diameter
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of 600.ﬁet§rs and semi-autoratic contrcl allew5~observations

- to be- simultaneously carried out in three azimuths with a

'resolv1ng power- three times greater “than for the LPR; the use
of the whole: ring and the tracking after an object of obser-

vation over the extent of 4 hours w111 be nossible.

= e .rm..gb_.l“aé [ S N o _a_k.._ e e e

- Observatlogp at eentlmeter wavelengths Qlth a substantla_

resolv1ng=nower were made a* flrst.¢ Therefore. it was necessary

" to have started with an ex0101tat10n of the rece1v1ng apparatus

and all methods of observatlons for whlch a great deal of trouble
was taken. .De‘ects of prelrmlnary ver81ons were -repoved and
renlaced . _ new constructions and the working eﬂt‘and subse-
quent imero»ement of methods. - The whole unlted collectlve of
the radio -astronony departeenf was . constantly requlred for t' 's.

The LPR was hvghly effectively used by It N. Pariisklliand
his egroup for a,detalled invest1gat10n of 'discrete sources” of
radio radiation. The substantial reselving cower of the LPR
gsince the very beginning of-its work allowed the sizes of ratio
sources and the distribution of the *radio brightness” in them
to be determined.-and to obtain their coordinates (by means of
observations at two azimuths) with the purpose of identifying
the radio sources with optical objects. The first significant
result was the detection of the galactiec nucleus, the intensity
of which sharoly increases toward the center, the determination
of its size and mass being made according to observations at

wavelengths of 3, 10, and 30 cm. The double-peaked distribution

of the radio radiaticn in the source Cygnus A was finally estab-
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lished, and it revealed the erroneousness of the interpretation
of several results regarding this source, which were obtained

12 A detailed investigation

by means of a radic interferometer.
was carried out on "radic nebulae” which coincided with octical
ohservations of gasecus clouds, such as the Crab Nebula in the
cnstellation of Taurus, the Great Nebula in Orion, and the
"Omega” Nzbula in the constellation of Sagittarius; distinctive
‘raits were found in the character of the distribution of "radio
brizhtness” for tyoical gaseous (or gaseous-dusty) nebulae and

nebulae which oresent themselves as supernova remnants (for

examnle, the Crab Nebula). The coordinates of a large number

1Zﬂigh resolution can be reached not only with an increase
of the size of the telescooe (reflector), but alsc with the help
of a radic interferometer- two antennas separated by a known
distance and ccrnected to each other with a "h.zh frequency tract,"
so that the radio sienals brought in by both antennas are added
uv in one receiving asovaratus. The directivity dlazram of the
radio telescove has a "multi-petalled” form. Its "petals™ are
greater (and also the resalving power), the larger the base of
the interferometer is, i.e., the further the antenna are separated.
At the oresent time interferometers are used withcout cornecting
tracts. Observaticns are syachronously registered on magnetic
tape and then decinhered by comouter and "added up,” thanks to
the strict synchr~nization. Here the high nrecision time service
(see p. 134)fimMds an ap-lic:tion with the utilization of atomiec

stardards.
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of radio sources of galactic and extragalacfic~origin were
determined. After the reconstruction of the LPR (1967), new
measurements were carried out and a high precision morphologi-
cal catalog of gzlactic sources of radio radiatién was put
t~rether.

Observztions were made in parallel fashion of linearly-
polarized radio radiation of nebulae at wavelengths of 3.2 and
6.3 cm (N. S. Soboleva and others). The polarization of radia-
tion testi€ies to its non-thermal character; for example, the
radiation of the Crab Nebula partly has this character; and the
radio source Cygrus A, where a noticeable vertion of the radia-
tion is polarized, does also. According to Pulkovo data, about
4.5% of the radio ra’iation for the Crab Nebula at a wavelength
of 3.2 cm is polarized. From observations of both the just-men-
tioned objec*s (galactic and extragalactic) it follows that the
vercentage of polarization increases wi... the decrease of the
wavelength of the radi~ radiation; therefore, observations at
shert wavelengths are esvecially useful. As far back as 1953
I. S. gﬁklovskii set down the proposition ccncerning the oreserce
for the Crab Nebula of an inteﬁsive magnetic field, which must
decelerate electrons and force them to emit synchrotron radiation
in the ooticzl ard radio-microwave ranges (magnetobrehmstrahlung
or the synchrotron effect). The Leningrad astronomer V. A. Dom-
brovskii confirmed this assumption by detecting the polarized
lieht of the Crab Nebula; radic astroncmical results confirm this.

