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Abstract 

One could call 2006 as the year of cosmology since in the year two US scientists 
were awardecl by the Nobel prize for their studies of Cosmic Microwave Background 
(CMB) spectrum and anisotropy. Studies of CMI3 anisotropy done with the Soviet 
spacecraft Prognoz-0 by the Relikt-1 t.cam arc reminded. Problems of modern cos­
mology are outlined. We discuss conformal cosmology parameters from supernovae 
data in brief. Two approaches to solve the basic problems of cosmology, such as 
dark matter and dark energy, are discussed, the first (standard) possibility is to 
introduce new particles, fields etc, the second possibility is to try to change a grav­
ity law to fit observational data. We discuss advantages and disadvantages of the 
second choice. 

1 Introduction 

For a scientific community 2005 was the World year of physics due to publications of the 
famous Einstein's papers and the birth of modern (contemporary) physics in 1905; 2006 
was remarkable for a physical community (it was the year of astrophysi ·s aurl r.mml logy) 
since in 2006 the Nobel prize for CMB studies was presented to J. laLlwr n.11tl G. Smoot., 
moreover J. Mather and the COBE (COsmic Background Explon•r) t.cam was awarded 
by the Peter Gruber prize on cosmology in the same year at the General Assembly of the 
International Astronomical Union in Prague. No doubt, 2007 will be recognized as the 
very important year for astrophysical (or probably for scientific in general) community 
since a number of of discoveries were done even at present date. For Russian space science 
2007 is the jubilee year since the first artificial satellite (Sputnik) was launched fifty years 
ago on October 4, 1957. 

2 CMB anisotropy studies, Relikt-1 & COBE 

Cosmic microwave background (CMB) existence was predicted in the framework of the 
the so called Big Bang cosmological model , however, first estimates CIVIB temperature 
T cM 8 ~ 50° K were rather rough since it was assumed that the age of the Universe is about 
2--3x109 years (because of the Hubble constant estimate was very high H = 500 krn/(s · 
lvlpc) due to errors in distance measurements at the time) , but later Garnow re-estituated 
the temperature TcMB ~ 6° K. The CMB radiation was discovered by A. Penzins and 
R. Wilson [1] in an unexpected way (and they awardr.d by the Nobel prize for the discovery 
in 1978). 

396 



In 1983, in the Soviet Union the Relikt-1 experiment was conducted aboard the 
Prognoz-9 spacecraft in order to investigate CMJ3 rn<liation from space for the first time 
in history. As many other Prognoz missions, tlw scientific payload wai:; prepared by the 
Space Rt~search Institute of the Soviet Academy of Sciences. Dr. Igor Strukov was tlw 
principal invc!stigator. The spacecraft Prognoz-9, had an 8 mm band radiometer with an 
extremely high sensitivity of 35 1di." per second and it was launched into a high apogee 
orbit with a 400,000 km semi-axis . Th<· high orbit was a great advantagP of the mission 
since it allows to reduce of geomagnetic field impact on measurements. A disadvantage 
of the experiment was that the observations were conducted only in one spectral band, 
therefore, it was a freedom for a theoretical interpretation of the results, in contrast, multi­
band measurements provide very small room for alternative explanations of anisotropy 
The radiometer scanned the entire celestial sphere for six months. Computer facilities 
(and then~fore, data analyzing) were relatively slow in the time. Preliminary analysis of 
anisotropy studies indicate upper limits on anisotropy (.'3], but in this case eveu the neg­
ative results (upper limits) were extremely important to evaluate a sensitivity to design 
detectors for next missions (including COBE). 

In 1986, at the Space Research Institute it was decided to prepare a next generation 
of space experiments to study the anisotropy of CMB, and start to develop the Relikt-
2 project. The sensitivity of the detectors was planned to be in 20 times better than 
the Relikt-1 sensitivity. The Libris satellite was scheduled to carry the Relikt-2 payload 
and the spacecraft was planned to be located near the Lagrangian point L 2 (in the Sun 
- Earth system).Originally, it was a plan to launch the Libris spacecraft in 1993--1994, 
however, the project has not been realized, basically due t.o a lack of funds. To pre­
pare Relikt-2, the team members re-analyzed Relikt-1 data and finally in beginning of 
1991 they discovered signatures of the quadrupole anisotropy, but I. Strukov required 
to check the conclusions again and again. The discovery of anisotropy by the Relikt-
1 spacecraft was first reported officially in January 1992 at the Moscow astrophysical 
seminar and the Relikt-1 team submitted papers in Soviet Astronomy Letters [4] and 
Monthly Notices of Royal Astronomical Society (5] (soon after the papers were pub­
lished). Relikt-1 results are described in an adequate way at the at the official NASA 
web-site http://lambda.gsfc.nasa.gov/product/relikt/ " ... The Relikt Experiment Prog­
noz 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 mod­
ulation 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 ... " (also, 
references [4,5], given at the NASA web-site). 

