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Steven Weinberg: “I am a physicist, not a historian, but
over the years I have become increasingly fascinated by
the history of science. It 1s an extraordinary story, one of
the most interesting in human history. Today’s research
can be aided and 1lluminated by a knowledge of its past,
and for some scientists knowledge of the history of
science helps to motivate resent work.”
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Outline

Impact of A. A. Friedmann’s cosmological
studies on development of Russian
investigations in GR

Achievements of Russian scientists in
physical cosmology (Gamow, Shmaonov,
Strukov, Gliner and others)

Lemaitre as the Big Bang Father and the
discovery of the Hubble — Lemaitre law

BH @ Galactic Center



Country ratings in science

One of the possible options to grade science
levels in countries is a number of Nobel prize
winners.

However, if we use the criterium there is an
official opinion that the Nobel Committee
ignores achievements of Soviet (Russian)
scientists and therefore, the level of Russian
science was underestimated (see, A. Blokh,

“The Soviet Union in the interior of the Nobel
Prizes” Fizmatlit, Moscow 2005).
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V. L. Ginzburg: Russian scientists practically did not nominate their
compatriots for the Nobel Prizes, and then they said that their outstanding
achievements were ignored by the Nobel prize Committee.

For instance, The Bureau of the Department of Physical and Mathematical
Sciences of the USSR Academy of Sciences sent an extract from the
minutes of the meeting dated November 1, 1955 to the Foreign
Department of the USSR Academy of Sciences "On the nomination of
Soviet scientists for the Nobel Prize."

The Bureau of the department does not consider it appropriate to
nominate Soviet scientists for the Nobel Prize, since, in the opinion of the
bureau members, this prize cannot be considered international due to the
fact that the Nobel Committee did not consider it tedious to award this
prize to outstanding figures of science and culture of our country (D. And
Mendeleev, L. N. Tolstoy, A. P. Chekhov, M. Gorky). The Bureau chairman
academician M. A. Lavrentiev, the secretary is Candidate of Chemical
Sciences A. N. Lobachev



One case of physical discovery combination (Raman)
scattering

The combination scattering was discovered
independently by G. S. Landsberg and L. I.
Mandelstam on 21 February 1928 in Moscow and S.
V. Raman and K. S. Krishnan on 28 February 1928 in
Calcutta. However, Raman and Krishnan published
their paper on 31 March 1928 in Nature, while L-M
paper was received by on 12 July 1928 in Zeitschrift
fur Physik and published in November 1928.

Many Soviet physicists (including V. L. Ginzburg)
considered this case as a discriminnation of Soviet
physicists since Raman received a Nobel prize in
1930, but Landsberg and Mandelstam not.



Year Nominee Nominator

1930 Chandrasekhara Raman Jean Perrin NP in 1926
Werner Karl Heisenberg

1930 | Grigoriy Landsberg Orest Khvol’'son
Leonid Mandelstam (Mandelshtam)
Chandrasekhara Raman

1930 Chandrasekhara Raman Eugene Bloch
Robert Wood

1930 [Robert Wood Niels Bonhr NP In 1922
Chandrasekhara Raman

1930 Chandrasekhara Raman Prince I'Bomﬁ.vlctor de NP In 1929

roglie

1930 |Chandrasekhara Raman Maurice de Broglie

1930 Chandrasekhara Raman Richard Pfeiffer

1930 Chandrasekhara Raman Ernest Lord Rutherford| NP in 1908

1930 Chandrasekhara Raman Johannes Stark NP in 1919

1930 Chandrasekhara Raman Charles Wison NP in 1929




Nominee

Nominator

1929

Robert Wood
Chandrasekhara Raman

Niels Bohr

NP In 1922

1929

Jean Cabannes
Chandrasekhara Raman

Charles Fabry




Year . Nominator
Nominee

Orest Khvol'son

—
(o)
w
O

Grigoriy Landsberg
Leonid Mandelstam (Mandelshtam)
Chandrasekhara Raman

1930 |Leonid Mandelstam (Mandelshtam) Nikolay Papaleksi




GR was born in conversations between
A. Einstein and D. Hilbert in November
1915




This interesting correspondence has been was publicly
known in 1978

Einstein and Hilbert: Two Months in the History
of General Relativity

JOHN EARMAN & CLARK GLYMOUR

Communicated by J.D. NORTH

1. Introduction

The wvast majority of current English language textbooks on relativity
theory treat, either explicitly or implicitly, the [ield equations of general re-
lativity as EINSTEIN’s equations.! By contrast, PAULI® credits HILBERT as
being co-discover of the field equations.’ GUTH?* has claimed that HILBERT
deserves no credit since he knew of EINSTEIN’s formulation of the field equa-
tions before proceeding to an after-the-fact derivation from a variational prin-
ciple. GUTH’s claims have in turn been disputed by MEHRA.® Questions about
the priority of discoverics are often among the least interesting and least
important issues in the history of science, and our main purpose here is to
illuminate the development of EINSTEIN's ideas rather than to engage in
priority disputes. It turns out, however, that for the crucial period of 1915,
these two matters are intimately linked.

EINSTEIN corresponded regularly with MICHELE BESSO, PAUL EHRENFEST,
ErwIN FREUNDLICH, H.A. LORENTZ, and ARNOLD SOMMERFELD. But during
the period from late October to late November of 1915, the correspondence
virtually ceases —in the FINSTEIN Papers at Princeton there are no letters from -

! See, for example, C. M@LLER, The Theory of Relativity (Oxford: Clarendon Press,
1952); R.C.ToLMAN, Relativity, Thermodynamics, and Coesmology (Oxford: Clarendon
Press, 1962); S. WEINBERG, Gravitation and Cosmology (New York: John Wiley, 1972); and
R.ADLER, M.Bazin & M. SCHIFFER, Introduction to General Relativity (New York:
MeGraw Hill, 1975).

* W.PAULL Theory of Relativity (New York: Pergamon Press, 1958), footnote 277,
p. 143,

3 See also H.WEYL, “Zu David Hilberts sicbzigstem Geburtstag.” Die Natur-
wissensehaften, M) (19327 S7T=58 =50 Jahre Relativitiicthenrie ™ ihid IR (10517 7197



G. Gamov (Friedmann’s student), V.A. Fock
(Frederiks's & Friedmann’s student)




Two great physicists (George Gamow and Abram Alikhanov) were born
at the same day (04.03.1904) in Odessa and Elizavetpol (today Ganja,
Azerbaijan). This generation of physicists creates a glory of Russian
science.




Former LSU rectors: A. D. Alexandrov
(Delaunay (Delone) and Fock’s student) and S.
P. Merkuriev




International GR
Conferences

GRG-0, Bern (1955), Pauli, Fock, Alexandrov

GRG-1 (1957, Chapel Hill, NC, USA), Feynman,
Bondi, Weber, Wheeler, De Witt, Bergmann --
The start of GWs race

GRG-3 (1962, Warsaw, Jablonna, Poland)

The First Texas Symposium (1963) — R. Kerr,
A. Papapetrou, T. Gold
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63 years since the Jablonna Conference
(GR3)
and 68 years since the Chapel Hill
Conference (GR1)
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First of all I would like to welcome all of you at the main campus of the University
of Warsaw—my University. Especially warmly I would like to welcome the youngest
participants who for the first time participate in a big international conference. I do
understand how you feel, T do understand your anxiety. Fifty one years ago Twas able to
observe the International Jablonna Conference on General Relativity and Gravitation,
that later was classified as the GRG-3 conference. In June of 1962, T got my Master
of Science degree in physics. My thesis advisor, Professor Leopold Infeld, was the
Chairman of the Local Organizing Committee of the Jablonna conference. Professor
Infeld asked me to help with such simple tasks as cleaning the blackboard, make
sure that chalk was always available, but also—and this was really important—every
morning to collect participants who were staying in hotels in Warsaw into a special
coach and bring them in time to Jablonna, and in the evening bring them back to
Warcaw So that i how T ended 1o lictenine to all lectiires and dicenesions and more
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Fig. 2 Professor J. Synge delivering the opening lecture

followed by a short discussion, the session was adjourned and all participants were
transferred to Jablonna.

Jablonna is a small town about 20 km from Warsaw. In XVIII century a famous
Polish aristocratic family of Poniatowski built there a summer palace and two adjacent
buildines with several rooms for their cuests and servants. The Palace was surrounded
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Fig. 6 Paul Dirac and Richard
Feynman at Jablonna

the 2nd World War such a large group of physicists from the West and the East were
able to meet. There were continuous discussions, usually in small groups between
scientists coming from the West and the East. Also Germans from the DDR and the
Bundes Republik were able to meet for the first time since the construction of the
Berlin wall. It was a conference attended by many outstanding scientists. All leading
physicists working at that time on general relativity and gravitation were present in
Jablonna, including P. A. M. Dirac, R. Feynman, J. A. Wheeler, P. G. Bergmann, H.
Bondi, S. Chandrasekhar, B. DeWitt, V. Ginzburg, D. Ivanenko, A. Lichnerowicz, C.
Moller, L. Rosenfeld and J. Weber among others. One can say that Jablonna was a
nesting place of Nobel Prize winners—Paul Dirac, Richard Feynman, Subrahmanyan
Chandrasekhar, Vitali Ginzburg and also Peter Higgs were there. The main topics of
discussions in Jablonna concentrated on general properties of gravitational radiation,
quantization of gravity and exact solutions of the Einstein field equations. Only one
talk given by Vitali Ginzburg was devoted to observational tests of general relativity
(Figs. 6, 7, 8).

The most memorable lecture, in a dynamic showman style, was delivered by Richard
Feynman. He presented his program of quantizing general relativity modeled on his
very successful approach to quantum electrodynamics. Of course, he used Feynman
diagrams. I am sure that Abhay Ashtekar will tell you more about it. After the confer-
ence [ have listened to Feynman’s talk many times trying to transcribe it from tapes.
Fortunately John Stachel stayed in Warsaw for several months after the conference
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Fig. 7 Vitali Ginzburg delivering his lecture at the Jablonna conference

Fig. 8 Richard Feynman delivering his lecture at the Jablonna conference

“Incidentally, to give you some idea of the difference in order to calculate this
diagram Fig. 4b the Young-Mills case took me about a day; to calculate the diagram
in the case of gravitation I tried again and again and was never able to do it; and it was
finally put on a computing machine—I don’t mean the arithmetic, I mean the algebra
of all the terms coming in, just the algebra; I did the integrals myself later, but the
algebra of the thing was done on a machine by John Matthews so I couldn’t done it by
hand. In fact, I think it’s historically interesting that it’s the first problem in algebra
that T know of that was done on a machine that has not been done bv hand.” Tust for



A. Einstein (1930) about J.
Kepler (1571-1630)

Precisely in such a troubled and turbulent time as ours, when it 1s
hard to summon up joy about mankind and the progress of
human affairs, it 1s especially comforting to think of such a great
and serene person as Kepler. He lived at a time when the very
conception of universal lawfulness of nature was not at all
established. How great must have been his faith in such
lawfulness, to have the strength to endure decades of patient,
difficult work—supported by no one and understood by few—in
the empirical investigation of planetary movement and its lawful
mathematical expression!

Our admiration for this wonderful man 1is joined with another
feeling of admiration and veneration, not for any person, but for
the mysterious harmony of Nature into which we were born.



Toannis Keppleri

HARMONICES
MVND I

LIBRI V. Qvorvm

Primus G EomeThicys, De Figurarum Regularivm, qua Proportio-
nes Harmonicas conflicuune, oreu & demonitrationibus,

Secundus AncriTectonicvs;fenex GEoMmeTRiA Fiovaata,De Fi-
gurarum Regularinm Congruentia in plano vel folido:

Tertius propric Hanmonicys, %)e Prn‘?‘lrtionllm Harmonicarum or-
tuex Figuris; deque Naturi & Diferentiis rerum ad cancum per-
wnentium, contra Veteres!

Quartus Merariysicys, Psycrorocicys & Astrotocicys, De Hae-
moniarum mentali Efflentii earumque generibus in Mandos prafer-
tim de Harmoniaradiorum, ex corporibus cacleftibus in Terram ide.
lcendentibus, eiufque effectu in Natura feu Anima fublunii &
Humana:

Quintus AsTnowomicys& MerArhysicys , De Harmoniis abfoleilfi-

mis motuum ceeleftium, orcuque Eccentricitatum ex proportoni-
bus Harmonicis.

Appendix habet « i huios Operis cum Harmonices Cl.
Prolemzi libro 111 cumque Roberti de Fluibus,dicti Flud Medici
Oxonienfis fpeculationibus H: icis, operi de Macrocolimo &
Microcolmoinfertis.

Cum S.C. M, Prinilegio adannos X V.

Lincii Auftriz,

SumptibusGoporrepr TamracH 1 Bibl. Francof.
Excudebat lo annes Prancys.

edvno M. DC XIX.

Johannes Kepler lived a very hard life in very difficult times (it
was the Thirty Years War in Europe)

THE FIVE BOOKS OF

Johannes Kepler's
HARMONY OF THE WORLD

of which

The first is GEOMETRICAL, on the origin and constructions of the reg:
ular figures which establish the harmonic proportions;

The second is ARCHITECTONIC, oF comes from the GEOMETRY OF FiGURES,
on the congruence of the regular figures in the plane or solid;

The third is specifically Harmonic, on the origin of the harmonic pro-
portions in the figures, and on the nature and distinguishing fea-
tures of matters relating to music, contrary to the ancients;

The fourth is METAPHYSICAL, PSYCHOLOGICAL, AND ASTROLOGICAL, On
the mental essence of the harmonies and on the types of them
in the world, especially on the harmony of the rays which descend
from the heavenly bodies to the Earth, and on its effect on Nature
or the sublunary and human soul;

The fifth is AsTRONOMICAL AND METAPHYSICAL, on the most perfect
harmonies of the celestial motions, and the origin of the eccen-
tricities in the harmonic proportions.

The Appendix contains a comparison of this work with Book III of
the Harmony of Claudius Prolemy and with the harmonic specu-
lations of Robert of the Floods, called Fludd, the Oxford physi-
cian, inserted in his work on the macrocosm and microcosm.

With Imperial Privilege for fifteen years.

