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All short remarks
1. There can not be a difference in
interacting of the Sun with photons, emitted
by the Sun and emitted by other sources. 4
2. The deductions gained in this paper are
very essential, but are made in conditions, in
which GR does not work 4
3. All aforementioned scatterings have the
scattering diagramme, that is, practically
always they deflect the beam of light from
the initial direction. 6
4.  Absolutely other interacting (not viewed
before) of photons with the fundamental
particles of plasma is offered by Author. 7
5. Any deductions of one theory cannot
influence deductions of any other theory. 10
6. Itis obvious that such representation of
a photon cannot be physical as transiting of
such guantum through disperse medium will
divide it into huge quantity of parts. 11
7. From the Eq. (3) at distance x itis
absolutely impossible to gain a photon energy
loss on 1 sm, as the energy loss of a photon
leads to gradual decrease of a photon's
frequency, that is, to dependence w(x), but in
decomposition of Fourier a frequency w does
not depend on x. 12
8.  So, the Author offers the following
model of mechanism of tired light: 17
9. Here redshift in plasma depends on
frequency. 30
10. It is obvious that density of these clouds,
been formed in intergalactic space, is much
above density of intergalactic plasma around.
38
11. Velocities of moving of stars in a
galaxy, visible to us at an angle, have a
symmetrical distribution concerning a
direction onto galaxy centre. 41
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2. TlonmyueHHBIE B 3TOM CTaThe BBHIBOJBI BEChbMa
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OTO ne paboraer 4
3. YmoMsHyThIe pacCessHUSI HMEIOT JUarpammy
paccesHus, TO €CTh, IPAKTUYECKH BCET/IA OHU
OTKJIOHSIOT CBET OT CBOET'O IIEPBOHAYAIBHOTO
HarpaBlieHus. 6
4.  ABTOpOM IpeIOKEHO COBEPIICHHO APYTOe
B3aUMOZEHCTBHE (POTOHOB C 3JIEMEHTAPHBIMH
YaCTHUIIAMU IJIa3MBbl, HE pacCMaTpUBaeMoe 10 TOTO. /
5. JIroOble BHIBO/IBI OHOM TEOPUH HE MOTYT BIUSTDH
Ha BBIBOJIBI KakoH-00 apyroi Teopun. 10
6. OueBuOHO, YTO TAaKOE MpeACTaBICHUE (DOTOHA HE
MOJKET OBITh (PM3MUYECKUM, TaK KaK MPOXOXKIACHNE
Takoro (POTOHA CKBO3b AMCIEPCHOHHYIO Cpely
pa3o0BET ero Ha OrPOMHOE YUCIIO YacTei. 11
7. U3 ypaBueHwus (3) Ha paCCTOSHUH X
MPUHLUITHAIBHO HENb3$ MOIYIUTh TOTEPHU SHEPTHH
¢orona Ha 1 cM, HOCKOJIBKY MOTEPs FJHEPTHH (POTOHOM
NPUBOIUT K NOCTETIEHHOMY YMEHBIICHHIO YaCTOTBHI
¢oToHa, TO €CTh, K 3aBUCUMOCTH ((X), a B
pasnoxxennu Oypre w He 3aBUCHT OT X. 12

8. Urak, ABTOp mpejiaraeT CiaeIy oIy MOJICIb
MeXaHu3Ma cTapeHus cera: 17

9. 3mech KpacHOE CMEIIIEHHE CBETA B IJIa3Me
3aBUCHT OT 9acTOTHL. 30

10. OueBuIHO, YTO IJIOTHOCTH 3THX OOJIAKOB,
c(hOPMHUPOBABIINXCS B MEKTAIAKTHUCCKOM
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12. As energy of each photon less in 1+z
times on receiver than on source, then
reduction in bolometric light intensity
(caused by the plasma redshift) equals 1+z.
45

13. To compensate the discrepancy,
mentioned above, in theory BB with the
observation data, Perlmutter has introduced
concept of the accelerated expansion of space
of the Universe. 56

14. No data can confirm or support the
theory. 59

15. In 1996 Fixen gave an estimate Tz =
2.728 £0.004 K. 60

16. These estimation of additional masses
around the galaxies and galaxy clusters
demands revising to match to observable
differences of star's redshifts in the left and
right parts of cross-sections of galaxies. 69
17. Possibly that in PRS-theory a curvature
of space on a small scale is absent, too. 74
18. Itis necessary to eliminate at first an
inconsistency between TGR and KM
(Einstein-Podolsky-Rozen paradox, etc.), and
only after this it would be possible to modify
quantum mechanically the theory of general
relativity. 76

19. As "the father of black holes™ S. Hoking
has shown, black holes do not exist. However
the mechanism of restoration of a matter is
possible and necessary. 76

20. The microparticle by definition cannot
have a length of 270 m, hence, dispute
between wave and corpuscular theories of
light is terminated in favour of the first one.
85

21. The incident matter does not hit into a
black hole. 97

22. Unfortunately, a formula of color
dispersion - dependence of a velocity of light
from frequency of light in intergalactic
plasma is missed in this article. 99

12. TlockoibKy 3HeprHs Kakaoro (oToHa Ha
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Abstract

Annomayus

A new interaction, plasma redshift, is
derived, which is important only when
photons penetrate a hot, sparse electron

plasma. The derivation of plasma redshift
is based entirely on conventional axioms
of physics, without any new assumptions.
The calculations are only more exact than
those usually found in the literature. When
photons penetrate a cold and dense
electron plasma, they lose energy through
ionization and excitation, through
Compton scattering on the individual
electrons, and through Raman scattering
on the plasma frequency. But when the
plasma is very hot and has low density,
such as in the solar corona, the photons
lose energy also in plasma redshift, which
is an interaction with the electron plasma.
The energy loss of a photon per electron in
the plasma redshift is about equal to the
product of the photon's energy and one
half of the Compton cross-section per
electron. This energy loss (plasma redshift
of the photons) consists of very small
quanta, which are absorbed by the plasma
and cause a significant heating. In
quiescent solar corona, this heating starts
in the transition zone to the solar corona
and is a major fraction of the coronal
heating. Plasma redshift contributes also to
the heating of the interstellar plasma, the
galactic corona, and the intergalactic
plasma. Plasma redshift explains the solar
redshifts, the redshifts of the galactic
corona, the cosmological redshifts, the
cosmic microwave background, and the X-
ray background. The plasma redshift
explains the observed magnitude-redshift
relation for supernovae SNe la without the
big bang, dark matter, or dark energy.
There is no cosmic time dilation. The
universe is not expanding. The plasma
redshift, when compared with experiments,
shows that the photons' classical

BbIBeIcHO HOBOE B3aMMOJEICTBHE, IIIIA3MEHHOE
kpacHoe cmenienue ([1KC), koropoe neiicTByer
TOJIBKO KOT'/1a ()OTOHBI IPOXOJIAT Yepe3 PEIKYIO
ropsiuyIo MEKTPOHHYIO mazMy. OOpa3oBaHue
IUIa3MEHHOTO KPacHOTO CMEIIeHUs 6a3upyercs
TOJTHOCTBIO Ha OOBIYHBIX aKCHOMaX (PU3HKH, O6€3
Jr0OBIX HOBBIX MPEAINOIOKEeHUH. Bpruncnenus
TOJIKO 00JIe€ TOUHBI, YeM OOBIYHO HAXOUMbIE B
auteparype. Korna ¢poToHsl mpoxoasr yepes
XOJIOJHYIO U IJIOTHYIO 3JIEKTPOHHYIO IJIa3My, OHU
TEPSIFOT SHEPTHUIO YEPE3 MOHU3ALUIO U
BO30Yy>k1eHue, yepe3 KoMnToHOBCKOe paccesHue
Ha CBOOOIHBIX 3JIEKTPOHAX, U UePE3 paccessHue
Pamana Ha yactore miasmsl. Ho korna masma
OUYEHb TOPsYa U UMEET HU3KYIO IIJIOTHOCTb, TAKyIO
KaK B COJIHEYHOU KOpPOHE, (POTOHBI TEPSIIOT
SHEPIUI0 TAKXKE B IJIA3MEHHOM KPaCHOM
CMEIIEHUH, KOTOPOE SIBJISIETCS B3aUMOICHCTBUEM C
3JIeKTpOHHOH 11a3Moii. Ilotepu sneprun potona
Ha OJTHOM 3JIEKTPOHE B IJIA3MEHHOM KPAaCHOM
CMEIIEHUH IPUMEPHO PaBHBI IPOU3BEACHUIO
sHepruu GoToHa 1 nojsoBuHKI KoMnToOHOBOTO
CEUEHUs Ha JIEKTPOHE. JTO MOTEPU SHEPTUH
(ny1a3MeHHOE KpacHOe cMellleHne (POTOHOB)
COCTOSIT U3 OYEHb MAJICHBKUX KBAHTOB, KOTOPBIE
MIOTJIOIIAOTCS IIJIa3MOM Y IPUBOJAT K
3HAYUTENIBHOMY €€ HarpeBaHulo. B Haxopsielics B
IIOKO€ COJIHEYHOW KOPOHE 3TO HarpeBaHHUe
HA4YMHAETCS B IEPEXOJHON 30HE K COJTHEYHOMN
KOPOHE U COCTABIISICT OOJIBIIYIO I0JTEO
KOpoHaibHOro Teruia. ITnasmennoe kpacHoe
CMEILIEHNE CIIOCOOCTBYET TaK)Ke€ HarpPEBAHUIO
MEX3BE3/IHOM IIJIa3Mbl, FAJIAKTUYECKON KOPOHBI, U
MeXrajakTuieckoi mia3msl. [1nasmenHoe kpacHoe
CMelleHHe O0BICHIET COTHEYHOE KPacHOe
CMEILIEHNE, KPACHOE CMEILIEHUE rajJaKTHYeCKON
KOPOHBI, KOCMOJIOTHYECKOE KPACHOE CMEIIIEHUE,
KOCMHYECKUI MUKPOBOJIHOBOU ()OH U
peHTreHoBckuil Gon. [I1asmenHoe kpacHoe
CMeIleHHEe 00BIICHAET HaOII01aeMOe COOTHOIIICHHE
3BE3HAs BEJIMYMHA-KPACHOE CMEILIEHUE JUIS
CeepxnoBbix SN la — 6e3 6onbmoro B3psiBa (bB),
TEMHON MaTepuy WK TEMHOM dHepruu. Her
HUKaKOI0 KOCMOJIOTHYECKOTO PaCTSHKEHHUS
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gravitational redshifts are reversed as the
photons move from the Sun to the Earth.
This is a quantum mechanical effect. As
seen from the Earth, a repulsion force acts
on the photons. This means that there is no
need for Einstein's Lambda term. The
universe is quasi-static, infinite,
everlasting and can renew itself forever.
All these findings thus lead to fundamental
changes in the theory of general relativity
and in our cosmological perspective.

BpeMeHH. BeenenHas He pacimpsieTcs.
[T1azmeHHOE KpacHOe CMEIIeHUE, TIPU CPABHEHUHU C
IKCIIEPUMEHTAMH, TIOKA3bIBACT, YTO KIACCHUECKUE

IpaBUTALMOHHBIE KPACHBIE CMEIIEHUS ()OTOHOB
oOpartHsI, 1o Mepe aBrkeHus (oToHoB oT ColtHIa
K 3emiie. ITO — KBaHTOBO-MEXaHHUECKOE SIBIICHHUE.

Kaxk BunHO ¢ 3emiun, Ha GOTOHBI ACHCTBYET CHJIa

OTTaJKWBaHUA. JTO 03HAYAET, YTO HET HUKAKOM

HeoOxoauMocTH B JIamOqa-wieHe DiHmITeiiga.

Bcenennas sBisieTcst KBa3UCTaTHUECKOH,
OCCKOHEYHOM, OE3rpaHNIHON U MOXKET OOHOBIISITH
ce0st BeuHo. Bee 3T pe3ybTarhl, TaAKHM 00paszom,
MIPUBOJIAT K KOPCHHBIM M3MEHEHUSIM B OOIICH
TEOPUHU OTHOCUTEIHLHOCTH U B HAIlICH
KOCMOJIOTHYECKON TOYKE 3PEHUSI.

1. There can not be a difference in
interacting of the Sun with photons,
emitted by the Sun and emitted by other
sources.

From the Earth we do not see that the
Sun repels photons. On the contrary, we
observe a diversion towards the Sun of
rays of light which transit near to the Sun.
If there is repulsion, then there are not any
gravitational lenses, that is. Einstein's
Cross would not be observed. It is possible
to explain observable blue shift of photons
without involvement of mysterious
repulsive forces, but simply by greater rate
of a time at points with a greater
gravitational potential as it is directly seen
on sputniks of the Earth.

1. He MoxeT ObITh OTINYUS BO
B3aumoeiictuu ComnHia ¢ GoToHaMU —
ucnymeHHbIMUA COJHIIEM, U HCITYIIICHHBIMU
JIPYTUMH UCTOYHUKAMHU.

C 3emumn Mbl He BujauM, uyrto ComHie
oTtasikuBaeT ¢oToHbl. HaobopoT, Mbl HabmrOMaEM
OTKJIOHEHHEe B cropoHy ConHIa Iydel CcBeTa,
KoTopele mpoxonsaT BOmu3um Connua. Ecom ecthb
OTTaJKuBaHUE (DOTOHOB, TO TOT/IA HE JJOJHKHO OBIThH
IPaBUTAIMOHHBIX JIMH3, TO €CTh, HE HAOIIOAANCS
ob1 Kpect Oinmreiina. HaOmogaemoe cuHee
cMerieHne (GOTOHOB MpH WX JABMKeHHH 0T CoJTHIIA
K 3emJie MOXHO OOBSICHUTH 0€3 MpHUBICUYECHUST
3araJIoYHBIX  CHJI  OTTAJIKHBAHHS, a IPOCTO
YBEIMUEHUEM TEMIIa BpEMEHM B TOYKaX C
OOJNBIIMM TPABUTAIIMOHHBIM ITOTCHIIMAJIOM, Kak
3TO  HEMOCPEACTBEHHO  3aUKCHUPOBAHO  Ha
WCKYCCTBCHHBIX CITYTHHKAX 3EMIIH.

2. The deductions gained in this paper
are very essential, but are made in
conditions, in which GR does not work

(in particular, not extended space),
therefore these lead not to modification
GR, but to the proposition of replacement
GR.

2. TlomydeHHBIC B ATOI CTAThe BHIBOIBI
BEChbMa CYIIECTBEHHBI, HO C/ICJIaHbI B YCIOBUSX, B
koTopbix OTO He pabortaer

(B YaCTHOCTH, HepacIupsroIeecs
MPOCTPAHCTBO), TO3TOMY 3TH BBIBOJIBI TPUBOIST
He k Momubpukarmmu OTO, a K NpeAIOKEHUIO
3amensl OTO.
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microwave background, cosmic X rays.
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IS

1. Introduction

1. BBenenue

Compton scattering consists of scattering
of one incident photon on one electron,

and it results in only one out-going photon.

The cross section is about ®c=6.65-10"°
cm?. Only a very small amount of recoil
energy is transferred to the electron. The

KoMIITOHOBCKOE paccessHUEe COCTOUT B PACCESHUN
OJIHOTO Majiaroiero GoToHa Ha OJHOM JIEKTPOHE,
U B pe3yanaTe HUMECTCS TOJIBKO OIUH BBIXO,ZI?IIIII/Iﬁ
dorown. [TonepeuHoe ceyeHne MPUMEPHO
CIDC=6.65-10'25 cm”. TOJIBKO OUEeHb HEGONBIIOE
KOJIMYECTBO DHEPIUH OTJa4U Iepenaércs




‘double Compton scattering’ consists of
one incident photon scattered on one
electron and results in two out-going
photons. The cross section is very small, or
about ®¢/137. The 'multiple Compton
scattering' is also very small and consists
of one incident photon scattered on one
electron and results in multiple (three or
more) outgoing photons. Both double and
multiple Compton scattering cross sections
are quantum mechanical effects and could
not be deduced in classical physics.
Coherent scattering on the electrons of
atoms is usually called Rayleigh scattering
when the initial and final states of the
electrons are the same. But if the initial
and final electronic states differ, the
corresponding incoherent scattering is
often called either Raman scattering or
Stokes scattering. All these processes are
well known, and not a subject of this
article. When the photons scatter on the
plasma electrons in thermal equilibrium,
the redshifts produced by these processes
are small and usually insignificant.

anekTpony. "JIBoitHoe KoMntoHOBCKOE
paccesiHue" COCTOUT B pacCENBAaHUM OIHOTO
najaroniero (oToHa Ha OJJHOM DJIEKTPOHE, U B
pe3yJbTaTe UMEETCs J1Ba BBIXOAAIUX (DOTOHA.
ITonepeuHoe ceueHue SBIAETCS OYECHb
HeOoIbIUM, ipuMepHO Pc/137. "MHOKECTBEHHOE
KomnToHoBckoe paccesHue" cOCTOUT B pacCcesHuU
OJIHOTO Majiarouiero (POToHa Ha OJJTHOM BJIEKTPOHE,
U B pe3yJIbTaTe UMEETCSI MHOXECTBO (TpU WU
Ooublie) BeIXOAIUX (HOTOHOB. U nBOIHBIE N
MHO>KE€CTBEHHBIE [TOTNIEPEUHbIE CEUCHUS
KoMITOHOBCKOrO paccesHus - sIBJICHUS KBAHTOBOMN
MEXAaHHUKHU U HE MOTYT OBITh BbIBEICHBI B
KJaccudyeckoi gusuke. KorepentHoe paccesiHue Ha
AJIEKTPOHAX aTOMOB OOBIYHO HA3bIBAIOT
PaneeBckuM paccessHueM, Korja UCXOIHbIE U
KOHEYHBIE COCTOSIHUS JIEKTPOHOB coBmazaaoT. Ho
€CJIM Ha4aJIbHbIE ¥ KOHEYHBIE 3JICKTPOHHBIE
COCTOSIHUS OTJIMYAIOTCS, COOTBETCTBYIOIIIEE
HEKOT'€PEHTHOE PACCEsSHUE YacTO HAa3bIBAIOT WIH
paccessnuem Pamana, nnu paccesiuuem Crokca. Bee
3TH NPOLIECCHI XOPOILIO U3BECTHBI, U HE ABIIAIOTCA
npeaMeToM 3Toi ctaThu. Korna hoToHs
paccerBarOTCs Ha 3JIEKTPOHAX IIa3Mbl,
HaXOJsIIENCs B TEINIOBOM PaBHOBECUH, KPACHBIE
CMEIICHHUS, IPOU3BEIEHHBIE 3TUMU MPOLIECCAMH,
ABJIIETCS. HEOOIBIIMMU M OOBIYHO HE3HAYAIIMMHU.

3

3

3. All aforementioned scatterings have
the scattering diagramme, that is,
practically always they deflect the beam of
light from the initial direction.

Owing to this property they cannot
explain even the fact of observation by us
of far objects, and consequently they are
not capable to explain a cosmological
redshift of all radiation received by us
from far object.

3. VYnoMsHyTBIE paccessHUs UMEIOT
JMarpaMMy paccesiHus, TO €CTh, MPAKTUUECKU
BCErJa OHHU OTKJIOHSIOT CBET OT CBOETO
MEepPBOHAYAILHOTO HAMPABIICHHUS.

B cuiny »aToro cBoiicTBa OHHU HE MOTYT
OOBSACHATH Jaxe cam (akT HaOIIOJCHUS HaMU
JNanEKUX OOBEKTOB, W TMOITOMY OHHU HE CITIOCOOHBI
OOBSCHUTH KOCMOJIOTHYECKOE KpPACHOE CMEIECHUE
BCETO M3JIyYeHHUs, NPUHUMAEMOTO HaMHU OT
aJIEKOro 00ObEKTA.

If the scattering electron moves relative to
the observer, we get a Doppler shift, but
that does not change the nature of the
interactions.

Ecnn paccenBaromuii 2JIEKTPOH IBUTACTCS
OTHOCHUTENIBHO HAOII0JaTeNs, MbI IIOJy4aeM
JlonmnnepoBckoe CMEIEHUE, HO 3TO HE U3MEHSIET
IIPUPOSY B3aUMOJECHCTBUM.

The plasma-redshift theory, that is deduced
in this article distinguishes itself from all
the processes mentioned above. It is about
the interaction of one incident photon with
a great many electrons in the plasma. The
theory for this scattering has never been

Teopus mnazmenHoro kpacHoro cmeenus (I1IKC),
KOTOpas BbIBE/IEHA B ATOM CTAaThe, OTIUYAETCS OT
BCEX YINOMSHYTBIX BBIIIE IIPOLECCOB. ITO
MPUMEPHO B3aUMOJICHCTBUE OJJHOTO MaJJaI0IIeTo
¢doToHA C OUEHbh MHOTMMH JIEKTPOHAMH B TIJIa3MeE.
Panbiie ¢ Teopuent yisi TAKOro paccessHusl HUKOT1a




dealt with before. The plasma redshift is
related to 'double Compton scattering' and
'multiple Compton scattering’, but it
distinguishes itself from these processes,
because it is a new multiple scattering
process on a great many electrons (not
only one electron, as in double and
multiple Compton scattering). Although
incoherent, it is not related to Raman
scattering, or incoherent scattering on the
plasma frequency. The plasma redshift can
usually be deduced using classical physics
methods, but it requires quantum
mechanics to derive the relevant damping.
If classical physics damping were used, the
cross section would be zero.

He umenu aeno. [lnazmenHoe kpacHoe cMelIeHNe
CBSI3BIBAIOT C "JBOMHBIM U MHOXECTBEHHBIM
KomnToHoBCckUM paccesiHueM", HO OHO OTJIMYAETCs
OT 3THUX MPOLIECCOB, TOTOMY UYTO 3TO - HOBBII
MPOIIECC MHOXKECTBEHHOT'O PACCESHMSI HA OYCHB
0OJIBIIOM YHCIIE STIEKTPOHOB (HE HA €IMHCTBEHHOM
AJIEKTPOHE, KaK B JBOMHOM M MHO>K€CTBEHHOM
KomMnroHnoBckoM paccessuun). byayun
HEKOTE€PEHTHBIM, OHO HE CBSI3aHO C PacCEesTHUEM
Pamana, niiv HeKOrepeHTHBIM pacCeIHUEM Ha
yacToTe mia3Mbl. [l1a3MeHHOe KpacHOe cMeleHUe
MO3KET OOBIYHO BBIBOAUTHCS, UCTIONB3YS
KJIACCUYECKHE METO/IbI (PU3UKH, HO JUIsl BRIBOJIA
COOTBETCTBYIOIIETO AEKPEMEHTA 3aTyXaHUs
TpeOyeTcst KBaHTOBass MexaHuka. Eciu Obl
HCIIOJIb30BAJICS JEKPEMEHT 3aTyXaHUs
KJIACCUYECKOU (PU3UKH, TO TIOTIEPEUHOE CCUCHHE
ObL10 OBl HYJICBBIM.

4.  Absolutely other interacting (not
viewed before) of photons with the
fundamental particles of plasma is offered
by Author.

How the photon can interact with all
charges of plasma at PRS? Really - only
through an electromagnetic field.
Therefore, actually Author speaks about
interacting of photons with a plasma's
EM-field, however not only electrons form
this EM-field, but all components of
plasma. It is possible this calculation will
lower the demand to density of electrons.

Whether there is such interacting?
Certainly. We observe an example of such
interacting for light reflected from
boundary of two mediums.

4. ABTOpPOM MPEUI0KEHO COBEPIICHHO IPYToe
B3aMMO/IeCTBHE (DOTOHOB C 3JIEMEHTAPHBIMU
YaCTULIAMU IJIa3Mbl, HE paCCMAaTPUBAEMOE 10
TOTO.

Kak  moxer  (QOTOH  HEmocpeACTBEHHO
B3aUMO/ICCTBOBATh CO BceMU (DOTOHAMU ILIa3Mbl?
Peanbno — Hukak. [lostomy, daktuyecku ABTOp
TrOBOPUT O  B3aUMOAEUCTBUM  (OTOHOB  C
AJIEKTPOMATHUTHBIM TOJIEM IUIa3Mbl, OJTHAKO ITOJIE
T1a3Mbl 00pa3yloT HE TOJBKO DJIEKTPOHBI, HO BCE
e€ KOMIUITHEHThl. B0O3MOXXHO, y4deT BKJIaJa 3THX

KOMIIOHEHT  JacT  CHIDKEHHE  BBIUMCIEHHON
KOHIICHTPAIIUHU DJIEKTPOHOB.
CymiecTByeT JM Takoe B3auMOJEHCTBUE?

Koneuno. Ilpumep Takoro B3auMOJEUCTBUS MbI
HaONoaeM NpU OTPAKEHUU CBETA OT TPaHUIIBI
Cpen.

In Compton scattering, an incident photon
with wavelength of 500 nm transfers
energy of about 1.6:10”°hv to the plasma
per electron. The corresponding energy
transferred to the plasma in the plasma
redshift is about 200,000 times larger, or
3.3-10%hv per electron. Compared with
heating by Compton scattering, the heating
by plasma redshift is very large and
important for explaining the heating of the
solar corona, the corona of galaxies and
the intergalactic plasma. This interaction is
very important, although it has been

B KomnToHOBCKOM paccessHuy, nagaronmii GoTox
¢ JUTMHOM BOJIHBI nopsiaka SO0 HM SHEpPTrUuM OTIAET
mtasme npumepto 1.6-10°%hv B pacuere Ha ouH
anekTpoH. COOTBETCTBYIOIIAS YHEPTHS,
OT/aBaeMasi 1ia3Me B IIA3MEHHOM KPacHOM
cMenieHuu, npubausutensHo B 200 000 pa3
Gonbme, wiu 3.3-102° Ay Ha snextpon. o
CpaBHEHHMIO ¢ HarpeBaHneM KoMNTOHOBCKUM
paccessHEeM HarpeBaHHE MJIa3MEHHBIM KPACHBIM
CMEIICHHUEM SIBIISIETCS] OYEHb OOJIBIIUM U BasKHBIM
JU1s1 OOBSICHEHUSI HATPEBAHUSI COJTHEYHOU KOPOHBI,
KOPOHBI TAIAKTHK M MEKTaTaKTUYECKOM MIa3MBbl.
DTO B3aMMOJICUCTBUE OYEHb BAKHO, XOTS B




overlooked in the past.

IIPOILIOM OHO OBLIO MPOIYIIEHO.

Heitler (see, in particular, sections 23 and
33 of [1]) estimated that when one of the
photons emitted in ‘double Compton
scattering' (or 'multiple Compton
scattering’) is far in the infrared, the cross
section becomes large and approaches
infinity as infrared photon energy
approaches zero. When higher order
effects are taken into account, Heitler
found the integrated cross section to be
finite. Gould [2] has made refined
calculations with essentially the same
result. The results of both Heitler and
Gould are based on the incorrect
assumption that the photon interacts with
only one electron. However, when one of
the outgoing infrared photons is far in the
infrared, the interaction in a hot, sparse
plasma involves always many electrons.
Collective effects are then very important
and make this cross section much larger
and significant in hot, sparse plasmas, such
as those in the coronas of stars, while it is
usually insignificant in cold, dense
laboratory plasmas and in the denser and
colder chromospheres of stars.

[eiitnep (Xaittnep (Heitler)) (cm., B vacTHOCTH,
yactu 23 u 33 u3 [1]) ycTaHOBWMII, 4TO, KOTJa OJTUH
13 (DOTOHOB, HCITYCKAEMBIX B "IBOHHOM
KomnronoBckoMm paccessaun" (Mim
"MHO>keCTBEHHOM KoMnTOHOBCKOM paccessHuu'")
CYILIECTBEHHO MH(paKpacHbIH, MOMEPEUHOE
CeueHHUe CTAHOBUTCS OOJIBIIUM M CTPEMHUTCS K
0ECKOHEYHOCTH HpU MPUOIMKEHUN YHEPTHH
uHppakpacHoro portona k Hymo. Korna spneHus
0oJiee BHICOKMX MOPSAIKOB ObUIH MIPUHSTHI BO
BHMMaHUe, ['elTiep Haleémn, 4To UHTETPaIbHOE
MONIEPEYHOE CEYEHUE CTAHOBWIOCH KOHEUHBIM.
I'ynn (Gould) [2] cienan ycoBepIIeHCTBOBAHHBIC
BBIYMCIICHMUS], 110 CYIIECTBY C TEM K€ CaMbIM
pesynbraToM. Pesynbrarsl u I'elitiepa u I'ynna
OCHOBaHbI Ha HETIPABWJIBHOM IIPEANOI0KEHUH, YTO
(OTOH B3aUMOJICHCTBYET TOIBKO C OJJHUM
aeKTpoHOM. OIHAKO, KOT1a OIMH U3 BBIXOASAIINX
(OTOHOB CHIILHO MH(PAKPACHBIN, B3aUMOJICHCTBIE
B PEAKOH, ropsiueil 1ia3me BCeraa BOBJIEKAET
MHOT0 3JIEKTPOHOB. B Takux ciydasx
KOJUIEKTUBHBIE 3(DPEKThl OUE€Hb BaXKHBI U JI€TAIOT
9TO TIOTIEPEYHOE CEUCHUE HAMHOTO OOJBIIIUM U
CYIIECTBEHHBIM B PEJIKOU, ropsiueH mia3zme,
1oJ00HO TJIa3Me B KOPOHE 3BE3[, B TO BpeMs KaKk
OHM OOBIYHO HE3HAUUTEIbHBI B XOJIOJHOM,
IUIOTHO TabopaTopHO# Mmia3me u B 6osee
TUIOTHBIX M 00JIee XOJIOAHBIX XpoMochepax 3BE3I.

We should realize that the solution of the
infrared problem by Heitler and Gould in
case of a sparse hot plasma is incorrect,
because they assumed that in the infrared
limit the double and multiple Compton
scattering involves only one electron. That
never happens in a hot sparse plasma,
when the emitted and absorbed photons are
very soft. In this case the interaction
always involves great many electrons,
even in the sparsest plasma of intergalactic
space. Their assumed cross section must
then be replaced by plasma-redshift cross
section, which is deduced in this paper.