Polarizatirnal observaticens in the millimeter and submillimeter
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ranges could become a means of searching for supernova remnants,
the outbursts of which were not earlier observed.

Investigations, conditionally called "spectral” investiga-
tions, accrued great interest. Observations were also conducte&
at distinct _ wavelencths, but in the given case it corres-~onds
to a discrete spectral line of scme chemical element or compound.
Its choice devends on the purpose of the investigation. For sys-
tematic observations at Pulkovo by N. F. Ry;;kov. T. M. Egorova,
N. V. Bystrova, and I. Y. Gosaéiinskiz; two lines were selected:
the lines of neutral hydrogen with aiwavelength of 21 cm, and
the hydrexyl molecule (OH)- 18 em. Since the time of the dis-
covery of the 21 cm hydrogern line in 1951, radio astrcnomers at
once realized what a sowerful means of investigation they had
obtained in the discovery itself, namel; the means and not the
object, although at first hydrogen was a topié of investigation.
Cold, neutral hydroger is founq‘everywhere in the galaxy: to
distinguish what regime of spacé it belongs to, it is indeed
nossible according to its velocities; which are observed as a
rule by the displacement of spectral lines (in the given case
by the 21 cm line). Thus, a map of the distribution of hydrogen
was put toscether, which grachically showed -that our galsxy, indeed,
preserts itself as a sriral system, the arrangement of the srirals
(arms) and the direction of motion of hydrogen in them now being
known, although in need of being more accurately determired. 1In
vassing, it is indeed nossible to more accurately determine the

map. The fundamental prcblem of Pulkovn radio astronromers »nsists
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of utilizing the known distribution of hydrogen, in order tc
obtain accurate information concerning other sources cf radio
radiation, their arraneement or structure (if the s-urce is
extended). In this case interstellar hydroeen is als~ used

as a means of investigation. Its line at a wavelength 2f 21

cn, considered til! now “a mess"™ because of its irregular con-
tour and the washed-cut an~earance of its breadth, was shown to
be extraordinarily “advantageous” for the investigators. This
line n-resents itsel® as a whcle assemblage of frequencies, which
corresoonds to hydrocen moving with different velccities cbserved
along the line of sight. Tuning in several frequencies nearby
the frequency of 1420 Mhz (wavelensth 21 cm) and simultanecusly
takineg informaticn in several channels (in the Pulkovs installa-
tion there are 10), radio astronomers "lcck through® all of the
galaxy's space in the direction of the strips of observaticn.

If an object is encruntered alonz the line of sight which pes-
sesses "continucus spectrum®™ radio radiation, then it gives the
line of hydrogen in absorrtion (hydrngen absorbs if situated
between the observer ard the radiating object). Looking alcng
such a direction, secticns of the "washed-out” line of 21 cm

are shown in a»sorption, concerning which, the corresconding
channels cf the receiver make it nossible tc determine in what
oart of space the "continuzus radio radiation” object is situated,
i.e., it is rossible to e:timate the distarce to it, ard its
cc~rdinates are determined with the directior of cbhservation.

The substartial r=s-lvirg power of the LPR allows this tu be
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done with sufficient accuracy (the re:slving power for a wave-
leneth of 21 cm is seven times "wnr:e” than at 3 em). If the
investigated source aprears to be dsutle, the "Pulkcv- meth-d"
allows the determination of whetkher bo h sources are chysically
connected to each ~ther (they arr situ ted in cne vclume of
snace), or whether they accidentally lie on tzs of each cther
alorng the line of sizht.

In such a way a large number of rzdi- scurces was investi-
egated. Of course, the first object of investigaticn was the
galactic nucleus, and in a more recent representation ~f it as
a source nossessing strict symmetry -elative to the direction
toward the galactic center, essentiai amrerdrentc tc the repre-
sentation came tc be in*r-duced. At fi-zt other cbservers, in
particular, Australian radio astronomers, could not verify the
results of the Pulkove radio astroromers. But the result was
alsc confirmed with the observaticn of the hydroxyl a lacule
lines at 18 cm at the very same Pulkovo irstallation. The hy-
droxyl molecule, like neutral hydro-ern, is z.sc used in the
cavacity of a means cf investigation, bu. its distribution in
svace has still hardly been studied;, ind therefcre, it rresents
itself, excent for what was just nenticnel, as ai object of
investisztion. Accordine to Pulkove dat=, ~louds of hydroxyl
mnlec ‘l2s nossess different motions in space and d~ not match
those of hydrcren. Most like'y *h's is no*t accidental:s hydroc:, 1
molecules a-e very ereraeti: gridizers; they "readily" enter

into rcacti~i: with almost 2 y chemical el-ient (in combinatinrn
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with hydroeen they make water). In other words, the hydroxyl
molecile is the "building material™ in the galaxy. But from
whence it c~mes and into the creation of what it goes, is not
well knnwn at oresent; not with-out reason, it hzs been called
'mysterium.'13 Attemnts to unravel the mysteriss of cesmic
hydroxyl clouds, ani at least find some ap: roximate answ:rs
to the questions, continue at Pulkovo.