Printed at the expense of GoTTeRIED TAMPACH,
bookseller of Frankfurt, by
Jonannes Pranck,
ar Linz
In the year 1619,
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1973 2. Ansapv Tom 109, 6vin. 1
VCOEXH OHSHYECEHX HAVE

H3 HCTOPHII ®H3HKH

531.352 (09)
UOT'AHH KENJIEP: OT «MHCTEPHH» /10 «TAPMOHUII»

10, 4. Tanuao6, A. A. Cxopodurncrud

Though this be madness, yet there is method in't *)
(«Hamlets, act II, sc. ii)

TAvapuovirig pi ®pwvéto **)

(majmuch Ha agpe «Tap MHpa®, TPHAAI~
nexkapmeM Guorpady Kemnepa Makcy Hacuapy)

Ha ojmoit U3 cTpaHNI] KHHAKHOTO KATAJOTA, KOTOPHIL 0BT H3gaH K BeceH-
neit Opankdypreroit aApmapke 1597 r. (B KpymHeiinieM HeHTPe TOProRIM KHH-
raMH B TO BpeMA), MOABIIOCHE HOBOe ¢Tpamuno 3pyuamee nma Repleus. Tlox
HEBONBLHEIM TICEBONAMOM, 00A3aHNEIM ITNIOL HeOpeknocTH HaDOpImuKa, CKPH-
BaJIOCh COBCEM JIPYroe, TaKxe Malno komy mapectHoe mA Moramma Hemmepa.

ManeRbKaA KHMAKA, 0TIEYATAHHAA He3a0JTo 1o ApMapkn (B Koumne 1596 r.), Hocnaa
Beuyproe Haspanne «[lpeppecTHEK KocMmorpadHYeckAX HMeclefOBaHHI, COTEpKANIAIT TaiHy
MHPO3JaHHH OTHOCATRJILHO MyIeCcHHX 1 D]ID]J].lllf‘{ MemIy HB&EGB'BIMH KpyraMm 0 HCTHHHBIX
NPUYHE YACAA H PasMepoB HeOeCHEIX l:gep. a TaKiKe DepHOTHIeCKEX MBMMKeHMl, HamoHeH-
HH ¢ MOMOMIBE MATH OpARAABHEX Tedl Horammom Hemmepom ms BmopremGepra, MaTemarn-
KoM mocTocaasroil mposEaiHE IlTaprms **+),

Ecau ne camrars kazenjapeii, cocrapienne KOTOPHIX BXOJIHIIO B oDA3aH-
HOCTH MaTeMaTHka npopammuy, «lIpempecTHury, WM, Kak MpeguOYATAT HAZH-
Bare ero cam Remnep, «Misterium Cosmographicum» («Taiiua muposganuay),
6u1 mepshim counnennem Hemiepa Ha acTpoHOMUYECKHE TeMH H e MHCTBOH-
HEIM 3 ero TPYIoB, BLCD:KABIIAM J(BA OPHMU3HeHHBLIX W3mgaHnsg. Ycrymas
HacToAHHAM papyaeit, Hemmep ma crkmome mer mpepnmpuuan BTOpOE H3JaHIe
4IJIH IO L3B He TOJNBKO KIMTOTOPTOBLEE, HO H yaenbixy. Ofpamanch K oBOMY
anratento, Hemnep yike B Konme CBOEro *KA3HEHHOTO NYyTH (0CTABAINCE enle
HeHANHCAHHHIME ToNBKO «Pynonndorsl Tabauilk») ¢ TOPIOCTHI0 NHCAT B 1OCBS-
MeRHN:

sllpoao modTE 25 7MeT ¢ TeX mop, KaK A BHOYCTHA B cBeT HeOonpuyw KEwEKY «Taii-

Ha MuposfaEaas, H xoTa B To Bpema s O eme 09elb MOIOT H 53Ta nyOAHKanWA OLLIA Moeit
neproi acTpoHomAdeckoil paboroll, Bee ske yemex, CONYTCTBOBABUINE eil 3 nocxegyiomme

*) Ilycte aT0 OGeaymue, HO B HeM ecTh cHcTema, —sTamaers, ast. 2, cu. 2. («Tamaers
uagam B roj Berpedd Hengmepa ¢ Taxo Bpare.)
**) B KoM HeT MyawKu, Ja MOJYAT,
**#) Bee nepesojil ¢ JaTHHM OTPHIBKOB U3 cOYRmeRHil Hemnaepa M moscwends g nepe-
BoflaM [B KBajpaTHHIX ckofKax] cheraHsl aBTOPAMH CTATBH.



The founders of GR studies in Russia

Figure 1. V. K. Frederiks who was a founder of Russian schools in GR and theory of liquid crystals
(left) and Alexander Friedmann who was the founde of physical cosmology(right).



Vsevolod Konstantinovich Frederiks 13.04.1885 (Warsaw) —
06.01.1944 (?) (Gorky ?)

In 1903 VKEF finished gymnasium in Nizhnij Novgorod

In 1907 VKF finished Geneve University with specialisation
In physics

In 1909 VKF got PhD in physics under supervision G. E.
Guye (Geneve)

In 1911 VKF an assistant at the Theoretical division of
Physics Institute at Gottingen under W. Voigt

In 1914 civil prisoner, private assistant of D. Hilbert



Woldemar Voigt (1850-1919) was the Frederiks
supervisor at Institute of Physics in Gottingen University

Nachrichten

von der
Koniglichen Gesellschaft der Wissenschaften
und der

Georg - Augusts - Universitit

zu Gottingen.

10. Mirz. N 2, 1887.

-
Konigliche Gesellschaft der Wissenschaften.

Sitzung vom 8. Januar.

Ueber das Doppler'sche Prinecip.
Von
W. Voigt.

Die Differentialgleichungen fiir die Oscillationen eines elastischen
incompressibeln Mediums sind bekanntlich :

o

EEE = m’&u
-3% = w'Av 1)
-%?.T = w'Aw

worin o die Fortpflanzungsgeschwindigkeit der Oscillationen — genaner
die Fortpflanzungsgeschwindigkeit ebener Wellen mit constanter
Amplitude — bezeichnet. Dabei ist vorausgesetzi, daB w, v, w die
Relation erfiillen :

du dv  Ow o
Ztytes — % 1)
Es seien nuon w = U, v — ¥V, w — W Losungen dieser

Gleichungen, welche an einer gegebenen Oberfliche f(z, y, 2) = 0
gegebene von der Zeit abhiingige Werthe U, ¥, W annehmen, so
kann man sagen, daf diese Functionen U, ¥,- W das Gesetz dar-
stellen, nach welchem die Oberfliche f = 0 leuchtet.
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In 1918 VKF came back in Moscow, work in Institute of
Physics and Biophysics

In 1919 VKF was a senior physicist at State Optical Institute,
a member of Atomic commission, associate professor in
Petrograd State University, professor in Pedagogical
Institute

In 1920 VFK is a lecturer at Polytechnic Institute

In 1921 VKF published the first review on GR in Soviet
Physics Uspekhi

In 1923 VKF was a senior physicist in Institute of Physics
and Technology

In 1924 VKF and AAF published of the first chapter of their
joint book “Basics of GR”



In 1926 VKF was a Consultant to the Geological Committee

In Autumn 1927 VKF married Maria Dmitrievna Shostakovich (a
sister of composer D. D. Shostakovich).

In 1931 VKF was Head of the Crystallization Laboratory in LPTI
In 1933 VKF was Head of anisotropic liquid Laboratoryin LPTI

In 1934 VKF got Dsc degree without a formal defense, nominated
by the LPTI Scientific Council as a candidate for corresponding
member of Soviet Academy of Science, co-editor with A. P.
Afanasiev of Course on General Physics (l. K. Kikoin, Yu. B.
Khariton were among authors of chapters in the book)

On October 20, 1936 VKF was arrested as a defendant in the
Pulkovo case.

On May 23, 1937 VKF sentenced to 10 years in prison camps
(Taishetlag)



In 1939 VKF was in Orel prison
In 1940 VKF was in Ukhta (Izhemlag, Komi)

On January 6, 1944 VKF died. Only in 1957 relatives got an
official document on his death, where is the dash made in the
place of death



Alexander Alexandrovich Friedmann (Friedman)
4(16).06.1888 (Sankt-Peterburg) — 16.09.1925 (Leningrad)

In 1897 - 1906 AAF was a student at the Second SPB gymnasium

In 1905 AAF wrote the first mathematical paper (published in
1907)

In 1906 - 1910 AAF was student at mathematical division of the
faculty of physics and mathematics

In 1910 - 1913 AAF left in SPB University for a preparation for a
professor position

In 1913 AAF passed master exams and got master degree

In 1914 — 1916 AAF joined the army as a volunteer, he served in
aviation units

In 1918 — 1920 AAF was a professor of mechanics deprartment of
Perm University

In 1920 — 1924 AAF was a researcher at Atomic Commission in
State Optical Institute



In 1920 — 1924 AAF was a professor at the Faculty of
Physics and Mechanics of Petrograd Polytechnic Institute

In 1920 — 1925 AAF was a senior physicist, head of
mathematical bureau, scientific secretary and since February
1925 director of Main Geophysical Observatory

In 1922 AAF published his first cosmological paper

In 1923 AAF published his book “World as space and time”
In 1923 AAF travelled to Germany and Norge

In 1923 AAF wrote a letter to A. Einstein

In 1924 AAF published his second cosmological paper

In 1924 AAF (with V. K. Frederics) published «Foundations
of relativity theory»



In July 1925 AAF and P. F. Fedoseenko made a record-
breaking balloon ascent (flight at 7400 m)

In July — August 1925 AAF and his wife relaxed at the
Crimea cost

On August 17, 1925 AAF came back to Leningrad, while his
wife (N. E. Malinina) went to another town.

Perhaps, in his last train trip AAF was infected by a typhus
since he ate dirty fruits. According to Friedman himself, he
probably got infected by eating an unwashed pear bought at
one of the railway stations on the way from Crimea to
Leningrad. Suddenly (on September 2) he felt sick.

On September 16, 1925 AAF died in hospital.

He was buried at the Smolensk Orthodox Cemetery in
Leningrad.






The revolutionary breakthrough in 1917

Assuming uniform and isotropic distribution of matter in the
Universe A. Einstein found the first (static) cosmological solution.

Remarkably, so rough approximation for matter distribution give
an opportunity to describe a behaviour of the Universe.

Later it was found that this (static) solution is unstable.






Uber die Kriimmung des Raumes.
Von A. Friedman in Petersburg.
Mit einer Abbildung. (Eingegangen am 29, Joni 1922.)

§ 1. 1. In ibhren bekannten Arbeiten iiber allgemeine kosmo-
logische Fragen kommen Einsteini) und de Sitter?) zu zwel mig-
lichen Typen des Weltalls; Einstein erhilt die sogenannte Zylinder-
welt, in der der Raum #) konstante, von der Zeit unabhingige Kriimmung
besitzt, wobei der Kriimmungsrading verbunden ist mit der Gesamt-
masse der im Raume vorhandenen Materie; de Sitter erhilt eine
Kugelwelt, in welcher nicht pur der Raum, sondern auch die Welt
in gewissem Sinne als Welt konstanter Krimmung angesprochen
werden kann4). Dabei werden wie von Einstein so anch von
de Sitter gewisse Voranssetzungen iiber den Materietensor gemacht,
die der Inkohirenz der Materie und ihrer relativen Ruhe entsprechen,
d. h. die Geschwindigkeit der Materie wird als geniigend klein
vorausgesetzt im Vergleich zu der Grundgeschwindigkeit?) — der
Lichtgeschwindigkeit.

Das Ziel dieser Notiz ist, erstens die Ableitung der Zylinder-
und Kugelwelt (als spezielle Fille) aus einigen allgemeinen Annzhmen,
und zweitens der Beweis der Mdglichkeit einer Welt, deren Raum-
kriimmung konstant ist in bezng auf drei Koordinaten, die als
Raumkocerdinaten gelten, und abb#ngig von der Zeit, d.h. von der
vierten — der Zeitkoordinate; dieser nene Typus ist, was seine
ibrigen Eigenschaften anbetrifft, ein Analogon der Einsteinschen
Zylinderwelt.

2. Die Annahmen, die wir unseren Betrachtungen zugrunde legen,
zerfallen in zwei Klassen. Zu der ersten Klasse gehiiren Annahmen,
welehe mit den Annahmen Einsteins und de Sitters zusammen-

1} Einstein, Kosmologische Betrachtungen zur allgemeinen Relativitiits-
theorie, Bitzungaberichte Berl. Aknd. 1917,

2} de Bitter, On Binstein’s theory of gravitation and its astromomiecal
consequences. Monthly Notices of the R. Astronom. Boc. 1916—1917.

) Unter ,Baum® verstehen wir hier einen Raum, der durch eine Mannig-
faltigkeit von drei Dimensionen beschrieben wird; der ,Welt® entspricht eine
Mannigfaltigkeit von vier Dimensionen.

4) Klein, U'ber die Integralform der Erhaltungssiitze und die Theorie der
riumlich-geschlossenen Welt., Gitting. Nachr. 1918, .

&) Biehe diesen Namen bei Eddington in seinem Buche: Espace, Temps et
Gravitation, 2 Partie, B, 10. Paris 1821.
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Bemerkung zu der Arbeit von A. Friedmann?)
sUber die Eriimnmung des Raumes®,
Von A. Elnstein in Berlin.
(Eingegangen am 18, Beptember 1922.)

Die in der zitierten Arbeit enthaltenen Resnltate beziiglich einer
nichtstationiren Welt schienen mir verdéichtig. In der Tat zeigt sich,
dal jene gegebene Lisung mit den Feldgleichungen (A) nicht ver-
triglich ist. Awus jenen Feldgleichungen folgt nimlich bekanntlich,
dal die Divergenz des Tensors Ty der Materie verschwindet. Im
Falle des durch () und (D;) charakterisierten Ansatzes fihrt dies
anf die Beziehung

'a_p = D!

oz,
»welche zusammen mit (B‘) die zeitliche Konstanz des Weltradius B
erfordert. Die Bedeutung der Arbeit besteht also gerade darin, dal
sie diese Konstanz beweist.