MBI TOJTKHBI IOHSTh, YTO pelieHne nHppakpacHOU
3agauu ['eiitiiepoM u ['yinjioM B citydae peakoi
ropsiuei T1a3Mbl SIBJISIETCS HETIPABUIIbHBIM,
MOTOMY YTO OHHM IMPEATNOIaraiu, 4YTo B Ipe/ese
WHPPAKPACHOTO U3ITYUYCHUS IBOHHOE U
MHOkecTBeHHOe KoMIITOHOBCKOE paccesHue
BOBJIEKAET TOJIBKO OJIMH AJIEKTPOH. DTOr0 HUKOT1a
HE CITydaeTcsl B peIKOM ropsueit miasme, Korjaa
UCITyCKaeMbIe U MOTJIOMIEHHBIE (POTOHBI OYEHB
MsTKue. B aToMm citydae B3auMojeiicTBrie Bceraa
BOBJIEKAE€T OYEHb MHOTO 3JIEKTPOHOB, JIaKE B
caMoii peIKoi TIa3Me MEKTrallaKTUYECKOTO
npocTtpancTsa. [IpeanonaraeMmoe uMH nonepeyHoe
CEYEHHE JOJDKHO TOTa OBITh 3aMEHEHO
MOTIEPEUHBIM CEYEHUEM TUIA3MEHHOTO KPACHOTO
CMEIIEHHUS, BEIBEICHHBIM B 3TOIl CTaThe.

In the hot, sparse plasmas of stars' coronas,
the electrons keep each other at distances,
which are very long compared with their

B penkoii ropsiueit miazMe KOpOoH 3B€3]1 2JIEKTPOHBI
YAEPKUBAIOT IPYT Apyra Ha pacCTOSHUSX,
KOTOPBIC OUYCHb BCJIMKHW IO CPABHCHHIO C UX




de Broglie wavelengths. The exchange
effects, which play a role only over
distances shorter or comparable to the de
Broglie wavelengths, are therefore of little
or no importance in the hot, sparse plasmas
that we are dealing with in the following
discussion. Within reasonable boundaries
all the electrons have different energy
levels. The quantum numbers of angular
moments in the interactions between the
electrons are large. We may, therefore,
treat these sparse and hot plasmas either
quantum mechanically or semiclassically.
The quantum-mechanical equation for
polarization of the plasmas by light is for
hio «mec? identical with the semiclassical
equation.

JUTHHOW BOJHBI e bpoiins. OomenHbIe 3P eKTsl,
KOTOPBIE UTPAIOT POJIb TOIBKO AJISI pACCTOSTHUM
KOpOU€ WJIM CPAaBHUMBIX C JUTMHAMU BOJIHBI JI€
bpoiisnsa, He UMEIOT MO3TOMY HUKAaKOM 3HAYUMOCTH
(W11 UIMEIOT COBCEM HEMHOTO) B PEIKOU ropsiueid
1a3Me, ¢ 4eM MbI OyZieM UMETh JIETO B
cieaymoIeM o0CykaeHnu. B pasyMHBIX mpeenax
Yy BCEX DJIEKTPOHOB UMEIOTCSI pa3InuHbIE
SHEpreTuyYecKre ypoBHU. KBaHTOBEIE Uncia
YIJIOBBIX MOMEHTOB BO B3aUMOJICHCTBUSX MEXIY
AIIEKTPOHAMH SIBJISIOTCS OOJBIIUMH. MBI MOXKEM,
MO3TOMY, paCCMaTPUBATh 3Ty PEAKYIO TOPSUYIO
MJ1a3My WM B KBAHTOBOW MEXaHUKE WU
nosykiaccuuecku. KBanromexanmueckoe
ypaBHEHHUE TSI OJISIPU3ALINN TIIa3MbI TIPU
TIOMOILH CBETA SBISCTCS ISt /i @ <KMeC’
MUJEHTUYHBIM C MOJIYKJIACCUYECKUM YPABHEHHEM.

In section 2, we deduce the cross section
for the redshift in a plasma free of
magnetic fields.

B Paznene 2 Mbl BBIBOIUM IIOIIEPEYHOE CEYEHUE
JUIS KPACHOT'O CMEIIIEHUS B IJ1a3Me, CBOOOTHON OT
MArHUTHBIX TMOJIEH.

Some of the details of the theory are
shown in Appendix A. The cross section
for the plasma redshift depends on the
photon width and the damping in the
plasma. In section 3, we elaborate on how
the damping in the electron plasma varies
with plasma temperature and also how the
damping and the density affect both the
coherence effects and the cross section for
the plasma redshift of photons. It is shown
how the plasma redshift varies with the
wavelength, electron temperature and
density. Only when the wavelength is less
than a certain cut-off wavelength, which
depends on the electron temperature and
density, is the plasma redshift significant.
In section 4, we give examples of how the
magnetic field affects the plasma redshift
and the cut-off wavelength for the redshift.
This is especially important for explaining
some of the phenomena in the Sun, such as
the flares, loops and arches. Also
important for explaining the phenomena is
the theory for transforming magnetic field
energy to heat, which is developed in
Appendix B.

HexoTopsble U3 aeTaneit TEOpUM NOKa3aHbl B
IIpunoxennn A. [lonepednoe ceyenue s
IJIJA3MEHHOI'0 KPACHOI'0 CMELIEHHUSI 3aBUCUT OT
UPHUHBI (HOTOHA U IEKPEMEHTA 3aTyXaHUsI B
mia3me. B Paznene 3, Mbl yTouHsiem TO, Kak
neMiipupoBaHKe B JIEKTPOHHOM TJIa3Me MEHSIETCS
B 3aBHCUMOCTH OT IJIA3MEHHON TEMIIEPATYPHI, U
TaKKe - Kak AeMIupoBaHre U TIIOTHOCTh
BO3JECHCTBYIOT U Ha IBJIEHUS KOTEPEHTHOCTH, U Ha
nonepeunoe ceuerue a1 [IKC ¢poronoB.
ITokazaHo, Kak MIIA3MEHHOE KPACHOE CMEIIECHUE
MEHSIETCS B 3aBUCUMOCTH OT JJIMHBI BOJIHEI,
ANEKTPOHHOW TeMIEPATypPhl U INIOTHOCTU. TOIBKO
KOTJa JUTMHA BOJIHBI MEHBIIIE, YEM OIpeIeICHHAS
IIOPOroBas JJIMHA BOJIHBI, KOTOPAsl 3aBUCUT OT
AJIEKTPOHHOM TemIiepaTypsl 1 miotHoctH, [TIKC
ABIJISIETCS CylllecTBeHHBbIM. B Paznene 4, Mb1 naém
MPUMEPBI TOTO, KAK MAarHUTHOE T0JIE BO3/ICUCTBYET
Ha IUIA3MEHHOE KPaCHOE CMEILIEHUE U TTIOPOTOBYIO
JUTMHY BOJIHBI JJIsI KPACHOTO CMEMIEHUSI. JTO
0COOCHHO Ba)XHO I O0BSCHEHUSI HEKOTOPBIX U3
sieiieHnit Ha COIHIIG, TAKMX KaK BCIIBIIIKH, ITHKITBI
u apku. Takke BaXKHOU 17151 OOBSICHEHHUS SIBIICHUN
SIBJISICTCS] TEOPHS TSl PeoOpa30BaHUsI MarHUTHOM
SHEPIruU B TEIUIOBYIO, KOTOpasl pa3BUTa B
IIpunoxenuu B.

4

The transformation is often initiated and

310 npeoOpa3oBaHUe YACTO MHIUHPYETCS U




accelerated by the plasma-redshift heating.
In sections 5.1 to 5.12, we compare the
plasma-redshift theory with observations
in the Sun, the Milky Way, and the
intergalactic space. These comparisons
lead to fundamental changes in the theory
of general relativity, and in our
cosmological perspective. The changes in
the theory of general relativity include a
reversal of the gravitational redshift of
photons, which causes a significant
modification of the equivalence principle.
The solar redshift experiments show
clearly this reversal. The reversals of
photons' redshifts are discussed in sections
5.6.2 and 6. The changes in the
cosmological perspective include replacing
the big-bang model with a seemingly static
model of the universe, because the plasma
redshift leads to a hot intergalactic plasma,
which can explain the entire cosmological
redshift and the microwave background.
Furthermore, the reversal of photons'
redshifts makes it possible that the
universe is seemingly static without
Einstein's Lambda term. In section 7, we
suggest additional experiments for
confirming the findings. In section 8, we
give a summary and conclusions.

yckopsiercst HarpeBoM oT [TIKC. B Pa3genax 5.1-
5.12, MBI CpaBHUBAEM TEOPHIO IJIA3MEHHOTO
KpPaCHOTO CMEIIEHUS C HAOIIOACHUSIMU 32
Connuem, Mneunsim [lyTem, n
MEXTTAKTUYECKUM MTPOCTPAHCTBOM. DTH
CpaBHEHHUS NMPUBOJAT K KOPEHHBIM U3MEHEHUSIM B
00111el TeOpuHr OTHOCUTEIHHOCTH, U B HaIlleH
KOCMOJIOTHYECKOHM TOUKe 3peHus. MI3mMenenus B
00111el TeOpUH OTHOCUTEIHPHOCTH BKITIOYAIOT
MHBEPCHUIO TPAaBUTALIMOHHOTO KPACHOTO CMELIEHUS
(OTOHOB, KOTOPOE BBI3BIBAET CYIIECTBEHHOE
M3MEHEHUE NPUHIIUIA 3KBUBAJIEHTHOCTH.
OxcrnepuMeHThl ¢ COTHEYHBIM KPaCHBIM
CMEILEHUEM SICHO MTOKA3bIBAOT 3TY UHBEPCHIO.
WuBepcun KpacHbIX cMelleHni (P OTOHOB
obcyxnensl B Paznenax 5.6.2 u 6. I3MeHeHus B
KOCMOJIOTUYECKON TOUKE 3PEHUS BKIIFOYAIOT
3ameHy Mmojenu boibioro B3psiea, no-BugumMomy,
mozenbio Ctatnueckoi Beenennoi, moTomy 4to
IJIa3MEHHOE KPaCHOE CMEUIEHUE IPUBOJIUT K
ropsiueil MEeXraJJakTH4eCKOM Iu1azMe, KoTopas
MOJKET OOBSICHUTH BCE KOCMOJIOTHYECKON KpacHOe
CMEIIeHUE U MUKPOBOJIHOBBIN QoH. bonee Toro,
WHBEPCHsI KPACHBIX CMEIIeHU (HOTOHOB
MO3BOJIIET, YTOOKI Beenennas Oblia, mo-
BuguMomy, Ctatuueckoit 6e3 JismOna-unena
Oitnmrerina. B Paznene 7, Mbl nipenaraem
JOTIOTHUTEIBHBIC IKCIIEPUMEHTHI JIJISl TOTO, YTOOBI
MOATBEPIUTH ITH PE3YJIHTATHI UCCIIeT0BaHMs. B
Paznene 8, Mbl 1aéM pe3romMe U 3aKIIFOUEHHUSL.

5. Any deductions of one theory cannot

influence deductions of any other theory.
The offered here explanation of a

modification of photons frequency
(inverse redshift), and also other model of
Universe do not mean that such
explanation and such model should be and
in GR. Therefore the statement is incorrect
that "It is necessary to change GR", it is
possible to speak; "It is necessary to
replace GR onto other theory".

5. JIroOblie BBIBOJBI OJTHOM TE€OPUH HE MOTYT
BIIUSTH Ha BBIBOJIbI KAKOK-THOO APYTOW TEOPHH.
[Ipennaraemoe 371ech OOBSICHEHUE M3MEHEHUS
9acTOThl (JOTOHOB (0OpaTHOE KpacHOE CMEIICHHE),
a TakKe JApyras Mojelib BceneHHOM He 03HAJaror,
YTO TaKoe OOBICHEHHE M TaKash MOACIL HOJDKHBI
obiTh M B OTO. Ilo3TOMy HEBEpPHO YTBEpKICHUE:
"OTO HyXHO H3MEHUTH'", MOKHO TOBOPUTH; "OTO
HE00XOAMMO 3aMEHUTh JPYTroil Teopueit’”.

2. Energy loss of photons as they
penetrate a plasma

2. IToreps sHepruu GOTOHOB NMPH UX
NMPOXO0KICHHUH Yepe3 MI1a3sMy

For a photon's field moving along the x-
axis, we can at x = 0 normalize the
Poynting vector, S, to the energy flux of
one photon, zwg = hvg, per second and per
square cm in vacuum, where h is the

st monst poToHA, IBUTAIOIIETOCS BJIOJIb OCH X,
MBI MOKEM B TOUKE X = (), HOpMaJIU30BaTh BEKTOP
[TolinTHHTA, S, K 2HEPreTHYECKOMY ITOTOKY OJHOTO
dorona, i wo = hvy, B cekyHIy Ha CM® B BaKyyMe,
rie s - koncranta [lnanka. /laxxe B Bakyywme,
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Planck constant. Even in a vacuum, the
photon is never infinitely sharp but
consists of a distribution of frequency
components as indicated by

(OTOH HUKOTJ]A HE SIBJISIETCA OECKOHEUHO PE3KUM,
HO COCTOUT M3 pacIipeeeHHs YaCTOTHBIX
KOMITOHEHT, KaK MoKa3aHo B (hopmyiie

S = hw, = hw, an

dw
(w-we)?+" /)

(1)

where vy is the photon width [1].

r7ie y - mupuHa ¢orona [1].

6. It is obvious that such representation
of a photon cannot be physical as
transiting of such quantum through
disperse medium will divide it into huge
quantity of parts.

6. OdeBHIHO, YTO TAKOE MPECTABICHUE
($hoTOHA HE MOXKET OBITh (DU3UICCKUM, TaK KaK
MIPOXOXKJICHUE TAaKOTO (POTOHA CKBO3b
JTUCTIEPCUOHHYIO Cpelly pa3o0bET ero Ha OTPOMHOE
YHUCJIO YacTEN.

For the dielectric constant € = (n - ik)* = 1
and therefore the refraction index n =1
and absorption coefficient, the imaginary
part k = 0, this form of the field in the
photon also follows from Eg. (3) below,
which follows from Eq. (A29) in the
Appendix A. When the photon penetrates a
plasma, the photon's virtual field will be
modified by the dielectric constant € = (n -
ik)%. From the solution, Eq. (A15), to the
dynamical Eq. (A12) of the Appendix A,
we get that the polarization is given by Eq.
(A18). From the polarization, we derive
that the dielectric constant is given by Egs.
(A19) and (A20) of the Appendix A. If the
binding-energy frequency wq4=0 and the
collision damping =0 (because the
collision damping, «, is included in fw?),
we derive from Eq. (A20) that the
dielectric constant is

JItst AMAIEeKTPHYECKOi TocTosiHHOI € = (N - k)% =
1, 1 moaTOMY MoOKa3zaTenb npeaoMiieHus n =1 u
k03¢ duIMeHT norouieHue, MHIMas 4acthb K = 0,
sTa popma nosst PoToHA TaKKe CIIETYeT U3
ypaBHeHUs (3) HUXKE, KOTOPOE CIEIYET U3
ypaBuenus (A29) B [Ipunoxennn A. Korna ¢poton
IPOXOJUT Yepe3 MIa3My, BUPTYJIbHOE MOJIe
¢dboToHa OyaeT MOIUDUIIMPOBATHCS
JUBJICKTPUIECKOM MOCTOSTHHO#M € = (N - ik)% U3
pemenus ypaBaeHus (Al5), K AMHAMUYECKOMY
ypaBHenuio (Al2) [Ipunoxenus A, Mbl osryyaem,
YTO MoJsipu3anus nana ypapaenuem (Al8). 13
MOJISIPU3AIIUU MBI BEIBOJIUM, UTO TUAJICKTPUYECKAs
nocTostHHAas 3a1aHa ypaBaeHusmu (Al19) u (A20)
[Tpunoxxenus A. Ecnu yacToTa SHEPTUH CBSI3U
@q=0 n ynapaoe 3atyxanue =0 (moTomy 4To
yJIapHOE 3aTyXaHHUE (@ BKIIFOYEHO B ﬁa)z) MBI
BbIBOAMM U3 ypaBHeHus (A20), uto
TMDJICKTPUYECKast OCTOSTHHAS paBHA

wp? . Bwwy?
= (12 ) e
w2+ 2wt w2+f2w4
N, .
where w, = |[4me? '€ is the
p / me rie w, = |4me? e/me—‘-IaCTOTa IUTa3MBI, 1

plasma frequency, and where fw? is the
radiation damping in the hot sparse
plasma.

2
r7ie f” — NeKpeMEeHT 3aTyXaHHs U3ITy4eHUs B
pEeaKOH TopsYeil IIasme.

We set the magnetic permeability equal to
1. As shown in Eq. (A29) of Appendix A,

we get from Eq. (1) and Eq. (2) at distance
X that

MBpI noraraeM MarHUTHYIO TIPOHHUIIAEMOCTh
paBHoit 1. Kak nmokazano B ypaBHeHuu (A29)
[Tpunoxxenus A, Mbl oiay4yaeMm U3 ypaBHeHus (1) u
ypaBHCHI/IH (2) Ha pacCTOSTHHH X, YTO

S = hwo -

—kax/c d
I —, (3

T®ee ((w wo)2+Y /4)

where € is the complex conjugate of . |

rae € - KOMJIEKCHO COIIPSAXKEHO K €.




We differentiate this expression with
respect to x and get that the photon's
energy loss per cm is given by

Mp1 nuddepeHnrpyem 3To BEIpaKEHUE 110 X U
HOJTydaeM, 4To HoTeps SHepruu potoHa Ha 1 cm
UMEET BUJT

as _

dx

y e2ko™/c g4

0 2nc

J-oo 2kon
—® £ (w-wp)+! /)

7. From the Eq. (3) at distance x itis
absolutely impossible to gain a photon
energy loss on 1 sm, as the energy loss of
a photon leads to gradual decrease of a
photon's frequency, that is, to dependence
(x), but in decomposition of Fourier a
frequency o does not depend on X.

Generally, method of Fourier can not
feature spreading signal. It can give only
mathematical representation of a signal in
the given point. Therefore from Fourier
method it is impossible to get a derivative
dS/dx.

7. W3 ypaBHeHus (3) Ha pacCTOSHUU X
MPUHITUITHATIBEHO HEJIb3s OJIYIUTh TIOTEPH
sHepruu poroHa Ha 1 cM, TOCKOJIBKY MOTEPS
sHEPruu (POTOHOM MPUBOIUT K MMOCTETIECHHOMY
YMEHBIIIEHUIO YacTOTHI ()OTOHA, TO €CTh, K
3aBUCUMOCTH @ (X), a B paznoxxeHnn Oypre @ He
3aBUCHUT OT X.

BooOmie, Mmeroq ®dypbe HEe B cHIaxX OMHCATh
pacnpocTpaHsomuiicss curHasi. OH MOXET JIHIIb
JlaTh MaTEMaTHYEeCKOE IPEJCTaBICHUE CUTHAja B
3agaHHoM Touke. [loaromy wu3 meroma Dypse
HEJIb3sI MIOJYYUTh MTPOU3BOIHYIO dS/dx.

5 5
For x equal to O, the energy loss per cmis | Jlist x, paBHoro 0, motepu 3Hepruu Ha 1 ¢M Toraa
then OyayT
as Y o 2kwn dw
— = ~hwos—]_ — - (4)
dx 2MCc Y —®© £ (w-wg)? +Y /4)

From Eq. (2), see also Eq. (A22), we
derive that

U3 ypaBHeHus (2), cM. Takxke ypaBHeHHe (A22),
MBI BBIBOJIMM, YTO

4, 2
2kon B w* wy

- ’
wZ(wpz_w2)2+ﬁzw6

€€

4, 2
2kon B w* wy

- ’
wZ(wpz_(UZ)Z_'_ﬁZwG

€€

and when we insert this expression into
Eq. (4), we get that the photon's energy
loss per cm is

Y KOTJa MBI BCTaBJISIEM 3TO BBIPDAKEHUE B
ypaBHeHUE (4), Mbl IOJy4aeM, YTO MOTEPU
SHepruu GoToHa Ha 1 cM paBHBI

s _
dx

e}

r
0 2nc

I

—00 wz(a)pz—wz)2+,82w6 ((a)—a)o)2+y2/4) '

B w* wpy? dw

®)

The right side of Eq. (5) can be integrated
in the complex plane along the x-axis from
-oo t0 +o0 and then counterclockwise along
the semicircle in the upper half plane. The
integral along the semicircle is zero. The
integral in Eq. (5) is then equal to 27
times the sum of the residue of the poles in
the upper half-plane, where i is the
notation for the imaginary component. For

[TpaByto cTOpoHY ypaBHEHUS (5) MOXKHO
MPOUHTETPUPOBATH B KOMIIEKCHOM MJIOCKOCTH
BJIOJIb OCH X OT -00 JI0 +00 ¥ 3aT€M MIPOTHUB YaCOBOM
CTPEJIKH BIOJIb MOJYKPyra B BEpXHEM
MOJIYIJIOCKOCTH. IHTerpan BAOJIb MOJIyKpyTa
paBeH Hyxt0. Torna uHTerpan B ypaBHeHuUH (5)
paBEeH MPOU3BEJICHUIO 27i HA CyMMY BBIYETOB
MOJTIOCOB B BEPXHEU MOJYIIIOCKOCTH, TIE i -
0003HaYCHHE MHUMOM KOMIIOHEHTHI. J1J1s

wg=0,0=0,

B>> BO, Wo>>wWp , Ba)p<<1’ v<< wy,

the four poles in the upper plane are given

by (see Eqg. (A33) of Appendix A)

YEeThIPE MOJTFOCA B BEPXHEH IMIIOCKOCTH OIMHUCAHBI C
nomoibio (cM. ypaBHeHue (A33) [punoxenus A):
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2
(a = 4w, +i295)
2
. B wp?
b=-w,+i—
w=1 Pl ()
c = l[E + a)pz]
| d=+wo+it
From Eqgs. (5) and (6), we get that | Y3 ypasrennii (5) u (6) momydaem, 4To
as _ 8n o [v v | v (1-1/(Bwy)?) 1
dx B 3 Te"Ne 4Yo + 470 2Yo (1+1/(B w)?)? (1+1/(B wo)z)],
()

where Bow’y/c=(87/3)r" N~6.65-10"N, is
the Compton cross section per cm of
photon path when N is the electron
density per cubic cm, and where Bo=
2e2/(3mec®) = 6.266- 10 is the classical
damping constant and yo = Bocwo the
classical damping for the incident photon.

rae Bow’plc= (81/3) 1N, = 6.65: 10N, -
nonepevHoe ceuenrue Komnrona Ha 1 cM mytu
¢dorona, koraa N, - KOHLEHTPALH 3JIEKTPOHOB B 1
oM, 1 re Po= 2e%/(3mec’) = 6.266-107% -
KJTACCHUYECKHH ICKPEMEHT 3aTyXaHus i Yo = Bow’o -
KJIACCHMYECKOE 3aTyXaHue /s Majarouero GoToHa.

The last term inside the brackets,
corresponding to the pole d in Eq. (6), is
identical to the quantum mechanical
Compton scattering cross section for soft
photons, as deduced by Reitler [1]. In the
Compton scattering, we set damping
constant equal to the classical damping
constant and the dielectric constant equal
to 1, as Reitler did, because in the sparse
plasmas of our interest the incident photon
interacts with only one electron. If the
electron were bound in an atom with other
electrons, we would get Rayleigh
scattering.

IHocaexnuii wieH B cKOOKaX, COOTBETCTBYOIINMA
nositocy d B ypaBHeHuu (6), HACHTHYEH
MONEPEYHOMY ceueHHHI0 KOMITOHOBCKOTO
paccesiHsI B KBAHTOBOW MEXaHUKE JIJIST MSATKHUX
dotonoB, kak nomyueHo Paiitnepom(Reitler) [1]. B
KoMnToHOBCKOM paccessHUM Mbl yCTaHABIMBAEM
JIEKPEMEHT 3aTyXaHUsl, PaBHbII KJIaCCUUECKOMY
JNIEKPEMEHTY 3aTyXaHUsl, U TUAJIEKTPUIECKYIO
MOCTOSIHHY10, paBHYIO 1, Kak caenan Paiitnep,
IIOTOMY YTO B HHTEPECYIOLIEN HAC PEIKOU IJIa3Me
nagaromui GOTOH B3aUMOAECHCTBYET TOIBKO C
OJIHUM 3JIeKTpOHOM. Eciu OBl 2IeKTpOH ObLT
CBSI3aH B aTOME C JPYTMMHU AJIEKTPOHAMH, TO MBI
nostyumiin Ol PasieeBckoe paccestHue.

The two first terms inside the brackets,
correspond to the poles a and b in Eq. (6).
These poles correspond to Raman
scattering on the plasma frequency, wy . In
the treatment above, the oscillator
strengths are positive as we assumed that
they were in the ground state. In the actual
hot plasma of our interest the plasma
oscillators are usually in thermodynamic
equilibrium, and we have then about equal
number of positive and negative oscillator
strengths. In thermodynamic equilibrium
the emission and absorption cancel each
other.

/IBa nepBbIX 4eHa B CKOOKaX, COOTBETCTBYIOT
noJirocaM a M b B ypaBHeHuu (6). DTH MOIIOCHI
COOTBETCTBYIOT paccessHuto Pamana Ha yacrore
IU1a3Mbl wp .B paccMoTpennn Beilie, MOITHOCTD
OCLMJUISITOPA - TIOJIOKUTENbHAS, TOCKOJIBKY MBI
MpeJnoiarajiy, 4YTo OHU ObUIH B OCHOBHOM
cocrosHuu. B pakrudeckoit uuTEepecyromeil Hac
ropsyen Imia3Me IIa3MeHHbIE OCHUIUIATOPBI
OOBIYHO HAXOJIATCS B TEPMOJANHAMHYECKOM
PAaBHOBECHH, I MBI IMEEM TOTJ]a IPUMEPHO PAaBHOE
KOJIMYECTBO OCLUIUIATOPOB MOJIOKUTEIBHBIX U
OTpHUIATEIBbHBIX MOIITHOCTEN. B
TEPMOJAVHAMUYECKOM PAaBHOBECUU UCITyCKAaHUE U
NOIJIOUICHUE HEUTPAIU3YIOT APYT APYTa.
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Nevertheless, these interactions cause
small angular scatterings, which are
insignificant in practically all experiments
of our interest, because the densities of the
plasmas of our interest are usually very
low. However, they can affect the
observations of most distant supernovas as
Eq. (52) shows.

OpHaKo, 5TH B3aMMO/ICHCTBHSI BEI3BIBAIOT
HeOOJIbIIINE YTIIOBBIE PACCESTHUS, KOTOPBIE
SIBIISTIOTCSI HE3HAYALTMMHU B TIPAKTUIECKU BCEX
MHTEPECYIOIINX HAC IKCTIIEPUMEHTAX, IIOTOMY YTO
IUIOTHOCTh WHTEPECYIOMIeH HAC TIa3Mbl OOBITHO
oueHb Hu3Kast. OIHaKo, OHU MOTYT
BO3/ICIICTBOBATH HA HAOIIOACHUS 32
OO0JIBIIMHCTBOM OTJANIEHHBIX CBEPXHOBBIX, KaK
MOKa3bIBaeT ypaBHEeHHE (52).

The third term inside the brackets, the
plasma-redshift term, corresponds to pole
c, the pole on the imaginary axis. The
plasma-redshift term is a new cross section
term and the focus of our interest in this
article. It is due to loss (emission and
absorption) of very low frequency
components in the photon field. This cross
section has been overlooked in the past,
most likely because when the damping
factor P in the radiation damping, B, is
close to the classical value of By, as it is in
an ordinary laboratory plasma, this third
term is practically zero and the cross
section insignificant. However, in a hot,
sparse plasma both the damping factor, j,
and the collective effects are very large;
and this plasma-redshift term becomes
significant. As mentioned in the
introduction, this term is also related to the
emission of very soft quanta in double and
multiple Compton scattering. Those
familiar with the deduction of Cherenkov
radiation, which is emitted when fast
charged particles penetrate dielectrics, may
also find some resemblance between
plasma redshift and Cherenkov radiation.
The classical mechanics cannot treat
properly the radiation damping terms. We
must therefore use quantum mechanics to
determine the damping. It then can be seen
that  can be very large in a hot, sparse
plasma. In the third term inside the
brackets of Eq. (7), the value of 1/(Bwo) is
then very small. The plasma-redshift cross
section becomes then equal to 3.326:107%-
(y/yo)N, per cm of the photon path. In the
following section 3, we will see how j
changes with temperature and density of
the plasma, and with the wavelength of the

TpeTwnii 4ieH B cKOOKax, 4WiICH IIa3MEHHOTO
KpPaCHOI'O CMEILEHUs, COOTBETCTBYET IOJIIOCY C,
II0JIFOCY HA MHUMOH ocu. UJieH 11a3MeHHOro
KpPaCHOI'O CMEILEHUS - HOBBIM YJIEH MONEPEYHOro
CEYEHHs, U 1IeJIb HAIIETO0 HHTEPECa B ITON CTaThe
U3-3a MOTepH (UCIyCKaHUE U MOTJIOIIEHNE) OYCHb
HU3KHX YaCTOTHBIX COCTABJISIOIINX B M0JI€
dotona. D10 nonepevyHoe ceueHue ObUIo
NPOIMYIICHO B MPOIILJIOM, HAUOOJIEe BEPOSITHO,
MOTOMY YTO, KOT/JIa IGKPEMEHT 3aTyXaHus 3 B
3aTyXaHHH H3TydcHus, Bw’o, OIM30K K
KJIACCMYECKOMY 3HaU€HUIO Po, KaK 3TO ObIBACT B
0OBIYHOM Ta0OpaTOPHOH TUTa3Me, ITOT TPETUI
4JieH — (PaKTUYECKU HOJIb, ¥ MIONIEPEYHOE CEYCHHE
He3HauuTenpHoe. OHaKo, B peiKoi ropsiuen
I1a3Me U IEKPEMEHT 3aTyXaHus [3, 1
KOJIJICKTHBHBIE 3()(DEKTHI SBISAIOTCS 0YEHBb
OOJBIIMMU; U 3TOT YWIEH MJIA3MEHHOT0 KPacCHOTO
CMEIIIEHNS CTAaHOBUTCS CyllecTBeHHbIM. Kak
YIOMMHAJIOCh BO BBeieH!H, 3TOT UJieH TaKxke
CBSA3aH C UCIIyCKaHUEM OYEHb MATKUX KBAaHTOB B
JIBOMTHOM M MHOX€CTBEHHOM KOMIITOHOBCKOM
paccestHM. 3HaKOMBbIE C BbIBOAOM M3myuenus
UepeHkoBa, KOTOPOE MCITYCKAETCsl, KOT/1a ObICTPhIE
3apsKEHHBIE YACTULBI IPOXOJAT Yepe3
JTURJIEKTPUKH, MOTYT TaKKe OOHapyKUTh
HEKOTOPOE CXOJCTBO MEXAY IUIa3MEHHBIM
KpacHbIM cMenieHueM u Mzmydennem YepeHkosa.
Knaccrndeckas MexaHuka He MOKET paboTaTh
JOJKHBIM 00pa3oM ¢ WieHaMU 3aTyXaHus
U3ITy4eHUs. MBI 10JKHBI TI03TOMY HCIIOJIB30BATh
KBaHTOBYIO MEXAHHUKY, YTOOBI ONPE/IEIUTh
3aryxaHue. Torna MOXXHO 3aMETUTh, YTO 3 MOXKET
OBbITh OYEHb OOJIBLIINM B PEIKOM ropsyeil miazme.
B tperbem usieHe B ckoOkax ypaBHeHus (7),
3HaueHne 1/(Bwo) sABISETCS TOT/1a OYCHB
HeOonpmM. [lonepevyHoe ceyeHne IMIa3MEeHHOTO
KpPaCHOI'O CMEILEHNs CTAaHOBUTCS TOT' /1A PAaBHBIM
3.326:107 (y/yo)N, Ha 1 cM myTH potona. B
caenyromem Paznene 3 Mbl yBuanm, Kax 3
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incident light.