Arother direction of svectral (radio astrononical) inves-
tigations consists of the detection of new lines of morcchre-
matic radio radiaticn. In 1958 N. S. Karda;;ev (gélég) calcu-
lated the “ererzetic transitions"” of a series cof radio lines
of excited hydroger and indicated the vossibility of their

Princ.psl GasServglor

beirg ohserved. In 1963 the A  Astronomical A colleagues
A. F. and 2. V. Dravskfgi detected one of those lines with a
wavelensth of 2.1 cm in the radic radiatio- of the "Cmez.i"™ and
Crion Nebulas. Some time later R. L. Sorcg%enko and E. V. Borod-
zich (FIAN, Moscow) observed one more line of the same series
with a wavelenstn of 3.4 cm. The report of beth of thssa dis-
crveries at the IAU conference in Hamburz (1964) was met with
gra2at aopreval. All five authnrs were honored with a diol-ma

for the dis_ covery, registered in 1966 by the Committee for

1 - —

13there are now rany such "mysteriums.®” Excent for CH, a
variety of "buildinz materials” has heen cvserved by r.dio
astronnmi~al metnnds in interstellur sgrnices water, formaidenyde,

several alc~hcls, etec.
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Business of Inventions and Discoveries of the Council of
Ministers of the USSR.

A "quasars service" was systematicaily put into cperation
with the helo of the LPR, which was cconducted on an interna-
ti-nal scale for the study of their radio variability. In 1963
ontical variability was shown on old phnteceraphic nlates by
two Foscow astroncmers (A. S. gﬁétov ard EG. N. Efremov), ard
simultanerusly by two American astroncmers (H. Smith and D.
Hoffleit), soon after the discovery of the red shift of the
lines in the sovectrum of the quasar 3C 273 by M. Schmidt. The
disolacement of the svectral lines toward the red end (if it
is to be interpreted as Dopoler-like) indicates the recession
of the scurce. The size of the disrlacement (the velocity of
recession) testifies tc the enormous distance to a quasar.

From the aorvarent stellar magnitude and the known distance,

the absolute stellar magritude (luminosity) can be calculated,
on the basis of which it can be concluded that a quasar radiates
100 times more erergy in the optical part of the svectrum than
our whole galaxy. Cn the cther hand, the variability of its
brightness indicates that this is a sinzle b~dy, and not a
conglomerate. The exvlanation of the variability of quasars
with the veriodical and co~rdinated outbursts of a hundred
sunernovae was re jected. From the -eriod of variability (fr-m
several days to ~ne year) it follows that the diameter of a
typical quasar dces not exceed 1 light-year. The sizes, indeed,

are small for a body with 100 bill‘on solar masses. These sizes



209

are confirmed by measuremerts at the time of occultations of
a quasar by the Moon and in the features of radicinterferometric
measurements: the diameters of gquasars seem to be significantly
smaller than the visible sizesiof the most distant g=:laxies.

Till 1967 the radio variability of quasars remained in
doubt: the ~eriocds, not observed with certairty, 4id rot coin-
cide with those detected sp*ically on ohctosranhs. At Pulkovo
N. M. Lipovka cbtain=d a most orolconced series of radio obser-
vations of the quasar 3C 273. A 10-day period of radio varia-
bility was found for it, although the rzdio observations of the
variability were more comnlicated than the optical nbservations
because of ohstacles which arise in the cosmos itself, in inter-
nlanetary and interstellar space. Confiient series of radio
o~servations of quasars could be obtained on the basis of inter-
national cooneration. "“Closely sopacel series" of observatinons
are necess.ry for the reve .ing of short perisd variations. 0Ob-
servations of several juasars re conducted at Pulkovo at a
wavelength of 6 cm (1963-1967) and at 4 cm (since 1967); at times
they were taken every day with ecach pass:Te ¢f the quasar through
tha meridian. The joint study of the variability of guasars with
radio astronomical and ontical methnds 2robably sheds lirh%t on
their nature.