Berlin, September 1922,

1) ZB. £. Phys. 10, 377—886, 1822,
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Notiz zu der Arbeit von A. Friedmann
sUber die Kriimmung des Raumes®.

Von A. Einstein in Berlin.

(Eingegangen am 31. Mai 1923.)

Ich habe in einer fritheren Notiz!) an der genannten Arbeit 2)
Kritik geiibt. Mein Einwand beruhte aber — wie ich mich auf An-
regung des Herm Krutkoff an Hand eines Briefes von Herrn
Friedmann iiberzengt habe — anf einem Rechenfehler. Ich halte
Herrn Friedmanns Resnltate fiir richtizg und aufklirend. KEs zeigt
sich, dai die Feldgleichungen neben den statischen dynamische (d. b.
mit der Zeitkoordinate verinderliche) zentrisch-symmetrische Lésungen
fiir die Raumstruktur znlassen.

1y Z8, f. Phys. 11, 326, 1922,
1) Ebenda 10, 377, 1922,




1963 ». Hwoan T. LXXX, svun. 3

VCHNEXH PHISHIYEFCKHX HAV K

JAMEYAHHNE K PABOTE A. ®PH/IMAHA
«0 KPUBU3HE TTIPOCTPAHCTBAx»¥)

A, Flirnwemeiin

PeayawpTaTil OTHOCHTEIBHO HECTAIHOHA DHOT'O MU Pa, COJIePAaIKeca B yuo-
MAHYTOH paboTe, HpPelCTABIATCA MHe NojospuTensHmMu. D gelicTBuTenn-
HOCTH OKa3uBaeTcdA, WTO YKasaHHoe B Hell pemeHMe He VI0BJIeTBOpPHEeT
ypaBHeHEAM nona (A ). Hak mspBecTHo, W3 2THX ypaBHeHuil clenyeT, 9To
AWBepPreHnUA TeH3opa BemecTtsa 7, obpamaerca B Ayae. B caygae, xaparTe-
puayemom npeanonoskednavu (C) u (Dg), sTto mpHBomMT K COOTHOMEHNIO

4TO BMecTe ¢ ypapHeHHeM (8) TpedyeT NOCTOSHCTBA pajHyca MHPA BO BpeMeHH.
CnenopaTenbHo, 3HAYEHHME 2TOH paloTHl B TOM M COCTOHT, YTO OHA JIOKA3LIBAET
3T0 TIOCTOAHCTBO.



1963 2. Hroaw T. LXXX, eun. 3
FCHNEXH DPHSHIYECRHX HAV R

K PABOTE A. OPHIMAHA «0 KPUBH3HE IMPOCTPAHCTBA»**)

A. Firwemetin

B npenmiuaymeil samerke A NoJBepr KPHTHEKe HalBaHHYH Buue pabory.
OpHaKo MOA KPHTHEA, Kak A yOeguwicsa w3 nuceMa (Dpupmana, cooGILEeHHOTO
smHe r-soM HpyTROBRIM, OCHOBLIBAJACKE HAa omuiKe B BnumcaeHnsax. H cuwram
peayasTathl T. MpHAMAHA HPABHIABHBIMH M ITPOJHBAKIIAME HOBEI cBeT. Oxa-
duIBAETCA, YMTO YPABHEHHA TIOMH JOIYVCHKAKWT HAPALY €0 CTATHISCKHMH TakKke
H JHHAMHAYECRITe (T. e. HepeMeHHLIe OTHOCHTeIBHO BPBMGHI’[) INeHTPAJILHO-CHM-
MeTPHYHEIE pPeleHHA A CTPYKTYPHI NPOCTPAHCTBA.

*) A, Einstein, Bemerkung zu der Arbeil von A. Friedman «Uber die Kriim-
mung des Raumess, Zs. Phys. 11, 326 {1522).
*#y A, Einstein, Notiz zu der Arbeit von A. Friedman «Uber die Kriimmung
des Raumes», Zs. Phys. 21, 228 (1923).
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Wma (Dpuamana go cux nmop OO B Hesacay:kemHoM sabpemmu, JTo He-
COpaBeinB0 H 3TO Heo0X0nuMO HenpaBHTE. Ml qoskEH YBEKOBCUHTE 3TO WM.
Beas @Dpugman — opWH H3 OHOHEPOB COBeTcKOil dMzurm, yueHmil, nHecnHi
OOaBmMOi BKAAJX B OTETeCTBEHHEYI0 W MEpoBYW0 Hayky. Hano omybnukorars cob-
pande BCEX ero TPYAOB H HafaTth ero Ouorpadmio.

JAMEYAHHE K FABOTE A, ©®PHIMAHA
w0 EPABHAHE NPOCTPAHCTRA, ©

A. Jiinwmeitrn

PesyILTaTH OTHOCHTEILEO HECTALHOHAPHOTO MHPa, CONEp/HAMBECsH B YOO~
manyToil pafore, NPeACTABIAITCA MHe NMONOZPHTEILHEMH. B JeiicTRHTEND-
HOCTH OKA3EIBAETCH, UTO YKAZAHHOE B HEH pelIeHHe HE YIORICTBOPAET ¥ paBHe-
HusaM moasa (A). Hak HapecTno, #3 9THX ypaBHEHHH cjIeyeT, 4TO JUBEPren-
uus rersopa semectea Ty oOpamaerca B uyaes. B cnygae, xapakrepuayemom
npepmonoxkeauamu (C) u (Dy), 970 NPHBOAHT K COOTHOINEHHIO

ap

e = 0,

4ro BMecTe ¢ ypasHeHEHeM (8) rpefyer mocToAHCTRA pajHyca MHpPA BO BPEMEHH.
CremoBare/bHO, 3HAYEHUE DTOI paboThl B TOM H COCTOMT, YTO OHA [OKA3HIBABT
3TQ DOCTOAHCTBO.

KE PABOTE A. ®PHIMAHA «0 EPHBHIHE NPOCTIPAHCTBA»
A, Diinurmeiin

B npepbigymieii saMeTKe f OOJBePr KPUTHKe HAZBAHHYI0 BRIme pabory. Of-
HAKO MOA KPHTHKA, KAK A Yﬁe}[ﬁﬂﬁﬂ H3 NHCLMA (DPHJ],MEHE\, (}006]]1651301'0 MHE
I'=HOM H[JYTHGBHM, OCHOBEIBAJACE HA OHIH5HB E BEHIMTHCJIEHMAX. H CUHTAN pe—
AYJILTATHL T, (Dp,ru.tana HPABHIALBHEMH H ONPpOJHBAIIIHMH HOBBIH CRET. Oraspi-
BAETCA, YTO YPABHEHHA MOJA JIONYCKAT BapPAY €O CTATHYGCKNMH TaKiie M
ANHaMHEYeCcKHEe I:T. €. ODepeMeHHEIe OTHOCHTEJABHO BpeMEH“) LHEeHTpaJbHO-CHM-
MeTPHYHBIE PemIeHMA s CTPYKTYPH OpOCTPAHCTBA.

PABOTHI A, A. ®PHIMAHA
o TEOPHH TANOTEHHA 3fHMTERRA

B. A. dox
Cpenn mayunnx paGor A. A. OpuaMaHa ero Hec/AeOBAHHUS N0 TEOPHM TH-

roTeEnsa JiiHmMTeliHA COCTABIHIOT MO CBOGMY YHCAY JHINb HEGOXLUIYIO [OJTI0
(MeHee Of(HOIT necATOH yacTH) Beex onyOInKoBAHERX BEM pafor, HO OO TOMY BJIH-



3. Friedman’s Letter to Einstein’

Petrograd
Central Observatory,
Vasil’yevskiy Ostrov, Line 23, 2
Professor A. Friedmann
6 December 1922

Dear Esteemed Professor,

From a letter of a friend of mine, who is now staying abroad, I had the
honor to learn that you had sent a short note to the 11th volume of
Zeitschrift fiir Physik, in which you had pointed out that, if one adopted the
assumptions (D,) and (C) of my article “On the Curvature of Space,™ then
the world equations you derived would entail that the radius of curvature
of the universe should be a constant value that does not depend on time.
You have obtained this result based on the fact that the vanishing of the
divergence of the tensor 7, is a necessary consequence of the world
equations.

From this vanishing of the divergence of the tensor 7, you have
inferred the relation

(*) s m)

Such a relation means, naturally, that the radius of curvature R is constant
and, hence, that the calculations in my work are in error.

However, I could not derive the relation (*) from the condition that the
divergence of the tensor T}, vanishes; the result I obtained is consistent’
with the possibility of a non-stationary world. Given that such a possibility



6 Viktor Frenkel

The calculations have shown that, in this case, there can exist both a world
with a constant (now negative) curvature and a world with a changing (in
time) curvature.

The possibility® of obtaining a world with a constant negative curvature
from your equations is of exceptional interest to me. This is why I am
asking you not to delay your reply to this letter of mine, though I am aware
that you are very busy.

If you find my calculations correct, [ kindly request that you inform the
editors of Zeitschrift fiir Physik about it. Perhaps in this case you will
publish a correction to your earlier statement or provide an opportunity for
a portion of this letter to be published.

Respectfully Yours,
A. Friedmann

4. A Brief Chronological Commentary to Friedmann’s Letter

“A friend of mine who is now staying abroad” was Yuri Krutkov, Fried-
mann’s associate at the Petrograd Polytechnical Institute. In 1922-23 he
was on a business trip abroad, working in Berlin, Géttingen, and Leiden.
In Leiden he was hosted by the University’s department of theoretical
physics, which (after Lorentz) was headed by Paul Ehrenfest.

One of the first Russian theoretical physicists, Krutkov, along with
Friedmann and a few other young physicists and mathematicians, partici-
pated in a seminar that gathered around Ehrenfest in pre-revolutionary
Petersburg in 1907-1912. Ehrenfest, whose wife was Russian, was fluent



8 Viktor Frenkel

sorry if that phrase had been left in the note. It seems that it was precisely
Krutkov who had saved him from that mistake.
We conclude with a chronological summary of important events
described above:
* Friedmann’s article (Friedmann 1922) was received by the editor of
Zeitschrift fiir Physik on 29 June 1922,

* Einstein’s first note (Einstein 1922) was received by the editor on 18
September 1922.

 Friedmann’s letter to Einstein was sent on 6 December 1922.

« Krutkov’s meetings with Einstein in Leiden took place on 7-18 May
1923.

« Einstein’s second note (Einstein 1923) was received by the editor on
21 May 1923.
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Uber die Moglichkeit einer Welt
mit konstanter negativer Kriimmung des Raumes.
Von A. Friedmann in Petersburg.
(Eingegangen am 7, Jannar iﬂ%d-,)

§1. 1 In unserer Notiz ,Uber die Kriimmung des Raumes“1)
haben wir diejenigen Ldsungen der Einsteinschen Weltgleichungen
betrachtet, welche zu Welttypen fiihren, denen eine konstante positive
Kriimmung als gemeinsames Merkmal angehért; dabei haben wir alle
moglichen Fille erdrtert. Die Moglichkeit, aus den Weltgleichungen
eine Welt konstanter positiver riumlicher Kriimmung abzuleiten, steht
aber mit der Frage nach der Endlichkeit des Raumes im Zusammen-
hange. Aus diesem Grunde diirfte es von Interesse sein zu unter-
suchen, ob man aus denselben Weltgleichungen eine Welt konstanter
negativer Kriimmung erbalten kann, von deren Endlichkeit (auch
unter einigen erginzenden Annahmen) wohl kaum die Rede sein kann.

In der vorliegenden Notiz wird gereigt, dall es wirklich moglich
ist, aus den Einsteinschen Weltgleichungen eine Welt mit konstanter
negativer Kriimmung des Raumes abzuleiten. Wie in der zitierten
Arbeit, so baben wir auch hier zwei Fille zn unterscheiden, nimlich
1. den Fall einer stationiren Welt, deren Kriimmung zeitlich konstans
ist, und 2. den Fall einer nichtstationiren Welt, deren Kriimmung
gwar riumlich konstant ist, wohl aber im Laufe der Zeit variiert.
Zwischen den stationiren Welten konstanter negativer und denjenigen
konstanter positiver rdumlicher Kriimmung besteht ein wesentlicher
Unterschied. Die Welten stationdrer negativer Krimmung lassen
nidmlich keine positive Dichte der Materie zu; dieselbe ist entweder
Null oder negativ. Die physikalisch miglichen stationiren Welten
(d. h. diejenigen mit nicht negativer Dichte der Materie) finden dem-
zufolge ihr Analogon in der de Sitterachen, micht aber in der Kin-
steinachen Welt %).

Zum Schlul dieser Notiz werden wir die Frage beriihren, ob
man iiberhaupt auf Grund der Kriimmung des Raumes iiber dessen
Endlichkeit oder Unendlichkeit urteilen darf.

2. Wir wenden uns zu unseren allgemeinen Annahmen, die wir
in dieselben zwei Klassen wie in der zitierten Notiz gruppiert denken;

1) Z8. £. Phys. 10, 377, 1922, Heft 6.

3) Auf die Notwendigkeit einer besonderen Untersuchung tiber die Mbglich-
keit einer Welt mit negativem Kriimmungsmale des Ranmes hat mich mein
Freund Prof. Dr. Tamarkine anfmerksam gemacht.



! B. K. DPELEPHKC 1 A. A, OPHAMAH

OCHOBbI TEOPHUH
OTHOCHTEJ/IbHOCTH

Bunyen 1
TEHIOPHAJILHOE HCUYHCAEHWE

JAEHHHIPAT—1924

Figure 2. Cover page (left) of joint book "Basics of General Relativity" by V. K. Irederiks and A. A.
Friedmann and its first page (right).



In 1933 at Caltech after the Lemaitre’s
lecture A. Einstein said: “This is the most
beautiful and satisfactory explanation of
creation to which | have ever listened”. This
Einstein’s opinion was widely distributed
through mass media. These circumstances
had a negative impact on the development of
cosmological studies in USSR for around
thirty years.