MCHACTCA B 3aBUCUMOCTH OT TCMIICPATYPHEI,
IIJIOTHOCTH IIJIa3Mbl M AJIMHBI BOJIHBI IIaAAKOICTO
CBCTa.

. 3. eKpeMEeHT 3aTyXaHus § u noporosas
3. Damping factor p and the cut-off Hlexp y b P
Wavelength for plasma redshift AJIMHA BOJHBI Ui IVIA3MEHHOI'0 KPaCHOIro
CMeLIeHHA
3.1. Semi-classical treatment of the 3.1. oaykiaccuueckoe paccMOTpeHHe

collision damping

YIApPHOTO 3aTyXaHus

The collision damping « in Eq. (2) is often
equated with 2/z, where z is the time
between collisions; see Comment A4 in
Appendix A. From the stopping theory for
charged particles we know that also the
frequencies of the Fourier field of the
incident particles determine the energy
transfer in the collisions. The collision
factors a = 2/z, and a+B,w°=pw’ depend on
the frequency w of the fields' Fourier
components of the colliding electrons (see
discussion below Eq. (A12) in the
Appendix A). For being effective in
disturbing the oscillation of an electron in
the Fourier field of the incident photon, the
Fourier harmonic of the colliding electrons
must have about the same or higher
frequency as the photon.

Y napHoe 3atyxaHue o B ypaBHEHHUH (2) 4acTo
NPUPABHUBACTCS K 2/7, T/I€ T - BPeMs MEXTY
crosikHOBeHUsAIMH, cM. KomMmeHnTapuii A4 B
[Tpunoxxenun A. M3 Teopun 0CTaHOBOK AJIs1
3apsKEHHBIX YaCTHI] MbI 3HA€M TaK)Ke, 4TO
qacToThl 1oJist Dypbe najaronmx YacTUIl
OTIPEeIIAIOT Mepeiady SHEPTUH B CTOJIKHOBEHHUSX.
VY napubie k03hGueHTs! o = 2/7, u a+Bpa)2:[3a)2
3aBHUCST OT YAaCTOThI (» KOMIOHEHT oJisi Dyphe
AJIEKTPOHOB, YYaCTBYIOIIUX B CTOJKHOBEHUSAX (CM.
obcyxaeHue Hmwke ypasuenus (Al12) B
[Tpunoxenun A). {1t Toro, 4T00bI OBITH

3¢ PEeKTUBHON TTPU BO3MYIIICHHON BUOpAIINH
anekTpoHa B nojie Pypre majaromero GoToHa,
rapMoHuka Oypbe 3JeKTPOHOB, YUACTBYIOIIUX B
CTOJIKHOBEHUSIX, JOJDKHA UMETh IPUMEPHO Ty JKe
(wyti GoJiee BHICOKYIO) YacTOTY, 4eM (POTOH.

For example, the root d in Eq. (6)
corresponds to the center (principal)
frequency, wy, of the incident photon field.
For disturbing the oscillation of the
electron at the frequency w,, the frequency
of the collision field must be about equal
to or greater than w, . From the stopping
theory of charged particles, we know that
the energy absorbed per colliding electron
in a small increment dp of the impact
parameter p is proportional to {[xKy(x)]* +
[(x/y)Ko(x))]?}(dp/p), where Ko(x) and
K1(x) are the modified Bessel functions of
zero_and first order, Xx=p wo/(y v), and
where y in this case is the relativistic factor
y = 1/(1 - v*/c®)™ which is not to be
confused with the same notation for the
radiation damping. Niels Bohr deduced
these relations in 1913 and 1915 [3]. In the
following, we will assume that this
relativistic factor, y, is about equal to one,

Hanpumep, kopeHb d B ypaBHeHHH (6)
COOTBETCTBYET LIEHTPaJIbHON (OCHOBHOI) 4acTOTe
o TOJIA Majaroero ¢poroxa. st Toro, 4ToObI
BO30YTHUTH BUOPALIMIO JIEKTPOHA HA YaCTOTE @ ,
4acToTa yJapHOTO MOJIsS T0JKHA OBITH IPUMEPHO
paBHOM WK OoJiblIe, YeM @y . 13 Teopun
OCTAaHOBOK 3apsDKEHHBIX YaCTHUI] U3BECTHO, YTO
TIOTJIOIIIEHHAsI YHEPTHs B iepecuére Ha |
COYIaPSIIOIIUICS JEKTPOH MPU HEOOIIBIIIOM
BO3PACTaHHH dp TTapaMmeTpa CTOIBKHOBEHUS p,
nponopurorsHa {[XKi(X)]* + [(x/7)Ko(X)]*}(dp/p),
rie Ko(x) u Ki(X) sBisitoTest MOTUpHUIMPOBAHHBIME
¢byHkuusamu beccenst HyeBoro u nepBoro
nopsiika, X=pwo/(yv), ¥ r/1e y B 3TOM ciaydae -
pensTuBHCTCKIi Koohumment y = 1/(1 - v¥/c?)Y?,
KOTOPBII HE JIOJDKEH OBITh MEePEIyTaH C TAKUM Ke
o0o03HaueHHeM IS 3aTyXaHus u3nydenus. Huiabe
Bbop BeiBen atu cootHomenus B 1913 u 1915 [3].
Janee Mbl Oy1eM moJsiarath, 4To 3TOT
PENATUBUCTCKUIN KO3 OUIMEHT, Y MPUMEPHO
paBeH |, uto ycTpanser j1000e HeyJOOCTBO
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which eliminates any confusion about the
notations. The quantity within the braces is
about equal to one for x=pwo/(yv)<1, and
for x>1, it falls off exponentially. When we
integrate over all values of p, we get that
the energy loss per second from the
colliding incident electrons is for

relativistic factor y=1

OTHOCHUTEIILHO 3THX 0003HaueHui. Benuunna B
burypHbsIx ckoOKax mpuMepHo paBHa 1 [1s
X=pwol(yv)<1, u ans x>1 oHa magaer mo
sKcroHeHTe. Korjma Mbl HHTETpUpyeM 10 BCeM
3HAYEHUSM p, MBI TIOJTy9aeM, 4TO MIOTEPH YHEPTUU
B CEKyH/y OT CTOJKHOBEHUI C HaJEeTAIOIUMU
JIEKTPOHAMH TSI PEIISITHBHCTCKOTO

ko3 Puuuenta y=1

dE _ 4me*N, mev?  6,v?
dt ~ mg .lln(S-hv_ 2c2]
— 73425 . 10-10 ¢ . [ln mev” _ 0.81507 apr/cex
' v 1.147 hv 2c?

where ¢ = 1.147 and ¢; = 0.815. In case of
a proton collision, we must add the term
In2 within the brackets, and replace the
electron density, N, with the proton
density, N, .

rae 0=1.147 u 0,=0.815. B ciry4ae npoTOHHOTO
CTOJIKHOBEHHS MBI IOJKHBI TpHOaBuTh dwieH In2 B
CKOOKH, M 3aMCHHUTH KOHIIEHTPAIIUIO JICKTPOHOB
Ne Ha KOHIIEHTpaLHIO IPOTOHOB Np .

In the solar corona, we may have that
Ne~5.5-10" cm™®, and T =~ 2-10° K, which
corresponds to » = 9.536-10° cm-s™, and
mev? = 517.044 eV. We get for hv =~ 4 eV
that dE / dt ~ 2:10™ erg-s ™,

B conneuyHol KOpOHE Yy HAC MOXKET ObITh
Ne=5.5-10" em™®, u = 2:10° K, 4T0 cooTBeTCTBYET
0=9.536-10° CM’C_l, 1 Mev? = 517.044 5B. Mo
nony4aem jurst hv=4 B, uro dE/dt~ 2-10™° spr/cex,

7

which is small compared with
vohv~2.3142-10% - 6.4087-10"% =
1.4831-107 erg s™ where y,=6.266-10™"2-0*
is the classical damping. Usually, we have
that the quantum mechanical damping, vy is
in the range of 0.1yo <y < 10yo.. The
Compton scattering in the corona is
therefore not affected by the collision
damping. Similar estimates show that the
collision broadening does not affect the
Compton scattering low in the transition
zone, and much less in interstellar and
intergalactic space where the densities are
much lower.

4TO MEHBIIE IO CPABHEHUIO € Yohv~2.3142- 108
6.4087-10™2 = 1.4831-10" spr/cex, rue
v0=6.266-10"%0* - KIaccHueckoe 3aTyxaHue.
OOBIYHO, MBI UMEEM, YTO KBAHTOBOMEXaHUIECKOE
3aTyxaHHe Y HaxoauTces B auanazone 0.1yp <y <
10yo. KomnToHOBCKOE paccesHrE B KOPOHE
MIO3TOMY HE BBI3BAHO YAAPHBIM 3aTyXaHUEM.
[Toro0HBIE OIIEHKH MTOKA3BIBAIOT, YTO YAAPHOE
paciipeHue He BbI3biBaeT KoMnToHOBCKOE
paccesiHue - HU3KO€ B TIEPEXOTHOM 30HE, U
HaMHOT'O MEHBIIIE B MEX3BE3HOM U
MEXTaJIAKTUIECKOM MPOCTPAHCTBE, T]Ie
KOHIIEHTPAIlUM HAMHOT'O HIKE.

When the frequency, vo, of the incident
photon is very low, the value of dE/dt
becomes larger, and the value of
¥0=6.266-10"**®? smaller. For example, for
hv < 4-10™ eV, the collision broadening
will affect the Compton scattering
depending on the density.

Korna wacrora Vo maiaromiero oToHa O4eHb
HM3Ka, 3HaueHue dE/dt CTaHOBUTCS OOJBIIIE, U
3Ha4YeHHe, Yo=0.266 10%-»? MeHbIe. Hamnpuwmep,
s hv <4-10% 5B yJapHOE pacIIupeHue
BO3JIeHicTBYeT Ha KOMIITOHOBCKOE paccessHUE B
3aBHCHUMOCTH OT KOHIICHTPAI[HH.

The incident photon consists of a broad
spectrum of frequencies as shown in the

integrand of Eq. (1). The low frequency

[Tapatouii GOTOH CONEPKUT UIMPOKHMA CHEKTP
4acTOT, KaK TOKa3aHO B ITOABIHTETPAIIBHON
¢yskuuu ypaBaenus (1). Huskue yactoTHble
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components of the photon may act on
several electrons coherently. The
corresponding classical damping,
¥0=6.266-10%*®?, is then emitted
coherently from several electrons, which
therefore magnifies the corresponding
damping contribution. These low energy
components cannot keep up with the
photon's higher frequencies, and are ripped
off the photon and absorbed in the plasma.
This is similar to the Cherenkov radiation
from charged particles penetrating
dielectrics. We usually think of the
Cherenkov radiation as being all emitted,
but a part of the Cherenkov radiation, the
part that is close to the resonance, is
actually absorbed immediately, just like
the damping in the pole c of Eq. (6), which
results in the third term within the brackets
of Eq. (7). The forces within the photon
recreate the removed low-frequency
components, just like the Fourier
harmonics of the field of the charged
particles are regenerated after being
removed as Cherenkov radiation. We will
in the following establish the exact
condition for this damping to become
significant. We will have to treat the
phenomena in accordance with quantum
mechanics in the following subsection.

cocTasisonme (poToHa MOTYT IeHCTBOBATh Ha
HECKOJIBKO JIEKTPOHOB KOI'€PEHTHO.
CooTBeTCTBYIOIIEE KIACCUYECKOE 3aTyXaHHE
Y0=6.266- 10%*®? Torma HCITyCKAETCSI KOTEPEHTHO
OT HECKOJIbKUX 3JIEKTPOHOB, YTO IO3TOMY
YBEJIMYUBAET COOTBETCTBYIOLIMN BKJIa/l 3aTyXaHHUS.
OTH HU3KOIHEPreTUUECKHE KOMIIOHEHTHI HE MOTYT
HE OTCTaBaTh OT 00Jiee BHICOKHUX YacTOT (poTOHA, U
OTOpBaHbI OT (JOTOHA U MOTJIOIIEHBI I1a3MOH. DTO
noo6Ho M3nyuenuto YepeHKoBa OT 3apsHKEHHBIX
YaCTHII, TPOXOIAIIMX Yepe3 AUIIEKTPUKU. MbI
00b1yHO KymaeM 00 M3nyuyenun YepeHkoBa, Kak
Oynro BcE€ ucmyckaercs, HO YacTb M3myuenus
YepeHkoBa, 0113Kas K pe30HaHCY, (PaKTUUYECKU
MOTJIOUIAETCSl HEMEJUIEHHO, TOUYHO TaK K€ Kak
3aryxaHue B noitoce "c" ypaBHeHus (6), KOTOpoi
MIOJTy4aeTcs U3-3a TPETHEro WieHa B CKOOKax B
ypaBHeHHH (7). Cuibl B OTOHE MOAAEPKUBAIOT
yAasieMble HU3KOYaCTOTHbIE KOMIIOHEHTHI, TOYHO
TaK ke, Kak TapMOHUKU Dypbe 1osis 3apsyKeHHBIX
YaCcTHI] BOCCTAHOBIIUBAIOTCSA, OyyUuH yaleHHBIMU
B KauecTBe M3nyuenus Yepenkona. Jlaee Mbl
YCTaHOBUM TOYHOE YCJIOBUE JJIsl 3TOTO 3aTyXaHus,
4TOOBI OHO OBLIO ObI CyIIIECTBEHHBIM. B
CJIEIyIOIIEM ITO/Ipa3/Iesie Mbl IOJKHBI Oy1eM
paccMOTpeETh IPOLECCHI B COOTBETCTBUU C
KBaHTOBOM MEXAHHUKOM.

8. So, the Author offers the following

model of mechanism of tired light:
Photon is spreading in the form of a

field, consisting of a set of
electromagnetic waves of different
frequencies, and the low-frequenciest
waves are immersed by plasma, these
losses are a redshift of photons at
spreading in plasma. However there is no
answer on the next questions:
- What immersed waves transfer energy
to?
- Than the frequency limit of uptake is
spotted?
- Why these low-frequenciest waves are
recovered after uptake as the photon
moves further, and he is again obliged to
lose energy?
- Why remaining waves of a photon's field

8. MWrak, ABTOp TpejyIaraeT Ciaeayonyro
MOJIEJIb MEXaHU3Ma CTapeHUs CBETa:

@OTOH pacmpocTpaHieTcss B BHUAE MOJIA,
COCTOSIIIIEI0 M3 MHOXECTBA 3JIEKTPOMArHUTHBIX
BOJIH Pa3HOM 4YacTOTHI, U CaMble HU3KOYaCTOTHBIE
BOJIHBI ~ TIOTJIONIAIOTCS  IJIa3MOM, OTH TOTEpH
SIBIITFOTCS KpacHBIM CMelieHneM (OTOHOB TIpH
pacripocTtpaHeHurn B Tia3me. OJHAKO HET OTBETa
Ha BOIPOCHI:

- YeMy NePeIatoT SHEPTHUIO MOTIIOIICHHbIE BOIHBI?
- 4eM OMNpEeNIeIIIeTCS TPaHUYHAs YacTOTa
HOTJIOIIEHMUS?

- IOYE€MY 3TH HU3KOYACTOTHBIE BOJIHBI
BOCCTaHAaBJIMBAIOTCS ITOCJIE TTOTJIOMIEHHS, TaK KaK
(OTOH JIETUT JAJIbIE, M OH OMSATh 00sI3aH TEPAThH
SHEPruio?

- IOYEMY OCTaBIIIMECS BOJHBI 1MOJIs (POTOHA B
TH000M MOMEHT JEHCTBYIOT KaK €IMHAsl YacTHUIIa,
criocoOHas rmepeaaTh BCIO CBOIO SHEPTHIO
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act as a united corpuscle, capable to
transmit all energy to a receiver electron at
any moment, instead of losing on many
weeks along a trajectory in a disperse
medium, etc?

JIEKTPOHY IPUEMHHUKA, a He pa30eraroTcs Ha
MHOTHE HEJICIH IyTH B TUCIICPCHOHHOU CpeJie, U
T.OI. ?

3.2. The plasma electron as a harmonic
oscillator

3.2. IIna3mMeHHBbIH 3J1eKTPOH KaK

FapMOHI/I‘IeCKI/Iﬁ OCIHUJITIATOP

It can be shown in many ways that when
the plasma is disturbed, the forces within
the plasma will result in characteristic
oscillations with eigenfrequency o, . For
example, we see this frequency in the
dielectric constant given by Eq. (A20) and
therefore in displacement given by Egs.
(A15), and in the polarization given by Eq.
(A18), and therefore in Eq. (2), (5), and
(6). For oq = 0, the plasma frequency, w,,
is the principal frequency for absorption in
Eq. (5). Each electron will oscillate as a
classical oscillator with a restoring force
proportional to the displacement r. The
electron will oscillate as a classical
oscillator due to the polarization with the

restoring force m¥ = —kr and the

frequency w = /k/m . For each

plasma electron, we have that & = 4zN,e”.

The force m#* = —kr = —4mN,e?r
corresponds to the polarization given by
Eq. (A18). When we solve the classical
equation, the solution is that of a classical
harmonic oscillator with the frequency

wy, =+ k/m=/4nN.e?/m . The
plasma frequency o, is defined by Eq.
(A21). For g = 0 it is the characteristic
eigenfrequency for each plasma electron,
as Eq. (5) shows

MokHO MoKa3aTh pa3HbIMH CIIOCOOaMU, YTO, KOTJa
IU1a3Ma BO3MYILEHA, CUJIbI B IUIa3M€E MPUBELYT K
XapaKTepUCTUUECKUM BHOpAIHsIM ¢ COOCTBEHHOM
4acTOTO ®p. Hanpumep, Mbl BUIUM 3Ty 4acTOTy B
JIAAJIEKTPUYECKOM MOCTOSHHOM, 38 JaHHOU
ypaBHeHueM (A20) ¥ m03TOMY - B CMEILIEHUU B
ypaBHEeHUsX (A15), 1 B nonsipuzanvy B ypaBHEHUU
(A18), u mosTOMYy - B ypaBHeHudu (2), (5), u (6).
His o, = 0 naa3MenHas 4acToTa o, SBIAETCS
[JIaBHOM 4acTOTOM JJ1sl OTJIOIIEHUS B YPAaBHEHUU
(5). Kaxaprit anekTpoH OyaeT Koyie0aTbes Kak
KJIACCUYECKHUH OCLIMIIISATOP C BO3BpAIAIOLIECH
CUJIOHN, TPONOPLIMOHAIIBHON CMEILICHUIO 7.
[ToaTomy 371eKTpoH OyaeT KoneOaThCs Kak
KJIACCUYECKHUM OCIMIIISATOP U3-3a MOJSPU3ALIH C

BO3BpalIaloieii cunoit mi¥ = —Kkr u wacroroit

w = +/k/m . Ing xaxaoro saeKTpoHa mia3Msl
MBI uMeeM k = 4zN,e*. Cuna mi* —kr =

—471N,e?7 cooTBeTCTBYeT NONSPH3ALNH,
3aaHHoN ypaBHeHUeEM (A 18). Pemmas ato
KJIACCUYECKOE YPaBHEHUE, MTOTydaeM
KJIACCUYECKHIA TAPMOHUYECKUH OCITHIUISATOP C

uacToToii Wy, =\ k/m = J4nN,e?/m

[TnazmeHHas yacToTa ©, OIpeielIeHa ypaBHEHUEM
(A21). IIpn w, = 0 3TO - XapaKTepUCTHUKA
COOCTBEHHOM 4acTOTHI JUI KaX/10T0 JIEKTPOHA
IU1a3MBbl, KaK IOKa3bIBaeT ypaBHEHUE (5).

The forced oscillations of the electron will
result in the usual radiation damping. The
positive ions will also act like harmonic
oscillators, but their radiation damping is

much smaller, because of their larger mass.

BoinyxieHHBIE KOs1e0aHUs 3JIEKTPOHA Oy Iy T
ABIISITHCS PE3YIBTATOM OOBIYHOTO 3aTyXaHMs
n3nydeHus. [longoxuTenbHble HOHBI OYIyT TaKkKe
JIecTBOBAaTh KaK FapMOHUYECKHE OCLMIIISATOPSI,
HO UX 3aTyXaHHUE U3JIy4eHHUs HAMHOTO MEHbIIIE 13-
3a uX OoJbLIeH Macchl.

We can then treat the electron plasma
guantum mechanically. The plasma
consists of great many oscillators. For the
electrons in a hot plasma the Hamiltonian

I/ITaK, OJICKTPOHEI I1JIa3Mbl MOKHO paCcCMaTpUBaTh
C TOYKHU 3PCHUA KBaHTOBOM MeXxaHukH. [1na3zma
COCTOUT U3 OYCHb MHOTI'UX OCHHUJIJISATOPOB. I[J'Ii[
9JICKTPOHOB B ropﬂqeﬁ miasMe ['aMuabTOHHUAH JJIA
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for each oscillator is given by

| ka0r0 OCIIILIATOpa 331a8TCs ypABHEHHEM

1 —
Hy=HY + Emea)érr = —

2
2,1 2
2meV + o Mewgtr, (8)

where wq is principally any frequency in
the plasma and r is given by Eq. (A15).
The plasma frequency w, is the dominant
frequency, however, and we will usually
replace wq by @, . This nonrelativistic
Hamiltonian does not take into account the
effects of magnetic fields, which will be
treated subsequently.

rlie w, - I00as 4acToTa B IJIa3Me, U 7 JaHO
ypaBHeHueM (A15). IlnazmenHas yacrora w,
ABJIIETCS JOMUHUPYIOLIEH 4acTOTOM, U MbI OyieM
00BIYHO 3aMeIaTh W, HA ), . DTOT
HEPEIATUBUCTCKUN ['aMUJIBTOHHAH HE TPUHUMAET
BO BHUMAaHHE SBJICHHUS MarHUTHBIX OJIEH,
KOTOpBIE OYIyT paCCMOTPEHBI JaJiee.

The solutions corresponding to the
Hamiltonian given by Eq. (8) are well
known. The energy levels when we include
the finite lifetime of the states are

Pemenusi, coorBercTBytonue ['ammibroHnany,
JJAHHHOM B ypaBHEHUHU (8), XOPOII0 U3BECTHBHI.
DHepreTuyeckue YpoBHH, IPU y4€Te KOHEUHOTO
BPEMEHHU KU3HHU COCTOSTHUMN, OMHUCHIBAIOTCS KAK:

E, = En,l

(2200012 0

8

where A =2n + | and where n and | can be
any of the whole numbers: 0, 1, 2, ., ., ..
The imaginary part of the frequency is
included to indicate the finite lifetime of
the states and the magnitude of the
damping. In the case of magnetic fields,
we must, in addition to the radial quantum
number n and the angular quantum number
I, take into account the third quantum
number m.

l
rae A =2n+ /[, urne N ul MOryT OBITH JIFOOBIM
uensiM yucioM: 0, 1, 2, ... . MHHMAas 4acTh
YaCTOTHI BKJIFOYEHA, YTOOBI YKa3aTh KOHEUHOE
BPEMEHHU KU3HU COCTOSTHUN U BETUUUHY
3aTyXaHus. B cilyyae MarHUTHBIX MOJIEH MBI
JIOJIKHBI, B JIOMIOJIHEHUE K PAIUATIBHOMY
KBAaHTOBOMY YHCIY 7 Ml YTJIOBOMY KBAaHTOBOMY
qucIy /, MPUHSTH BO BHUMAHUE TPEThE KBAHTOBOE
Yucjo m.

When the magnetic field is zero, the states
are degenerate; that is, several states can
have the same energy for A > 1. For
example, for the states A = 4, we have (n,l)
=(2,0),(1,2), or (0,4). These three states in
turn have the multiplicity of 1, 5, and 9,
respectively, for a total of 15 states. More
generally, for each quantum number A, the
total number of states is (A + 1) (A + 2) /2,
all with the same energy.

Korna maruutHoe nose - HyJ€BO€, COCTOSTHUS
SIBJISIFOTCSI BBIPOKJIEHHBIMU; TO €CTh, Y HECKOIBKUX
COCTOSTHUI MOXET OBITh Ta K€ caMasi SHepTHsl IS
A > 1. Hammpumep, amns coctostHuit A = 4, Mbl
umeeM (n, 1) = (2,0), (1,2), um (0,4). Y 3THX Tpex
COCTOSIHMI B CBOIO OY€pellb €CTh
MYJIBTUIUIETHOCTH 1, 5, 1 9, COOTBETCTBEHHO, U3
Bcex 15 coctosuumii. B o0miem cityyae, ams
Ka)KZ0ro KBAaHTOBOTO uncia A, o0iiee KOTu4ecTBO
cocrostaut (A + 1) (A + 2)/2, Bce ¢ Tol ke caMoit
SHEpruen.

The radiation-damping factor f may
deviate significantly from the classical
value Bo. In the transitions from a state A
to all final states, the energy emitted is
given by

JlekpeMeHT 3aTyXaHus U3IyuyeHus 3 MOXeT
OTKJIOHMTHCS 3HAYUTEIBHO OT KIACCUYECKOTO
3HaueHus fy. [Ipu mepemerieHusx u3 coctossHus A
KO BCEM KOHEUYHBIM COCTOSIHUAM, UCITy CKaeMast
DHEPIUs Ja€Tcs Kak:

4e’wg h

2,2
2e“wg

I(wq) = hwq Ap =

3 2mpwg

n*+nY+n?
[ . ] = hw A = hw,ABywf; =

9 3myc3

hw,fw? , (10)

where B = APy can be very large. In hot

| tie B = APy Moxet 6BITh 0ueHb GonbnM. B
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plasmas, practically all the oscillators are
highly excited. Their average A values are
about A = 3kT/(hwy) , and Einstein’ s A
coefficients, Ay a1 = Pw®q = ABow?y, are
therefore large. The radiation loss given by
the redshift term in Eq. (7) then becomes
relatively large and significant. In good
plasmas w, is the dominant frequency, and
we can therefore replace w, by w, .

ropsYMX TuTa3Max (PaKTHYECKU BCE OCIAIUIATOPHI
4ype3BbIUaiiHO B30y kIeHbI. VX cpenHee uncio A
npumepHo A = 3KT/(iwg), 1 xo3pdurmeHTs!
OnHITENHa Ap A = Ba)zq = ABOC{)ZQ SIBJISIIOTCS
no3romy Oonbimmu. [lorepu Ha n3mydeHue,
JTAHHBIC YICHOM KPacHOTO CMEIICHUS B YPaBHEHUH
(7), Torma CTaHOBSITCSt OTHOCUTEILHO OOJIBIITMMHU U
CylIeCTBEHHBbIMU. B Xopomux nnasmax w, -
JIOMHHHPYFOIIAst 9aCTOTa, H MbI MOYKEM ITO3TOMY
3aMEHHUTh (W, HA M),

For evaluating the value of this redshift
term, we need to average it over all states
in the hot plasma. The number of possible
states in a hot plasma with quantum
number A is

J51s Toro, 4TOOBI OIIEHUTH BETUYMHY 3TOTO 4jicHa
KPAaCHOTO CMEILEHUS, Mbl JOJKHBI YCPEAHUTD €r0
10 BCEM COCTOSIHMSAM B ropsiuel miazme. Yucno
BO3MOXHBIX COCTOSIHUM B rOpsiYel I1a3me ¢
KBaHTOBBIM YHCIOM A

A+1)(A+2
_ )2( ) o .(11)

A+1)(A+2
_ )2( ) o .(11)

The statistical energy distrlbutlon of the
oscillators in thermal equilibrium is given

by

CraTHCTHYECKOE pacnpez[eneHHe OHCPIrun
OCHUJIIATOPOB B TCIIJIOBOM PABHOBECUHN Jaércs

ypaBHEHHEM

IA

ga exp(—a)

np =

exp(a+Ahw

/(kT))—1 ~ exp(Ahwy,/(kT))-1 (12)

The last approximation is valid because
exp(a) is very large in hot and sparse
plasmas, which in turn means that the
Boltzmann, Fermi-Dirac, and Bose-
Einstein statistics all render the same
result. The normalized distribution
function for the oscillator strengths is then
given by

[Tocnennee npubIMKEHUE CIIPABEAIUBO, IOTOMY
YTO eXp(a) SIBJSAETCS OYCHb OOJIBIIINM B TOPSYCH U
pEenKoi I1a3Me, YTO B CBOIO OUEPE/Ib 03HAYAET YTO
craructuku bonsumana, ®epmu-upaka, u bose-
OWHINTeHA BCE Tal0T OJJMHAKOBBIN PEe3ybTaT.
HopMmanuzoBanHast QyHKIHS pacpeeeHus s
MOIIHOCTH OCLIWJIISITOpA TOT 1A 3ajjaHa
ypaBHeHI/IeM

P(ny)dA =

(Aha)p

() 5
kT

“exp (T22)dA .(13)

The cut-off frequency for the plasma
redshift can be determined by weighing the
third term inside the brackets of Eq. (7) by
the normalized distribution function, Eq.
(13). For Ba)o = ABoa)o =X, and

a=hawpl (BowokT) = 3.65:10° AN /T we
get

KpI/ITquCKaﬂ 4acToTa JiIs MJIa3MEHHOTO KPacHOTo
CMEIICHHS MOKET OBITh OIpeiesieHa B3BEITUBHUEM
TPETHETO WICHA B CKOOKax ypaBHeHHUs (7) ¢
MIOMOIIbI0 HOPMAJIM30BAHHON (PYHKIMH
pacrnipenenenus, ypasaenue (13). s Bawo =
APBowo = x 1 a=licwp/ (BoewokT) = 3.65-10° AN /T

MBI nonyqaeM

Fi(a) = a®

@ (1) x —exp( ax) dx . (14)

0 (x241)2 2

When we integrate Eq. (14) over the
parameter X = Bawo = ABowo, We get

Koraa Mbl mpounTterpupyem ypasaenue (14), msl
MOJTy4YUM

| Fi(a) = 0c3[0c'3—

1.5/ a + 2f{a) — ag(@)[2] =1 + 2a’[af{a) — 0.75 — o’g(a)l4],

where the functions f(«) and g(«) are given
by

riae ¢yukuuu f(a) u g(e) nane! B BuE:

oo exp(—ax)

fla) = J,

x2+1

ax) o x exp(— ax)d

x%2+1

dx u g(a) = J;
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9 9

Table 1 Taoaunua 1
F1(o) as a function of «; see Eq. (14). F1(a) xkak yuknus a,; cMm. ypaBaernue (14).

o Fi() | a | Fi(a) o Fi(a) o Fi(a)

0.0 [1.000| 1.0 | 0571 | 2.0 | 0.228 | 6.0 | -0.070
0.1 |0990| 11| 0527 | 22 | 0183 | 7.0 | -0.073
0.2 |0.962 |1.163| 0.500 | 2.4 | 0.144 | 8.0 | -0.071
0.3 |0921]12|0485 | 26 | 0.111 | 9.0 | -0.067
0.344 1 0.900 | 1.3 | 0.445 | 2671 | 0.100 | 10.0 | -0.061
04 |0872| 14| 0407 | 28 | 0.082 | 20.0 | -0.024
05 |0821| 15| 0.372 | 3.0 | 0.057 | 40.0 | -0.0071
06 |[0.769] 16| 0.339 | 3.5 | 0.010 | 50.0 | -0.0047
0.7 |0.717 | 1.7 | 0.309 | 3633 | 0.000 | 100. | -0.0012
0.8 |0.667 | 1.8 | 0.280 | 4.0 | -0.022 | 200. | -0.0008
09 [0618| 19| 0.253 | 5.0 |-0.057 | o | -0.0000

For numerical values of f(«) and g(«), see
reference [4]. The numerical values for the
oscillator strength function, Fi(«), are
shown in Table 1.