Finally. let us take one nore lo~k at radic ohservations
which are im~ortant for cosm-logy. L=z=tely at Pulkovo attempts
have beer made to discover fluctuations in the b.ckercund radia-

tisn. As mantioned earlier (see v. 181), the discovery of the
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backeround thermal radiation was taken as indis-utable eviderce
ir. favor of a non-stati~nary model cf the universe, which was
hot in the past. Indeed, if the universe was formed as a result
of a big bane, with which the temrerature reached billions of
deerees, then with the expansion it must have cooled down. The
remainder of the radiation which js observed in the present epsch
at different wavelenegths of the radio spectrum leads to a single
backeground temcerature of about 3° K (3 decrees above abs~lute
zero), i.e., this is not some kini of special radic radiation
and is »recisely thermal radiation. In the optical range of the
spectrum the radiation has such a low temperature that it cannot
be okserved at all- another advantage of radio astronomy. Pro-
bably, the backeround registered by radio telescopes brines us
infoarmation from the most ancient period of the universe (kKeta-
galaxy), during which the fermation of quasars and galaxies began.
twt is this backeround cont nuous? Is it impossible to rick out
senarate fluctuations, "clumps of energy,” from it? Gal‘leo also
roughly viewed the mysterious Milky Way, layed out in stellar
clouds and separate stars with the only difference beirng that he
"did not look" so far into the nast universe. In other words,
is it impossible to observe that which came before galaxies and
quasars- protogalaxies and nrotaquusars?

Having asked such ques*ions, Pulkovo radio astron~mers ob-
tained a negative answer. With great orecision it was possible
t» show that the backeround has a structureless ch«racter. Ap-

parently, between us and our most distant past, is situated a
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*continusus fog” in the form of an "electron gas undergoing
Thom son scattering.™ Such was the result of the observations

and its unexpected interpretation.
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CONCLUSION

We return to our life.

Arriving at Pulkovo Observatory with a tour or alone, the
conglomeratior of towers is astonishing, the fantastic outlines
of the domes, like the originals, used with some fantasy, as
in abstract art, although this is no abstraction and no fantasy,
rather, an expedient realization of concrete projects with strictly
scientific objectives. The strikingly flat metallic "semi-circular
fence” - the fan-like antenna of the Pulkovo radi&$elescope
witﬁrmultiply reveating tuning mechanisms on the back side-
attracts one's attention. And nearby are the bowl-shaped metal-
constructions of radiotelescones of different sizes with retina
or continuous reflecting surfaces. Almost all the structures
are original, every one of interest.

At Pulkovo there are architectural and historical mcnuments.
Already at the entrance at the foot of Pulkovo hill one's attention
turns to a stone arbor-fountain (architect Thomas de Thomon, 1809)
standing to the right of the highway. This is one of‘thréé remain-
ing ponds, some time ago standing on the Saint Petercburg-@garskoe
Selo road (twe of the others were transferred to the city limits).
On the ascent of the Kiev highway one meets another architectural
structure- an ancient grotto, made in 1807 according to a oroject
of A. N. Voroniﬁiin from Gatgaina limestone.

In the Circular Reception Hall of Pulkovo Observatory there

is a portrait gallery cf distinguished astronomers of the XVIII-
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XX centuries. A portion of the vortraits is situated in the
reading gallery of the science library. A collection of oic-
tures (about 50) fills up the extent of the whole history of

the varticipants. In the majority of them the portralts, painted
in oils, are originals and were executed by well known masters

or present themselves as good copies of the originals. Among
them are two portraits of Wilhelm von Struve: one in the library,
made from a photograph of 1864 by N. L. T;;triﬁmov. the other,

the work of the notable Danish portraitist Christian-Albrecht
Jenser.. Several copies from portraits of forcign astronomers,
located in the Circular Reception Hall, came from his brush.

There are portraits of: A. P. Br;;llov (original?), in =z rendi-
tion of his brother K. P. Brgallov; Otto Struve, and A. N. Savigi
(orizinals)- works of the distinguished Russian vointer I. N.
Kramsko;; O. A. Baklund, in a rendition of another artist-copyist,
N. P. Boedanov-Belskiis M, Gyh\en y the work of the great Swedish
artist 0.Bjorck; D. Gill, in the origiral impressioﬁist brush style
of El'za Baklund, oldest daughter of O. A. Baklund, a well known
artist, especially i» the veriocd of her lirfe in Sweden since 1916;
B. P. Gerasinovig;. made in 1957 by t.e Leningrad artist N. G.
Looakins and many others.