Abbe Georges Henri Joseph Edouard Lemaitre 7 July 1894 —
20 June 1966 (The Big Bang Father)

GL signed on voluntarily on 9 August 1914 and entered in
Belgium army

GL gained his doctorate this was his licence to teach, not a
PhD in 1920

GL got travelship to visit UK and USA in 1923

GL visited Slipher in Arizona and Hubble at Mount Wilson in the
summer of 1925

GL defended his PhD Thesis at MIT in 1927

In 1927 GL published a paper “On a homogeneous expanding
universe of constant mass”, appeared in the Annals of the
Scientific Society of Brussels. In the paper derived the law (which
was called later the Hubble law). This derivation was omitted in
the Enalish translation published in 1931



“In October 1927, Einstein participated at the 5th Solvay
Congress in Brussels, where the main topic was quantum
theory. Lemaitre was not invited to those discussions, but
Louvain is only 20 km from the capital, so during a break in
the closed sessions he caught Einstein’s attention, and the
two took a stroll in the Parc Leopold. Einstein commented
favourably on Lemaitre’s mathematical competence,
although he rejected the notion of an expanding universe as
an abomination. And it was Einstein who, at this encounter,
directed Lemaitre’s attention to Friedman’s work. Lemaitre
found this news unsettling, but his confidence in Slipher’s
data compelled him to continue to work on expansion as the
key to interpreting the data on “nebular velocities™.” (S.
Mitton, A & G April 2017)



n 2011 Mario Livio learned that GL decided to omit the
Hubble law derivation since the law was known as Hubble
aw obtained from observations

n 2018 IAU decided to name the Hubble law as Hubble —
_emaitre law

In 1931 GL published a paper where he introduced a hot
Universe model

In 1946, Lemaitre’s book L’Hypothesis de I'’"Atome Primitif,
Essai de Cosmologie2) had described his ideas at greater
length, paying more attention to concepts of the quantum
world. Lemaitre predicted also a temperature a few K as

relic.

In 1948, Ralph Alpher and Robert Herman published a
value of 5 K for the temperature of the cosmic microwave

background



Figure 3. Abbé Georges Lemaitre who ﬁrstly discussed observational features of an Universe

expansion and introduced a hot Universe model which was later called Big Bang.
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Figure 65 Albert FEinstein and Georges Lemaitre
at Pasadena in 1933 for the seminar on Hubble's
observations and the Big Bang model of the

universe.



However, even earlier M. Bronstein (Sov.
Physics — Uspekhi, 1931) wrote in his review
of cosmological models considered in the
framework of GR “Friedman’s cosmological

solutions are half forgotten”.



Yexos A. 1. 3anucHasa kHmxka 1V
A. P. Chekhov.

17. HaunoHanbHOM HayKn HET, KaK HET HauMoHanbHOM Tabnunubl YMHOXEHUS; YTO
e HauMoHanbHoO, TO YXXe He Hayka.

17. There is no national science, just as there is no national
multiplication table; what is national is no longer science.



BSE (Second edition, v. 23, p. 109), Cosmology. As one can see,
in contrast of other branches of physics Soviet atheistic
philosophers were controlling cosmology in 1950s.

Cospemennan Gypmyassan K. Doayamma ucuepis-
Ruomyn  GERocoferyld XApAKTCOPHCTHEY B CHOBAX
A. A, Himanoma: «Coppesmennnd OypHyasnan HAYHA
cHafiAeT nonomuuny, dunensy HOROH apryMesTanmed,
KoTopyo meobxognmo Gecnomanko pasofaavare. Bante
xoTH OB yUeHHe AHTTMECKOTO ACTPOHOMA JUIMHTTOHA
0 HINYECKHX KOMCTAMTAX MIPA, HOTOPOE mpaME-
XOALKO NPUBOINT K nmparopefickol MHCTHRE aHcel..,
He nowwsan IMATERTHYECKOTD XOTA NOAUAHNA, COOT-
HOEHKA afcomoTiol v OTHOCHTENRHON WOTHHE, MHO-
rie NocHeoBaTen JiHmTeRAA, NEpeROCH PeayIBTATH
HECAETORAHIA 3AKOHOE BRI HA KONewnol, or paamyen-
noi ofsacTd BeeseHnOH wa BeI0 GECKOREURYID BOR/EH-
HYI0, OrOBAPMBAIOTCH [0 KOHEMHOCTH MUpA, 10 OTpa-
IHYEHHOCTH €10 RO BPEMEHN M MPOCTPAHCTEE, & ACTPO-
oM Muotm gmeme ,noJcqdTan”, €T MEp coagan 2 sui-
amapaa mer roMy nasafi. H oatuwm aurdwiicsus yaéan
MPHMEHHME, TOHATYH, CAOBA WX BEAHKOTO COOTETE-
crBennuka, gaocoda Barowa o Tom, aro oum obpamaiT
fecomwmie cpoell HAYKM B RACETY NPOTHE IDHPOTRS
(iRpamom A, A, Buerymiesue HA AHCKYCCHH 10
e I, @, Anexcanapora «Metopus aanajinoenponei-
ciof guaocodune 24 mona 1947 r., 1952, erp, 42—43).
Ana conpesennoii Gypwyassoi K. xapaxrepuo nepe-
Hecenwe w4 pelo Beentennyw cpoiicts mameetnoll mas
9acTH MeTaramakTuRM, K TOMY e CHALUO cXeMATH-
BUPONAHUGIE. JTHM OOPeHECEMHEM, TPW JONEpOBOM
HETONKOBANURE KPACHONO CMOHERNA, W COATABTCA 4Teo-
pun pacmupromeica Beeaennoi (Sensrufiekud duank
abbar . Jlemerp w np.). CropoduukaMp 5T0H «Teo-
PR EH:”‘[, B YqACTHOCTH; HEAROHHM T AC T [V FC TR
HA Beio Beenmennyw nadiflennile @puaManod pemienis
ypamuenuil TAroTenun JiRmTelna, BRIONAA Ypabie-
HUA © HOCMHY, MOCTOAHHOH (OypiRydalad pelnTHeacT-
eran H.). Jta eTeopuas madr plafmansle BapuanTi
nopenennn Beemennon, [powaoe sceft Beelenmon oma



In 1940s G. Gamow proposed the hot Universe
model, calculated primodial nucleosynthesis and
predicted an existence of CMB radiation. Gamow

was the youngest corresponding member of Soviet
Academy of Sciences (from 1932 to 1938, restored




G. Gamow (on communications with Soviet Physicists)

So a couple of years ago ... You see, my situation with Russian scientists is that physicists and
astronomers know that I am persona non grata, and they are afraid to write to me, and I
don't want to write to them because I bring them into trouble. But biologists don't. A
Russian name, well, there are many Russian names. So a couple of years ago I got from
Luchnik some reprints. He was interested in this coding problem, and I sent him my
reprints and letter. And this is my stationery, which probably you have seen.

https://www.aip.org/history-programs/niels-bohr-library/oral-histories/4325




P.james E, les
Lyman A. Page, Ir.
R. Bruce Partridge




“Shmaonov described how, in the middle of the 1950s, he had been
doing postgraduate research in the group of the well-known Soviet radio
astronomers S. Khaikin and N. Kaidanovsky: he was measuring radio
waves coming from space at a wavelength of 3.2 cmm. Measurements
were done with a horn antenna similar to that used many years later by
Penzias and Wilson. Shmaonov carefully studied possible sources of
noise. Of course, his instrument could not have been as sensitive as
those with which the American astronomers worked in the 1960s.
Results obtained by Shmaonov were reported in 1957 in his PhD Thesis
and published in a paper (Shmaonov 1957) in the Soviet journal Pribory i
Tekhnika Eksperimenta (Instruments and Experimental Methods)*. The
conclusion of the measurements was: “The absolute effective
temperature of radiation background ... appears to be 4 + 3 K.”
Shmaonov emphasized the independence of the intensity of radiation on
direction and time.”

*Shmaonov, T., 1957, Method of absolute measurements of the effective
temperature of radio emission with a low equivalent temperature
[MeToguka abCcontoTHbIX n3mepeHnn apdekTMBHON TeMnepaTypbl
pagnonsnyyvyeHns ¢ HU3KOM aKBMBaneHTHoOU Temnepatypoun], Pribori i
Tekhnika Experimenta (in Russia), 1, 83



Figure 4. Naum Lvovich Kaidanosky (left) and Semion Emmanuilovich Khaikin (right) who
supervised T. A. Shmaonov at the Pulkovo Observatory in 1950s.
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Figure 5. Tigran Aramovich Shmaonov presents his talk about his discovery of CMB in 1957. The

talk was delivered in the Institute for History of Natural Sciences and Technology in Moscow on
17 April 2017.



A typical version for an ignorance of the
Shmaonov’s discovery

No one knew an astronomical sense of his
discovery in 1950s (including S. E. Khaikin)

However, we have to keep in mind that dynamical models
of Universe (Friedmann, Lemaitre, Gamow..) were banned
due to Soviet Philosophy opinion on evolution of the
Universe until June 1963 when this ban was lifted. In
June 1963 Soviet Academy of Sciences changed its point
of view on allowed models for the Universe evolution
since it celebrated 75" anniversary since the Friedmann’s
birthday. Therefore, we celebrated 60 years of Russian
physical cosmology in 2023. Shmaonov (2021) wrote in
the book on Khaikin: «Gamow’s works were not widely
known in the world, in USSR his works were banned since
he was considered an enemy of the people»



Kapitsa (1962) in “Experiment, theory, practice”. “ What has been said about physics can be applied
to other areas of the natural sciences. The separation of theory from experiment, experience, and
practice damages, first of all, the theory itself. | would like to say that the separation from experience
and from life also occurred among philosophers who study the philosophical problems of natural
science.

Here is another example that shows what insufficient understanding and knowledge of physical
experiments leads to. Many still remember freshly how a number of philosophers, dogmatically
applying the method of dialectics, proved the inconsistency of the theory of relativity. The greatest
criticism from philosophers was subjected to the conclusion of the theory of relativity that energy is
equivalent to mass multiplied by the square of the speed of light (E = mc?). Physicists have long
verified this law of Einstein in experiments with elementary particles. To understand these
experiments, deep knowledge of modern physics was required, which some philosophers did not
have. And so physicists carried out nuclear reactions and tested Einstein's law not on individual
atoms, but on the scale of an atomic bomb. Physicists would be good if they followed the conclusions
of some philosophers and stopped working on the problem of applying the theory of relativity to
nuclear physics! In what position would physicists have put the country if they had not been prepared
for the practical use of the achievements of nuclear physics?

This shows that the application of dialectics in the field of natural sciences requires an exceptionally
deep knowledge of experimental facts and their theoretical generalization. Without this, dialectics
itself cannot provide a solution to the problem. It is, so to speak, a Stradivarius violin, the most perfect
of violins, but in order to play it, one must be a musician and know music. Without this, it will be as
out of tune as an ordinary violin. ”



P. L. Kapitsa (1962, 1963) and Ya. B. Zeldovich (1963)
played a great role to remove the ban on dynamical models
for the Universe




P. L. Kapitsa (1963): “Friedmann made one of the most significant
theoretical discoveries in astronomy—nhe predicted the expansion
of the Universe. From Friedmann's solution of Einstein's
cosmological equations, it followed that the radius of curvature of
our world could change over time. A few years after Friedmann's
work was published, the American astronomer Hubble discovered
the recession of galaxies—a consequence of the expansion of the
Universe®. Thus, Friedmann "at the tip of his pen" discovered an
amazing phenomenon of cosmic scale...

Friedmann did not live to see his calculations confirmed by direct
observation. But we now know that he was right. And we are
obliged to give a fair assessment of the remarkable result of this
scientist. Friedmann's name has been undeservedly forgotten until
now. This is unfair and this needs to be corrected. We must
perpetuate this name. After all, Friedmann is one of the pioneers
of Soviet physics, a scientist who made a great contribution to
domestic and world science. It is necessary to publish a collection
of all his works and publish his biography.”

*Now it is called the Hubble — Lemaitre law.



Alexander Alexandrovich Friedman and Vsevolod Konstantinovich Fredericks,
being professors at Petrograd (now Leningrad) University, were the first to
introduce Russian physicists working in Petrograd to Einstein's recently created
theory of gravity. It was at the very beginning of the twenties, when the blockade
of Soviet Russia had just been broken and scientific literature began to arrive
from abroad. A seminar was held at the university's Physics Institute, where,
among others, reports on Einstein's theory were presented. The seminar
participants were professors and senior students (there were few of them then).
The main speakers on the theory of relativity were V. K. Fredericks and A. A.
Friedman, but sometimes Y. A. Krutkov, V. R. Bursian and others spoke. | vividly
remember the reports of Fredericks and Friedman. The style of these reports
was different: Fredericks deeply understood the physical side of theory **), but
did not like mathematical calculations, while Friedman focused not on physics,
but on mathematics. He strove for mathematical rigor and attached great
importance to a complete and accurate formulation of the initial assumptions.
The discussions between Fredericks and Friedman were very interesting. (in
Fok V A “The researches of A. A. Fridman on the Einstein theory

of gravitation” Sov. Phys. Usp. 6 473-474 (1964); ®ok B A "PaboTbl A.A.
dpuagmana no teopumn TaroteHnss AnHwTenHa" YOH 80 353—356 (1963) )



1st Alexander Friedmann International Seminar on
Gravitation and Cosmology (22-26 June 1988, Leningrad).
Many famous scientists attended the meeting: D. Sciama,
A. D.Sakharov, S. Hawking, M. A. Markov, B. Carter, S.
Deser, R. Ruffini



Figure 10. Moisei Alexandrovich Markov (the Chairman of the Scientific Organizing Committee of
the Friedmann-100 Conference and Academician Secretary of Nuclear Division of Soviet Academy of
Sciences) and Professor Remo Ruffini at the Conference (Leningrad, 19588).



Figure 11. Professor Remo Ruffini, Academician Andrei Dmitrievich Sakharov and professor Igor
Dmitrievich Novikov at the Friedmann-100 Conference (Leningrad, 1988).



RELIKT-1 from Russian: PEJIMKT-1[a] (sometimes RELICT-
1) was a Soviet cosmic microwave

background anisotropy experiment launched on board

the Prognoz 9 satellite on 1 July 1983. It operated until
February 1984. It was the first CMB satellite (followed by

the Cosmic Background Explorer in 1989) and measured the
CMB dipole, the Galactic plane, and gave upper limits on
the quadrupole moment.