Yucnennsie 3nauenus f(a) u g(a) cm. B [4].
YucneHHble 3HaUCHUS 111 QYHKIIMHA MOITHOCTH
ocumuisitopa Fi(a) mokasanst B Tabmure 1.

In Eq.(7), we can then replace the product
of Ne and the third term within the brackets
by Ne'F1(a), which is a measure of the
oscillator strength in the plasma redshift
term, the third term inside the brackets in
Eq. (7). Table 1 shows that Fy(a) is close
to 1 for small values of «, or for high
frequencies wy, or for small wavelengths
Lo in cm of the incident radiation. From the
definition of a=fw,/(BowokT) = 3.65-10°
AoNe>?/T, we have that the photon's cut-off
wavelength is

B ypaBuenuu (7) Mbl MOXKEM TOT/1a 3aMECTUTh
npousBenenue Ne ¥ TpeTbero 4iieHa B CKOOKax Ha
Ne'F1(a), uTo sBAsICTCS MEPOIt MOIITHOCTH
OCHUJUISITOPA B MJIa3MEHHOM KPAaCHOM CMEIIEHUM -
TPEThEM WIECHE B CKOOKax B ypaBHeHuUU (7).
Tabnuna 1 nokassiBaet, uto Fi(a) Onm3ka k 1 st
HEOOJIBIINX 3HAYCHHUH 0, WITU JIJIST BBICOKHX YacTOT
@0, WIH JUISI HEOOMBIIHX JITUH BOJHBI Ag (B CM)
nalaloniero n3nydeHus. M3 onpeneneHust
a=hwpl(PowokT) = 3.65 10° XoNem/T HoJIyJaeM,
YTO TIOPOTOBAs JUTHHA BOJHBI (DOTOHA

Ao = 2mclwg =2.739-10° a TN, "% (15)

Ao = 2mclwg = 2.739-10° a TN, ™* (15)

From Table 1, we can find the oscillator
strength for a given value of a. For
example, for a < 1.163, we have that
F1(2)>0.5, or that the oscillator strength is
> 50 %, where the 50% cut-off
wavelength, Ag s, for the redshift is
determined by inserting 1.163 for a into
Eq. (15). We get

W3 Tabauwel 1 MBI MOKEM HANTH MOIIHOCTH
OCIIWJLIATOPA JIJIsl JAaHHOTO 3HaueHus o. Hanmpumep,
st o < 1.163 umeem F1(a)>0.5, wiu MOIIHOCTD
ociuiaTopa cocrasisiet > 50 %, rae 50%-as
IIOpPOroBasi JUIMHA BOIHBI Ag 5 JUIs KPACHOTO
CMEIIICHUS ONpeeNsieTcs oicTaHOBKOM a=1.163 B
ypaBHenue (15). Mbl nosrygaem

| s=2.739-10°1.163 TN,

3.185-10°TN, *?cm = 318.5 TN, ?A . (16)

The 90 % and 10 % oscillator strengths are
obtained for a equal to 0.344 and 2.671,
respectively. The corresponding 90 % and
10 % cut-off wavelengths are obtained by
inserting the corresponding values for a
into Eq. (15).

90%-as 1 10%-ast MOIITHOCTBH OCHMIIATOPA
noxydeaercs 11 o, paBHbix 0.344 u 2.671,
cootBeTcTBEHHO. CooTBeTcTBYIOIIME 90%-BIE N
10%-b1e TOPOroBbIE JUIMHBI BOJIHBI OTYy4alOTCS,
MOJICTAHOBKOM COOTBETCTBYIOIIUX 3HAYCHUN B
ypaBHeHue (15).
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When we in Eqg. (7) replace dS by d7w and
wo by w, and when we consider only the
redshift term, the third term within the
brackets, while disregarding the first,
second, and fourth term within the

Ecnu B ypaBHenuu (7) 3amenutsb dS Ha diiw 1 wo
Ha (0, ¥ pacCMaTpUBATh TOJIKO WJIEH KPACHOTO
CMEILIEHHS - TPETUH YJIeH B CKOOKax, UTHOPUPYS
MEePBbIA, BTOPOM, U YETBEPTHIN WIECH, TO

brackets, we get TIOJTy4aeTCst
_dho AT oonN ¥ " dho _ 4w 5 7
how 3 Te Ne Yo dx. (17) e 3 15N, ” dx. (17)

When we then integrate each side and set
A-Ao= AL We get

[TpouHTErprUpOBaB KXY CTOPOHY U MOJIOKUB A-
A= AL , IosTy4aem

_ (@ dho _ e _ LY. _ 1025 (FF () L
0ot = =In(1+ 7\0) =In(1+2) = 3.326 - 1072° [ " F; (@) Ne dx
. (18)
where AWMAg = z. rne AV =z.

Once the red shift is initiated in the
transition zone to the solar corona, the
redshift heating (due to absorption of the
far infrared Fourier components of each
photon) causes relatively rapid temperature
increase and density decrease. Below 50 %
cut-off, given by Eq. (16) for « = 1.163,
the oscillator strength function, given by
Table 1, is less than 50 %, and above the
50 % cut-off it is more. By averaging, we
can often for each wavelength set the
oscillator strength function equal to 1
above the 50 % cut-off and equal to zero
below the 50 % cut-off.

KpacHoe cmenieHue BOZHUKAET B IEPEXOAHOM 30HE
K COJTHEYHOU KOPOHE, U HarpeBaHuEe OT KPacHOTO
CMeIeHus (B CHITY MOTJIOMICHUS CITHIIIKOM
uH(ppaKpaCHBIX WICHOB Dyphe-pasznoKeHus
KaXJI0TO (hOTOHA) BBI3BIBAET OTHOCUTEIIBHO
OBICTPOE YBETUYEHUE TEMIIEPATYPhI U
yMeHblueHue miotHoctu. Huxe 50%-oro nopora,
naHHoTro ypaBHeHueM (16) mist a = 1.163, pyHKms
MOIIIHOCTH OCIIMJUIATOPA, NaHHas Taomurei 1,
cocraBisieT MeHbiie ueMm 50 %, a Beimre 50%-oro
nmopora oHa 6ospiie. B cpeaHem, Mbl 4aCTO MOXKEM
JUTSL KQOKJTOW JUTHHBI BOJTHBI TTOJIOKUTh (DYHKITUIO
MOITHOCTH ocuuWIIsATopa paBHou 1 Boite 50%-oro
nopora u pasHoii 0 Hmke 50%-oro nopora.

10

10

In the middle of the transition zone to the
solar corona, we have (see the discussion
in section 5.1) that T =~ 500,000 K, and
Ne~5-10%m™. These values correspond to
T-Nex5-10" K cm™. From Eq. (16) we get
for these values that the 50% cut-off
wavelength is 500 nm; that is, photons
with wavelength shorter than 500 nm will
be redshifted more than 50% of the
maximum redshift. Above the cut-off limit
the temperature usually increases sharply
and the density continues to decrease until
the entire solar spectrum is redshifted.

B cepeanne nmepexoaHoOM 30HbI K COJTHEYHOU
KOpOHE MBI UMeeM (cM. o0cyxaeHue B Pa3aene
5.1), ato T= 500 000 K, i Ne=5-10%m. Dtn
3HaueHust cootBercTBYIOT T-Nex5-10M K oM™, U3
ypaBHeHus (16) MbI mosydaem JjIsi THX 3HAYCHHM,
410 50%-as moporosast JyIMHA BOJIHBI COCTABIISAET
500 aM; TO €cTh, (DOTOHBI C JUTMHOW BOJTHBI KOPOUE
500 HM OyyT UMETh KpacHOe CMelleHue 0obIie
yeM 50 % MaKCUMaJIbHOTO KPaCHOTO CMEIIEHUSI.
Beliiie - moporoBelii mpeesn TemMneparypbl 00bIYHO
YBEJIMYUBAETCS PE3KO, U TNIOTHOCTh MPOAOIKAET
YMEHBIIAThCS, IOKA BECh COJTHEUHBIN CIEKTP He
CTaHeT UMEeTh KPaCHOE CMEIllEHHE.

Detailed analysis shows that for a
quiescent corona, the redshift heating
exceeds the X-ray and recombination
cooling in the transition zone to the
corona. This causes the temperature to
increase to about two million degrees (see

[TonpoOHBIii aHATHM3 TOKA3BIBAET, YTO JIJIS
HaXOJIAIIEHCS B ITOKOE KOPOHBI HArPEBaHUE OT
KpPaCHOI'O CMEILEHHUS MPEBBIIIAET PEHTTEHOBCKOE U
PEKOMOMHAIIMOHHOE OXJIAK/ICHUE B TIEPEXO0THOM
30HE K KOPOHE. DTO 3aCTaBIISIET TEMIIEPATYPY
YBEJIMYUBATHCS TPUOIU3UTENHLHO JI0 IBYX
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sections 5.1 and 5.2). Below this maximum
temperature, a significant fraction of the
heating in the upper transition zone leaks
by conduction into the lower transition
zone and helps compensate the greater
recombination cooling. The unevenness in
the heat conduction and the effects from
the magnetic field cause some turbulence
in the transition zone. For shorter
frequencies, the cut-off penetrates deeper
into the transition zone. For example, for
about the same pressure, we get from Eq.
(16) that when T ~ 200,000 K, the 50%
cut-off wavelength is Ag5 =~ 121.5 nm =
1215 A.

MUJJIMOHOB IpagycoB (cM. Pasnmenst 5.1 u 5.2).
Hwuxe 310l MakcUManbHOU TeMIEpaTypbl
CYILIECTBEHHAs /10151 HArPEBAHUS B BEpXHEU
NIEPEXOIHOM 30HE NEPETEKAET C IOMOIIBIO
TEIUIONPOBOAHOCTH B 00Jiee HU3KYIO IIEPEXOIHYIO
30HY ¥ IOMOT'aeT KOMIIEHCUPOBATh OOJIblIIee
PEKOMOMHALIMOHHOE OXJIAXKICHHE.
HeolHOpOoAHOCTH B TEMJIONPOBOJHOCTU U
BO3/ICHCTBUS OT MarHUTHOTO MOJISI BBI3BIBAIOT
HEKOTOPYIO TypOYJIEHTHOCTh B IEPEXOTHON 30HE.
[t Gosiee KOPOTKUX YacTOT MOPOT MPOHUKAET
riry0xe B epexoHyo 30Hy. Hanpumep, s
NpUOIU3UTENIBHO TOTO )K€ CaMOTI'0 1aBJICHUS, Mbl
nojtydaeM u3 ypasHeHus (16), uro xorna 7= 200
000 K, 50%-as moporoBasi JyIMHA BOJHBI Ag5 ~
121.5 am = 1215 A,

3.3. Photon width

3.3. lupwuna ¢orona

We see from Eq. (18) that the redshift is
proportional to the photon width, y.
Different broadening effects broaden the
photon width. For example, at the center of
the solar disk, where the pressure in the
line forming elements is greatest, the
measured photon-width, y = vy; , of the Na-I
589.592 nm resonance-line is about 17
times the classical width, yo =Bow?=
6.266-10"** w?, which in this case is about
equal to the quantum mechanical width of
the photons from the undisturbed sodium
atom. However, we have also that after the
emission, when the photon penetrates and
interacts with the electron plasma, the
photon's initial width should approach the
photon width, yo, which is the natural
guantum mechanical and classical width of
photons interacting with an electron
plasma. We do not know exactly how fast
the redistribution of the frequencies within
the photon takes place, or how fast the
photon width approaches the classical
width, yo; but we assume that the small
incremental change in the width on the
stretch dx is proportional to the difference
in the actual width and the final classical
width and proportional to the plasma
redshift. We set

Msl Buium u3 ypasaenus (18), 4to kpacHoe
CMEIIEHHE MTPOMOPLUUOHAIIBHO IIUPUHE (DOTOHA v,.
Pa3znuynble pacmmpsomye ABICHUS YBEIUUUBAIOT
mpuHy porona. Hanpumep, B ieHTpe
COJIHEYHOI'O AMCKA, IJ1€ JaBICHHUE HA DJIEMEHTHI,
(dbopMupyIOLIUE JINHUY, SIBISIETCS CAMBIM
OoJIbLIIMM, TO U3MepsieMast IupuHa GoToHa y = vi,
pezonancHou uaUM Na-1 589.592 am —
npubnu3uTensHo B 17 pa3 60blie KIacCHYecKon
mwHpHHEL, Yo =Pow’= 6.266-102* w? Kotopas B
3TOM cily4yae IPUMEpPHO paBHa
KBaHTOBOMEXaHMUECKOW MIMPUHE ()OTOHOB OT
HEeBO30YyKJIEHHOT0 aroMa HaTpusi. OHAKO, MbI
MMEEM TaKXKe, YTO MOCIIe UCITyCKaHus, KOraa
(GOTOH MPOHMKAET U B3aUMOAEHUCTBYET C
AJIEKTPOHHOM IUIa3MOM, HauajabHas IHUPHUHA
¢doToHa K0IKHA OBITH MPUMEPHO PaBHA IIUPUHE
¢doToHa Y(, KOTOpast SIBISIETCA €CTECTBEHHBIM
KBaHTOBOMEXaHUYECKOH U KIacCH4ecKon
HIMPUHON (POTOHOB, B3aNMOIEUCTBYIOLINX C
AJIEKTPOHHOM I1a3Moi. MBI HE 3HaeM TOYHO, KaK
OBICTPO MPOUCXOIUT IIEpepaclpeiesieHue 4acToT B
(dhoTOHE, UK KaK OBICTPO MUpHHA GOTOHA
NpUOIMKAETCS K KIIACCHUECKOU IMPHUHE Yo; HO MBI
IpearonaraeM, 4To HeOOIbIIOe BO3pacTarolee
U3MCHEHHE B IIMPUHE Ha ydacTke dX
PONOPLHUOHATIBHO PAa3HOCTU (HaKTHUECKOM
HIMPHUHBI 1 KOHEYHOU KJIIACCUYECKOU IHUPUHBI U
NPONOPLUOHAIBHO MIIa3MEHHOMY KPacHOMY
CMeIEeHN0. MBI yCTaHABIMBAEM
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- w4
dy = —f%{rgm dx, (19)

dy = —5%%”@2% dx, (19)

where vy, is the classical width as well as
the quantum mechanical width of photons
penetrating and interacting with the
electron plasma. In Eq. (19), & is an
adjustment factor, and its value is to be
determined experimentally. (When we
have a better theory for the forces within
the photon, we may be able to determine
this factor theoretically, but at this stage
we suggest that it be determined
experimentally. A rough estimate for the
resonance line of Na-1 in the Sun indicates
that & is about 0.25). From Eq. (19) we
determine y as a function of x, and insert
that value into Eq. (18). For oscillator
strength function F1(a) equal to 1, Eq. (18)
takes the form

IJIe Yo - KJITacCHUYecKasl IIMPUHA, TaK JKe KaK
KBaHTOBOMEXaHUYECKas IHUPUHA POTOHOB,
IPOHMKAIOIIUX U B3aUMOJIEHCTBYIOIUX C
AJIEKTPOHHOM Tu1a3Moi. B ypaBuenuu (19) § -
KOPPEKTUPYIOLIUI KOA(DDUIIMEHT, U €ro 3HaUYeHHe
JIOJIKHO OBITh ONPEAETICHO FKCIIEPUMEHTAIIBHO.
(Korna y Hac Oyzer sy4iiast TeOpHst U1l CUIT B
npezaenax GoTOHA, MBI MOXKET OBITH OyZemM
CIOCOOHBI OINPENENIUTh 3TOT KO3(ppurimeHt
TEOPETUYECKH, HO Ha JAaHHOM 3Tare Mbl
npeziaraeM, yToobl OH ObLT OIpeesieH
sKCIIepUMeHTaIbHO. [IpubnusuTenpHas oleHka
JU1s pe3oHaHcHOU nuHuu Na-I Ha conHne
yKa3bIBaeT, uTo & - npubnusurensHo 0.25). U3
ypaBHeHus (19) Mbl onpesensieM Y Kak (yHKIHIO X,
Y TIO/ICTaBJIsieM ero B ypaBHeHue (18). s
cuoBoit pyHkuuu ocumuatopa F1(a), paBhoi 1,
ypaBHeHue (18) npuHUMaeT BUJ

In(1 + z) = 3.326 - 1072° [ N, dx + Tl =3326-107% [N, dx +

54—,
7
, (20)

where y; s or 8%; cm, are the initial photon
widths Stark broadened, or broadened by
collisions and pressure, while yo = Bow?*=
6.266-10%" w® s or 8o = 0.118 mA, are
the final photon widths, which are equal to
the classical photon widths and
independent of the pressure. The second
term on the right side of Eq. (20) is often a
small correction to the first term. For small
redshifts, such as those in the corona of the
Sun and in stars, it is usually significant
and varies from line to line depending on
the initial line strength and on the collision
broadening and Stark broadening.

IJIC ¥i B CEK - MK OA; B CM - HAYAIbHBIC IIHPHHbI
¢dorona, ymmpennsie 1o Lltapky, uiu ymmpeHHbIe
CTOJIKHOBEHHUSIMH U JIaBJICHHEM, B TO BpPEMsI KaK Yo
= Bow’= 6.266-10* »? ¢! wmm Sk = 0.118 MA,
OKOHYAaTeJbHbIE IIMPUHBI (POTOHA, KOTOPBIE PABHEI
KJIACCUYECKHUM IIUPHHAM ()OTOHA U HE 3aBUCST OT
JaByieHus1. BTopoli wieH B MpaBoil CTOpOHE
ypaBHeHus (20) 9acTo SBISETCS HEOOIBIITUM
UCTIPABJICHUEM K TepBOMY wieHy. [ HeGombpImmx
KpacHBIX CMEIICHHUH, TaKUX Kak B kopoHe CoJHIa
U 3BE3]], OH SBISETCS OOBIYHO CYIIECTBEHHBIM H
U3MEHSETCS OT JIMHUM K TUHUU B 3aBUCIMOCTH OT
MOIITHOCTH UCXOJHOM JTMHUHU U TIPH yAaPHOM
pacmpenu, 1 npu ymupenuu [lltapka.

In the Sun, the collision broadening is
small for some of the lines. The redshift
for these lines increases strongly from the
center to limb, because the integration path
in the corona is longer as we approach the
limb and because the second term is small.

Ha Comnniie ynapHoe pacuivpeHue siBiaseTcs
HEOOJIBIIIMM JIJIs HEKOTOPBIX U3 JTHHUN. KpacHoe
CMCHICHHUEC TJIA DTUX JINHAHN YBCIINYUBACTCA CTPOTO
OT IIEHTpa K TUMOY, TOTOMY YTO CYMMAapHBIH MyTh
B KOPOHC YBCIIMYMUBACTCA 110 MEPC HpI/I6JII/DKeHI/ISI K
AUMOY Y TIOTOMY YTO BTOPOH UJICH SIBJISIETCS
HEOOJIBIIINM.

11

11

For these lines the center-to-limb variation
is large, as we will see in section 5.6. For
other lines the collision broadening is

Jnst oTHX TMHUN U3MEHEHHE [ICHTP-TUMO SIBISETCS
0obIIKM, Kak MBI yBUIUM B Paznene 5.6. J{ns
JPYTUX JINHUH YAApHOE PACIIMPEHUE SBIISIETCS
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large. The second term on the right side of
Eqg. (20) is then large at the center of the
solar disk, but it decreases usually as we
get closer to the limb due to the lower
pressure in the line forming elements. The
second term of these lines is then large at
the center than at the limb. This may
partially cancel the center to limb variation
caused by the first term. The center to limb
variations give us therefore good
opportunity to check the theory against
observations, as we will see in section 5.6.

OonbIM. BTopoil uieH B paBoil cTOpoHe
ypaBHeHus (20) Torna sBisieTcst OONBIINM B
IIEHTPE COJIHEYHOT'O TUCKa, HO OH OOBIYHO
YMEHBILACTCS P NPUOIMKSHNH K TUMOY H3-3a
Oosiee HU3KOTO JAaBJICHUS HA 3JIEMEHTHI,
bopMHpyIOLIUE 3TH JUHUU. 3HAUYUT, BTOPOH UiieH
ATHUX JIUHHUH SBJSIETCS B IICHTPE OOJBIITUM, YEM B
auMOe. DTO MOXKET YaCTUYHO HEMTpanu30BaTh
U3MEHEHHE IICHTP-TUMO, BRI3BAHHOE TIEPBBIM
ysieHOM. MI3MeHeHue LeHTp-1uM0 1aét HaMm
MIOATOMY XOPOIIYIO BO3MOKHOCTH ITPOBEPUTH
TEOPHIO B 3aBUCUMOCTH OT HAOJIIOJICHU, KaK Mbl
yBuauMm B Pazzene 5.6.

The second term of Eq. (20) is also very
important in collapsars, such as the White
Dwarfs, because of the large pressure
broadenings, which causes the second term
to be a large fraction of the total redshift.
When we perform the integration that
results in Eq. (20), we can see that column
density that results in the second term is
relatively small, or JN. dx=10". We
cannot discern the center-to-limb effect in
the collapsars, but the redshift will vary
from line to line depending on the photon
width, which is caused mainly by pressure
broadening (including Stark broadening).

Bropoii unen ypaBHeHus (20) Takke 04eHb BaKEH
B KoJularicapax, Takux kKak besbie kapiuku, u3-3a
OOJIBIIIOTO PACIIUPSIONIETO JABJICHUS, KOTOPOE
3aCTaBJISIET BTOPOH WieH OBITh OOJIBIIION J0JIei
MIOJIHOTO KpacHOro cMemeHus. Koraa Mol
BBITIOJIHSIEM MHTETPUPOBAHUE, HY’)KHOE B
ypaBHeHUH (20), MbI MOXXEM BHUJIETH, UTO
IJIOTHOCTB CTOJIOA, TIOJTyYaroIIasicsi BO BTOPOM
YJICHE, ABIIICTCSI OTHOCHUTEIILHO HEOOJIBIION, NN
| Ne dx=10%. MbI He MO’KEM 3aMETHTD ABJICHHE
HEHTP-TMMO B KOJUTancapax, Ho KpacHOe
CMEIIEHHE N3MEHUTCS OT JIMHHUH K JIMHHUU B
3aBUCHUMOCTH OT IIUPUHBI (DOTOHA, KOTOPAS
BBI3BaHa TJIABHBIM 00pa30M PaCIIUPSIIOITUM
naBieHus (Bkitouas ymupenue [tapka).

Another interesting characteristic, is that
even when the column density in the
corona, the first term on the right side of
Eq. (20), is relatively small, the second
term is important as it requires only small
column density, or only about [N, dx~10*
cm’. The electron density integral in
interstellar space is large enough. The
collapsar would therefore show plasma
redshift, even if they had little or no
corona, such as a relatively cold collapsar.
This gives us another method to compare
the theoretical prediction with
observations; see section 5.6.4.

pyras nHTEpeCHast XapaKTEePUCTUKA COCTOUT B
TOM, 4TO, JJa)Ke KOTJ[a TUIOTHOCTh CTOJI0a B KOPOHE
(TmepBBIii WIeH B MpaBoii cTopoHe ypaBHeHUs (20)),
SIBJISIETCS] OTHOCUTEIHHO HEOOIBIIION, BTOPOH WIEH
Ba)KEH, ITOCKOJIBKY OH TPEOYET TOJIBKO HEOOIBIION
TUTOTHOCTHU CTOJI0A, WITH TOJIEKO IPHMEPHO

| Nedleo18 o2, WHTerpan KOHIEHTpaIuu
JJIEKTPOHOB B MEX3BE3/THOM TPOCTPAHCTBE
SIBJISIETCS T0CTaTOYHO OonbimuM. Kosmancap
MO03TOMY TTOKa3aj Obl MJIa3MEHHOE KPAaCHOE
CMeIIeHne, TaKe eciii Obl y Hero Oblia HeOoIbImas
WM OTCYCTBOBAJIA COBCEM KOPOHA, HAITPUMEp, KaK
OTHOCHTEIILHO XOJIOIHBIN KOJuIarcap. 1o 1aet
HaM JIpyTrO¥ METOJI JUISl CPAaBHEHHUS
TEOPETHYECKOTO Mpe/ICKa3aHus ¢ HaOIIOICHUSIMU,
cM. Paznen 5.6.4.

4. Effect of magnetic fields

4. P deKT MATHUTHBIX MOJIeH

In sections 2 and 3, we disregarded
magnetic fields mainly because exact
calculations that include their effects lead

B Paznenax 2 v 3 Mbl UTHOPUPOBAJIX MarHUTHbIE
HOJIS TTIaBHBIM 00pa30M HOTOMY, YTO TOYHBIE
BBIYUCIICHHSI, KOTOPBIE BKIIOYAIOT UX 3((eKTsl,
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to significant complications. Had we
included the magnetic fields from the start,
we might have lost sight of the simplicity
and basic nature of the plasma redshift.
When the photon's polarization is in the
direction of the magnetic field, the
dielectric constant is largely unchanged;
however, when it is in a plane
perpendicular to the magnetic field, the
dielectric constant is affected significantly.
Polarization produced by an external force
in one direction may then cause a force on
the charge in other directions. The
isotropic dielectric constant can be
replaced by an anisotropic dielectric
tensor. This tensor complicates the
mathematical treatment. We must then
solve Maxwell's equations together with
the constitutive relations for current and
magnetization in three dimensions.

MPUBOASAT K 3HAUUTETBHBIM CJIOXHOCTSIM. Eciin Ob
MBI BKJTFOYAJIM MardHuTHBIE T10JI C caMOr'o Hayaja,
MBI, BO3MOKHO, OTEPSUIH U3 BUAY MPOCTOTY U
OCHOBHYIO IPUPOAY IJIA3MEHHOTO KPaCHOTO
cmerienns. Kornma nonsipusamus GoToHa - B
HaIlpaBJIE€HUU MAarHUTHOT'O MOJIsA, TO
JIAAJIEKTPUYECKAs] TPOHUIIAEMOCTh B 3HAUUTEIbHON
CTeNeHU HeU3MEHHA; OJIHAKO, KOTJa MJI0CKOCTh
MOJISIPU3AIMHY NTEPICHANKYIIPHA MATHUTHOMY
TIOJII0, JUBJIEKTPUYECKAs] IPOHULIIAEMOCTD
MOJBEPraeTCsl 3HAUUTEIIbHOMY BIUSHHIO.
[Tonspusanus, npous3BeIcHHAs BHEIIHEN CUIION B
HEKOTOPOM HANpaBJIECHUH, MOKET TOTJa BHI3BATH
CUJ1y, ICMCTBYIOLIYIO Ha 3apsij B APYTUX
HamnpasiieHUsAX. 30TporHas AudneKkTpuyeckas
MPOHUIIAEMOCTh MOKET OBITh 3aMEHEHa
AQHU30TPOMHBIM JTUAICKTPUIECKUM TEH30POM. DTOT
TEH30P YCIIOKHAET MAaTEMATHYECKOE ONUCAHUE.
MBI JOJKHBI TOT/Ia PEIIATh YpaBHEHUsSI MakcBesia
BMecTe ¢ 0a30BBIMH YPaBHEHHSIMH JIJISI TOKA U
HAaMarHMYMBaHUS B TPEXMEPHOM MPOCTPAHCTBE.