The Nobel Prize in Physics for 2006 was awarded to John Mather and George Smoot. 
The Royal Swedish Academy of Sciences had issued the Press Release, dated on 3 October 
2006, on The Nobel Prize in Physics 2006. The Royal Swedish Academy of Sciences has 
decided to award the Nobel Prize in Physics for 2006 jointly to John C. Mather (NASA 
Goddard Space Flight Center, Greenbelt, MD, USA), and George F. Smoot (University of 
California, Berkeley, CA, USA) "for their discovery of the blackbody form and anisotropy 
of the cosmic microwave background radiation". Really, J. Mather was the project scieu-
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tist. of the COBE mission am\ was responsible for nwasuremr11ts of CMB spcctrnrn (hr 
was tlw PI of t.IH• Far lnfrnRecl J-\bsolutc Sp<)Ctromctcr (FIH AS) <•xperim('11t.) a11cl mca­
sun•111e11ts of Clvll3 spPctrnm w<'rc rat.h<)r succ1·ss1'11l. G. Smoot. did a great co11trih11tio11 
into mcasmcm<•11ts of t.lH' dipole aILisotropy [2) and the quadrnpolr one [Gj, si11cC' hr' was PI 
of tlH' diffon•11tial 11iinowav(' rndi0111ctt·)r (D1vll1.) aboard the COBE sat.Pllite and found the 
q11:1drupole a11isotropy with thrst·) facilities, but hot.Ii anisot.ropir,s werl' discovered earlier 
by othl'r JH'oplc. 

Thr) discowrv of anisotropy b~, the Rr)likt-1 spacr)crnft was firnt report.eel officially in 
.January 1992 at t.h<' Moscow astrophysical seminar. The Relikt.-J team suhmittfxl their 
JMJWr in SoviPt Astron0111~' Lf)tters and 1vlont.hly Notices of Royal Astronomical Socictv 
on .Tarnmrv HJ, 1992 aIHl on Febrnary 3, 1992, respectively. 

On April 2 l. 1902, G. Smoot (Ll 1P hl'ad of O!ltn. <!Xperirnent aboard t.lw COl .!F. 11di;si u) 
and his co-ant.hors submitted a paper in As~roµ.liysical .Journal (LettfffS) [GJ. ) 11 Apri l 22, 
1992, Smoot rcportl'd at a press ro11ferc·11 r<• 11hout the discovery of the CMD 1Htisotrop 
with the COI3E satdlite. After I.li nt n111ss uwdi11. reported this results as the 11rn.in sdcucc.) 
success. In J 992, COBE results about discovery of the CMB anisotropy were reported 
elsewhere. However, no doubt, the COBE collaboration knew results of the Relikt-1 
team and evf~n quoted their upper limit on the quadrupole anisotropy published at the 
paper [3]. However, summarizing, one could say that since papers of the Relikt-1 team 
WPr<' :rnh 11 1il.Lr.cl 1l11 January 19, 1992 nml F<' li.rua ry 3, 1992 in Soviet Astronomy and 
Mo11t.lily No l i<'t'l> of Royal Astronomy 'oC'ict.y 1 sp ct.ivcly, but the COBE paper was 
~u bmiLtr~d on Ap l'il 21, 1992, one wou ld coudncl • Ll1al the discovery one quadrupole 
anisotropy w11s cl011e by the Relikt-1 tea.111 ;\ml pnl>fo;hr.d in papers [4,"5]. 

3 Standard Cosmology vs. f(R) gravity 

The standard cosmological model has problems to understand an origin of Dark Matter 
(DM) aud dark energy (DE). Another approach was proposed and it was based on an 
assumption that gravity is different from standard general relativity it can be described 
by a modified Lagrangian (however, there are tensions with Solar system constraints). 
The model was successful to explain an acceleration of the Universe, but it has problems 
to fit Solar system data. Recently, it has been proposed a generalization of the approach 
in the framework of higher order theories of gravity - also referred to as f (R) (or fourth 
order) theorie8 - a modification of the gravity action with the form [7, 8] 

( 1) 

where f (R) is a generic function of the Ricci scalar curvature and Lm is the standard 
matter Lagrangian. For example, if f (R) = R + 2A the theory coincides with General 
Relativity (GR) with the A term. In particular, it was considered a power law func­
tion J(R) theories of the form f(R) f 0R". As a result, in the weak field limit, the 
gravitational potential is found to be 

Gm [ ( r )/3] <P(r) = -~ 1 + -:;:;, , (2) 

where 
12n2 - 7n - 1 - J3Gn4 + 12n3 - 83n2 + 50n + 1 fi= ~~~~~~~-61_1_2 ___ 4_1_i_+~2~~~~~~~ (3) 
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Fourth order gravity theories were very succ1!ssful to explain standard cosmological 
data such as SNc Ia fits, an acceleration of the Universe, rotation curves for galaxies 
[7] and it was suggPstccl that tlie standard general rr.lativity plus DM n.nd DE may be 
distinguished from R" approaches with gravitational microlensing [8], but Solar system 
data (planetary orbital periods, in particular) put severe constraints on parameters of the 
the theori(~s [9] . 

4 Conclusions 

In couclusion we note that, unfortunat(~ly, even well-informed Russian (and other) 
authors did not cite Relikt-1 results in papers on cosmology, where tlw COBE anisotropy 
result was quoted as the only experiment discovered thc phenomenon. It means thP. No­
bel prize winner (1978) P. L. Kapitza wrote quite correctly about this kind of problems 
in 194G: ''. .. Our main national defect is an underestimation of our powers and over­
estimation of forrign ones. So, an extra modesty is much more defective than an extra 
self-confidence .. . Very often a cause of unused innovations is that usually we underesti­
mate our own discoveries and overestimate foreign ones ... " 

Solar system constraints put severe constraints on parameters of alternative theori(~S 
of gravity [9]. 
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