A follow-up, RELIKT-2, would have been launched around
1993, and a RELIKT-3 was proposed, but neither took place
due to the dissolution of the Soviet Union.
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The Relikt Experiment

Prognoz 9, launched on 1 July 1983 into a high-apogee (700,000 km) orbit, included the Relikt-1 experiment to investigate the anisotropy of the CMB at 37 GHz, using a Dicke-type

modulation radiometer. During 1983 and 1984 some 15 million individual measurements were made (with 10% near the galactic plane providing some 5000 measurements per point). The
entire sky was observed in 6 months. The angular resolution was 5.5 degrees, with a temperature resolution of 0.6 mK. The galactic microwave flux was measured and the CMB dipole
observed. A quadrupole moment was found between 17 and 95 microkelvin rms, with 90% confidence level. A map of most of the sky at 37 GHz is available.
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A radio-brightness map taken in the 8mm range during the
Relict-1 experiment shows differences in the intensity of
cosmic microwave background radiation caused by the

movement of the Solar system at a speed of 350 km/s
relative to the totality of all other galaxies (the dipole
anisotropy).




COBE Slide 2

Artist's conception of the COBE satellite in orbit,
annotated with locations of scientific instruments, The COBE Satellite
dewar, etc. The instruments are the Far Infrared '
Absolute Spectrophotometer (FIRAS), which made
a precise measurement of the spectrum of the cosmic
microwave background radiation; the Differential
Microwave Radiometers (DMR), which detected for
the first time and was used to characterize faint
fluctuations in the cosmic microwave background
corresponding to density structure 1n the early
Universe; and the Diffuse Infrared Background
Experiment (DIRBE),which obtained data that can
be used to seek the cosmic infrared background and
study the structure of the Milky Way Galaxy and the
interstellar and interplanetary dust. The COBE was
launched on November 18, 1989. All three
instruments performed well while the helium
cryogen supply lasted, until September 21, 1990.
Thereafter, the FIRAS ceased operating, as did the
DIRBE at wavelengths longer than 4.9 um
(micrometers, or "microns"). However, the DMR
continued to operate normally, and the DIRBE
continued to collectnear-infrared data with
diminished sensitivity until these instruments were
finally turned off on December 23, 1993.




COBE Slide 3

The COBE orbit and spin axis orientation.
The orbit nearly passes over the Earth's
poles at an altitude of 900 km (559 miles).
The orbital plane 1s inclined by 99 degrees
to the Equator, causing the orbit to precess
(turn) to follow the apparent motion of the
Sun relative to the Earth. (The precession is
caused by the Earth's equatorial bulge,
which in turn results from the Earth's daily
rotation about its axis.) Thus, the spin axis
stays pointed almost perpendicular to the
direction of the Sun and 1n a generally
outward direction from the Earth. As the
COBE orbits the Earth once every 103
minutes, it views a circle on the sky 94
degrees away from the Sun, and as the
Earth moves around the Sun over the
course of a year the COBE gradually scans
the entire sky. The spacecraft rotates at (.8
rpm. The FIRAS instrument 1s aligned with
the spin axis. The DIRBE and DMR COBE's Orbit
instruments point "off axis" and observe
half the sky every orbat.




Maps Based on Two Years of DMR Observation (COBE)




Maps Based on Observations Made Over the Entire 4-year Mission (COBE)
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STRUCTURE IN THE COBE' DIFFFRENTIAL MICROWAVE RADIOMETER FIRST-YEAR MAPS
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R. F. SILVERBERG,” L. Tenorio,” R. Weiss,” axp D. T. WiLkNson!'!
Recetved 1992 April 21 ; accepred 1992 June 12

ABSTRACT

The first year of data from the Differential Microwave Radiometers (DMR) on the Cosmic Backgoround
Explorer (COBE) show statistically significant (> 7 o) structure that is well described as scale-invariant fluctua-
tions with a Gaussian distribution. The major portion of the observed structure cannot be attributed to
known systematic errors in the instrument, artifacts generated in the data processing, or known Galactic cimis-
sion. The structure is consistent with a thermal spectrum at 31, 53, and 90 GHz as expected for cosmic micro-
wave background anisotropy.

The rms sky variation, smoothed to a total 10° FWHM Gaussian, is 30 + 5 uK (AT/T = 11 x 107°) for
Galactic latitude |b| > 20° data with the dipole anisotropy removed. The rms cosmic quadrupole amplitude is
13+ 4 uK (AT/T = 5 x 107 %). The angular autocorrelation of the signal in each radiometer channel and
cross-correlation between channels are consistent and give a primordial fluctuation power-law spectrum with
index n = L1 + 0.5, and an rms-quadrupole-normalized amplitude of 16 + 4 uK (AT/T =6 x ]0"). These
features are in accord with the Harrison-Zel'dovich (scale-invariant, n = 1) spectrum predicied by models of
inflationary cosmology. The low overall fluctuation amplitude is consistent with theoretical predictions of the

minimal level gravitational potential variations that would give rise to the observed present day structure.
Subject headings: cosmic microwave background — cosmology: observations

L. INTRODUCTION

The 2.73 K cosmic microwave background (CMB) is one of
the most effective probes of the early universe. On large
angular scales the CMB contains imprints of the primordial
gravitational potential fluctuations (Sachs & Wolfe 1967)
thought to be the origin of large-scale structure in the universe.
The COBE DMR instrument, described by Smoot et al. (1990),
15 designed to measure the large-angular-scale anisotropy of
the CMB. The instrument operates at three frequencies: 31.5,
53, and 90 GHz (wavelengths 9.5, 5.7, and 3.3 mm), chosen to
be near the minimum in Galactic emission and near the CMB
maximum. There are two nearly independent channels, A and
B, at each frequency. The orbit and pointing of COBE result in

! The MNational Aeronautics and Space Administration/Goddard Space
Flight Center (NASA/GSFC) is responsible for the design, development, and
operation of the Cosmic Background Explorer (COBE), Scientific guidance is
provided by the COBE Science Working Group. GSFC is also responsible for
the development of the analysis software and for the production of the mission
data scls.

* Lawrence Berkeley Laboratory, Space Sciences Laboratory, and Center
for Particle Astrophysics, Building 50-351, University of California, Berkeley,

a complete survey of the sky every 6 months while shielding the
DMR from terrestrial and solar radiation (Boggess et al. 1992),
Smoot et al. (1991) present preliminary results based on 6
months of data and Bennett et al. (1992a) describe the cali-
bration procedures. This Lerter describes results based upon
the first year of DMR data. Companion papers discuss the
treatment of systematic errors (Kogut et al. 1992), discuss the
separation of cosmic and Galactic signals (Bennett et al
1992b), and compare these data to other measurements and to
models of structure formation through gravitational instability
(Wright et al. 1992). These new results are consistent with, and
substantially more sensitive than, the previously published
large-angular-scale anisotropy measurements, in particular
those of Princeton (Fixsen et al. 1983), Berkeley (Lubin et al.
1985), Relikt (Klypin ct al. 1987), DMR preliminary results
(Smoot et al. 1991), and Meyer, Page, & Cheng (1991).

2. DATA PROCESSING AND ANALYSIS

The DMR measures the difference in antenna temperature
between regions of the sky separated by 60°. A baseline is
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The Relikt-1 experiment — new results
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SUMMARY

We present new results from reduction of data from the space experiment Reliki-1
(investigation of the anisotropy of the cosmic microwave background at 37 GHz).
With 99 per cent confidence, an anomalous signal is detected in a region of area of
about 1 sr, centred at RA=1"30™, Dec.= — 10° (/=150°, b= —70°). The brightness
temperature of the signal is AT=—71+43 uK with 90 per cent confidence,
including systematic errors. The nature of the signal cannot be explained by effects of
the apparatus or by radio emission of known sources; there are reasons to believe that
the signal has a cosmological origin. For a model of cosmological signal with scale-
invariant spectrum, i.e. in terms of a power-law spectrum with n=1, we estimate, for
the rms, a quadrupole component of 6 X 1075 <AT,/T<3.3 X103 with 90 per cent
confidence, including systematic errors.

Key words: artificial satellites, space probes — cosmic microwave background -
cosmology: observations - large-scale structure of Universe.

 mTRoDUCTION . T ki
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In this paper we discuss the results of processing addi-

tional data obtained from the space experiment Reliks-1. The

survey was carried out at a frequency of 37 GHz with an

angular resolution of 6°. Details of the experiment’s confi-

guration and data preparation were discussed in previous

2T, Wexpl — ¢;/295)
¥ Wexp(— @]/2¢5)

where 7} is the measured value of brightness temperature, @,

Tomporn = »

papers (Strukov & Skulachev 1987; Klypin er al. 1987,
Strukov et al. 1988). We have not made any simplification to
the model, and the data reprocessing now shows the pres-
ence of an anisotropy of the microwave background. The
nature of this anisotropy will be discussed below.

2 DATA REDUCTION

We corrected the initial data by removing the modelled con-
tribution of radiation from the Earth, Moon and Sun. We
excluded all data in which this contribution was more than
0.5 mK (for the initial data, it corresponded to about 15 uK
in the smoothed data, as described below). We also excluded
results for which the difference between observed and
modelled data was more than 10 per cent (dun'ng fast motion

is the angular separation between the point at which the
temperature is determined and the jth point of the map, W, is
the statistical weight {the number of measurements) of the jth
point, and @, is the smoothing angle. Assuming W;=0 for a
region between Galactic latitudes b= £15° and also for
those regions which are affected by earthshine and moon-
shine, makes the procedure insensitive to the Earth, Moon
and Galactic radiation.

We modelled the signal which is determined by the
Harrison-Zeldovich spectrum for primordial perturbations
[Abbott & Wise 1984):

(ATHTH =mel(20+1)2011+1), (1)

where [ is the number of spherical harmonics, and &y is the
amplitude of the metric fluctuation.
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Anisotropy of the microwave background radiation
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New results from analysis of data on the anisotropy of the background radiation at 37 GHz (spaceborne
experiment Relikt 1) are presented. The relative magnitude of the quadrupole component was estimated with
909 confidence for an inflationary perturbation spectrum: 6-107° <AT,/T <3.3-10~". An anomaly of the
microwave radiation has been found, with 999 confidence, in a region with area=1 sr near the point with
coordinates @ ~1"30™ and § ~~10° {/ = 150° and b = —70%). The magnitude of this anomaly is AT, =-T1+=43
£ K with 90% confidence. We discuss possible sources of the anomaly.

Introduction. This paper is devoted to the results of a
follow-on analysis of data from scans of the celestial sphere at
37 GHz in the Relikt 1 spaceborne experiment on the measure-
ment of the background radiation anisotropy (Strukov and
Skulachev, 1986; Klypin et al., 1987; Strukov et al., 1988).

The data analysis performed thus far has not revealed a
cosmological signal. Only an upper limit on the possible
strength of such a signal has been estimated. Such estimates
are made primarily by comparing the experimental data, i.e.,
the signal plus noise, with very accurately determined instru-
mental noise. In order to make reliable estimates, it is then
important to know exactly how the signal and noise are trans-
formed in all units of the experimental apparatus and at all
stages of subsequent data processing. In preceding works a
number of effects were taken into account approximately. In
constructing a map of the celestial sphere we carefully calcu-
lated the correlation of separate measurements, and this made
it possible to determine more accurately the instrumental noise
in the radio map obtained. The noise level was reduced mainly
by properly taking into account radiometer sampling by the
satellite’s telemetry system and by modeling completely the
procedure for subtracting out the dipole component of the
radiation.

We performed signal analysis and estimation after
smoothing the data on the map, using a much larger smoothing
parameter than in our previous work (Klypin et al., 1987,
Strukov et al., 1988).

Signal analysis on the sphere, The signal T(#, ) on the
sphere can be represented as an expansion in spherical har-
monics Y (8, ¢):

1

VT+ 50,

P™ (cos 0) (a,™ cosmep + a,”™ sin mg),

w |
0= arin@o=—

=1l =0
Gl Di—mn
TR

where 8y, = 1 if m = 0 and &, = 0 otherwise; P/"(cos )
are the associated Legendre polynomials of degree [ and order
m; agm are the coefficients in the multipole expansion; and, ¢
and ¢ are the polar and azimuthal angles.

The variance o2 of the signal on the sphere can be repre-
sented as follows:

o | -
=Y 3 (e =5 7

I=0m=-I
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where AT = (1/dx) Y (af™? is in the [th spherical har-
monic. m==l
For subsequent calculations we employed the signal corre-
sponding to the Harrison—Zel'dovich spectrum for primordial
perturbations (Abbott and Wise, 1984; Starobinski, 1983). For
such a spectrum

CATHTH =ne,d (2014+1) /21 (1+1), (1)

where T is the temperature of the microwave background, / is
the number of the spherical harmonic, (...} denotes the expec-
tation value, and ey is the amplitude of fluctuations at the
moment the horizon is crossed.

The signal-to-noise ratio for such a signal can be im-
proved by reducing the high-frequency noise in the map of the
experimental data by means of additional smoothing.

Smoothing was performed as follows. The smoothed value
Tinoom at @ given point on the map was determined from the
formula

Tomooto= (D T W-exp (— 92/206%) [Z W, -exp (— 9,2/295),

where T is the measured value of the brightness temperature;
w; is the angular distance from the given point to the jth point
in the region of smoothing; Wj is the statistical weight of the
Jth point, equal to the number of measurements; and ¢ is the
smoothing parameter.

The summation extended over all points at which

Q= Gmax =35,

The width of the chosen smoothing function of half-maxi-
mum is 2.355¢.

Analysis of variance. Analysis of variance addressed the
problem of testing the hypothesis that a signal is present in the
data and the problem of estimating the parameters of that
signal.

Two approaches are possible, which differ in the method
employed for representing the signal. In the first approach the
signal is assumed to be deterministic, and estimates are given
for the experimentally measured quantities. Such estimaies
have the smallest confidence interval, but they depend on the
specific configuration of the measured signal and they do not
permit judging the entire spectrum, and for this reason they do
not make it possible to properly compare the measured values
with the theoretical predictions.