We are mainly interested in phenomena
involving exchange of small energy quanta
or low frequencies. From Maxwell
equations and plane wave equations for the
fields, we derive the homogeneous wave
equation k x (k x e) + k’%e = 0, where k is
the wave vector, e the polarization vector
of the electromagnetic wave and ¢ is the
dielectric tensor (see, for example,
Sturrock 1994 [5]). The dispersion relation
for waves propagating parallel to the
magnetic field in the z direction is

MBI TJ1aBHBIM 00pa30M WHTEPECyeMCsl SIBJICHUSIMH,
BKJIIOYAIOLTUMHU 0OMEH HEOOIbIINMHI KBAHTAMHU
SHEPIUH UM HU3KUMU yacToTamu. M3 ypaBHeHUI
MakcBeiuia U ypaBHEHUH MJIOCKOM BOJIHBI JJIs
10JIEH MBI BEIBOJAMM OJIHOPOIHOE BOJIHOBOE
ypasrenue k x (k x e) + k’ce = 0, rie k siBisercs
BOJIHOBBIM BEKTOPOM, € - BEKTOP MOJISPU3ALUN
AJIEKTPOMATHUTHOUN BOJIHBIL, U € - JUAIEKTPUUECKUN
TeH30p (cM., Harpumep, Ctappok (Sturrock) 1994
[5]). AucnepcroHHOE COOTHOIICHUE JIJIsT BOJIH,
pacpoCTPaHSAIOMINXCS MapaiIeTbHO MAarHUTHOMY
TIOJTIO B HAIIPABJICHUH Z, €CTh

2 2

Exx — k /kO
gyx

Ezx

Exy Exz
£,y —k2/kZ &,,| =0.(21)
Ezy Ezz

Due to the rotational symmetry and
definition of the axes, and because an
electric field when in the direction of the z-
axis produces no coupling to the other
axes, we have that: €., = g,y , &y =-€yx, & =
& =0, and g,. =-&-, = 0. In the very long
wavelength limit, we make the
approximation that the wave vector k is
independent of the dielectric constant. We
can then write the dielectric tensor in the
form

N3-3a 0ceBOM CUMMETPHH U OIIPENIEIICHUS OCEH, U
MOTOMY YTO 3JIEKTPUUYECKOE TI0JI€, HAPaBIEHHOE
BJI0JIb OCH Z, HE 00pa3yeT CBA3M C APYTUMH OCSMH,
HOJTYYaEM, UTO: Exx = &y, Exp =Epy, Exz = Ex = 0, U
&y =-8; = 0. B npenene oueHb JUIMHHBIX BOJIH MBI
JieJIaeM aIpoKCUMAIIHIO, YTO BOJIHOBOW BEKTOp k
HE3aBHCHUM OT JUAJIEKTPUUYECKONW TPOHUIIAEMOCTH.
MBI MOXeM TOr/1a 3alucaTh AUINEKTPUUECKUI
TEH30p B BHJE!
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where w. = eB/(m¢C) is the cyclotron

frequency, and where @ = w - ifw?. From
Eqg. (21) we have that

rae wc = €B/(MC) - HuKI0TpOHHAS YacTOTa, U TIe
@ = o - ifow’. N3 ypaBuenns (21) MbI ©MeeM, 4TO

[(gxx - kZ/kS)Z —

gxygyx] €22 = 0.(23)

Theroot &,, = 1 — wj/(w@) = 0, or
w’p= o’ — ifew® corresponds to the plasmon

Kopensb £,, = 1 — w%/((u@) = 0, wm 0’p=
— ifw® cooTBeTCTBYET BUGPALIMHU [IA3MBI BIOIb
ocu Z. JIns qpyrux KOpHEH Mbl UMEEM

oscillation along the z-axes. For the other
(£

roots we have
2
ko) ~ Exx

im ~1- a)(w+w ) - (24)

In the case when the minus sign in the
denominator is valid, we have for 0 < w
<< o and for ow.<<w?,, that vpr/c = ke/k
~( wwc)”?/pr( w)Y?(Bl(4mecNe))*?, where
Vph is the phase velocity of the helicons
traveling along the magnetic field lines or
of the whistler waves in the ionosphere.
Our main interest, however, is the photon's
attenuation factor. We get:

B citydae, korja oTpuiaTeIbHBIN 3HAK B
SHAMEHATENE CTIPABEIINE, MEI MMCEM L O<w
<< ¢ ¥ 118 00, <<w° p, 9TO vph/C = ko/k =
(ww ) *loy=( )4 (BI(4necNe)) 2, tae vy -
¢a3oBast CKOPOCTb I'€JTMKOHOB, [TEPEMEIIAFOIIIXCS
BJI0JIb JIMHUH MArHUTHOTO TIOJISE WJIK BUCTJIEP-BOJH
B noHocdepe. Hair riaaBHbIil HHTEpEC, OJHAKO,
KacaeTcsa koo dunuenTa 3aryxanus GotoHa. Msl
HMEEM:

4,2
Bw*wy

2nkw
~ @ o racorires >

EE

4,2
Bw*wy
(wp—w*tww)?+p*w®

2nkw

. (25)

EE

The main result is that the magnetic field
splits each of the poles for the dielectric
constant in the complex plane into two
poles if the photon's polarization is
perpendicular to the field. In the upper
plane, seven poles would then replace the
four poles given by Eq. (6). But the sum of
the oscillator strengths and the sum of the
residues are the same as in a plasma free of
magnetic fields.

['maBHBIN pe3ynbTar - TO, YTO MArHUTHOE MOJIe
pazfenser Kaxabli MOJ0C A AUIEKTPUUECKON
MOCTOSTHHOM B KOMIUJIEKCHOM IMJIOCKOCTH Ha JIBa
TMIOJTOCA, €CITU ToIIpu3ays GoToHa
NEePIeHIUKYIsSIpHA T0JI0. B BepxHel miockocTu
CEMb IOJIIOCOB TOI'/1a 3aMECTUIIN OBl YETHIpE
MoJitoca, JaHHble ypaBHeHueM (6). Ho cymma cun
OCIIWJIATOPA U CYMMa BBIYETOB Ta K€ caMasi, Kak 1
B IJIa3Me, CBOOOTHOM OT MAarHUTHBIX MOJEH.

At lower temperatures it often can be
assumed that the dielectric constant is
constant and equal to one. We can set the
magnetic field H equal to a rotation of a
vector potential, H = curl A. To the
Hamiltonian operator (8), we must add two
terms given by

[Tpu Gonee HU3KUX TeMIIEpaTypax 4acTo MOKHO
IpeJoararh, 4YTo AU3JIEKTpUYecKas
IIPOHUIIAEMOCTB NIOCTOSIHHA U paBHa 1. MBI MokeM
YCTaHOBUTH MarHuTHoe nosie H paBHbIM
BpalleHHIO BeKTop-noTeHnuana, H =rot A. K
["amunpToHMany (8), MBI JOJKHBI IPUOABUTH /1Ba
YJICHA!
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e

where A=(1/2)HxrandL=r x pare
the vector potential and the angular
momentum of a centrally bound electron,
respectively, and @ is the angle between r
and H. The charge e of the electron is a
negative number. We could in the usual
way also add the electron spin term -
eH-S/(mc). At very low field strengths and
low temperatures, the usual quantum
mechanical calculations for bound
electrons show that the angular momentum
term and the spin dominate the second
term. The energy levels given by Eq. (9)
will then split up into many very close
states defined by the quantum number m,
and the states become nondegenerate.

rme A=(1/2)HxrulL=r xp - Bekrop-
NOTCHIUAJ U YTJIOBOM MOMEHT IIEHTPAIBHO
CBSI3aHHOTO HJICKTPOHA, COOTBETCTBEHHO, U 0 -
yron Mexay I u H. 3apsn e anextpoHa sBiaseTcs
OTPULATEIBHBIM YUCIOM. MBI MOTJIH OOBIYHBIM
Croco0oM, TaKKe MPUOABUTH YJICH CIIMHA
snektpona -eH-S/(mc). Ipu oueHb HU3KHUX
HAIPSDKEHHOCTSIX TIOJISL M HU3KUX TeMIIEpaTypax,
OOBIYHBIE KBAHTOBO-MEXaHUUECKHE BBIYHCIICHUS
JUISL CBSI3aHHBIX DJICKTPOHOB MOKA3BIBAIOT, YTO
YJICH YTJIOBOT'O MOMEHTA M YJICH CIIMHA
JOMHHHUPYIOT HaJl BTOPHIM WICHOM.
DHepreTHyecKre YpOBHH, JaHHbIE ypaBHEHHEM (9),
TOT'JIa pa3/eisIOTCS HA MHOTHE OYCHb OJIM3KHE
COCTOSTHHS, OTPE/ICIICHHBIC KBAHTOBBIM YHCIIOM 771,
Y 9TH COCTOSTHHSI CTAHOBSTCSI HEBBIPOXKICHHBIMH.

For strong fields in plasmas at high
temperatures (large r), the second term on
the right side of Eq. (26) dominates. In hot
plasmas the first term and the spin term
can then usually be disregarded. The
displacement and the line widths are then
proportional to B2 For large B and r in hot
plasmas, the problems can also be treated
semiclassically. The electrons lose energy
as they encircle the magnetic field lines.
This energy loss corresponds to an
increase in the transition rates in the usual
way. The corresponding increase in the
damping factor f can be taken into account
by multiplying Eq. (16) by a factor given
by

J1st cUIBHBIX MOJIEH B MIa3Me IPU BBICOKHX
Temreparypax (OOJbIINX 1), JOMUHUPYET BTOPO
YJICH B MPaBOW cTOpoHe ypaBHeHUs (26). B
rOpSTYMX TUTa3Max TOTa MOKHO OOBIYHO
UTHOPHUPOBATH MEPBBII YICH U YJIEH CIHHA.
CMmeleHne u NIMpUHA JIMHUN TOTAA
nporopuponanbuel B2, Jlist Gonsmmx B u r B
roOpsiuuX IUIa3Max, 3aJa4id MOXKHO TaK)Ke pelIaTh
MOYKIACCUYECKU. DNEKTPOHBI TEPSIOT SHEPTHIO,
MTOCKOJIbKY OHU OKPYKCHBI JINHUSIMA MAarHUTHOTO
noJisi. JTa MOTEPsI SHEPTUU COOTBETCTBYET
YBEJIIMYCHUIO TEMIIA TIEpEX0/1a B OOBIYHOM
paccmoTpernn. COOTBETCTBYIOIIEE YBEIHUECHUE
JEKPEMEHTA 3aTyXaHUS [} MOXKET ObITH MIPUHSITO BO
BHHUMAaHUE C MIOMOIIBI0 YMHOKEHUS YPaBHEHUS
(16) Ha KO>pPHLIKEHT:

2 2
Fy = (1 +b‘”—g) ~(1+13-105%), @27
w3 Ne

where in the nonrelativistic approximation,
we have set b = 4/3, and where o, and o,
are the cyclotron and plasma frequencies,
respectively, B the field in gauss units, and
Ne is the electron density in cm™. When
applying this factor to Eq. (16) we get for
the 50% cut-off wavelength that

r7I€ B HEPEIATUBUCTCKOMN almpOKCUMAIIUN MbI
ycTaHoBuu b =4/3, urne o. 1 w,—
[IUKJIOTPOHHAS U TJIAa3MEHHAs 4acTOTHI,
COOTBETCTBEHHO, B - mone B rayccax, 1 Ne -
KOHIICHTPALIHS DJIEKTPOHOB B CM . [IpUMEHSIS 9TOT
KodGuUIMeHT K ypaBHeHUIO (16) MBI oTydaem
1151 50%-01 TOpOTOBOM JUTMHBI BOJTHBI, YTO

Aos = 3.185

+107% (1 + 1.3 -10°

B3, T
N_e) \/N_e ) (28)

At extremely high temperature, we must
include a factor that takes into account
relativistic effects. However, for the

IIpu upe3BbIYaHO BEICOKOM TEMIIEPATYPE MBI
JIOJDKHBI BKITIOYATh KO3(PULIMEHT, KOTOPBIi
IIPUHUMAET BO BHUMAHHE PEISTUBUCTCKUE
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redshift in the solar corona and in most
astrophysical plasmas, this factor, which is
about [1 + (1- v*/c?)™?]/2, is not important.

addektel. OHAKO, IS KPACHOTO CMEIICHUS B
COJTHEYHOU KOPOHE M B 0OJIbIIICH YyacTh
acTpo(pu3mUECcKON TIa3MBI ATOT KO (DUITHEHT,
npumepHo pasbiil [1 + (1- 0%/c?) Y212, ue
CYIIIECTBEHEH.

13

13

5. Comparing plasma-redshift theory
with experiments

S. CpaBHeHHe TeOpPHH IJIA3MEHHOI 0
KPACHOT'0 CMeIeHHsI € IKCIIEPUMEHTAMHU

Comparison of the plasma-redshift theory
with an experimental finding often requires
a thorough review of the experimental
design and extensive calculations. In
sections 5.1 to 5.12, we will discuss briefly
applications of the plasma-redshift theory,
and compare its predictions with the
observations.

CpaBHeHME TEOPUU TUIA3MEHHOT'O KPACHOT'O
CMEIICHUS C IKCIIEPUMEHTATbHBIM PE3yJIbTaTOM
UCCJICIOBAHMSI 4aCTO TPeOyeT MOJIIHOTO 0030pa
HKCIIEPUMEHTAIBLHON Pa3pabOTKH U OOIIUPHBIX
Bbruncienuil. B Paznenax 5.1 - 5.12, Mbl kpatko
0o0cy1MM MPUMEHEHUS TEOPUH TUIa3MEHHOTO
KpPaCHOT'O CMEILICHHUS, U CPAaBHUM €€ MpeACKa3aHus
C HaOIIOIEHUSAMU.

5.1. Transition zone to solar corona and
the region of spicules

5.1.
00J1aCTh CIIMKYJI

IlepexoaHas 30HAa K COJTHEYHOM KOPOHE H

The plasma redshift is significant for light
with a wavelength less than a certain
wavelength Ao s, which depends on the
temperature, density and the magnetic field
in accordance with Eq. (28). According to
Vernazza et al. [6], the product of density
and temperature in the transition zone to
the solar corona is NeT=5-10*cm™ K.
When the temperature is 500,000 K, the
electron density Ne ~ 10° cm™, and the
magnetic field B equal to zero, we get
from Eqg. (28) that photospheric light with
wavelength less than cut-off wavelength
ho.s = 500 nm is plasma redshifted. If the
magnetic field B is 20 gauss, the cut-off
wavelength increases by 5%; and if B is
100 gauss the cut-off wavelength increases
by 130%. That is, the cut-off wavelength
increases as the magnetic field increases.
We have also that the cut-off wavelength
Xo.5= 500 nm reaches deeper into the
transition zone, as the magnetic field
increases.

[Tna3MeHHOE KpacHOE CMEIEHUE SBISAETCS
CYILIECTBEHHBIM JUIs CBETA C IJIMHOW BOJIHBI
MEHbILIE YeM ONpeie/ICHHAs AJIMHA BOJIHBI A 5,
KOTOpasi 3aBUCUT OT TEMIIEPATYPbI, IFIOTHOCTH U
MarHUTHOT'O 10JI B COOTBETCTBUM C YpaBHEHUEM
(28). Cornacuo Bepnamua(Vernazza) u ap. [6],
NPOM3BEIECHUE MJIOTHOCTH U TEMIIEPATYPHI B
MIEPEXOHOM 30HE K COJIHEYHON KOPOHE
NeT~5-10%cm™ K. Korza TeMIepaTypa COCTABISET
500 000K, xoHeHTpamuu 3MeKTPOHOB Ne ~10%wm3
, U MarHuTHoe noJje B HyneBoe, Mbl IosTydyaeM u3
ypaBHeHUs (28), uto poTochepHsbIii CBET ¢ ATUHON
BOJIHBI MEHBIIIE YEM [TOPOTOBasi AJIMHA BOJIHBI Ag 5=
500 HM UMeeT MIa3MEHHOE KPACHOE CMEILEHUE.
Ecnu marautHOe nosie B coctasnser 20 raycc,
[IOpOroBas JAJIMHA BOJIHBI yBeNUUUBaeTcs Ha 5 %; 1
eciu B cocrasiser 100 rayce, noporosas 1nvHa
BOJIHBI yBenuuuBaeTcs Ha 130 %. Takum obpazom,
MOpPOroBast AJIMHA BOJHBI PACTET PU yBEIHMUYEHUU
MarHMTHOTO NOJs. MBI IMEEM TaKXKe, UTO
MOPOTOBast JJIMHA BOJHEI A9 s = 500 HM
JOCTUraeTcs riry0xe B MEPEXOAHOM 30HE 10 Mepe
YBEJIMYEHUS] MAaTHUTHOTO TOJISL.

The notation Ay s means that the redshift is
50% of its maximum value. Shorter
wavelengths will be redshifted more than
50% and longer wavelengths less than
50%. A more detailed evaluation is
obtained by using Eq. (18) and by

O6o3HaueHue Ay s O3HAYAET, YTO KPACHOE
cMmenrenne cocraBisaeT 50 % cBoero
MaKCHMaJbHOTO 3HaueHUs. boee KopoTkue
JUTMHBI BOJTHBI Oy YT CMEIeHbI O0JIbIIe, YeM Ha
50%, u OoJiee AIMHHBIE — MEHbIIE, ueM Ha 50 %.
bonee netanuzupoBaHHas OIEHKA NOTY4YaeTCsl NPy
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determining for each wavelength the value
of the function F1(«), which is given by
Eq. (14) and Table 1. The plasma redshift
of a photon means that the photon loses
energy. This energy loss consists of low
energy quanta, which are immediately
absorbed (evanescent) in the plasma and
cause a corresponding increase in the
plasma temperature. According to Eq.
(28), shorter wavelengths can be redshifted
at lower temperature and or at higher
densities. For the magnetic field B about
equal to zero, the cut-off for the shorter
wavelengths is deep in the transition zone,
and the cut-off for the longer wavelengths
is high in the transition zone. For this
reason, we have that short-wavelength
light is plasma redshifted slightly more
than the long-wavelength light. However,
the transition zone is short so usually this
is a small effect on the measured redshift,
except for the very short-wavelength light.
Thus, the cut-off zone for the photospheric
light is not sharp. Besides the external light
from the photosphere, we must sometimes
take into account also the internal short
wavelength light in the plasma. This
internal light in the plasma, mostly short
wavelength light, below the L, -limit, often
has high intensity and high optical density.

MCIOJIb30BaHuM ypaBHeHUs (18) u onpeneneHuu
JUTSL KaX10M JUTMHBI BOJTHBI 3HaU€HUE (PYHKIIUH
Fi(a), koTopoe nano ypaBHenuewm (14) u Tabnumei
1. ITnazMeHHOE KpacHoe cMelieHne (PoToHa
O3HavaeT, 4To (POTOH TepseT FHEPTUI0. JTa MOTEPs
HHEPIUU COCTOUT U3 KBAHTOB MaJIOW HEPTuUH,
KOTOpbIE€ HEMEJIEHHO (OBICTPO) MOTJIOLIAIOTCS B
IUIa3M€E U BBI3BIBAIOT COOTBETCTBYIOILIEE
yBEJIMUYEHUE TeMIlepaTyphl I1a3mbl. CoraacHo
ypaBHeHHIO (28), 601ee KOPOTKHE ATUHBI BOJIHbI
MOTYT UMETh KpacHOE CMellleHue npu Oosee
HU3KOI TemnepaType u/uiu npu 0oJiee BHICOKOH
IUIOTHOCTH. J[J11 MOYTH HYJIEBOIO MarHUTHOTO
nojst B nopor ans 6osiee KOPOTKUX JUIMH BOJHBI
JISKUT TIy0Ke B IEPEXO0THOM 30HE, ¥ TIOPOT ISt
OoJiee NIMHHBIX JJIMH BOJIHBI - BbIEe. [loaTOMY MBI
MMeeM, YTO KOPOTKOBOJIIHOBOI CBET UMEET
HEMHOT0 OoJIbIlIee TJIa3MEHHOE KPacHOe
CMEIIEHHE, YEM CBET JJIMHHOBOJIHOBOM. O/1HAKO,
nepexoHas 30Ha KOpOTKasi, TO3TOMY OOBIYHO 3TOT
3¢ (deKT HeOOIBIION B U3MEPSIEMOM KPAaCHOM
CMEIICHNH, 332 UCKIIIOYEHUEM CBETA C OYEHb
KOPOTKOH JIMHON BOJIHBI. TakuM o0pa3om,
noporosasi 30Ha 111 poTrocepHoro ceera He
ABJISIETCS pe3Koy. [lomMrumo BHENIHETo cBeTa OT
¢dorochepsl, Mbl TOJKHBI HHOT/1a IPUHUMATD BO
BHHUMaHUE TaKXe BHYTPEHHUI KOPOTKOBOJIHOBOM
CBET B IUIa3Me. Y 3TOro BHYTPEHHETO CBETA B
11a3Me, IIaBHBIM 00pa3oM, KOPOTKOBOJIHOBOTO,
Huxe L, -npenena, yacTo nMeeTCs BBICOKAs
WHTEHCUBHOCTb U BBICOKAsl ONTUYECKAsl INIOTHOCTb.

9. Here redshift in plasma depends on
frequency.

But an observable cosmological
redshift (CRS) is almost independent on
frequency of light . The hypothesis is
salvaged by that that the difference of
redshifts specified above, for the
intergalactic plasma is outside of a
possibility of measurings.

9. 3xech KpacHOE CMEIIEHUE CBETA B IJIa3Me
3aBUCHUT OT YaCTOTHI.

Ho naGmronaemoe KOCMOJIOTHYECKOE KPacHOE
cmemienue (KKC) ot yacToTel cBeTa mpakTUYECKU
He3aBUCHMO. ['unore3y cnacaer To, UTO yKa3aHHas
BbIIIE  Pa3HOCTh  KPACHBIX  CMEIIEHUH  AJs
MEXKTaJaKTU4eCKOW  IIa3Mbl  HAxXOJUTCs  3a
npeJieaMu BO3MOXHOCTH U3MEPEHUH.

The region of spicules covers the upper
chromosphere, where 2-10* < 7<2:10° K
K, and the transition zone, where 2:10° < T
<7-10° K. The height of the spicules
region is from about 2,150 km to about
15,000 km above the photosphere. As
described by Feldman et al. [7], Friedman
[8], Hollweg [9], and Goodman [10], this

OO0nacTh CIIUKYJ MOKPHIBAET BEPXHIOO
xpomocdepy, rae 2:10* < T<2:10° K, u
nepexoHy 30Hy, rae 2-10° < 7< 7-10° K. Beicota
obsacty cruKyJ npubiausutenbHo ot 2 150 kM 10
15 000 xm Boimie hoTochepsl. Kak onmcano
®enpamanom (Feldman) u ap. [7],
®punmanom(Friedman) [8], Xomneerom(Hollweg)
[9], u 'yamanom(Goodman) [10], sta o6iacth
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region is broader than the corresponding
region in the models by Vernazza et al. [6].
The models by Vernazza et al. assume that
the isothermal surfaces are stratified
horizontally, while in fact they may
sometimes be nearly vertical and roughly
parallel to the surfaces of the spicules
between huge plasma-redshift heated
"bubbles”, as described in the following
paragraphs.

OoJtee MUpPOKas, 4eM COOTBETCTBYIOIIAs 001aCTh B
Mozensx Bepuauua u ap. [6]. Monenu Bepnanua u
JIp. IPEIOoJIaratoT, YTO U30TEPMUYECKUE
MOBEPXHOCTH PACCIIauBAOTCS TOPU30HTAIIBHO, B TO
BpeMs Kak (DaKTHIeCKH OHM MOTYT HHOTJIa OBITh
HOYTH BEPTUKAJIbHAMU U IPUMEPHO
NapajuIeIbHBIMU K IIOBEPXHOCTSIM CITUKYJ MEXKIY
orpoMHbIMH "my3eIpsaMu", HarpeTsiMu [IKC, xak
OINMCAHO B CIIEAYIOIUX maparpadax.

The upper chromosphere is highly ionized
and contains internally rather high
intensity shortwavelength radiation emitted
from highly excited states, including those
of hydrogen and helium. The pressures,
temperatures, and densities in the plasma
fluctuate. In a small hot spot, a "bubble",
the temperature may be about 100,000 K
and the electron density N ~ 4-10° cm,
while the surrounding regions, the "walls"
of the "bubble"”, contain slightly denser and
colder plasma. The denser "walls" may
emit more of the internal light, which may
bounce back and forth across the hot
region. The plasma-redshift heating is a
first-order process in density, while the
cooling processes are second order in
density. The plasma redshift causes,
therefore, the short-wavelength photons to
deposit some of their energy in the less
dense hot spots, the bubbles. The cooling
due to recombination emission in the
denser and colder "walls™ is compensated
to a lesser extent by the redshift heating.
The plasma redshift enhances, therefore,
temperature inhomogeneity and makes the
hot low-density region, the "bubble”,
hotter, while the denser surrounding
regions, the "walls", become colder.
According to Egs. (16) and (28), the 50%
cut-off wavelength for the above-
mentioned density

Bepxusisa xpomocdepa upe3BbIYaiftHO
MOHM3UPOBAHA U COACPKUT BHYTPEHHE JJOBOJIBHO
BBICOKYIO HHT€HCUBHOCTb KOPOTKOBOJIHOBOTO
U3JIyYEHUE, UCITyCKAEMOTro OT OYEHb
BO30Y>KJICHHBIX COCTOSIHUM, BKITIOYAsi TAKOBBIC Y
BOJIOpoJa U renus. JlaBieHue, TeMieparypa u
IUIOTHOCTH B I1a3Me Kosebmotes. B HeGomnpIoit
ropsiaeit oomacty, "my3sipe", TeMmnepaTypa MOKET
coctaBuTh npudam3uTenpHo 100 000 K, a
KOHLIEHTpaIus 31eKTPOHOB Ng = 4-10° CM'3, B TO
BpeMs KaK OKpY’KaroIue o0macTH, "cTeHbI"
"my3eIps”, coepKaT HEMHOTO 0oJiee TUIOTHYIO U
Oosee XooHyo m1asMy. bosee miotHsie "cTeHbr"
MOTYT U3JIy4aTh OOJIbIIIE BHYTPEHHETO CBETA,
KOTOPBI MOXKET OTpakaThbCs Ty1a-00paTHO CKBO3b
ropsiayto oonacts. HarpeBanue ot [IKC - npouecc
MIEPBOTO MOPSJIKA MO TJIOTHOCTH, B TO BPEMSI KaKk
MPOLIECCHl OXJIAXKACHHUS UMEIOT BTOPOM MOPSAOK MO
mroTHocTH. [IKC, mosToMy, mpuBOIUT K IEPEHOCY
KOPOTKOBOJIHOBBIMH (DOTOHAMHU YaCTHU UX SHEPTUU
B MEHEE IJIOTHBIE rOpsuue 001acTH, My3bIpH.
OxmnaxaeHue BCIeICTBUEe PEKOMOUHAIIMOHHOTO
UCITyCKaHHs B 00JIee TUIOTHBIX U 00JIee XOJIOHBIX
"cTeHax" KOMIIEHCHPOBAHO B MEHbBILEH CTENIEHU
HarpeBaHueM u3-3a KkpacHoro cmenieHus. [IKC
YBEIIMYUBAET, IO3TOMY, TEMIEPATYPHYIO
HEOJIHOPOJHOCTbH U JIEJIaeT TOpsiuyto 001acTh €
HU3KOM IJIOTHOCTBIO, "My3bIph", O0siee ropsuum, B
TO BpeMs Kak 0oJiee IUIOTHBIE OKpYKaroIine
obmact, "cTeHbl", CTAHOBATCS 00J1€€ XOI0IHBIMH.
CornacHo ypaBaeHusM (16) u (28), 50%
MOPOroBasi JJIMHA BOJHBI JIJIS1 BBIICYIIOMSIHYTOM
TJIOTHOCTHU

14

14

and temperature and for low magnetic
fields is initially in the hot, low-density
region about 50.3 nm; and the analogous
10% cut-off wavelength, corresponding to

¥ TEMIIEPaTypPBI U IS C1a0bIX MarHUTHBIX TIOJIEH,
npubnusutensHo 50.3 HM, HAXOAUTCS
NIEpBOHAYAIBEHO B ropsiueii 001acTH ¢ HU3KOM
IUIOTHOCTHIO; U aHanoruuHas 10% noporosas
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0=2.671in Table 1, is about 116 nm. A
magnetic field will increase the cut-off
wavelength. In the bubbles, the very short
wavelength internal light in the plasma
may then initiate significant plasma-
redshift heating.

JUITMHA BOJIHBI, COOTBETCTBYIOIIAs a=2.671 B
Tabnune 1, cocraBiseT npudbauzuteabHo 116 HM.
MarnuTHo€ 1oJjie YBEJIMYUT OPOTOBYIO ITTUHY
BOJIHBI. B my3bIpsiX oueHb KOPOTKas AJTMHA BOJIHBI
BHYTPEHHETO CBETA B IJIa3ME MOKET TOT/Ia HayaTh
CyIIeCTBEHHBIN Harpes ¢ moMotbio [TKC.

The magnetic field enhances therefore the
temperature inhomogeneity. In addition,
the conversion of field energy to heat is
strongest in the hot regions (see Appendix
B). As the kinetic energy of a particle
increases, its diamagnetic moment
increases. This fact in turn reduces the H-
field inside the hot low-density region and
partially transforms the field energy to
heat, while the fields from the diamagnetic
moments inside the bubble combine to
strengthen the H-field in the colder high-
density region, the "walls".

[ToaTOMy MarHUTHOE MOJI€ YBEITUUYHUBAET
TEMIIEPATYPHYIO HEOTHOPOAHOCTh. Kpome Toro,
MIpeBpalIeHIe SHEPTUH OIS B TEIUIO SBJIAETCS
OoJiee CHUIIBHBIM B TOPSYUX 00J1acTAX (CM.
[Tpunoxenue B). [Tockoabky KHHETHYECKAs
SHEPrUs YaCTHUIIbl yBEIMIUBALCTCS, €€
JUaMarHUTHBIM MOMEHT YBEIHUMUBAETCSA. JTOT
daxkt, B CBOIO 04Yepe/b, yMeHbIIaeT H-nosne BHyTpH
ropsiueil 006JacTH ¢ HU3KOU TUIOTHOCTBIO U
YaCTUYHO MPE0OPa30BBIBACT YHEPTHIO OIS B
TEIUIO, B TO BpeMsl KaK MoJisi OT JUaMarHUTHBIX
MOMEHTOB B ITy3bIPE OOBEIUHSIIOTCS, YTOOBI
ycwuth H-mosie B Gosiee xosoaHo#M o6nactu ¢
BBICOKOM IIOTHOCTBIO - B "'cTeHax".

As the temperature in the hot region
increases, some of the light from the
photosphere will also be plasma redshifted,
first the short-wavelength light, and then
the longer-wavelength light. The plasma
redshift deposits then a fraction of the
photospheric photon energy in the
"bubbles" in the transition zone, and
accelerates conversion of magnetic field
energy to heat.

[TockonbKy TemIepaTypa B ropsiaeii oomactu
YBEJIMYMBAETCS, YACTh CBETA OT PoTOCHEPHI TAKKE
OyZeT UMeTh TUIa3MEHHOE KpacHOe CMeIlleHuE,
CHayYajia KOPOTKOBOJTHOBOM CBET, U 3aT€M CBET
JUTMHHOBOJIHOBOM. [[11a3MeHHOe KpacHoe
CMEIIEHHE OCTABIISET TOT/Ia YacTh SHEPTUU
dotocheproro poroHa B "my3sIpsax" B MepexoTHON
30HE, ¥ YCKOPSET MPEeBpalleHrne MarHUTHON
SHEPTHUH B TEILIO.