In the very same Circular Receotion Hall (the form of the
circle has only a stcne flnor in the interior part of the hall,
separated by massive columns from the exterior part in the form
of an octahedron, where, in essence, exhibits take place) a pho-
togranhical show was nlzced, which wus devoted to the history

and scientific activity of Pulk~vo Observatory and its branches,
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and also there is situated the nuseum of astronomical observa-
tional equipment, various clocks, demonstrating the development
of measurement of the "custody of time," visual receivers and
laboratory avparatus, several manuscripts and a few books, per-
iodically having been presented for review. Having existed
until the war, the museum of cld instruments was entirely de-
stroyed; the present day collection was created anew in 1965.
In the central part of the hall, on the Pulkovo meridian, in
1964, at the one hundredth anniversary of the death of Wilhelm
von Struve, wz - s~ed his marble bust, in a rendition of
the Leningr:+ - .. - . A. Teplov.

Outside .. _ cmises, in the niches of the northern facade
of the main building of the observatory, are established the
sculptures of the most notable astronomers who destroyed geo-
centrism and who gave expression to the development of modern
represertations of the cosmos- Nicolaus Copernicus and Galileo
Galilei (the sculptors were L. IU. Eidlin and L. N. BarbaSh).
Opnosite to the entrance in the small building of the seismo-
logical station, having an attractive view of the metropolitan
dachas or private summer homes, in the neighborhood of the pain-
ted Petrov stone mound, on a pedestal! of red granite, towers
a bronze bust of the founder of the station, the academician
Grand Duke B. B. Gol:;;yn (sculptor N. Kochutov, 1955).

To the northeast of the main building, on a steep slope
of the hill, is situated a memcrial cemetery of astronomers.

Here is buried the founder of the observatory Friedrich Georg
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Wilhelm Struve, next to him his wife Johanna Ffanciska Struve-

Bartels’ (1807-1867), 0. A. Baklund, A. A. Belopol'ski;: S. K.

Kostinski;: G. N. Neu;ﬁin. S. I. Beligyski;'and many workers
Pulkovo, whose memory and business science and the history
Dulkovo Observatory oreserves.

On the nortrern slope of the hill, since the time of the
last war, a military cemetery with communal graves was formed,
on which those who perished were enumerated and with nameless
graves, which also are reverently protected. A large communal
grave of the guardsmén is situated on the Pulkovo meridian, on
the summit of the hill, in front of*xcfacade of the main buil&ing
of the observatory. On the cemetery lawn is a modest monument
of grey granite with a marble slab and the laconic inscription,
carved in gold: "Eternal memory tc the heroes-guardsmen having
nperished in defense of the city of Lenin. January- 1944.”

That unforgettable January cost so many lives! Sacrifices
were made but not in vain: drawing here, the enemy found then

only its destruction, as they found it on other fields of battle

in the war which undid them. Yearly, thousands of peonle from

1This was the second wife of W. Struve. His first wife,
Emily Wall (1796-1834), died in Dorpat, having left after her
eight children. The necessity to bring them up was left to the
second marriage. Of the second wife of W. 3truve his son Otto
Struve spoke not only concerning the suitable choice of his

father, but about the mother dear to all the children.
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different corners cf the ccuntry visit Leninerad and Pulkovo,

=

n order to see the vlace of tle bloody bat*les and tc bow their
hexzdis Ffer the bravery and those whe nerished with ccurage and
did not w»revail.

Traces of the last battles are preserved :c the south of
the observatory in the apvearance of an anti-tank ditch, having
eroded in claces, passing over the Kiev highway to the large
radié‘glescope through orchards ard gardens now occunying this
territery, scme time ago havire been named the "line of defense.”
Cn bnath sidec nf the hichway, which crosses the Pulkovc River,
stand twc rectilinear form structures of scolid cencrete, with
the deenly embed.ded fizures “1941-194L4." The ,tone massifs one
and a haif kileometers from the south gates of the observatory
designate the one-time tecundary of the front, havineg stabilized
after 28 morths. Within three hundred meters of the very gates,
cn the left side of the road, a grandiose monument was built
in 1967, in the form cf a mural with mosaic designs, portraying
the heroic victory of the Leningrad trceops in the Great Patrictic
War. The or~ject ¢f the m~nument was worked cut at the Leninerad
Higher Artistie-.Industrizl Academy by V. I. Muihina » under the
leaxdershio of its rector$;k. N. Lukin.

Ard an even more sublime mcnument to the heroes--defenders

¥ Leninerad is Pulkrvec Qbservatory itself, restored at the ferk

]

in the rcad and ornsnerinag tc the glory of Russiar science and

to the g'cory of the hercic city a~d its Mctherland.
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