® 1992 american Institute of Physics 183
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Abstract. A comparison is made of cosmic microwave back-
ground anisotropy data obtained from the WMAP satellite in
2001 - 2006 and from the Relikt-1 satellite in 19831984, It is
shown that the low-temperature area found by Relikt-1 is the
location of the ‘coldest spot’ of the WMAP radiomap. The
mutual correlation of the two datasets is estimated and found
to be positive for all sky regions surveyed. The conclusion is
made that with the 98% probability, the Reliki-1 experiment
had detected the same signal that was later identified by
WMAP. A discussion is given of whether the Relikt-1 experi-
ment parameters were chosen correctly,

1. Introduction

The anisotropy of cosmic microwave background (CMB)
radiation was discovered in sky surveys carried out by
dedicated artificial satellites [1, 2]. By the middle of 2009, the
CMB has been explored by three space experiments: Relikt-1
(USSR, 1983-1984), COBE (Cosmic Background Explorer)
(USA, 1989-1993), and WMAP (Wilkinson Microwave
Anisotropy Probe) (USA, launched in 2001). In May 2009,
the Planck European space mission with a similar research
task was successfully launched.

The sensitivity of the Relikt-1 experiment was limited by
the technical capabilities of that time and can be considered
rather modest according to modern criteria. However, that
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sensitivity proved to be sufficient to discover and measure the
CMB anisotropy parameters. The dipole anisotropy was
detected and the amplitude of the quadrupole anisotropy for
a given perturbation spectrum was measured [3]. A low-
temperature area—a ‘cold spot’—was found on the sky
radiomap [1]. The measurements were carried out only at one
frequency and on the verge of the sensitivity limit. and
therefore the results obtained needed to be confirmed by
mMOore precise measurements.

The American satellite COBE was launched six years after
Relikt-1 with better equipment. Estimates of the dipole and
quadrupole anisotropy for a given spectrum obtained by both
satellites were found to be consistent within error. The cold
spot found by Relikt-1 was not confirmed by COBE [4, 5], but
the signal-to-noise ratio on the COBE radiomap was rather
low in this area of the sky.

Results of any observations can be reliably confirmed or
rejected only by analyzing independent experimental data
with a good signal-to-noise ratio. At present, such data has
been obtained by the WMAP satellite during five vears of
continuous measurements [6]. In what follows, we present the
results of a comparisen of the WMAP and Relikt-1 experi-
mental data.

2. The WMAP data used in the analysis

The central frequency of the Ka and Q channels of the
WMAP satellite coincides with the working frequency of the
Relikt-1 radiometer, and we therefore use the brightness
temperatures in the Ka and Q channels of the WMAP
satellite for the subsequent analysis.

3. The ‘cold spot’

Figure | shows a part of the WMAP radiomap in ecliptic
coordinates. The data was smoothed with an angular
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Figure 1. The ‘Spot” of WMAP {marked with the arrow) and the “cold” spot
area ol Reliki-1 (inside the white quadrangle).

resolution of 15°. The brightness temperature of regions near
the galactic plane is conventionally set to zero. The dark color
marks low-temperature areas. The white quadrangle shows
the area where Relikt-1 found the coldest spot. The
coordinates of the quadrangle are taken from [1].

It can be seen that several cold points fall within the area
shown, with one of them (marked by the arrow in Fig, 1)
being the famous ‘Spot.” the coldest spot on the entire WMAP
radiomap [1]. The Spot has ecliptic coordinates 4 = 39°,
fi = =37 and galactic coordinates [ = 209°, h = —57°. The
low-temperature area on the Relikt-1 map was singled out
using additional data averaging. In this procedure, cold
points apparently joined together into a single big spot,
which was actually discovered. The parameters of the
measured brightness temperature minimum are given in [1].
The exact location of the spot itself was not then measured
due to a high noise level, which is why an extended area inside
the quadrangle was marked.

We note that a part of the cold area on the Relikt-1
radiomap near zero ecliptic longitudes has the brightness
temperature close to zero on the WMAP sky map. Suppo-
sedly, itis exactly this region that was studied in [4, 5], where it
was concluded that the Relikt-1 data are inconsistent with the
COBE data. However, the list of the coldest spots on the
COBE sky map [8] does not include the Spot itself, the coldest
object later discovered by WMAP,

4. Dipole component

The CMB dipole component parameters determined from the
WMAP data [9] and the Reliki-1 data [3]are given in Table 1,
The errors correspond to a 90% confidence level. Thermo-
dynamic values of the brightness temperature are used.

Table 1 shows that the results of two experiments are
consistent within errors. A small (about 6% ) difference in the
dipole amplitude can be explained by a systematic calibration
error of the Relikt-1 radiometer.

Table 1. Estimate of the dipole CMB anisotropy.

Dipale component

Experiment [

5. Higher anisotropy components

In the Relikt-1 data, the amplitudes of higher anisotropy
harmonics were found by statistical modeling under the
assumption of the Harrison-Zeldovich primordial perturba-
tion spectrum. An estimate is given for the rms value of the
quadrupole component (Qyy, py) for this spectrum [1].

In the WMAP data, the quadrupole component was
determined as [10]

'5Cy
Ql'm.-i—pi = / =, (lJ

an

with C; calculated as

2n BoGt{l+1)/2n

_r , 2
6~ 14 @

&)
where C/(f+ 1)/2m is the /th component of the aniso-
tropy power spectrum [11]. The summation limits here
approximately correspond to the transfer function of the
Reliki-1 radiometer, taking smoothing into account. The
averaging over / in formula (2) is used to reduce
uncertainties in the estimate of C,, taking into account
that Cy(/+ 1} is independent of / for the Harrison—
Zeldovich spectrum,

The corresponding values (in microkelvins) are presented
in Table 2. For Relikt-1, a 90% confidence level for the
interval is given,

Table 2. Estimates of higher-anisolropy components.

Experiment Quadrupole component Q. o
WMAP 189 pK
Reliki-1 16.5-90 pK

It follows from Table 2 that the data of both experiments
are consistent within errors.

We note that the values in Table 2 give model-dependent
estimates of the entire anisotropy and not the measured
quadrupole amplitudes. The measured quadrupole ampli-
tudes would be such if the measured anisotropy were
generated by primordial fluctuations with the Harrison—
Zeldovich spectrum.

6. Signal detected by Relikt-1

Although the anisotropy estimates made by Relikt-1 are
confirmed by the WMAP data, this could be considered
purely coincidental because the spectrum and the form of
the signal discovered by Relikt-1 have not actually been
determined. The anisotropy was calculated in [1] from the
dispersion analysis using a small excess of measured values
against pure noise, and it is not at all clear whether such an
excess is due to a real signal or to quite different reasons, e.g.,
electric interference or external radiation. Therefore, a more
detailed study of the structure of the signal measured by
Relikt-1is in order.

7. Method of the signal structure study
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Erast Borisovich Gliner 26.01.1923 (Kyiv) — 16.11.1921
(San-Francisco)

A. D. Sakharov on his first cosmological papers published since
1960s: “In one of the hypothetical equations of state that | have
considered, the energy density tends to a constant value as the
density of matter tends to infinity. That is, in the limit, the energy
density does not depend on the density of matter. The pressure is
negative,and the substance is stretched. Such an equation of
state leads to the expansion of the universe according to the law
of exponential function. Independently,and with greater certainty,
Gliner wrote about the same thing in the same years”.

It means that EBG considered vacuum energy in cosmological
theories many years before an introduction of inflationary
cosmology proposed by A. A. Starobinsky, A. Guth, A. D. Linde
and many years before the discovery of the accelerated expansion
of the Universe in 1998 and the introduction of dark energy as a
component which determines a behaviour of the Universe.



Figure 3. Early 197(s. Embankment of the Neva river in Leningrad (now 5t. Petersburg). From Gliner
family archive; courtesy of Arkady and Bella Gliner.



In my description of Gliner’s scientific biography | essentially use
Yakovlev, D.;: Kaminker, A. . Universe 2023, 9, 46.
https://doi.org/10.3390/universe9010046

and

A. D. Chernin
https://ufn.ru/tribune/trip118.pdf



In 1926, Erast and his mother moved to Leningrad

In the summer of 1940 EBG graduated from school and was
admitted to the Chemistry Department of Leningrad State
University (LSU)

EBG spent the coldest and hungriest winter of 1941-1942 in
Leningrad

At the end of April 1942, EBG insisted on enlisting and was
assigned to artillery. He was awarded the Order of the Red
Star. He was wounded three times. The last wound to the
right arm on 30 October 1943 required amputation and he
was hospitalized for several months.

He was then released from the army and returned to
Leningrad in the summer of 1944. For medical reasons, he
could not work with chemicals and was unable to continue
his chemistry education. He was admitted to the Physics
Department of LSU. He had to start from the first year,
because the programs of the Chemistry and Physics
Departments were different.



On 19 May 1945, EBG was sentenced by the military tribunal unde
Articles 58-10, part 2 and 58-11 to 10 years with subsequent five-
year suppression of civic rights and no right to appeal.

In 1945 -- 1952, EBG worked at the Special Construction Bureau
(OKB-172) in Kresty designing naval gun systems.

In 1952, he was transferred to Moscow, to KB-1 (S. Berya was on
of heads of the KB). Gliner was released on 25 April 1954. He
returned to Leningrad but was legally forbidden to live there for five
years.

In May 1955, Gliner was offered a permanent job at a construction
bureau P.0.691 (Leningrad branch of KB-1), and he accepted the
position.

By the middle of 1963, he had passed all the exams and defended
his thesis “Investigation of the singularity of Schwarzschild’s
external solution”. In June 1963 he graduated from LSU (diploma
with honors)



In 1962 the Publishing House of “Vysshaya Shkola” published a
textbook “Differential Equations of Mathematical Physics” co-
authored by N. S. Koshlyakov, E. B. Gliner and M. M. Smirnov.

By the middle of 1963, he had passed all the exams and defended
his thesis “Investigation of the singularity of Schwarzschild’s
external solution”.

In June 1963 he graduated from LSU (diploma with honors)

In 1963 B. P. Konstantinov sent a request to LSU with the
proposal to employ him.

In 1965 EBG published the first paper in Soviet JETP.
In 1970 he prepared PhD thesis.

V. L. Ginzburg, V. A. Fock and A. D. Sakharov supported Gliner's
studies and they proposed to present Gliner’s thesis as D Sc
thesis. V. A. Fock and A. D. Sakharov were ready to be
opponents.



loffe LPTI administration insisted on two points. First, either
Sakharov is removed from the list of opponents, in which case the
defense is allowed, perhaps even as doctoral; otherwise, all
dissertation documents are taken away by administration and
there will be no defence at all. Second, to frighten Gliner, it was
said that the GR theory (Gliner’s topic) was not included in the
work plan of the loffe Institute; accordingly, the topic should be
changed, otherwise Gliner could lose his job.

It was unbelievable cruelty, but nobody protested because almost
nobody knew. As for E. Gliner, it was a matter of principle not to
disregard Sakharov. He refused, and his dissertation documents
were locked away at the institute.



Conclusion

Very often our scientific community was not active in
promotion of achievements of compatriots therefore,
the achievements were underestimated or even not
known 1n other countries.

I listed people whose achievements were underestimated:

V. K. Frederics, A. A. Friedman, G. Lemaitre, G.
Gamow, S. E. Khaikin, T. A. Shmaonov, I. A. Strukov
and Relikt-1 group, E. B. Gliner...



Backup slides



From Paradise Lost by A. A. Migdal

“...Some of us turned out to be more equal than others,
and our Western friends, regardless how hard they tried
to help us 1n i1solation, could do nothing with the laws of
a free market — 1f you are not present to explain and
defend your ideas they will get stolen or simply ignored
and reinvented...”



M. 1. Monacteipckuit (2009) ““...K cioBy cka3arts, y Hac (B Poccun)
OYCHB JIIOOSAT IPUYMUTATH 110 TOBOAY HEJOOIECHKH PYCCKUX YUEHBIX Ha
3amage. Ho TiiaTenbHbId aHAIU3 peallbHBIX (PAKTOB IMOKA3bIBAET, UTO
OO0JIbIIIE BCETO IMIPU3HAHUIO PYCCKHUX (COBETCKMX) YUEHBIX MEIIAIOT
IPYTHE PYCCKHUE (COBETCKHUE) YUEHBIC...”



M. 1. Monastyrsky (2009) "...By the way, we (in Russia) are very fond
of lamenting the underestimation of Russian scientists in the West.
Russian Russian (Soviet) scientists are the ones who hinder the
recognition of Russian (Soviet) scientists the most, however, a careful
analysis of the real facts shows...”



Massive graviton theories
* M. Fierz and W.Pauli-1939
* Zakharov; Veltman, van Dam — 1970
* Vainshtein -1972
* Boulware, Deser -- 1972

* Logunov, Mestvirishvili, Gershtein et al.
(RTG)

* Visser — 1998 (review on such theories)
* Rubakov, Tinyakov — 2008
* de Rham et al.—2011 -- 2016
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Abstract. Recently LIGO eollaboration discovered gravitational waves [1] predicted 100
vears ago by A. Finstein. Moreover, in the key paper reporting about the discovery, the
joint LIGO & VIRGO team presented an upper limit on graviton mass such as m, <
1.2 % 107%eV [1] (see also more details in another LIGO paper [2] dedieated to a data
analysis Lo obtain such a small constraint on a graviton mass). Since the graviton mass limit
is so small the authors concluded that their observational data do not show vielations of clas-
sical general relativity. We consider another opportunity to evaluate a graviton mass from
phenomenological consequences of massive gravity and show that an analysis of bright star
trajectories could bound graviton mass with a comparable aceuracy with accuracies reached
with gravitational wave interferometers and expected with forthcoming pulsar timing obser-
vations for gravitational wave detection. It gives an opportunity to treat observations of

{© 2016 1OP Publishing Ltd and Sissa Medislab srl doi: 10,1088 /1475-Th 16 -_h'Jlli,H:l.'\,'i]-i.'.