A rough estimate of the plasma-redshift
heating from the photosphere is obtained
from the integrated intensity I(R) over all
directions of solar light penetrating each
location in the transition zone and the
corona. The light intensity from the
photosphere decreases with R as

['py0as orieHka HarpeBaHusl OT MJIA3MEHHOTO
KpacHOro cMerieHust ceeta oTochepsl morydeHa
W3 UHTETPUPYEMOH WHTEHCUBHOCTH /(R) 110 BceM
HATPABIICHUSM COJTHEYHOTO CBETA, POHUKAIOIIETO
yepes KakJJ0€ MECTO B IEPEXOHOM 30HE U KOPOHE.
Cuna cBeta oT poTocdepbl YMEHBIIIACTCS C POCTOM
R kaxk

IR) ~ Ip2m (1— 1= RZ/R? ) = 20T* (1 - /1 - RZ/RZ ) =
1.29 - 1011 . (1 — W) sprcm—2¢™1 | (29)

where Rq is the solar radius. Low in the
transition zone, we have that the
parenthetical factor is close to 1, but
farther away it approaches 0.5(Ro/R)%. In
the transition zone, we can multiply Eq.
(29) by the redshift given by Eq. (18) per
cm of integration, and get for the
photospheric light that

rie Ro - comneunsiit paguyc. Huzko B mepexoiHoi
30HE MBI UMeeM KOd(DPHUIEHT B CKOOKax, OIU3KUI
K 1, HO 4yTh Jlajibllle OH IPUMEPHO PAaBEH
0.5(Ro/R)°. B 1iepexoIHO 30HE MBI MOXKEM
YMHOXXHTB YpaBHeHUE (29) Ha KpacHOE CMeIlleHHe,
3ajaHHOe ypaBHeHueM (18) Ha lcm
MHTETPUPOBAHUS, U MOIY4UTH 711 poTochepHoro
CBETa, 4TO
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dat

2Qneat _ I(R)d% —1.29 101 (1 — J1—RZ/R? ) 3.326 - 10725 .
Fl(a)lee =429-10714. (1 — /1 —R:/R? ) -Fl(a)lee sprcem 3¢t
0 0

. (30)

where 6A/A is the redshift per cm of the
plasma. This redshift heating density can
be compared with net cooling density from
recombination emission and X-ray
emission, which according to Sutherland
and Dopita [11] has a maximum cooling
density of about 4.5-10%*N,N, erg cm™s ™' at
a temperature of about 180,000 K, where
N, =0.917 N is the number density of
positive ions. At lower and higher
temperatures the cooling rate is lower.
Below the temperature of about 30,000 K,
and above about 800,000 K, the rate of
cooling is less than 10%2N,N, . We will see
later that the excess redshift heating in the
corona leaks into the transition zone and
that the conversion of magnetic heating is
significant and may double the redshift
heating in the transition zone. However,
even when we disregard this additional
heating, we see that the redshift heating
given by Eq. (30) about balances the
recombination emission and X-ray cooling,
when the temperature is about one million
degrees and the electron density 4.7-10°
cm™ and Y0 Fi(a)=1.

rie OA/A - KpacHoe cMelleHre Ha 1cM ma3Mel. OTy
MJIOTHOCTh HArPEBaHUS OT KPACHOTO CMEIICHHS
MO>KHO CPAaBHUTH C IJIOTHOCTHIO OXJIQXKICHUS OT
PEKOMOMHAIIMOHHON YMUCCUU U UCITYy CKaHUS
PEHTI€HOBCKUX JIy4ell, y KOTOpPOM, COTJIacHO
Cazepmuny u Jonute (Sutherland u Dopita) [11]
€CTh MaKCUMaJlbHas INIOTHOCTh OXJIaXIECHUS
npuGmmsuTensHo 4.5-10°N,N, spr em~ ¢! npn
temneparype npudausutensHo 180 000 K, rae N,
= 0.917N; siBisIeTCS KOHIIEHTpAIUEeH
MOJIOKUTEIBHBIX HOHOB. [Ipu MeHbIIel 1 Oonbieit
TEeMIIepaType TEMIT OXJIAKICHUS OyIeT HUXKE.
Hwmxe Temneparypsl npubiuzutensio 30 000 K u
Boiie 800 000 K, remn oxnaxaenuss Oyjaer
MEHBIIIE YeM 10'22NtNe . MBI yBUIUM 1O3XKE, YTO
M30BITOYHOE HATPEBAHHUE OT KPACHOTO CMEIIICHHUS B
KOPOHE MEePETEKaeT B IEPEXOAHYIO 30HY U YTO
MpEeBpaIICHIEe MAarHUTHOTO HarpeBaHUs SABIISICTCS
CYILIECTBEHHBIM U MOKET OBITh BIBOE OOJIbIIIE
HarpeBaHusi OT KPACHOTO CMEIICHHS B TIEPEXOTHOM
30He. OHAKO, 1aKe KOTJa Mbl UTHOPUPYEM 3TO
JIOTIOJTHUTEIFHOE HarpeBaHNUEe, MbI BUIUM, YTO
HarpeBaHue OT KPACHOI'O CMEILIEHHUs], 3a1aHO
ypaBuenneM(30) o 6amaHcax peKOMOMHAIIMOHHON
SMUCCUHU U PEHTTEHOBCKOTO OXJIaXK/ICHHUsI, KOTJa
TeMIIepaTypa - IpUOIU3UTEIHHO OJIMH MIJIJTHOH
rpajaycoB U KOHILEHTpAIHs JIEKTPOHOB 4.7 10% em
1 y/y0 Fi(a)=1.

The initial photon width vy; is often large
due to broadening by collisions with
neutral atoms, Fourier field components of
charged particles, the Stark effect, and
stimulated emissions. Holweger [12] found
that the initial photon widths of the sodium
resonance lines 588.995 and 589.592 nm,
which are formed high in the photosphere,
are about 0.202 pm. This width is about 17
times the classical photon width of 0.0118
pm. We do not know the average photon
width, but for many lines it is between 1
and 20 times the classical width. The
second electron in the important H™-species
is loosely bound and sensitive to collision
broadening by neutral atoms, by the

HauanbHas mupuna ¢poToHa y; yacto OoJbIIas B
CUJIy PaCUIMPEHUs IPU CTOJKHOBEHUSX C
HEUTpalbHBIMU aTOMaMH, KOMIIOHEHTaMH TOJIS
®ypre 3apspkeHHbIX YacTull (3¢ dekra HlTapka) u
CTUMYJIUPYEMBIX U3Ty4eHHUI. X0JIBETED
(Holweger) [12] mamén, 9To Ha4aJIbHBIE TITUPUHBI
¢doToHa pe30HaHCHBIX JIMHUHM HaTpus 588.995 HMm u
589.592 um, koTopblie chopMUPOBAHBI BHICOKO B
dorochepe, UMEIOT HIMPUHY TPUOTUZUTETHHO
0.202 M. Dta mmpuHa npuMepHo B 17 pa3 Gosnblie
KkJaccudyeckoi mupuHsl porona 0.0118 nm. Msl He
3HAaeM CPEeJIHION IMUPUHY (POTOHA, HO JIJISI MHOTHX
auHUK oHa oT 1 10 20 pa3 OosbllIe KJIacCHYECKOi
IKMPUHBL. BTOPO#l 3JIEKTPOH B BaXKHOM
Pa3HOBUAHOCTH MOHU3UPOBAHHOIO Bojopoaa H
cBOOOJIHO CBsI3aH M YyBCTBUTEJIEH K YIAPHOMY
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Fourier field harmonics of the fast moving
electrons, and also by stimulated emissions
and absorptions. Many of the Ca-Il and
Mg-II lines have very broad photon
widths, while some weak lines have small
photon widths. In the balance of heating
and cooling, we should consider also other
processes, and different modes of heat
transport. However, other authors, such as
Vernazza et al. [6], have done so. The
present focus is to evaluate only the
photon-width portion directly related to the
plasma redshift, which has not been
considered by others.

pacIIMpEeHNI0 HEUTpaIbHBIMU aTOMaMH,
rapMoHHKOM 061acTi Dypbe OBICTPO
JIBUTAIOIINXCS 3JIEKTPOHOB, U TAKXKE
CTUMYJIUPYEMBIMHU U3ITyUYCHUSIMUA U
noryomenusiMa. Muaorue u3 nmuauii Ca-11 u Mg-II
UMEIOT OYeHb OOJIBIIYIO IUPUHY (POTOHA, B TO
BpEMsI KaK HEKOTOpBIE c1a0ble IMHUU UMEIOT
HeOoublIyI0 KpHUHY QoToHa. B Ganance
HarpeBaHUs ¥ OXJIQKICHHS, MBI JIOJKHBI
paccMOTpPETh TaKKe APYTUe MPOLECCHI, U
pa3iruHble MOJbI iepeauu Teria. Jpyrue
aBTOpHI, Takue kak Bepnanua(Vernazza) u ap. [6],
ceNlany UMeeHO Tak. Temnepp 1elb B TOM, YTOOBI
OLIEHUTH TOJIBKO YacTh MIUPHUHBI (POTOHA, IPSIMO
cBsa3aHHy1o ¢ IIKC, 4yTo HE paccMOTPEHO IPYTHUMH.
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The increase in redshifts due to
broadenings of photon widths is significant
in the transition zone, but less in the
corona, because in the corona the photon
width is close to the classical width. This
estimate is based on comparison of
observed redshifts of Fraunhofer lines with
Eq. (20). Presently, this estimate is
imprecise and will have to be improved as
the photon widths become better
determined. The heating by conversion of
the magnetic field is most important in the
spicules region, as discussed in Appendix
B, because the field is stronger and
because the mutual induction between the
diamagnetic moments of the charged
particles and the currents creating the
magnetic field is larger low in the
transition region than high in the corona.

YBenuyeHne KpacHbIX CMEUICHUH M3-3a YIIUPESHUS
HMIUPHUHBI (POTOHA SIBJIETCS CYIIECTBEHHBIM B
NIEPEXO0/IHOM 30HE, HO MEHEE CYLIECTBEHHBIM B
KOpOHE, IOTOMY YTO B KOPOHE IIUpHUHA (POTOHA
OJIM3Ka K KJIACCUYECKOM MUprHEe. JTa OIeHKA
OCHOBaHA Ha CPAaBHEHUHU HAOIIOIaEMBbIX KPACHBIX
cMmernieHnit @payHrohepoBbIX JUHUI ¢
ypaBHeHueM (20). Tenepb 3Ta olileHKa HETOUHA U
JIOJDKHA OyIeT OBITH yiIydIlleHa, TOCKOJIBKY
mypHHa (OTOHA CTAHOBUTCS JTydIlle
onpeaeneHHoN. HarpeBanue ¢ momMoIibo
MarHUTHOT'O TOJIS SBJISIETCS CaMbIM Ba)KHBIM B
o0JacTH cruKy, kak oocyxkaeHo B [Ipunoxxenun
B, notomMy uTo nose 6osee CUIBHOE U IOTOMY YTO
B3aWMOHHIYKIIHS MEXIY JHaMarHATHBIMHU
MOMEHTaMH 3apsKEHHBIX YacTHUI] U TOKOB,
CO3/aI0IINX MarHUTHOE MoJie, Oojiee HU3Kas B
00J1acTH nepexo/ia, YeM - BICOKO B KOPOHE.

The red shift experiments indicate that the
second term on the right side of Eq. (20) is
on the order of 10°®°. The integrated heating
derived from this second term is then on
the order of 1.29-10*%10° = 1.3.10° erg
cms™ which is deposited mainly in the
transition zone. In addition, we have the
heating from the first term, which can be
obtained by integrating the first term on
the right side of Eq. (20) along the line of
sight from the observer to the different
points on the solar disk. Much of the
heating by this term, about 1.1-10° erg cm’

OKCHEPUMEHTBI IO KPACHOMY CMEIICHUIO
YKa3bIBalOT, 4YTO BTOPOU YJIEH B IPaBOM CTOPOHE
ypasuenus (20) umeer nopstok 10°°. Cymmaproe
HarpeBaHue, BBIBEIEHHOE U3 STOT0 BTOPOTO YJIEHa,
umeet mopsizok 1.29-10M10° = 1.3.10° spr cm™
CeK”', KOTOPBIi pa3MelleH ITaBHBIM 00pa3oM B
nepexoaHoi 301e. Kpome toro, y Hac ectpb
HarpeBaHue OT NEPBOTO YJIeHa, KOTOPBIH MOXKET
OBITh MOJTYYEH, UHTErPUPYS NEPBBIN UJIEH B
npaBoii ctopoHe ypaBHeHus (20) BIOJIb TUHUU OT
Ha0JII0/1aTeNs K pa3IMYHbIM TOYKaM Ha COJIHEYHOM
nucke. bornbias yacTe HarpeBaHUs 3TUM YJICHOM,
npuGmmsurensro 1.1-10° spr emcex” yxoauT m3-
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*s™! leaks by conduction into the transition
zone, as we show in section 5.2. The total
plasma-redshift heating in the spicules
region and in the corona is then about
2.4-10° erg cm™s ™.

3a TEeTUTOMPOBOJHOCTH B MIEPEXOIHYIO 30HY, KaK
MBI oka3biBaeM B Pazgene 5.2. ITomnoe ITKC-
HarpeBaHue B 00JIaCTH CIIUKYJ U B KOPOHE TOT/Ia
npumMepHo 2.4:10° spr cM2cek .

In addition to this direct plasma-redshift
heating, we have heating by conversion of
the magnetic field to heat, which is often
initiated by the plasma redshift, as
described in Appendix B. The magnetic
heating consists of two major
contributions:

B nonosiHeHHE K 3TOMY IIPSIMOMY HAarpeBaHUIO
IJIa3MEHHBIM KPACHBIM CMEILEHUEM y HAaC €CTh
HarpeBaHue NpeoO0pa3oBaHMEM MarHUTHOI'O MOJIS B
Terio, koropoe yacto ununuupyercs [IKC, kak
onucano B [Ipunoxenun B. Maraurnoe
HarpeBaHUE COCTOUT UX JIBYX IJIaBHBIX BKJIAJOB:

1. The conversion of magnetic field energy
to heat. This conversion is often induced
by the increase in the diamagnetic
moments caused by the redshift heating.
The increase in the diamagnetic moments
induces electromotive forces that oppose
the magnetic field and the currents that
generate it. This effect is most prominent
in the hot bubbles between the spicules in
the transition zone.

1. [IpeobpazoBaHre MarHUTHOW SHEPTUH B TEILIO.
3T0 npeodpa3zoBaHUE YACTO CTUMYIHPYETCS
YBEJIMUYEHUEM IMaMAarHUTHBIX MOMEHTOB,
BbI3BaHHBIM HarpeBaHUEM OT KPaCHOI'O CMELLEHUSI.
VYBenuueHue 1uaMarHuTHBIX MOMEHTOB
WHIYIUPYET JIEKTPOJABUKYIIHNE CUITbI, KOTOPbIE
MPOTUBOICUCTBYIOT MAarHUTHOMY TOJIIO U TOKaM,
KOTOpbIE TEHEPUPYIOT UX. DTO SABJICHUE SIBISETCS
CaMBbIM 3aMETHBIM B TOPSYUX MTy3bIPAX MEXKTY
CIIMKYJIAMU B IIEPEXOIHOM 30HE.

2. The repulsion of the diamagnetic
moments by the outward decreasing
magnetic field. This repulsion is important
for accelerating the solar wind, as shown
in section 5.3.

2. OTTaJIKUBaHHE JUaMarHUTHBIX MOMEHTOB
YMEHBIIAIOIUMCSI MATHUTHBIM TIOJIEM
HaIlpaBJIEHHBIM HapyXy. DTO OTTAIKUBAHUE BAXKHO
JUISl YCKOPEHUS COTHEYHOTO BETPa, KaK TOKa3aHO B
Paznene 5.3.

The plasma redshift has a tendency to
create "bubble™ like structures in the upper
chromosphere, because the plasma redshift
is a first-order process in the electron
density, while the cooling processes are
second (or higher) order processes in the
density. The plasma redshift therefore
enhances the inhomogeneity in
temperature. Initially, the "internal” light
in the plasma in the upper chromosphere
contributes to the plasma redshift and the
unevenness in temperature. This "internal”
light is rich in high-energy, short-
wavelength photons from the Lyman series
in hydrogen and helium transition lines, as
hydrogen and helium are highly ionized in
the upper chromosphere. Subsequently, as
the temperature in the hot "bubbles"
increases, also the light from the
photosphere is redshifted in the "bubbles".
If for a moment, we disregard the

V m1a3mMeHHOro KpacHOTO CMEUIEHHs €CTh
TEHJCHIINS CO37aBaTh "My3bIpu" KaK CTPYKTYpHI B
BepxHel xpomocdepe, MOTOMY UTO MIa3MEHHOE
KpacHO€ CMEIIEHHE — NTPOLIECC IEPBOT0 MOPSIKa B
KOHIEHTPALUHU 3JIEKTPOHOB, B TO BpeMsI Kak
IIPOLIECCHI OXJIAXKEHUS SIBJISIFOTCS MPOLIECCAMHU
BTOPOTO (WUJIU BBILIE) MOPSJIKA B KOHLIEHTPALINH.
ITKC nosToMy yBeIn4MBaeT HEOAHOPOAHOCTD
teMriepatypsl. [lepponavansHo, "BHyTpeHHUN"
CBET B IUIa3Me B BEpXHEH xpomochepe
CIOCOOCTBYET IJIa3MEHHOMY KPAaCHOMY CMEIIEHHUIO
Y HEPOBHOCTHU B TEMIIEpaType. ITOT "BHYTpEHHHUN"
cBeT 00rat BHICOKOIHEPTETHUHBIMH,
KOPOTKOBOJIHOBBIMH (DOTOHAMU U3 MEPEXOTHBIX
nuHui cepuu JlaliMana BoAOpoOa U TeNus,
MIOCKOJIBKY BOJIOPOJ U T'€JINH YpE3BbIYaiHO
MOHU3HUPOBAHKI B BEPXHEH Xxpomocdepe.
BrniocnencTeum, o Mepe yBeJINYEHUS
TEMIIEpaTyphl B TOPSYUX "Ty3bIpsIX", TAKKE CBET
oT (oTochepsl CMENaeTcsi B KPACHYIO CTOPOHY B
"my3bIpsix". Eciu Ha MTHOBEHUE MBI UTHOPUPYEM
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recombination cooling, and the heating by
the magnetic field, the plasma-redshift
heating in the transition zone according to
Eq. (30) is for (y/yo) F1(a)=10 about equal
t0 dQOpea/dt= 4.3:10"° Ne ergems™. The
rate of heating is then about

PEKOMOMHAIIMOHHOE OXJIAKICHNE M HaTPEBaHHE
MarHUTHBIM 1osieM, To HarpeBanue ot [IKC B
MepeX0IHOM 30HE coryiacHo ypaBHeHuto (30) Oyner
st (/o) F1(a)=10 mpumepHo paBHO dQjeq/dt=
4.3-10™" N apr cmcex™. Temn HarpeBanus TOraa
IPUMEPHO

1n—13
L2319~ L 1000K s, (30)
dat 1917-1.5k

.10-13
ar 2310~ £ 1000 K cex !, (30)
dt 1.917-1.5k

where Kk is the Boltzmann constant. The
"bubble" temperature would then reach
500,000 K in about 500 seconds, which is
on the order of the time for the formation
of the spicules (see p. 124 of reference
[8]). It takes the spicules about 270
seconds to fall freely 10,000 km. During
the latter part of the "bubble™ formation,
the conversion of magnetic field energy to
heat is relatively large, and the rate of
heating of the "bubbles"” increases
exponentially as the "bubbles" explode to
the surface and into the corona. A spicule
consists of the colder plasma in the walls
of the bubbles. This colder plasma is
squeezed 5 to 15 km out into the transition
zone and the lower corona by the
expanding "bubbles” [8]. The spicule then
falls down, which causes significant
pressure variations and turbulence in this
region. The "bubbles" are filled with a hot,
fully ionized plasma as they open up into
the corona.

rae k - [locrossnnas bonbivana. "Ily3sipuaras”
TeMriepatypa toraa gocturia 61 S00000K
npuban3uTenbHo yepe3 S00 cekyH, uyTo
COOTBETCBYET MOPAJKY BPEMEHHU IS
dopmupoBanus ciukyn (cM. ¢.124 u3 cepuiku [8]).
Tpebyrorcst mpubau3uTeabHo 270 ceKyH I s
cBoOoaHoro naaenus crnukyn Ha 10 000 km. Bo
BpeMms nocienHel yactu GopMUPOBAHUS
"my3bIpei” mpeoOpa3oBaHUE MAarHUTHOW SHEPTUU
B TEIUIO SIBJISIETCS. OTHOCUTENBHO OOJBIINM, U TEMIT
HarpeBaHus "My3bIpel" pacTET 10 3KCIIOHEHTE,
Korja "my3bIipu" B3phIBAIOTCS K IOBEPXHOCTH U B
KopoHy. CHKyJa COEPKUT 00JIee XOIOAHY IO
I1a3My B CTEHaX Iy3bIpeit. DTa Gosee XonoaHast
IU1a3Ma oTkara Ha 5 - 15 KM B IEpEeX0IHY10 30HY U
00Jiee HU3KYIO KOPOHY PACIIUPSIOIIUMHUCS
"my3pipsimu” [8]. Cniukysa Torga majiaer, 4ro
BBI3bIBACT CYIIECTBEHHbIE BapUAIlUH IaBICHUS U
TypOyJIeHTHOCTh B 3TOM obnactu. "Ily3bipn”
3aIOJIHEHBI TOpsYEil, MOJHOCTHI0 HOHU3UPOBAHHOMN
IJIa3MOM, KOTJIa OHU OTKPBIBAIOTCS B KOPOHY.
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If a field of 10 gauss is embedded in the
plasma with a density of N, = 10 cm™®, it
could heat the plasma to about million
degrees. If such a field in a bubble with a
height of 10,000 km is destroyed every
1000 seconds the heating would be about
4-10° erg cm™s™. The magnetic field in the
transition zone is estimated to be usually in
the range of 1 to 10 gauss. Similarly, if a
field of 2 gauss in a bubble with a height
of 10,000 km is embedded in the plasma
density of Ne = 10'° cm™, and converted to
heat every 1000 seconds, it would
correspond to an energy flux of 1.6:10° erg
cms”. The conversion of magnetic energy
is likely to fluctuate, and to correspond to

Ecnu mone 10 rayccoB uMenock Obl B TIa3Me ¢
KoHLIeHTparuen Ne = 10%° CM'3, 3TO MOTLJIO OBI
HarpeTh Iia3my J10 IPUMEPHO MUJUTHOHA
rpaxycoB. Eciu Ob1 Takoe 1osie B my3bIpe ¢
BbicoTOM 10 000 kM pazpymianock kaxasie 1000
CEeKYH/I, HarpeBaHue ObUIO ObI TPUOIU3UTEIBHO
4108 3pr cM2cex”. MarautHoe mose B
MEePEX0THOM 30HE, KaK OIEHUBAETCSI, OOBIYHO
HaxoauTcs B nuanasone 1 - 10 rayccos.
AHaJIOTUYHO, €CJIM T0JIe 2 Taycca B IMy3bIpe C
BeICOTOH 10 000 KM MMeJIoCh OBI B IIJIa3Me€ C
KoHLIeHTparuen Ne = 10%° CM'3, U TIEPEXOAMIO OBl B
temio Kaxasie 1000 cexyH, 3TO COOTBETCTBOBAJIO
6b1 OTOKY dHeprin 1.6:10° opr oM 2cex.
[Tpeobpa3oBaHre MarHUTHOM SHEPTUU, BEPOSTHO,
OyneT koiebaThbCsi, U COOTBETCTBOBATH MOTOKY
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an energy flux, which is usually between
1.6:10° and 4-10° erg cm™s™.

SHEPTUH, KOTOPBIH OOBIYHO HAXOIUTCS MEXKTY
1.6:10° u 4-10° 3pr cm 2cex”.

The repulsion of a diamagnetic moment in
an outward decreasing magnetic field is
pronounced throughout the transition zone
and the corona. At high altitudes, the
magnetic field is primarily responsible for
the outward acceleration of the solar wind.
If the solar wind at the distance of the
Earth is S(215R,) = Npop = 3-10° cms™,
the energy flux at the solar surface
required for overcoming the gravitational
potential is about 0.53-10° erg cms™. This
assumes that helium and trace elements
account for 20% of the proton energy
requirements. If the solar wind has helium
and trace elements equal to their
concentration in the Sun, the required
energy flux would be 17% higher. Usually,
the Kinetic energy of the particles in the
solar wind increases. When the proton
velocity has increased to about 600 km per
second, the kinetic energy flux
corresponds to about 0.53-10° erg cm?s™,
The total of potential and kinetic energy in

the solar wind is then about 1.1-10° erg cm’

257, In the quiescent corona, the total
energy flux from the redshift heating, the
magnetic heating (corresponding to
conversion of 2 gauss of field energy to
heat), and from the input into the solar
wind is about (2.4 + 1.6 + 1.1) -10° = 5.1
10° erg cm™s™. During flares the
conversion of magnetic field energy to
heat can be much greater, as described in
section 5.5.

OtTankuBaHue TMaMarHUTHOTO MOMEHTA B
HATIPABIEHHOM HapYXKy YMEHBIIIAIOIIEMCS
MarHUTHOM I0JI€ UMEETCsI BO BCEU MEPEXOTHOMN
30HE U KopoHe. Ha 601bIInX BBICOTaX MAarHUTHOE
oJie, Mpex/ie BCero, OTBETCTBEHHO 3a
HaIpaBJIECHHOE HAPYXKY YCKOPEHUE COJIHEYHOTO
BeTpa. Eciiu conmHevHblit BeTep Ha pacCTOSHUU
3emmi - S(215R,) = Npop = 3-10% emcex’?, To
MOTOK SHEPTUH HA COJIHEYHON OBEPXHOCTH,
TpeOyeMbli Il MPEOAOIEHUS TPABUTAIMOHHOTO
MOTEHIMANIA, IPUOITH3HTEIbHO paBeH 0.53-10° apr
em2cex”. Do MpEANoaaraeT, YTo rejui u
CIIEIOBBIE DJIEMEHTHI cOCTaBILIIOT 20 %
TpeboBaHul YHEpruu NPOTOHOB. Ecnu Ob
COJIHEUHBIN BETEep UMEJI T'elIUi U ClIeOBbIE
AJIEMEHTHI, paBHbIE UX KOHIIeHTpauuu B CoJHIe,
TpeOyemblii MOTOK 3Hepruu Obu1 Ob1 Ha 17 %
6onpie. OOBIYHO, KWHETHYECKASI SHEPTHUS YaCTHUI]
B COJIHEYHOM BeTpe Bo3pacTaeT. Korjga ckopocthb
IIPOTOHOB yBEJINYWIACh NPUOIU3UTENBHO 10 600
KM B CEKYH/Y, TOTOK KHHETUYECKOW SHEPTUU
COOTBETCTBYET MpHbIm3uTeIsHO 0.5310° apr em?
cex. CymMa NMOoTeHIMaIbHON U KUHETUYECKOM
SHEPTUU B COJTHECYHOM BGTPG TOTJIa TPUMEPHO
paBHA 1.1-10° 3pr em?cex”. B rokostieics
KOPOHE, MOTOK MOJIHOM YHEPTUU OT HArpeBaHUS
KpPaCHBIM CMEIIEHUEM, MAarHUTHOE HarpeBaHue
(cOoOTBETCTBYIOIIIEE MPEBPALIEHUIO 2 TAYCCOB
SHEPTUH TIOJISI B TEIUIO), M OT BX0J1a B COTHEYHBIN
BETEp COCTABISIET OKOJIO (2.4 + 1.6 + 1.1)10° =
5.1-10° spr emcex”. Bo BpEeMs BCIBILIEK
MpeBpalleHNe MarHUTHOW SHEPTUH B TETLJIO MOKET
OBITH HAMHOTO OOJIBIIIE, KaK onucaHo B Pa3mene
5.5.

According to McWhirter et al. [13] and
Withbroe [14, 15] the estimated energy
input for the quiescent corona, including
the energy needed to drive the solar wind,
is about 4-10° to 6:10° erg cm™s™.

Cornacuo Maxkyéprepy (McWhirter) u ap. [13] u
Bur6po (Withbroe) [14, 15] oueHeHHas BXoaHas
SHEPrus A7 MOKOAIIEIHCS KOPOHBI, BKIIOYAs
SHEPrHI0, HEOOXOAUMYIO JJIs IEpeHoca
COJIHEUHOT'O BETpa - MPUOIU3UTEIBHO OT 4- 10° o
6:10° apr cm2cex.

5.2 Solar corona 5.2. Coaneunasi KOpoHa

5.3 Solar wind 5.3. CouaHeuHblii BeTep

5.4 Far-reaching solar streamers 5.4. Jlajeko uayumue coJHeYHbIe MOTOKH
5.5 Solar flares 5.5. CoJHe4YHbIe BCOBIMKH
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5.6 Plasma redshift of spectral lines and
gravitational redshift

5.6. Ilma3aMeHHOe KpPacHoe cMelleHue
CIEKTPAJTbHBIX JUHHI U

IrpaBUTAlIMOHHOEC KPAaCHOE€ CMCIICHUEC

5.7 Galactic corona

5.7. TamakTuyeckasi KOpoHA

If the plasma contains magnetic field, the
field lines will concentrate in the cloud as
the hot plasma outside the cloud pushes the
plasma into the cloud, similar to that in the
relatively stable arches in the Sun's corona.
The cloud may then often have a tendency
to form structures or filaments that are
elongated like the clouds in the Leading
Arm and in the Magellanic Stream [74,
75]. Kazes et al. [76] searched for the
Zeeman effect in clouds and detected only
one with about 11.4-10° gauss, which
indicates that the magnetic field energy
density is usually small or only about equal
to the kinetic energy density in the
surrounding hot plasma.

Ecnu mia3zma Oyzer conep:kaTh MarHUTHOE T0JIE,
TO JIMHUU T10JIs1 CKOHLIEHTPUPYIOTCS B 00JIaKe,
MOCKOJIBKY TOpsiuasi IiasmMa BHe 00Jiaka TOJIKaeT
I1a3My BHYTpb 00J1aKa, Kak 3TO IIPOUCXOUT B
OTHOCHUTEIIbHO YCTOMYUBBIX apkax B COJIHEUHOM
KOpoHe. Y o0Jiaka Torja MOKeT 4acTo
MPOSIBISATHCS TeHICHIUS (POPMUPOBATH CTPYKTYPhI
WJIM HUTH, KOTOPBIC BHITSAHYTHI Kak 00JIaKa B
Bepxuewm 3yOue u B MarennanoBom IToroxke [74,
75]. Kaitzc(Kazes) u np. [76] uckan apdext
3eemana B o01akax U 0OHAPY>KUI TOJIBKO OJIUH
ciyyait ¢ mpubnusurensHo 11.4- 107 rayccamu,
KOTOPBIN YKa3bIBAET, YTO INIOTHOCTb SHEPTUU
MarHUTHOTO TIOJIS SIBJISIETCSI OOBIYHO HEOOJIBIION
WJIM TOJBKO MIPUMEPHO PABHOM INIOTHOCTH
KMHETUYECKON YHEPTUU B OKPYKAIOIIEH Topsayueii
ia3me.

Some clouds could form far away from the
Galaxy, even in intergalactic space. It has
been difficult to explain the cloud
formation and the structures observed, but
the plasma redshift with its tendency to
create instabilities, hot "bubbles" between
colder regions, gives a natural explanation
of the observed phenomena.

HexkoTopsie o0naka moriu chopMupoBaTHCS
naneko u3 ['anmakTuky, naxke B MEXIrajJakTH4eCKOM
IIPOCTPaHCTBE. bbIIO TPYIHO OOBSICHUTH
o0Opa3oBaHue 00JaKOB U HAOIIOIAEMBIX CTPYKTYD,
Ho IIKC c ero renaeHnuen co3gaBaTh
HEYCTOWYHMBOCTb, TOpsiuue "my3bIpu" Mexy Oojee
XOJIOTHBIMH 00JIACTSIMU /1aT €CTECTBEHHOE
00BsICHEHUE Ha0JI0JaeMbIX SIBJICHUH.

10. It is obvious that density of these
clouds, been formed in intergalactic
space, is much above density of
intergalactic plasma around.

How in intergalactic space was
appeared this "additional" matter for
making of observable cloudy structures?

But if to take into consideration that the
cloud field constantly gains energy from
redshift of a penetrating light, that is, the
energy density in this field is constantly
incremented, so a matter creation should
happen here, which is necessary for
perpetual renewing of the Universe.

10. OueBuIHO, YTO IUIOTHOCTH OTHX 00JIAKOB,
c(hOpMUPOBABIIMXCS B MEKTaTaKTHUESCKOM
MIPOCTPAHCTBE, TOPA3/I0 BHIIIE INIOTHOCTH
OKPYKAIOIIEH MEXIralakKTUUECKOH IJ1a3MBbl.

Kak B MEXrajmakTH4ecKOM IPOCTPAHCTBE
HOSBIJIOCH 3TO '"MOMOJHUTENBRHOE'" BEMIECTBO IS
CO371aHusT HAOTIOAaeMBbIX 00JITAYHBIX CTPYKTYP?

Ho ecnu ywecth, uYro oOmacth oOnaka
MOCTOSTHHO ~ TIOJIy9aeT DJHEPru0 OT KPaCHOTO
CMEIICHUSI  MPOXOAIIET0 CBeTa, TO  €CTh,
MJIOTHOCTh DHEPTHUU B ITOW OOJACTH TMOCTOSITHHO
YBEJIMYUBAETCS, TO 3/1€Ch JOJKHO TMPOHMCXOJUTH
o0pa3oBaHHE MaTepuu, KOTOPOE HEOOXOIUMO st
BCYHOI0 OOHOBJICHHUS BceleHHOM!.

5.7.4 Positrons

5.7.4 Ilo3uTpoHbI

Positrons will increase the redshift heating
without contributing much to the X-ray

[To3utpons! yBenuuat HarpeBanue ot [IKC 6e3
OO0JIBIIOrO BKJIJa B PEHTTEHOBCKOE OXJIaXK/ICHHE.
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cooling. Positrons are formed by gamma
rays with energy in excess of 1.02 MeV.
Many processes can form positrons, such
as decay of nuclei and of pions. Aharonian
and Atoyan [77] make a case for the
importance of high-energy inelastic proton
interaction for explaining the gamma-ray
emission in the range of 10° to 10ll eV in
the galactic disk. These interactions must
also apply to intergalactic space. The
highenergy protons may result in
formation of pions and electron-positron
pairs in intergalactic space. Such processes
will contribute to the heating of
intergalactic plasma. In the intergalactic
sparse plasma, the hot positrons would
have a long lifetime [78]; and according to
Gould [79], the X-ray intensity produced
by a 5 million K electron-positron plasma
is reduced by factor of v*/¢*~107 when
compared to the X-ray intensity in an
electron-proton plasma at the same
temperature.

[To3uTpoHs! HOPMUPYIOTCS TAMMa-Ty4aMH C
sHepruei cebie 1.02 MaB. Muorue npoueccsl
MOTYT C()OPMHPOBATH TIO3UTPOHBI, B YACTHOCTH,
pacnan siaep u nuoHoB. ArapoHsH(Aharonian) u
ATtostH(Atoyan) [77] onuchIBaIOT Ciy4ai Juist
BA)KHOT'O BBICOKOAHEPIreTUYECKOI0 HEYIIPYTOoro
IIPOTOHHOT'O B3aUMOJAEUCTBUS ISl 0ObSICHEHUS
UCITyCKaHMs FaMMa-lIy4el B IUaIa30He 10%-10"
5B B rajjlakTH4eCcKOM JIUCKe. DTU B3aUMOAECHCTBUS
JIOJIKHBI TAKXKE OTHOCUTBCS K MEKTaJaKTUIECKOMY
IIPOCTPAHCTBY. BriCOKO3HEpPreTHYECKUE MPOTOHBI
MOTYT HOJXY4YHUTHCS MPU 00pa30BaHUU TMOHOB U
AIIEKTPOHHO-TIO3UTPOHHBIX Map B
MEXTaJaKTU4E€CKOM IIpocTpaHcTBe. Takue
IIPOLIECCHI CIOCOOCTBYIOT HAaIPEBAHUIO
MEKTAJIAKTUYECKOM IUIa3Mbl. B MexranakTnueckon
peaKoH TuTazMe ropsiuue MO3UTPOHBI UMEITH OBl
JI0JITO€ BpeMs KU3HU [78]; U corjaacHo
I'ynay(Gould) [79], penTreHoBCKas
MHTEHCUBHOCTh, 00pa30BaHHAs 3JIEKTPOHHO-
o3uTpoHHOM Iazmou mpu 5 000 000 K,
YMEHBILIEHA HA MHOXKUTEIIb Vv/c*=107 1o
CPAaBHEHMIO C PEHTT€HOBCKOM MHTEHCUBHOCTHIO B
3JIEKTPOHHO-IIPOTOHHOM IIa3Me IIPU TOM K€ CaMOU
TEeMIIEpaType.

The large intensity of positron annihilation
radiation in the galactic center was clearly
demonstrated by Purcell et al. [80] and
Kinzer et al. [81]. Dermer and Skibo [82]
have found that there appears to be a
"fountain™ of positrons streaming into the
galactic bulge of the Milky Way. They
suggest that the positrons are injected
within about 100-200 pc of the galactic
center and are carried up by the hot gas to
annihilate in the polar regions of the
galaxy at heights mostly within a few kpc.
Other galaxies and quasars are likely to be
rich sources of electron-positron pairs. The
background X-ray spectrum of Trombka et
al. [83] shows clearly a hump
corresponding to the annihilation photons
in the X-ray background.

Bonbiias ”HTEHCUBHOCTH TO3UTPOHHOTO
AHHUTWISIITAOHHOTO M3JTYYEHHUs B IIEHTPE
TaJIaKTHKH ObLIa SICHO MPOJIEMOHCTPUPOBAHA
[Tépcenom(Purcell) u ap. [80] u Kuniepom
(Kinzer) u ap. [81]. depmep (Dermer) u
Cxu60(Skibo) [82] namumm, 4yTo, KaXKeTCs, €CTh
"(hoHTaH" MO3UTPOHOB, TEKYIIUX B TaTaKTUYECKHHA
6anmk Mneunoro mytu. OHU IIpeoaratoT, YTo
MO3UTPOHBI BBOJATCA B npeenax npumepHo 100-
200 mK OT raJlaKTUYECKOT O LEHTPA U MEPEHOCATCS
TOPSTYMM Ta30M, YTOOBI AHHUTHIIMPOBAThH UX B
TIOJISIPHBIX 00JIACTSIX TAJTAKTUKHA B BBICOTAX
TJIaBHBIM 00pa30M B Ipejenax HecKombkux Kik.
Jpyrue rarakTHUKU U KBa3aphl, BEPOSTHO, TOKE
OyayT OOraThIMU UCTOYHUKAMU SJIEKTPOHHO-
MO3UTPOHHBIX Nap. POHOBBIM PEHTI€HOBCKUN
cnektp, cornacHo TpomOke (Trombka) u ap. [83]
SICHO TIOKa3bIBAE€T MAKCUMYM, COOTBETCTBYFOIIIHIT
AHHUTUJISIIIUOHHBIM ()OTOHAM B PEHTT€HOBCKOM
domne.
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However, it appears that most of the
annihilation radiation is due to point

OI[HEIKO, OKa3bIBaCTCA, YTO OoJbIIIas YacTh
AHHUTHWIINUOHHOT'O N3JIYUYCHUS NPOUCXOIUT U3
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sources, and is not from a dispersed
intergalactic plasma.

TOYCYHBIX HCTOYHHUKOB, U HC OT paCCCﬂHHOﬁ
MEXTaJIaKTUYECKOM MIa3MBbl.

It appears possible that the positrons with
the electrons will diffuse into intergalactic
space far away from the galaxies, due to
their low gravitational potential relative to
the protons. The positronelectron plasma
might then fill most of the intergalactic
space with the proton-electron plasma
confined mainly to the corona of galaxies.
The positrons would produce a plasma
redshift similar to that of the electrons. The
X-ray cooling would be much smaller, but
the annihilation radiation should be
pronounced. If we are to be able to observe
the annihilation radiation, the radiation
must be able to penetrate the relatively
dense plasma around the galaxies. It
should be detectable although the intensity
is weakened by the absorption and
scattering. Annihilation radiation from
intergalactic plasma has not been firmly
established, as most of the observed
annihilation radiation has been traced to
point sources. It is unlikely, therefore, that
even far away from the galaxies a positron-
electron plasma replaces the proton-
electron plasma. Future research should,
nevertheless, consider this remote
possibility.

KasxeTcst BO3MOKHBIM, YTO TTO3UTPOHBI C
AIIEKTPOHAMH OYyIyT pacCeHBaThCS B
MEXTaJaKTHIECKOM ITPOCTPAHCTBE JAJIEKO OT
TaJIAKTHK W3-32 UX HU3KOTO TPaBUTALMOHHOTO
MOTEHIIMAaIa OTHOCUTEIBHO MIPOTOHOB.
[To3uTpOHHO-AJIEKTPOHHAS IJIa3Ma MOTJIa Obl TOTa
3aIOJIHATH OOJIBIIYIO YaCTh MEKIAJITAKTHIECKOTO
MIPOCTPAHCTBA, a MPOTOHHO-IJICKTPOHHAS TJIa3Ma,
3aKJII0YEHa, IIIaBHBIM 00pa3oM, B KOPOHE
rayiakTuK. [103UTPOHBI MPOU3BENH ObI IJIA3MEHHOE
KpacHOe CMEIICHHUE TaKOE )K€, KaK U DJICKTPOHBHI.
PenTreHoBckoe oxiaxaeHue ObUI0 OB HAMHOTO
MEHBIIIMM, HO aHHUTHIIALIMOHHOE U3TydeHUE
IOJDKHO OBITH ABHBIM. Eciii HaM maHa
BO3MOYKHOCTB HaOJIr01aTh aHHUTHIISIIHOHHOE
U3ITyYeHUE, TO U3ITYUCHHE JTOKHO UMETh
BO3MOXXHOCTh IIPOHUKHYTh Yepe3 OTHOCUTEIIBHO
TUTOTHYIO IJIa3My BOKPYT rayiakTukK. OHO TOJKHO
OBITh OOHAPYKMMO, XOTSI €F0 HHTEHCUBHOCTD
oclabJieHa TIOTJIONICHUEM U PacCesTHUEM.
AHHUTHIAIMOHHOE U3TYYCHHUE OT
MEXKTaJaKTUIEeCKON TUTa3Mbl He OBLIO TBEPIIO
YCTaHOBJICHO, TIOCKOJILKY OOJIbIIAs 4acTh
HA0JI0/1TAEMOT0 AHHUTHIIAIIMOHHOTO U3ITy4eHUs
OBLTa MTPOCIICKEHA K TOYCTHBIM UCTOYHHKAM.
ManoBeposTHO, TO3TOMY, YTO JaXKe AaJIEKO OT
TaJIAKTHK TO3UTPOHHO-3JICKTPOHHAS TUTa3Ma
3aMelaeT MPOTOHHO-2IEKTPOHHYIO MJIa3My.
Byaymiee nccienoBanue T0JDKHO, OJTHAKO,
pPaccMOTPETh ATY OTAAJICHHYIO BO3MOKHOCTb.

5.7.5 Observations of X rays from
galactic corona

5.7.5 HaOnroaeHus 3a peHTTeHOBCKHUMHM JIy4aMu
M3 TAIAKTHYeCKO KOPOHBI

The Draco cloud is located at (1,b) =(90°,
+39°) and at a distance in excess of 300 pc.
Borrows and Mendenhall [84] observed
that the Draco cloud decreased the X-ray
intensity from the corona behind it. The
shadow covered X rays in the range below
about 0.4 keV. This shadow appears to be
a footprint of the 1 to 4 million degree hot
coronal and intergalactic plasma. Both
Herbstmeier et al. [85], and Wakker and
Van Woerden [86] give examples where
the intermediate and high-velocity clouds
throw a shadow in the 250 eV region. The
shadows indicate that also beyond the

O6mnaxko JIpakona pacnonoxeHo B (1,b)=~(90°,+39°)
u Ha paccrosauu cBbiie 300 pc. boppoyc
(Borrows) u Mennenxoit (Mendenhall) [84]
3aMEeTHIIH, YTO 00J1aKko J[pakoHa yMEHBIIUIIO
PEHTTEHOBCKYI0 MHTEHCUBHOCTh M3 KOPOHBI
no3aau Hero. TeHb HaKpbllla PEHT€HOBCKUE JTyYH B
Jrarnasone Hiwke npuonmusutenbHo 0.4 KaB. Oma
meHb npedcmasiaemcs Omne4amkom 2opadel
KOPOHAIbHOU U MeAHC2ANLAKMUYeCKOL N1a3mbvl C
temmepatypoii 10° - 4-10° rpamycos. U
XepcrMmetiep (Herbstmeier) u ap. [85], u Yokkep
(Wakker) u Ban Bepaen (Van Woerden) [86] nanu
pUMEpBI 00JIaCTe, T/1e TPOMEKYTOUHBIE U
BBICOKOCKOPOCTHBIE 00J1aKa OpocatoT TeHb B 250
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highvelocity clouds the plasma
temperature may reach about 1 to 4 million
degrees. This is just another indication of
the intergalactic plasma. The intergalactic
X-ray intensity will be discussed in section
5.11 and Appendix C.

5B. Tenu yka3pIBaOT, UTO TaKKE BHE
BBICOKOCKOPOCTHBIX 00JIaKOB IUIa3MEHHAast
TEMIIEPATypa MOXKET JOCTUTATh MPUOIUZUTEIBHO
10° - 4-10° rpagycoB. DTO IPOCTO APYroe yKazaHue
Ha MEXTaJIaAKTUYECKYIO TUIa3My.
Me:xranakTudeckasi pEHTT€HOBCKas
MHTEHCUBHOCTB OyJieT oocyxneHa B Paznene 5.11
u IIpunoxxenun C.

5.7.6 The redshifts within the clusters of
galaxies

5.7.6 KpacHble cMelieHns B mpejaesax
KJIACTEPOB raJaKTHK

Clusters of galaxies are often shown as
having an elongated distribution in the
radial direction (z-direction); for example,
Virgo cluster, and Coma cluster ("Finger
of God" pointing at us) are elongated
significantly in the radial direction (see
Fig. 3.6 in reference [69]). Now we are
inclined to interpret this elongation in the
radial direction as caused by plasma
redshift. As the line of sight penetrates the
relatively dense plasma between galaxies
in the cluster, the redshift increases and
causes the objects at the back of the cluster
to have relatively large plasma redshifts.
This explanation applies also to the
anomalous redshift of the Centaurus
cluster (see Fig. 5.4 of reference [69]). The
observed redshifts are significantly larger
than the redshifts expected from the Tully-
Fisher relation for determining the
distances. Sometimes, the distances can be
determined independent of the redshift.
The excessive red shifts are usually
assumed to be due to Doppler shifts. This
misconception may then lead to excessive
intracluster velocities, which then lead to
an assumption of a "dark matter" for
explaining the dynamics. The plasma
redshift may thus resolve: 1) the "dark
matter" problem, 2) the problem of
preferential elongation of galaxy clusters
along the line of sight, and 3) the
anomalous redshift of some members in
the Centaurus cluster.

KnacTepsbl ranakTik 4acTo MoKas3blBalOT HATUYUE
PaACTSIHYTOTO paclpeeeHHs B paUaIbHOM
HaIpaBJIeHUU (HaIlpaBJIeHUE M0 OCH Z); HalpuMep,
knactep Jessl, u kiactep Komsr ("Ilanen bora",
YKa3bIBaIOIIEr0 Ha HAC), 3HAUUTEIILHO PACTSIHYTO B
paauanbHOM HampasiieHuu (cM. Puc. 3.6 B cchliike
[69]). Tenepb MBI CKIIOHHBI HHTEPIIPETUPOBATH 3TO
pacTsKEHUE B paJialIbHOM HaIPaBJICHUU KaK
BBI3BAHHOE IJIA3MEHHBIM KPACHBIM CMELICHUEM.
[Tockonbky JHHUS HAOJIIOACHUS TPOXOIUT Yepe3
OTHOCHUTEJIbHO IUIOTHYIO TIa3My MEXIy
rajakTUKaMu B KJIacTEpe, KpaCHOE CMEIIEHUE
YBEJIMUYMBAETCS U 3aCTABIISIET OOBEKTHI 103311
KJIaCTepa UMETh OTHOCUTEIHHO OOJIbINNE
IUIa3MEHHbBIE KPacHbIE CMEIeHUs. ITO 00bsICHEHUE
MPUMEHUMO TaKXe K aHOMaJIbHOMY KPaCHOMY
cMeneHuto knacrepa Llenraspa (cMm. Puc. 5.4
cceuiku [69]). HabGnromaemblie KpacHbIE CMETLIEHUS
3HAYUTENbHO OOJIbIIE, YEM KPACHBIE CMEIIEHUS,
oXugaeMble U3 cooTHowmeHus Tymm-duiiepa mis
onpezeneHus paccrosHus. IHorma paccTosiHUs
MOTYT OBITH OIIPE/IeNIEHbI HE3aBUCUMO OT KPaCHOTO
cMmerieHus. [ToBbileHHBIE KpaCHBIE CMEIICHNUS,
KaK OOBIYHO TIPEJIITOJIAracTCs, BEI3BAHBI
JlonnepoBCcKUM CMelIeHHeM. JTO HEeTPpaBUIbHOE
MPEICTABICHUE MOXKET TOTJ]a IPUBECTH K
Ype3MEepHBIM CKOPOCTSM BHYTPH KJlacTepa,
KOTOpbIE TOTJ]a IPUBOST K MPEIOI0KEHUIO O
"TéMHON MaTepuu" JJIs TOTO, YTOOBI OOBSICHHUTH
nrHamuKy. [l1asMeHHOe KpacHOEe CMEIlCHUE
MOXET TaKUM 00pa3oM penuTh: 1) mpobdiaemy
"témHoI MaTepun", 2) npobaemy
MPEUMYIIIECTBEHHOTO PACTSKEHHS KIacTepPOB
rajlakTHUK BJI0JIb IMHUM HAaONIOAeHUS, U 3)
AHOMAJIbHOE KpacHOE CMEIIeHHEe HEKOTOPBIX
00bekTOB B Kiactepe LlenTaspa.

11. Velocities of moving of stars in a
galaxy, visible to us at an angle, have a

11. CxopocTy ABMKEHUS 3BE3]1 B TAIaKTHKE,
BUJIUMOM HAMU TIOJ] YTJIOM, HMEIOT CHMMETPHUYHOE
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symmetrical distribution concerning a
direction onto galaxy centre.

Doppler effect will give additional
biases (positive and negative ) in the right
and left half of galaxy, accordingly.

But additional bias offered by the
Author will be only positive one.
Certainly, it capable to explain different
redshifts of Arp's objects , but it does not
influence antisymmetric distribution of
additional redshifts in a galaxy (and on a
velocity distribution of stars in a galaxy),
that is, velocities of stars in a galaxy
nevertheless demand presence of "dark
mass".

pacnpe/eneHne OTHOCUTENLHO HallpaBJIeHUs Ha
LIEHTP TaJIAKTUKH.

CootBercTtBeHHO, d>(dekr Jomrepa npact
JIOTIOTHUTEIIbHOE IIOJIOKUTENBHOE "
OTPULIATEIbHOE CMEIIEHUE B IPAaBOW U JIEBOM
MIOJIOBUHE TaJIAKTHKH.

A mnpemyiaraemMoe ABTOPOM JIOIOJHHUTEIBHOE
cMelieHue  OyleT  TOJBKO  IMOJIOKUTEIbHBIM.
Koneuno, oHO cmocoOHO OOBSACHUTH pa3HBIC
KpacHble cMellleHHsI 00BEKTOB Apria, HO OHO HE
BIMSIET HA AHTUCUMMETPUYHOE paclpe/eseHne
JIOTIOJIHUTEIBHBIX KPACHBIX CMELICHUM BHYTpPH
rajlakTUKH (M Ha paclpelesieHue CKOpocTel 3Be3]1
B TJIAKTUKE), TO €CTh, CKOPOCTHU 3B€37] B FAJIAKTHKE
BCE yke TpeOyIOT HaJIn4Ksl "TeMHON Macchl'.

In the transition zone to the corona, and at
the surface of the clouds formed in the
corona, the temperatures may be too low
and densities too high for the cut-off
condition given by Eq. (28) to be fulfilled
for the 21 cm H | line. The redshift of the
21 cm line may then be slightly smaller
(and the blue shift larger) than the redshift
(blue shift) of lines in the visual spectrum.
This tendency, although a small effect, is
seen in Table 3 of reference [86].

B nepexoaHoii 30HE K KOpOHE, U HA TOBEPXHOCTH
0071aK0B, CPOPMHUPOBAHHBIX B KOPOHE,
TEMIIEPATYPBI MOTYT OBITh CIIUIIIKOM HU3KUMHU U
IUIOTHOCTHU CJIMIIKOM BBICOKMMHU JJIS HOPOTOBOTO
YCIIOBUS, JAHHOTO ypaBHEHHEM (28), 4TOOBI OBITH
BbITIOJIHEeHHBIMU 71t Jinank H 1, 21 cm. Kpachoe
cMerIeHne THHUA 21 CM MOXET Toria ObITh
HEMHOT'O MEHBIIIUM (2 CHHEe CMEIIeHHEe OOJIBIIIE)
YeM KpacHOE CMEIICHHE (CUHEE CMEILCHUE) JTUHUI
B BUJIUMOM CIIEKTpe. DTa TeHACHIIUS, XOTS C
MasibiM 3¢ dextom, Buauma B Tabmure 3 u3
cchuIKH [86].

5.7.7 Synopsis

5.7.7 Pe3rome

The simplified examples above serve only
as a point of reference and for illustration.
The actual facts may deviate significantly
from the assumed values. For example, the
light and X-ray intensities from the
galactic center may not be isotropic. Close
to the axes and in the "bulge" of the Milky
Way Galaxy, the light and X-ray
intensities as well as the magnetic field
may be relatively larger than at lower
latitudes.

OTH yNpOIEHHBIE IPUMEPHI BBILIE CIY’KAT TOIBKO
KaK TOYKa OTCYETA U I WLTIOCTpanuy. PeabHbie
(aKThl MOTYT OTKJIOHUTbCS 3HAUUTEIBHO OT
IIPUHATHIX 3Ha4YeHui. Hanpumep, Buaumas u
PEHTTEHOBCKAsl UHTCHCUBHOCTH U3
TaJIaAKTUYECKOT0 IIEHTPa, BO3MOXHO, HE
U30TpoIHbL. binsko k ocu u B 6anpke ['anakTuku
Mie4Hslii yTh, BUAUMAs U PEHTTEHOBCKas
MHTCHCUBHOCTH, TaK K€ KaK MarHUTHOE TIOJIE,
MOYET OBITH OTHOCUTEIHHO OOJIBIICH, YeM Ha
0oJiee HU3KUX MIMPOTAX.
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Even in case of such a modification, the
plasma-redshift heating, together with X-
ray heating and conduction heating from
intergalactic plasma would predict a
galactic corona with much greater densities
than those usually assumed.

Jaxe B cimyyae Takoi MoIU(pUKAIIMN, HATPEBAHUE
ot [IKC, BmMecTe ¢ HarpeBaHHEM PEHTIE€HOBCKHUX
JTy4ei ¥ OTBOJIOM TEIIa OT MEXTalaKTUYeCKOn
IUTa3MBI [IpeicKa3ano Obl HAMHOTO OOJIBIIYIO
IUIOTHOCTb T'aJTaKTUUECKOW KOPOHBI, Y4€M OOBIYHO
npUHUMAaeMasl.

The light intensity equal to ng10™ Suns in
Eq. (40) is arbitrary and serves only as a

11
WuTencuBHOCTH cBeTa, paBHas Ngl0™™ ConHedHbIM,
B ypaBHeHuU (40), IpOU3BOJIbHA U CIYKHUT TOJIBKO
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point of reference. It appears, however,
that the heating by plasma-redshift of
galactic light and CMB, and the intense
ionization by the X rays from the
intergalactic plasma are needed for
explaining the high densities deduced from
the observations by Pettini et al. [68]. The
intergalactic plasma is heated by plasma
redshift of intergalactic light. This explains
the cosmological redshift, the microwave
background, and the X-ray background, as
shown in sections 5.8 to 5.11.

Kak Touka orcuéra. OKa3pIBaeTCs, OJJHAKO, YTO
HarpeBaHue IMIa3MEHHBIM KPACHBIM CMEILIEHUEM OT
raJlakKTHYIECKOTO CBETa U KOCMHYECKOTO
MUKpOBOJHOBOE (hoHOBOTO M3nyueHus (MON), u
OT UHTEHCUBHOW MOHU3AIMH PEHTT€HOBCKUMHU
JTy4aMU U3 MEKTaTaKTHUECKON T1a3Mbl,
HEOOXOUMO JII TOr'0, YTOOBI OOBSICHUTH
BBICOKYIO IIJIOTHOCTh, BHIBE/ICHHYIO U3
na0monenuit [lertunu (Pettini) u ap. [68].
MesxranakTiuueckas Imjia3Ma Harpera 1jaa3MeHHbIM
KPacHBIM CMEIIEHUEM MEXTaIAKTHIECKOTO CBETA.
3T0 00BACHIET KOCMOJIOTHYECKOE KPACHOE
CMeIlIeHUEe, MUKPOBOJIHOBBIN (OH, U
pPEeHTreHOBCKU (PoH, Kak nmokazaHo B Paznenax
5.8-5.1L

The conventional explanation, which
assumes that supernovae supply the
heating to both the H Il regions within the
Milky Way and to its corona, is inadequate
for explaining the observations. The past
estimates have usually assumed a value of
N.7~500 cmK instead of the above
estimated value of Ne7~10,000 cm™K at a
distance of about 8 to 10 kpc from the
galactic center. The required heating by
supernovae [60] was therefore only about
1/400 of the present estimates, which are
based on the plasma-red shift heating. The
higher densities predicted by the plasma-
redshift theory are essential for explaining
the observations.

OO6b14HOE 00BSICHEHUE, KOTOPOE MPEATOIIAraeT,
yTo CBEpXHOBBIC CHA0XKAIOT TEIJIoM 1 ooactu H
IT B 'anaxktrke MiledHBIN Iy Th, U €€ KOPOHY,
HEa[eKBaTHO VI OOBICHEEHN HAOIIOACHUI.
[Tpomibie OIEHKH 0OBIYHO MPUHUMAIIN 3HAYEHUE
NeT~500 cmK BMeCTO BBILICYTIOMSIHYTOTO
pacuetHoro 3HaueHus NeT =10 000 cM~K Ha
paccrosiauu npubausuTenbHo § - 10 Kok ot
rajJlakTH4ecKoro eHTpa. Tpedyemoe HarpeBaHue
CsepxHOBbIMU [60] OBLIO MOATOMY TOJIBKO OKOJIO
1/400 npencTaBieHHBIX OILICHOK, KOTOpBIE
ocHoBanbl Ha HarpeBanuu [IKC. bonee Bbicokas
TUIOTHOCTD, TIPE/ICKa3aHHas TeOpUeH MIa3MEHHOTO
KpacHOTO CMEUIEHMS], ABJISETCS CYLIECTBEHHON AJIs
00BsICHEHUS HAOIIOICHUN.