Constraints on graviton mass from S2
trajectory

® AFZ, D. Borka, P. Jovanovic, V. Borka Jovanovic gr-
gc: 1605.00913v; JCAP (2016):

* A,>2900 AU = 4.3 x 10** km with P=0.9 or
* m,<2.9x10% eV=5.17x10>*g

* Hees et al. PRL (2017) slightly improved our
estimates with their new data m, < 1.6 x 10?2t eV

(see discussion below)
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Itis likely that the graviton is massless. More than fifty years ago Van Dom ond Veliman (VANDAM 1970 ), lwasaki ('WASAKI 1970 ), and Zokharev
[ZAKHAROV 1970 almost simullaneavsly showed thot in the linear approximation a theory with o finite gravilon mass does not approach GR s the moss
opproaches zero. Aftempts have been made to evade this "vDVZ discontinuity” by invoking modified gravity or nonlinear theory by De Rohm [DE-RHAM 2017
) and others. More recently, the analysis of gravitational wave dispersion has led to bounds that are largely independent of the underlying model, even if not the
strongest, We quote the best of these as our best limit.

Experimental limits have been set based on a Yukawa potential (YUKA), dispersion relation (DISP), or other modified gravity theories [MGRV).

The following conversions are useful: 1 eV = 1.783 x 10~* g = 1957 x 10-*m,; /¢ = (1973 x 107 m)x(1 e¥/m,).

VALUE (eV) DOCUMENT ID TECN COMMENT
<5x10°% ! ABBOTT 2019 DISP LGO Virgo calalog GWTC-1

* » We do not use the following data for averages, fits, limits, etc. » o
<32x107% 2 BERNUS 2020 YUKA Planefary ephemeris INPOP19a
<2x10°% 3 SHAO 2020 DISP Binary pulsar Galileon radicfion
<Tx107% 4 BERNUS 2019 YUKA Planefary ephemeris INPOP17b
<31x10® 5 MIAO 2019 DISP Binary pulsar orbital decay rate
<14x10°¥ 4 DESAl 2018 YUKA Gl cluster Abell 1689
<5x107% 7 GUPTA 2018 YUKA Using SPT-SZ
<3x10°% 7 GUPTA 2018 YUKA  Using Planck all-sky S
<13x107% 7 GUPTA 2018 YUKA Using redMaPPer SDSS-DR8
<B6x107% 8 RANA 2018 YUKA Weak lensing in massive clusters
<8x107% 9 RANA 2018 YUKA SZ effect in massive clusters
<10x107% 10 wiLL 2018 YUKA  Perihelion odvances of planets
<Tx10°% T ABBOTT 2017 DISP Combined dispersion limit from three BH mergers
<12x1072 1 ABBOTT 2016  DISP Combined dispersion limit from two BH mergers
<29x10°% ' ZAKHAROV 2016 YUKA 52 stor orbit
<5x107® 12 gRITO 2013 MGRV  Spinning black holes bounds
<fx10°% IGRUZINOV 2005  MGRV  Solor System observations
<Bx107% 14 CHOUDHURY 2004  YUKA Weak grovitafional lensing
<90x107H 'S GERSHTEN 2004  MGRY From ., volue assuming RTG
<8x107® 16,17 FINN 2002 DISP Binary pulsar orbital period decrease
<7Tx10% TAIMADGE 1988 YUKA Solar system planetory ostrometric data
<13x107® 18 GOIDHABER 1974 YUKA Rich clusters
<Tx10%® HARE 1973 YUKA Galaxy
<810 HARE 1973 YUKA  2ydecoy

! ABBOTT 2019 , ABBOTT 2017 , and ABBOTT 2016 limits ossume a dispersion relation for gravitational waves modified relative to GR.

2 BERMUS 2020 use the latest solution of the ephemeris INPOP (19a) in order o improve the constraint in BERNUS 2019 on the existence of o Yukawa suppression to
the Newtonian potential, genericalk iated fo o gravitons mass.

3 SHAO 2020 sets limit, 95% CL, based on non-observation of excess gravitational radiafion in 14 well-imed binary pulsars in the context of the cubic Galileon
model.

4 BERNUS 2019 use the planefary ephemeris INPOP 17b to consiraint the existence of a Yukawa suppression fo the Newlonian polential, generically associated fo a

gravitons mass.

5 MIAO 2019 90% CL limit s based on orbial period decay rates of & binary pulsars using a Bayesian prior uniform in graviion moss, Limit becomes < 5.2 x 102
&V for a prior uniform in In{m).

6 DESAI 2018 limit based on dynamical mass models of golaxy dluster Abell 1689.
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7 GUPTA 2018 oblains graviton mass limits using stacked clusters from 3 disparate surveys.

& RANA 2018 limit, 68% CL, obtained using weak lensing mass profiles out to the radius at which the cluster density falls to 200 times the critical density of the
Universe. Limit is based on the fractional change between Newtonian and Yukawa accelerations for the 50 most massive galaxy clusters in the Local Cluster
Substructure Survey. Limits for other CL's and other density cuts are also given.

°

RANA 2018 limit, 68% CL, obtained using mass measurements via the SZ effect out to the radius at which the cluster density falls fo 500 times the crifical density of
the Universe for 182 optically confirmed galaxy clusters in an Allacama Cosmology Telescope survey. Limits for other CL's and other density cuts are also given.

s

WILL 2018 limit from perihelion advances of the planets, notably Earth, Mars, and Saturn. Alternate analysis yields < 6 x 1022

ZAKHAROV 2016 constrains range of Yukawa gravity inferaction from S2 star orbit about black hole at Galactic center. The limit is < 2.9 x 1072 eV for d = 100.

]

BRITO 2013 explore massive graviton (spin-2) fluctuations around rotating black holes.

P

GRUZINOV 2005 uses the DGP model (DVAL 2000 ) showing that non-perturbative effects restore confinuity with Einstein's equotions as the gravifion mass
approaches zero, then bases his limit on Sclar System observations.

<

CHOUDHURY 2004 concludes from a study of weak-lensing data that masses heavier than about the inverse of 100 Mpc seem to be ruled out if the gravitation field
has the Yukawa form.

o

GERSHTEIN 2004 use non-Einstein field relativistic theory of gravity (RTG), with a massive graviton, to obtain the 5% CL mass limit implied by the value of £2,,, =
1.02 +0.02 current at the fime of publication.

=

FINN 2002 analyze the orbital decay rates of PSR B1913+16 and PSR B1534+12 with a possible graviton mass as a p The ined frequentist mass limit
is at 90%CL.

7 As of 2020, limits on dP/dt are now about 0.1% (see T. Damour, “Experimental tests of gravitational theory,” in this Review).

18 GOLDHABER 1974 establish this limit considering the binding of galactic clusters, corrected to Planck fig = 0.67.
References:

BERNUS 2020 PRD102 021501 Constraint on the Yukowa suppression of the Newtonian potential from the planetary ephemeris INPOP19a
SHAO 2020 PR D102 024069 New Graviton Mass Bound from Binary Pulsars

ABBOTT 2019 PRD100 104036 Tests of General Relativity with the Binary Black Hole Signals from the LIGO-Virgo Catalog GWTC-1
BERNUS 2019 PRL123 161103 Constraining the mass of the graviton with the planetary ephemeris INPOP

MIAO 2019 PRD99 123015 Bounding the mass of graviton in a dynamic regime with binary pulsars

DESAI 2018 PLB778 325 Limit on graviton mass from galaxy cluster Abell 1689

GUPTA 2018 ANP 399 85 Limit on graviton mass using stacked galoxy cluster catalogs from SPT-5Z, Planck-SZ and SDSS-redMaPPer
RANA 2018 PLB781 220 Bounds on graviton mass using weak lensing and SZ effect in galaxy clusters

WILL 2018 CQG 35171101 Solar system versus gravitational-wave bounds on the graviten mass

ABBOTT 2017 PRL118 221101 GW170104: Observation of a 50-Solar-Mass Binary Black Hole Coalescence at Redshift 0.2
ABBOTT 2016 PRL116 061102 Observation of Gravitational Waves from a Binary Black Hole Merger
ZAKHAROV 20146 JCAP 1605045 Constraining the range of Yukawa gravity interaction from $2 star orbits Il: Bounds on graviton mass

BRITO 2013 PRDB8 023514 Massive Spin-2 Fields on Black Hole Spacetimes: Instability of the Schwarzschild and Kerr Sclutions and Bounds on the Graviton
Mass

GRUZINOV 2005 NAST 10311 On the Graviton Mass

CHOUDHURY 2004 ASP21559  Probing Large Distance Higher Dimensional Gravity from Lensing Data
GERSHTEIN 2004 PAN 67 1596  Graviton Mass, Quintessence and Oscillatory Character of the Universe Evolution
FINN 2002 PR D65 044022 Bounding the Mass of the Graviton using Binary Pulsar Observations
TALMADGE 1988 PRL &1 1159 Model Independent Constraints on Possible Modifications of Newtonian Gravity
GOLDHABER 1974 PRD9 1119 Mass of the Graviton

HARE 1973 CJP 51 431 Mass of the Graviton

hitps/ipdglive. bl.gov/DataBlock




About citations

L. B. Okun said to young colleagues: “You have to prove that your studies are
known in the world. Let me know a number of citations at your papers”.

A few year ago at ITEP seminar, a ITEP researcher informed people that a
Nobel prize winner quoted his paper (and it was like a small sensation that
Nobel prize winners knew papers from researchers of our Institute), and |
decided to take a look how many Nobel prize winners quoted our paper and
recognized that V. L. Ginzburg, S. Weinberg, G. Smoot, A. Ghez and her co-
authors, R. Genzel and his co-authors. In particular, V. L. Ginzburg quoted our
paper in his last reviews on the most interesting problems of physics and
astrophysics.

| counted more than 30 citations on our paper from A. Ghez and R. Genzel
groups in their papers on trajectories of bright stars near the GC.
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Exploring the presence of a fifth force at the Galactic Center
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ABSTRACT

Aims. We investigate the presence of a Yukawa-like correction to Newtonian gravity at the Galactic Center, leading to a new upper limit on the
intensity of such a correction.

Methods. We performed a Markov chain Monte Carlo (MCMC) analysis using the astrometric and spectroscopic data of star 82 collected at the
Very Large Telescope by GRAVITY, NACO, and SINFONI instruments, covering the period from 1992 o 2022,

Results. The precision of the GRAVITY instrument allows us to derive the most stringent upper limit at the Galactic Center for the intensity of
the Yukawa contribution (ec ™) of lol < 0.003 for a scale length of 4 = 3- 10"* m (~ 200 AU). This is an improvement on all estimates obtained
in previous works by roughly one order of magnitude.

Key words. gravitation — celestial mechanics — Galaxy: center

1. Introduction One way to address these inconsistencies between the-
ory and experiments is to directly modify GR. giving
rise to a plethora of possible extended theories of grav-
ity (ETG). In particular, a Yukawa-like interaction emerges
quite naturally in the weak field limit of several ETGs: for
instance, scalar-tensor-vector theories (Moffat 2006), massive
eravity theories (Wisser 1998; Hinterbichler 2012), theo-

General relativity (GR) is the most widely recognized theory
of gravity today. Its predictions have been extensively tested
on Solar System scales and using gravitational waves emission
by black holes (BHs) and binary pulsars (Will 2014, 2018a;
Nitz et al. 2021). Until now, no significant deviation from GR
C L L -, L.
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modification p(a) of Kepler's third law:

“_d _ M+ ﬂ(“)), (3.10)

T2 4(2m)3 M3,
where @ and T are the semi-major axis and the period of the planet’s orbit. In GR,
1= 0, while in models of modified gravity, p# can depart from unity in some regime
and acquire a non-trivial radius dependence, ;o = p(a). Comparing the ratio a® /72
of various planets provides a powerful way to test GR with the best bounds given
by comparison of the ratio for the Earth and the Moon (Talmadge et al., 1988).

Besides modifying Kepler’s third law and including fifth force effects, modifi-

cations of the standard Newtonian potential can lead to an additional precession
beyvond that expected from GR and the fifth forces. This implies that even theories
that do not involve any additional degrees of freedom or carry no fifth force effects
can still lead to an additional advance of the perihelion on top of GR’s expected pre-
cession. These effects are typically less constrained than the corrections to Kepler's
third law but should still be under control.

3.4.5 Black holes and stellar solutions

All of the constraints on planetary orbits within the solar system are also applicable
to the orbits of stars in the vicinity of black holes, including Sagittarius A*, with
S2-like stars orbiting the black hole within distances comparable to that in the solar
system as observed by the W.M. KECK observatory (Eckart and Genzel, 1996;
Ghez et al., 2005a,b; Gillessen et al., 2009; Meyer et al., 2012) leading to competitive
tests of modified gravity (Borka et al., 2012, 2013; Zakharov et al., 2016).

In parallel, the modification of the black hole solution itself in theories of modi-
fied gravity can be matched against its shadow as observed by the Event Horizon
Telescope (Akiyama et al., 2022a) and has already been used to constrain mod-
els of modified gravity (Akiyama et al., 2022b; Psaltis et ol., 2020; Shaikh, 2023;
Vagnozzi et al., 2022; Zakharov, 2022). The potential presence of hair, superradi-
ance and other effects modifying the black hole structure near the horizon could
provide competitive tests of modified gravity in the future.

In addition, modifications of gravity can affect the sequence of stars and struc-
ture of other astrophysical systems. The presence of additional degrees of freedom
that often go along with modified gravity, when equilibrated in a stellar core, can
drive new stellar instabilities which would manifest in mass gaps in black hole
populations (see Straight et al.,, 2020 for an example). Modified gravity effects
can also change the equilibrium structure of main sequence stars, modifying the
relation between their mass and luminosity (stars are typically brighter in theories
of gravity involving a Chameleon-like screened scalar field like in f(R)), an effect
which is then reflected in their radii and ages (Davis et al., 2012). Reviews on other
astrophysical tests of modified gravity can be found in Alves Batista et al. (2021);
Baker et al. (2021); Sakstein (2020).



Shadow reconstructions for
M87* and Sgr A* are based on
three pillars: Synchrotron
radiation, VLBI concept, GR In
a strong gravitational field



Synchrotron radiation predicted by
George A. Schott
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Academician Lev Andreevich Artsimovich (the founder of the Atomic physics chair
at the Physical department of MSU, Academician secretary of the General Physics
and Astronomy division (before Academician secretary of the Mathematics and
Physics Division) of the Soviet Academy of Sciences, the chairman of the National
committee of physicists)

v




Synchrotron radiation plays a key role in many astrophysical

objects (including BH's and pulsars (Crab Nebula)) . In 1946

they predicted emission in radio band from solar corona. In
May 1947 they participated in Brazil expedition




The Soviet expedition in Brazil for solar eclipse observations in 20
May 1947 where S. E. Khaikin and B. M. Chikhachev discovered
radio emission from solar corona during the solar eclipse aboard

the “Griboedov” ship
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The 1dea of VLBI observation was introduced by L. 1. Matveenko
(1929—2019) 1n 1960s and 1t was realized in Soviet — US joint
radio observations 1n 1970s. Matveenko proposed also a project of
a ground — space interferometer. This idea was realized later by
Japanese (HALCA, VSOP, 1997) and Russian Astronomers
(Radioastron, 2011) .




For about 20 years we declared that
black holes are specific metrics for
theorists while black holes are dark
spots (shadows) for observers and
we reported these ideas in many
institutes located in different places
over the world (Russia, Serbia,
China, Bulgaria, Switzerland, Italy,
Greece, Germany, USA, UK, India,
Pakistan, Australia, Spain, France).
These ideas were also reported at
EHT meetings.
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Shadows near supermassive black holes: From a
theoretical concept to GR test
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Abstract

General relativity (GR) passed many astronomical tests but in majority of them GR
predictions have been tested in a weak gravitational field approximation. Around 50
years ago a shadow was introduced by Bardeen as a purely theoretical concept but due
to an enormous progress in observational and computational facilities this theoretical
prediction has been confirmed and the most solid argument for an existence of

supermassive black holes in Sgr A* and M87* has been obtained.
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At the 1nitial stage of development of GR and quantum mechanics gedanken
(thought) experiments were very popular in a discussion of specific features of
new theories. To discuss observations signatured of black holes J. M. Bardeen
considered features of an existence of bright screen which 1s located behind a
Kerr black hole 1n the case of an observer 1s located in the equatorial plane. In
these considerations it was assumed that photons emitted by a luminous screen
do not interact with a matter around a black hole.

Clearly, this gedanken experiment looked rather artificial
since first, there are no luminous screens behind
astrophysical black holes, second, masses of black holes
were estimated not precisely and a majority of
astrophysical black holes were black holes with stellar
masses but even now shadows around these black holes
are too small to be detected, third, 1t was not clear how to
detect a darkness or to distinguish it from a faintness.
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Abstract The general theory of relativity predicts the rel-
ativistic effect in the orbital motions of S-stars which are
orbiting around our Milky-way Galactic Center. The post-
Newtonian or higher-order approximated Schwarzschild
black hole models have been used by GRAVITY and UCLA
Galactic Center groups to carefully investigate the S2 star’s
periastron precession. In this paper, we investigate the scalar
lield effect on the orbital dynamics ol 82 star. Hence, we con-
sider a spacetime, namely Janis-Newman-Winicour (JNW)
spacetime which is seeded by a minimally coupled, mass-less
scalar field. The novel feature of this spacetime is that one
can retain the Schwarzschild spacetime from INW space-
time considering zero scalar charge. We constrain the scalar
charge of INW spacetime by best fitting the astrometric data
of §2 star using the Monte-Carlo-Markov-Chain (MCMC)
technique assuming the charge to be positive, Our best-fitted
result implies that similar to the Schwarzschild black hole
spacetime, the INW naked singularity spacetime with an
appropriate scalar charge also offers a satisfactory [itting to
the observed data for S2 star. Therefore, the INW naked sin-
oularity could be a contender for explaining the nature of Sgr
A* through the orbital motions of the S2 star.
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1 Introduction

The idea of reconstructing the shadow of a black hole in
the Galactic Center using global interferometers operating
in the millimeter wavelength was initially suggested in [1].
Recently, the Event Horizon Telescope collaboration has
announced a major breakthrough in the imaging of an ultra-
compact object at the centre of our Galaxy [2-7]. A bright
emission ring around a core brightness depression in VLBI
horizon-scale images of Sgr A*, with the latter linked to
the shadow of black hole. The shadow boundary of the Sgr
A* marks the visual image of the photon region and ditfer-
entiales caplure orbils from scallering orbils on the plane
of a distant observer. The radius of the bright ring can be
used as an approximation for the black hole shadow radius
under specific conditions and after proper calibration, with
little reliance on the details of the surrounding accretion flux.
While there is strong evidence that there is a high concen-
tration of mass in the center of our Milky Way Galaxy, the
question of whether or not itis a black hole is still open. They
have considered various alternatives such as naked singulari-
ties and regular black holes. They favorably acknowledge that
the naked singularity with a photon sphere Joshi-Malafarina-
Narayan (JMN-1) naked singularity could be the best black
hole mimicker [7]. The central object and its nature remain
mysterious. This is because just like a black hole case, the
JMN-1 naked singularity would create a similar shadow, and
therefore it is very difficult to distinguish between the two.
Therefore, in this paper, we study the relativistic orbits of
stars that are orbiting around our own Galactic Center.

‘2 Springer



AFZ et al., NA (2005): “In our old paper

we wrote at the end "In spite of the difficulties of measuring the
shapes of images near black holes is so attractive challenge to look
at the “faces” of black holes because namely the mirages outline
the “faces” and correspond to fully general relativistic description of
a region near black hole horizon without any assumption about a
specific model for astrophysical processes around black holes (of
course we assume that there are sources illuminating black hole
surroundings). No doubt that the rapid growth of observational
facilities will give a chance to measure the mirage shapes using not
only RADIOASTRON facilities but using also other instruments and
spectral bands (for example, X-ray interferometer MAXIM (White,
2000; Cash et al., 2000) or sub-mm VLBI array (Miyoshi, 2004)).

Astro Space Centre of Lebedev Physics Institute proposed except
the RADIOASTRON mission and developed also space based
interferometers (Millimetron and Sub-millimetron) for future
observations in mm and sub-mm bands. These instruments could
be used for the determination of shadow shapes.


https://ui.adsabs.harvard.edu/.../2005NewA...10.../abstract
https://ui.adsabs.harvard.edu/.../2005NewA...10.../abstract

358 THE GEODESICS IN THE KERR SPACE-TIME

FiG. 38. Theapparent shape of an extreme (@ = M) Kerr black-hole as seen by a distant observer
in the equatorial plane, if the black hole is in front of a source of illumination with an angular size
larger than that of the black hole. The unit of length along the coordinate axes « and f (defined in
equation (241) is M.

black hole from infinity, the apparent shape will be determined by
(@ B) = [& \/n(®)]. (242)



Fig. 2. Mirages around black hole for equatorial position of distant observer and different spin

parameters. The solid line, the dashed line and the dotted line correspond toa — 1,a — 0.5,a = 0

correspondingly



Fig. 3. Mirages around a black hole for the polar axis position of distant observer and different

spin parameters (¢ = 0,a = 0.5,a = 1). Smaller radii correspond to greater spin parameters.



Fig. 5. Mirages around black hole for different angular positions of a distant observer and the
spin ¢ = 1. Solid, long dashed, short dashed and dotted lines correspond to 6y = 7/2,7/3, 7 /6

and /&, respectively.
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Figure 6. The apparent shape of an extreme (a = m) Kerr black hole as seen by a distant
observer in the equatorial plane, if the black hole is in front of a source of illumination
with an angular size larger than that of the black hole.

is largest there and because of the gravitational focusing effects associated with
the bending of the rays toward the equatorial plane. Note that the radiation comes
out along the flat portion of the apparent boundary of the extreme black hole as
plotted in Figure 6.

D. Geometrical Optics

A detailed calculation of the brightness distribution coming from a source near a
Kerr black hole requires more of geometrical optics than the calculation of photon
trajectories. I will now review some techniques which are useful in making astro-
physical calculations in connection with black holes.

The fundamental principle can be expressed as the conservation of photon
density in phase space along each photon trajectory. A phase space element d>x d°p,
the product of a proper spatial volume element and a physical momentum-space
volume element in a local observer’s frame of reference, is a Lorentz invariant, so
the particular choice of local observer is arbitrary. The density N(x?, p(ﬁ)) is defined
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Left: William and John (left) Bardeen, two brothers. Right: John Bardeen with his wife, Jane Maxwell
Image courtesy: “True Genius” by Hoddenson and Daitch [4]



John Bardeen (1908 -1991), the father of J. M. Bardeen. E. Wigner was J.
Bardeen'’s supervisor.

At the Nobel Prize ceremony in Stockholm, Brattain and Shockley received their
awards that night from King Gustaf VI Adolf. Bardeen brought only one of his
three children to the Nobel Prize ceremony. King Gustav chided Bardeen
because of this, and Bardeen assured the King that the next time he would bring
all his children to the ceremony. He kept his promise. Bardeen brought his three
children to the Nohel Prize ceremanv in Stackholm in 1972.




1956: John Bardeen is the only scientist to receive 2 Nobel
Prizes in physics. While receiving his first, King Gustav
scolded him for only bringing one of his 3 children to such

an important occasion. He replied, "I'll bring them all for the
next time." He did.




Bardeen and Brattain proposed an alternative design of amplifier based on
germanium, instead of the previously popular elemental silicon. It was
December 16, 1947, the day modern transistor was born, marking a revolution in
the field of communications.

Left: Brattain, Shockley and Bardeen (L to R) in the Bell Labs in 1948. Right: Bardeen, Cooper and Schrieffer
(L to R) in 1974. Image courtesy: “True Genius” by Hoddenson and Daitch [4]
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EHT team: “Similarly, for the EHT, the data we take only tells us only a piece of the story,
as there are an infinite number of possible images that are perfectly consistent with the data
we measure. But not all images are created equal— some look more like what we think of
as images than others. To chose the best image, we essentially take all of the infinite
images that explain our telescope measurements, and rank them by how reasonable they
look. We then choose the image (or set of images) that looks most reasonable. *

Measurements

Infinite Number
of Possibilities
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normalized physical charge

FIG. 2.

a

Left: shadow radii 7y, for various spherically symmetric black-hole solutions, as well as for the INW and RN naked

singularities (marked with an asterisk), as a function of the physical charge normalized to its maximum value. The gray/red shaded
regions refer to the areas that are 1-o consistent/inconsistent with the 2017 EHT observations and highlight that the latter set constraints
on the physical charges (see also Fig. 3 for the EMd-2 black hole). Right: shadow areal radii r, 4 as a function of the dimensionless spin
a for four families of black-hole solutions when viewed on the equatorial plane (i = z/2). Also in this case, the observations restrict the
ranges of the physical charges of the Kerr-Newman and the Sen black holes (see also Fig. 3).

independent charges—can also produce shadow radii that are
incompatible with the EHT observations; we will discuss this
further below. The two EMd black-hole solutions (1 and 2)
correspond to fundamentally different field contents, as
discussed in [70].

We report in the right panel of Fig. 2 the shadow
areal radius rg, , for a number of stationary black holes,
such as Kerr [72], Kerr-Newman (KN) [73], Sen [74],
and the rotating versions of the Bardeen and Hayward
black holes [75]. The data refers to an observer
inclination angle of i= /2, and we find that the
variation in the shadow size with spin at higher
inclinations (of up to i=x/100) is at most about
7.1% (for i = x/2, this is 5%): of course, at zero-spin
the shadow size does not change with inclination. The
shadow areal radii are shown as a function of the
dimensionless spin of the black hole a :=J/M?, where
Jis its angular and for rep ive values
of the additional parameters that characterize the solu-
tions. Note that—similar to the angular momentum for a
Kerr black hole—the role of an electric charge or the
presence of a de Sitter core (as in the case of the
Hayward black holes) is to reduce the apparent size of
the shadow. Furthermore, on increasing the spin para-
meter. we recover the typical trend that the shadow
becomes increasingly noncircular, as encoded, e.g.. in
the distortion parameter &g, defined in [57.83] (see
Appendix). Also in this case, while the regular rotating
Bardeen and Hayward solutions are compatible with the
present constraints set by the 2017 EHT observations,
the Kerr-Newman and Sen families of black holes can
produce shadow areal radii that lie outside of the l-o
region allowed by the observations.

To further explore the constraints on the excluded
regions for the Einstein-Maxwell-dilaton 2 and the Sen
black holes, we report in Fig. 3 the relevant ranges for these
two solutions. The Einstein-Maxwell-dilaton 2 black holes
are nonrotating but have two physical charges expressed by
the coefficients 0 < g, < v2 and 0 < g,, < v2, while the
Sen black holes spin (@) and have an additional electro-
magnetic charge g,,. Also in this case, the gray/red shaded
regions refer to the areas that are consistent/inconsistent
with the 2017 EHT observations. The figure shows rather
easily that for these two black-hole families there are large

" N excluded
o Tegion
- allowed region
[) |
02 04 [T 10 12 14
Gm
FIG. 3. Constraints set by the 2017 EHT observations on the

nonrotating Einstein-Maxwell-dilaton 2 and on the rotating Sen
black holes. Also in this case, the gray/red shaded regions refer to
the areas that are 1-o con nt/inconsistent with the 2017 EHT
observations).
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Sgr A* shadow discovery by EHT (reported
on May 12, 2022)

Press Conferences around the world (Video
Recordings):

Garching, Germany - European Southern Observatory

Madrid, Spain - Consejo Superior de Investigaciones Cientificas
México D.F., Mexico - Consejo Nacional de Ciencia y Tecnologia
Rome, Italy - Istituto Nazionale di Astrofisica
Santiago de Chile - ALMA Observatory
Washington D.C., USA - National Science Foundation
Tokyo, Japan - National Astronomical Observatory of Japan




For Sgr A* D=51.8+2.3 uas,
(EHT collaboration, 12.05.2022)







EXPLORING BLACK HOLES
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Conclusion

Very often our scientific community was not active in
promotion of achievements of compatriots therefore,
the achievements were underestimated or even not
known 1n other countries.

The shadow concept has been transformed from a purely
theoretical category into an observable quantity
which may be reconstructed from astronomical
observations.

Therefore, VLBI observations and image reconstructions
for M87* and Sgr A* are 1n a remarkable agreement
with an existence of supermassive black holes in
centers of these galaxies.
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V. S. Letokhov on
colleagues

Even here in the USSR, no serious attention
was paid to our work. The explanation is that
others don't always understand that you are
doing something really new. The scientific
environment is quite conservative. They don't
always like it when someone succeeds.
Especially if this "someone" does not belong to
one of the influential scientific groups.
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