5.8 Cosmological redshift

5.8. Kocmosiornueckoe KpacHoe cMellleHHe

For the cosmological redshifts, the first
term on the right side in Eqg. (20) is usually
large compared with the second term on
the right side. In Eq. (18), therefore, we
can usually in the extended plasmas of
space set F1(a) =1, because the
intergalactic plasma is usually very hot and
the electron density very low. We can also
set y=vo, because the redshifts are
relatively large compared with the initial
photon width. From Eq. (18), we get then
for large redshifts that

J171s1 KOCMOJIOTUYECKUX KPACHBIX CMEIIEHUN
HEePBBI YiieH B paBoii CTOpoHe B ypaBHeHUH (20)
SIBJISIETCS] OOBIYHO OOJIBIITUM IO CPABHEHHIO CO
BTOPBIM YJIEHOM B IIPaBOM CTOpoHE. B ypaBHeHnn
(18), mosTOMy, MBI OOBIYHO MOXKEM B
pacIIMpEHHBIX [IJIa3Max IMPOCTPAHCTBA MOJIOKHUTh
Fi(a) =1, moTomMy 9TO MeXrajgakTHUYECKas rmia3ma
0OBIYHO OYEHb rOpsiuasi ¥ KOHIEHTpalUs
AIIEKTPOHOB OY€Hb HU3Kas. Mbl MOXKEM TaKKe
MIOJIOKUTB Y= Yo, IOTOMY UTO KpPaCHbIE CMELICHHUSI
ABJIIOTCS OTHOCUTEJIBHO OOJBIIUMU 11O
CPaBHEHUIO C HAa4aJIbHOI mupuHON PoToHa. 13
ypaBHeHus (18) MbI momydaeM Torna uist O0IbIINX
KpPacHBIX CMELIEHUH, YTO

In (1+2)=3.3262:10% [ " Ndx . (47)
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If the electron density is nearly constant,
the right side is proportional to R, and we
get that

Ecmu KOHUOCHTpANUs 3JICKTPOHOB IMOYTHU
IMMOCTOsAHHA, IIpaBasa CTOPOHA IIPOIMNOPHHUOHAIbHA R,
M MBI IOJIYy4acM, 4YTO

In(1+2)

"~ 3.3262-10-25 N,

1024
300 1 In(1 + z) oM . (48)

From Eq. (48), we derive the average
electron density (or the sum of electron
and positron density) in intergalactic space
provided the plasma redshift explains the
entire cosmological redshift. When the
integration distance R = 3.085-10%* cm, or
one Mpc, the redshift is z = Hy/c, where Hy
is the Hubble constant. Press [87] has
evaluated statistically the different
estimates of Hy and finds that it is most
likely between 72 and 77 km s™ Mpc™.
Initially, we will therefore set the Hubble
constant equal to the average 74.5 km s™
Mpc™. We get then from Eq. (47) and (48)
that

W3 ypaBHeHus (48) MBI BEIBOJIUM, YTO CPETHSS
KOHLEHTpALUs 3JIEKTPOHOB (WJIM CyMMa
AJICKTPOHHOW W MTO3UTPOHHOW KOHIICHTPAIIUiA) B
MEXTaJaKTU4€CKOM IIPOCTPAHCTBE, J0NOJHEHHAs
IUIa3MEHHBIM KPAaCHBIM CMEIICHUEM, OOBSICHSIET
BCE KOCMOJIOTHYECKOE KpacHoe cMmelienue. Koraa
paccrosiHue uarerpupoBanus R = 3.085: 10* e,
Wi oJuH MIIK, KpacHOE CMeleHne OyaeT
z=1Muxk-Ho/c, tae Hy - korncranTa Xa66:ma. Ipecc
(Press) [87] olieHII CTATUCTHYCCKH pa3IMIHbIC
orieHkHu Hy 1 0OHapy kw1, 4TO OHA HauboJjee
BEPOATHO HAXOIUTCS MEXTY 72 u 77 KM ¢ "Mk,
[lepBoHaYaJIbHO, MBI TIOATOMY YCTAaHOBUM
KOHCTaHTy Xa00iia paBHOM cpeqHeMy 74.5 km/cex
Mk, MI [oJIy4yaeM Torja u3 ypaBHeHui (47) u
(48), uto

In(1+2)=In(1+Hy/c)=Hyc=
3.326:10% (Ne)ay 3.085-10%,

In(1+2)=1In(1+ 1Mux-Hp/C)= IMnx-He/C =
3.326:10% (Ne)ay 3.085-10%,

The relation between plasma density and
the Hubble constant is then

CooTHolIeHHEe MEXTy TIA3MEHHOM MIIOTHOCTHIO U
KOHCTaHTOM Xab0iia Torna Oyner

—__Ho )
(Nedav = 3.076-105 242

107*(=%) cm™, (49)

H
74.5

—__Ho .10-4¢Hoy 3
(Neav = 3.076-105 2.42-10 (74.5) M
, (49)

which shows that the average density of

electrons is equal to (Ne)ay = 2.42-10™
(Ho/74.5) cm™®,

YTO MOKA3BIBAET, UTO CPEIHAS KOHIICHTPAIHS
smexrporoB pasra (Ne)ay=2.42-10"(Ho/74.5) ca.

From Eqgs. (48) and (49), we derive that the
distance is given by

W3 ypaBHenutii (48) u (49) BeIBOAUM
COOOTHOULIEHHE JIJIs] pPACCTOSTHUS

R = —In(1+z) Mpc, (50)

R = —In(1 + z) Mux, (50)
0

where ¢ is the velocity of light in km s,
and Ho km s*Mpc™ is the Hubble constant.
The ratio ¢/Hy is usually refered to as the
Hubble length.

rzie C - CKOpoCTh CBeTa B KM/cek, U Hy
kM/cex Mk ! sBisieTcs koHcTanTON Xa66a.
Jpo06b ¢/Hy 00bIuHO Ha3bIBaETCS UIMHOM Xa00a.
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The relation between distance and redshift
in big-bang cosmology is more
complicated, because of the time dilation
factor and the adjustment parameters for
"dark mass" and "dark energy"; see
Brynjolfsson [59] (in particular, sections
3.1 and 3.2 and Fig. 1 of that source). The

CooTHoIIeHHE MEXTy PACCTOSTHUEM U KPaCHBIM
CMEIIEHUEM B KOCMOJIOTHUHU OO0JIBIIOTO B3phIBa
0oJiee CIIOXKHO H3-3a KOd(DPUITMEHTA PACTSIKCHHS
BPEMEHH U NTapAMETPOB COOTBETCTBUS ISl
"TéMHOM Macchl" U "TEMHOM SHEpPrUun'"; CM.
Bbpunitongccon [59] (B wactHocTu Pazgenst 3.1 u
3.2 u Puc. 1 storo ucrounnka). Kocmonoru
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big-bang cosmologists usually assume that
Qx=1 - Qu. They then adjust Q4 to give
the best agreement with their observations.
The optimum value of Q, may then vary
with the redshift z. In plasma redshift,
there is only one distance-redshift relation,
the one given by Eq. (50).

00JIBILIOTO B3pbIBA OOBIYHO MPEIIOIATratoT, YTO
Qx=1 - Q. OHu TOrIa HACTPAUBAIOT (A, YTOOBI
JIaTh JIy4Iliee COTIIACOBAHNE C X HAOIIOICHUSIMHU.
OntumanbHOe 3HaYeHHE 25 MOXKET TOT/1a
MEHSTBCS B 3aBUCIMOCTH OT KPAaCHOTO CMEIICHHUS
z. B m1a3sMeHHOM KpacHOM CMEIIEHUH €CTh TOJIBKO
OJTHO COOTHOIIIEHUE PACCTOSTHUE-KPACHOE
CMellleHHe, 331aHHoe ypaBHeHueM (50).

The Compton scattering reduces the
number of photons that reach the observer
from a distant supernova. The reduction in
light intensity, /, is given by

KoMnToHOBCKOE paccesiHue CoKpaliaeT
KOJIMYECTBO (POTOHOB, KOTOPBIC JOCTUTAIOT
HaOmoaTens ot aanékoil CBepxHoBor. CHIDKEHHE
cuiIbl cBeTa [ 3a7a€Tcs COOTHOIIICHUEM

1= (1/R%) exp(-a(R) - bNeR - 2bNR) ,

1= (1/R%) exp(-a(R) - bNeR - 2bNR) ,

where the factor exp(-a(R)) accounts for
mostly Galactic and host galactic
extinctions. The factor exp (-bNeR)
accounts for reduction in bolometric light
intensity caused by the plasma redshift.
The factor exp (- 2bNR) is due to
Compton scattering. The cross section 2b
for the Compton scattering is twice the
cross-section b for the plasma redshift.
From Eqs. (47), we get that bN.R=In(1+2).
We get then that

rae koapduuueHT exp(-a(R)) riiaBHbIM 00pa3oM
paccuMThIBaeTCs AN MOTJIOUIeHUs B ['anakTuke u
poauTenbeckux ranaktukax. Koagpounuenr exp (-
bNcR) paccuuTbIBacTCS 1J1s1 CHIIKCHHS
00JI0MEeTpUUYECKOI CUJIbI CBETA, BBI3BAHHOTO
IUIa3MEHHBIM KPACHBIM CMEILEHUEM.
Koadpounuent exp (-2bN.R) nosiBisercs u3-3a
KomnToHnoBckoro paccesnus. Ilonepeunoe
ceuenne 2b mig KoMIITOHOBCKOTO
paccessHusBABOE Ooubiie ceuenus b s [IKC. U3
ypaBHeHwuii (47), Mbl iosty4aem, uto bN.R=In(1+z).
MBI nojy4yaeM TOorja, 4To

exp(—a(R))

_ exp(—a(R))
I'=1 (1+2)3R2

. (51)

12. As energy of each photon less in 1+z
times on receiver than on source, then
reduction in bolometric light intensity
(caused by the plasma redshift) equals
1+z.

But why for the Compton scattering a
cross-section twice more than for the
plasma redshift? Well-known that the
Compton scattering is declines practically
all the rays, except gamma rays. And why
factor exp(-a(R)) depends on R if it
accounts only for our Galactic and host
galactic extinctions?

12. TTockonbKy SHEprus Kaxaoro (poToHa Ha
NIpUEMHUKE MeHbIIIE B (1+z) pa3 mo cpaBHEHUIO C
9Heprueu pOTOHOB y UCTOUHHUKA, TO CHJIa CBETA
yMmeHnbmaercs B (1+z) pas.

Ho nouemy st KOMITOHOBCKOIrO paccesHus
MOTIEPEYHOE CEUEHHE BIBOE OOIbIIe, YeM s
IIKC, pa3 KOMOTOHOBCKOE pacCEesHUE OTKIOHSET
MIPaKTUYECKH BECh CBET, KpoMe ramma-iydei? U
noueMy kod(pduuueHt exp(-a(R)) 3aBuUCUT OT R,
€CJIM OH PacCUMTHIBAETCS JIUIIb JUISl MOTJIOLIEHUS
CBETa B Halllel U POJIUTENIbCKON rajlakTUKax?

Raman scattering. We have so far
disregarded the Raman scattering on the
plasma frequency.

PamanoBckoe paccesinue. Mbl oka
UrHOpHpoBaiu PamaHOBCKOE paccesiHue Ha
TJIA3MEHHOW YacTOTE.

The electron-plasma is in thermodynamic
equilibrium, and the photons energy loss in
Raman scattering should therefore usually
equal the energy gain. However, the
Raman scattering causes small angular

DJeKTpOHHAas IJIa3Ma HaXOUTCS B
TEPMOJUHAMHYECKOM PaBHOBECHH, U MOTEPU
sHepruu GoToHOB B PaMaHOBCKOM paccestHuu
JIOJKHBI TO3TOMY OOBIYHO PaBHSTHCSA
npubasieHuio sHeprun. OxaHako, PamaHoBckoe
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scattering, which for very distant small
objects, like the distant supernovas, could
be significant. The effect of this small
angular scattering depends on how the
observed light intensity is integrated.

paccesiHue BBI3BIBACT HEOOIBIIOE YIIIOBOE
paccesiHue, KOTOpOe JUTsl OUY€Hb TaIEKUX
HEOOJIBIINX 00BEKTOB, TUIIA YAIEHHBIX
CBEpXHOBBIX, MOTJIO OBITH CYIIIECTBEHHBIM.
DddexT 3Toro HeOOIBIIOTO YIIIOBOTO PACCESTHUS
3aBHUCHUT OT TOTO, KaK HHTETPUPYETCSI
HaOJI01aeMasi HHTEHCHBHOCTH CBETA.

For a single Raman scattering the
deflection angle is about equal to a=wp/w,
where @, = 5.64-10*N;"*~878 Hz is the
plasma frequency in intergalactic space,
and w~27-10" Hz for the observed 300 nm
photons. For the large redshifts of space,
the photon width is equal to the classical
photon width. We get then from Eq. (7)
that the cross section for Raman scattering
on the plasma frequency is
(wp/)-3.326-10%° cm?. The number of
interactions during photons travel over a
distance R is then about (wp/w)-3.326-10°
N, R, where product of electron density
and the distance can be obtained from Eq.
(48). For a supernova with redshift z =
0.97, the number of interactions is then
about (wy/w)-In(1+2) = (wp/w)-0.678. The
scattering angle after many interactions is
a gaussian distribution with an average of

Jns oguHOoOYHOrO PamaHOBCKOTO paccesiHus yroi
OTKJIOHEHHS IPUMEPHO PaBeH 0=wp/w, T1e wp =
5.64- 104Ne1/2z878 Il - YaCTOTAa IUIa3MEIL B
MEKTaJJaAKTHYECKOM MPOCTPAHCTBE, U =27 10*rn
Jutst HaOrotaeMbix (hotoHoB Ha 300 M. s
OO0JIBIINX KPACHBIX CMEIIEHUN B IPOCTPAHCTBE
mrprHa GOTOHA paBHA KIACCHUECKOH IMUPUHE
¢dboTona. MbI nosrydaem torjaa u3 ypaBHenus (7),
YTO MONEPEUHOEe CeYeHUe sl paccesiHusi Pamana,
Ha 4aCTOTE ILIa3Mbl PaBHO (a)p/a))~3.326-10'250M2.
Yuciio B3auMOIEUCTBUI BO BPEMs IIEPEMEILICHUS
¢$boTOHOB Ha paccTosiHUE R TOraa MPUMEPHO
(a)p/a))-3.326-10'25Ne R, riae nmpousBencHue
KOHIEHTPALUHU 3JIEKTPOHOB U PACCTOSIHUSI MOXKET
OBbITh MOTY4YEHO U3 ypaBHeHus (48). s
CBepxHOBOH ¢ KpacHBIM cMelieHneM z = 0.97,
YHCJIO B3aUMOJICUCTBUI TOT/Aa OKOJIO
(wplw)In(1+2) = (wplw)-0.678. Yron paccesHus
[IOCJIE MHOTUX B3aUMOJEHCTBUN UMEET
pacnpezenenue ['aycca ¢ MaT.0XKHIaHUEM

RO =

H:J%ln(uz);nmz

- 7.14-10%6

3.0064-10%4
Ne

e (n(1+ 2))3/2. (52)

1/2
(%) (In(1 + 2))3/2, umm

For z = 1. 7, the angle is 6~ 3.73-10"and
the distance R~ 5.73-10%° cm. At large
distances, the angular spread may exceed
the size of the supernova. The method of
light intensity measurements may then not
include all the scattered light, because the
peak of the light intensity at the center of
the image will be reduced and scattered out
to larger angles. It may sometimes be
difficult to distinguish the supernova light
from the background, which may include
scattering from other stars in the host
galaxy. The short wavelengths are
scattered slightly less than the long
wavelengths. This difference could affect
the evaluation. If any of the scattered light
is not included, the star will appear

Tl z= 1.7, yron 6= 3.73-10" u paccrosiaue RO~
5.73-10*cm. Ha Goubrmx PaCCTOSHUSX YTIIOBOE
pacnpocTpaHEHHE MOXKET MIPEBBICUTD Pa3Mep
CBepxHOBOM. MeTo 1 M3MEpEHU CHIIbI CBETA
MOJKET TOT/Ia HE BKJIIOUATh BECh PACCESHHBIN CBET,
MOTOMY YTO MUK CHJIBI CBETA B LIEHTPE
n300pakeHust OyJIeT yMEHBIIIEH U paccesH Ha
00nbiune yribl. IHOT1a MOXKET OBITh TPYAHO
OTINYUTH cBeT CBEpXHOBOH OT (POHA, KOTOPBIN
MOJKET BKIIIOYaTh pacCesiHUE OT IPYTUX 3BE3] B
poaurenbeckon ranaktuke. Koporkue inHbI
BOJIHBI paccesiHbl HEMHOTO MEHBIIIE, YeM JITUHHbIC
BOJIHBI. DTa pa3HOCTh MOTJIa BO3/1€CTBOBATh Ha
orieHKy. Ecim 1000# paccessHHBIN CBET HE OyIeT
BKJIIOYEH, TO 3Be3/1a OyJeT Ka3aTbes 6osee
Tyckyoi. OIyKTyauu mIOTHOCTH yBEIUYaT
YIJIOBOE PACCESIHUE, U IPYTUE SBJICHUS] MOTYT
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dimmer. Density fluctuations will increase
the angular scattering, and other effects
may also play a role. We will in the
following assume that the measurements
include correctly the scattered light. (The
supernovae researchers, for example,
measure the light-intensity background
from the galactic region containing the
supernova before or well after the
supernova explosion.)

TaK)Ke ChIrpath poib. [lanee Mbl Oyem
Ipearnonararh, YTo U3MEPEHUs IPABUIIBHO
BKJIIOUAIOT paccesHHbIi ceT. (MccnenoBarenu
CBepXHOBBIX, HAPUMEp, U3MEPSIOT (POH CBETOBOM
MHTEHCUBHOCTH OT T'aJJaKTUYECKOM 00J1acTH,
cozeprkaieil CBepXHOBYIO, 10 TOTO WJIK MHOTO
mo3»xe B3pbiBa CBEPXHOBOM.)

Magnitude-redshift relation. Increase of
an object's observed magnitude by dm is
defined, as a decrease of the light intensity
by 104%™ and the absolute magnitude M
of an object is its magnitude at 10 parsec.

CesasbMarnnrtyaa-KpacHoe cmemenne.
YBenuuenue HaOII01aeMON MarHUTYAbI (3BE3THOM
BEJIMYMHBI) 00BEKTA HA OM OINpPELICHO, KaK
yMeHbIIeHue nHTeHcHBHOCTH cBeta B 100%™ pas
(MHTEHCUBHOCTh YMHOKAETCs Ha 10'0'451“), u
abcouoTHas BenmuunHa M 00BbeKTa — 3TO ero
MarHuTyja Ha paccrosiuuu 10 napcexk.
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We have then from Eq. (51) that the
object's observed magnitude, m, is given

by

Mps1 umeem Toraa u3 ypaBHenus (51), aro
HaOroaeMasi MarHuTy1a 00beKTa m 3aJaHa Kak

m=5logR + 1.086a + 7.5log (1 +2) -5 log (10) + M,

(53)

where the distance R to the star is in the
unit of parsec, and a = a(R) is the
absorptions coefficient in Eq. (51). In this
equation, we insert R from Eqg. (50). We
get then that the relation between
magnitude and plasma redshift, z, is

rze paccrosiuue R 10 3Be3/bl 3a]aHO B Mapcekax, u
a= a(R) — koaddunuent nornomuienus B yp.(51). B
ATOM YpPaBHEHHUH MBI TIoJicTaBisieM R u3 yp.(50).
MpI nonydaem TOra, 4YTo CBI3b MEKY
MarHUTyAO0N U MJIa3MEHHBIM KPACHBIM CMEIIEHUEM
z Oyner

| m-1.086a=5 log ((c/Ho)In(1+2)) +30 + 7.5 log (1 + 2) - 5 + M,

or

nin

| m - 1.086a= 5 log (In(1+2)) + 7.5log (1 + z) + 5 log (c/Hy) +25 + M .(54)

This magnitude-redshift relation in the
plasma-redshift cosmology may be
compared with the conventional equation
(see Eq. (23) of Sandage [88]), which is
based on the big bang and expansion of the
universe, but disregards both possible
acceleration and deceleration of this
expansion

OTO COOTHOIIEHNE MarHUTy1a-KpaCHOE CMEIICHNE
B KOCMOJIOTUH TUIa3MEHHOT'O KPACHOT'O CMEIICHUS
MO’KHO CPaBHUTb C OOBIYHBIM YPABHEHUEM (CM.
ypaBHeHnue (23) Conaumka (Sandage) [88]),
KOTOpO€ OCHOBaHO Ha bombiom B3peise u
pacmMpeHny BeeneHHol, HO ITHOPUPYET U
BO3MO>KHOE YCKOPEHHE, U 3aMEJIEHUE 3TOTO
paciupeHust

| m-1.086a =5 log z+ 5 log(1 + z)+ 5 log (c/Hg)+25 + M . (55)

The third term on the right side of Eq. (54)
is equal to the third term on the right side
of Eq.(55). In these equations, ¢ is in kms™
. Hoin kms*Mpc™.

Tpetuii uneH B npaBoil ctopoHe ypaBHeHUS (54)
paBeH TPEThEMY WIEHY B IPABOI CTOPOHE
ypaBHeHUs (55). B 3Tux ypaBHEHUsX C 3a/1aHO B
KM/cek, Ho- B kM cex "Mk .

We may subtract Eq. (55) from Eq. (54)
and get that difference in expected
magnitude is

Mps1 MOxeM BblYeCTh ypaBHEHHUE (55) n3
ypaBHeHU (54) ¥ MOTYYUTH Pa3HUILY OKHIAEMBIX
MarHUTY]
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Amg= 5 log((In(1+2))/2)+ 2.5 log(1 +
z). (56)

Amg= 5 log((In(1+2))/2)+ 2.5 log(1 + 2).
(56)

For z equal to: 0.5, 1.0, and 2.0, we find

Amg is: -0.0149, -0.0433, -0.1081,
respectively; see Table 4. If a redshift less
or equal to z = 0.5 is used to determine the
magnitude-redshift relation, the deviations
at larger z-values would be reduced
significantly and make it still more
difficult to distinguish between two
radically different theories.

Jns z, pasroro: 0.5, 1.0, u 2.0, Mer Haxoaum AMgy:
-0.0149, -0.0433, -0.1081, COOTBETCTBECHHO; CM.
Ta6muiry 4. Ecnu ucnonb3yercst KpacHOE
CMEIIeHHEe MEHBIIIe WK paBHO z = 0.5 s
OTIpE/ICIICHUS CBS3M MarHUTYJa-KpacHOE
CMEIIeHHE, TO Pa3HUIlA HAa YKA3aHHBIX OOJBIINUX Z-
3HAYCHUSIX 3HAYUTEIILHO YMEHBIIMIACH OBI, UTO
caenaio Obl erie OoJiee 3aTpy THUTEIbHBIM
pa3IMyueHue IBYX PaJiKaIbHO Pa3HBIX TCOPHH.

Table 4 The variation in -Amg with the
redshift z as defined in Eq. (56).

Ta6auua 4. Usmenenne -AMy ¢ kxpacHbIM
CMEIIEHUEM Z,KaK OMPeIeNICHO B ypaBHEHUH (56).

z

-AmMg | z | -FAmg | z | -FAmg | z | -Amyg

0.1

0.0008

0.60.0200]1.1 |0.0496| 1.6 |0.0820

0.2

0.0030

0.7]0.0254 1.2 |0.0560| 1.7 |10.0885

0.3

0.0062

0.8]0.0312]1.3]0.0624| 1.8 |0.0951

0.4

0.0102

0.9]0.0371]1.4/0.0689|1.90.1016

05

0.0149

1.0]0.0433|1.5|0.0754]|2.0]0.1081

The observations of supernovas by
Perlmutter et al. [89, 90] and Riess et al.
[91, 92] are consistent with the magnitude-
redshift relation, Eq. (54), valid for the
plasma-redshift cosmology. The Hubble
constant in the third term of Eq. (54) is
closely related to the average electron
density, as shown in Eq. (49). The best fit
to all the data in Fig. 5 is obtained for Hy=
65.23 kms™ Mpc™ which corresponds to
Ne= 2.12 -10™%cm =,

Ha6mronenus 3a CBepXHOBBIMH
[TepmmyTtrepa(Perlmutter) u np. [89, 90] u Paiica
(Riess) u 1p. [91, 92] coBMecTHMBI ¢
COOTHOIIEHUEM MarHuTy/1a-KpacHOE CMEIIEHHE,
JaHHBIM ypaBHeHUeM (54), cripaBeIUBbI AJIs
KOCMOJIOTHH TJIa3MEHHOT'0 KPACHOT'O CMEILICHHUS.
Koncranra Xa661ma B TpeTheM UjicHEe YpaBHEHHUS
(54) TecHo cBsI3aHa CO cpeHEN KOHIIEHTpaIuen
AIIEKTPOHOB, KaK IMOKa3aHO B ypaBHEHUU (49).
Jlydimee cooTBecTBHE KO BCEM JIaHHBIM B Puc. 5
nosrydeHo st Hy= 65.23 km/cek MHK'I, 4TOo
cooterctByeT Ne= 2.12 -10™cm™.

As Fig.5 shows, the observations are
consistent with the plasma-redshift theory.
Most supernovas are within a galaxy,
which has a corona. This corona increases
the redshift of the supernova inside the
corona. Therefore, nearby supernovas tend
to be above the line, while distant
supernovas will more often be below the
line. The observations are also in
agreement with Eq. (55). However, in Eq.
(55), we have assumed that the expansion
neither decelerated nor accelerated. In the
big bang scenario, this is not a reasonable
assumption. The masses, including "dark
masses”, in the universe are expected to
slow the expansion or decelerate the
expansion. It turned out that the expected

Kak nmoka3zano Ha Puc.5, HaGmo1eHHsI COBMECTUMBI
C TeOpHeH MIa3MEHHOr0 KPaCHOTO CMEILEHUSI.
bonpmmHcTBO CBEPXHOBBIX HAXOIUTCS B
raJlakTHKaXx, y KOTOPbIX €CTh KOPOHA. JTa KOpOHa
YBEJIMUUBAET KpacHoe cMmeleHne CBepXHOBOM
BHYTpHU KOpoHBL. [ToaTomy 6nn3kue CBepXHOBBIE
UMEIOT T€H/ICHIMIO OBITh BBIIIE JMHUHU, B TO BPEMS
Kak oTAanéHHble CBEepXHOBbIE Yalle OyAyT HIKE
nuHuu. Habmonenns takke HaXoAATCs B COTJIacuu
¢ ypaBHeHueM (55). OnHako, B ypaBHeHuu (55),
MBI IPEIOIOKUIH, YTO PACIIMPEHUE HU
3aMeIJIEHHOE, HM YCKOpeHHoe. B cuieHapuu
OO0JIBIIIOTO B3PBIBA ATO MPEIOJIOKEHNE HE
pe3oHHoe. Macchl, BKito4as "TéMHbBIE MacChl'", BO
BceneHHol, Kak 0KUJAIOT, 3aMEJIAT PacCIIMpPEHNE
WIM 3aMEJUIST YCKOPEHNE PACIIUPEHUS.
OKazaJioch, YTO 0’KUJAEMOE 3aMe JICHHE ObLIO0
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deceleration was too large. It was
necessary to introduce a counterbalancing
expansion force the "dark energy". This
"dark energy" results in expansion force,
which counteracts the deceleration

cimikoM OonpM. CTano HE0OXOAUMO BBECTH
YPaBHOBEIIMBAIOIIYIO CHITY PACHIMPCHUS -
"rémHyt0 sHepruro". OTa "TéMHas sHeprus"
JICHCTBYET B KAYECTBE CHUJIbI PACIIUPEHUS, KOTOpas
IIPOTUBOJICHCTBYET 3aMENJICHUIO
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Marnurtyna CBepxXHOBO# B 3aBUCMMOCTH OT
KPACHOI'0 CMellleHusl

Supernova magnitude versus redshift
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Figure 5: The magnitude m-M of 37
supernovas versus their redshifts z. The
experimental points, indicated by the
diamonds, are from Riess et al. [91] (see in
particular Tables 6 to 10 of that source).
The curve shows the theoretical
magnitude-redshift relation given by Eq.
(54), which is based on the plasma-redshift
theory. The derived Hubble constant that
best fits the data is Ho= 65.23 kms™Mpc™.

Puc.5: Marauryzaa "m-M" 37 CBepXHOBBIX B
3aBHUCHMOCTH OT UX KPACHBIX CMEIIEHUH Z.
DKCTepUMEHTATBHBIC TOYKH, 0003HAYCHHBIC
anMaszamH, B3sThI U3 CTaThH OT Riess u ap. [91] (B
4aCcTHOCTH, cM. Tabmwmmp! 6 - 10 13 3Toro
uctounuka). Kpupas mokaspiBaeT TeOpETHUECKOE
COOTHOIIICHUE MarHUTYJa-KpacHOE CMEIIECHHE,
3aJlaHHO€ ypaBHEeHUEM (54), KOTOpOEe OCHOBAHO HA
TEOPHUH TUTA3MEHHOTO KPaCHOT'O CMEIICHHUS.
BriBenennast koncranTa Xab06ua, KoTopas Jydiie
BCET'0 COOTBETCTBYET ITHM JIAHHBIM, PaBHA
Hy=65.23 xm/cex Mk,

and may even accelerate the expansion.

The deceleration of the expansion, due to
an attraction of the masses, would reduce
the expansion with increasing time. In the

long past the stars would then be moving

Y MOXXET JIa)K€ YCKOPUTDH PACIIUPEHHE.
3ameJIeHre paciIupeHHsI H3-3a MPUTSHKEHUS Macce,
CO BpeMEHEeM YMEHBITWIO Okl pacimpenue. B
JAnEKOM IMPOIIIOM 3Be3/IbI TOTIa OBl OTIANISAIUCH
ObICTpee, UeM B HeJlaBHEM mponuioM. JlJis TaHHOTO
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apart faster than in the recent past. For a
given redshift, a distant star would be
closer and therefore brighter, and the
magnitude m smaller than if there were no
deceleration. Perlmutter et al. [89, 90] and
Riess et al. [91, 92] have considered these
different possibilities. When they assumed
reasonable deceleration, the distant
supernovas were observed dimmer than
expected. Only if the acceleration
approximately compensated the
deceleration, as in Eq. (55), was there a
reasonable fit. We see thus that while the
experiments confirm the plasma-red shift
theory, they can only fit the big bang
hypothesis if an expansion force
approximately compensates (or even
partially reversed) the attraction of the
masses in the universe.

KPaCHOTO CMEIIEHU JancKkas 38e3/1a Oblia Obl
OmKe ¥ o3ToMy OoJiee IpKoif, M €€ MarHuTyAa m
MEHBIIIE, YeM eCJIH OBl He OBUIO HUKAKOTO
3amemienus. [lepnmyrrep u ap. [89, 90] u Paiic u
ap. [91, 92] paccmoTpenu 3TH pa3IMIHbIE
BO3MOxHOCTH. Korjja oHu nmpeanosiaraiy pe3oHHOe
3aMmejieHue, nanékue CBepXHOBbIE OKa3bIBAIUCH
0oJiee TYCKJIBIMH, YeM 0’KU1aJ0Ch. TOIBKO eciu
YCKOpEHUE NpUOIU3UTENbHO KOMIIEHCHPOBAJIO
3aMe/JIeHHe, KaK B ypaBHeHuH (55), Tam ObLI0
IIPUEMJIIEMOE COOTBETCTBUE. MBI BUAUM, TAKUM
00pa3oM, YTo, B TO BpeMsI KaK 3KCIIEPUMEHTHI
MOJTBEPKJIAI0T TEOPHIO TUIA3MEHHOT'O KPAaCHOIO
CMeEILIEHHsI, OHU MOTYT IIPUCIIOCOOUTH TMIIOTE3Y
bonpnioro B3peiBa, TOIBKO ecinu cuiia
pacupeHus NpUOIU3UTEIbHO KOMIIEHCUPYET
(MM 1ake YaCTUYHO NPEB30UIET) NPUTSHKEHNE
Macc Bo BeeneHHOM.

The plasma redshift follows from the
conventional laws of physics. It explains
the cosmological redshift without these
artificial parameters of big bang, "dark
matter" and "dark energy". There is no
need and no place for big-bang hypothesis
or cosmological-expansion hypothesis. In
his static model of the universe, Einstein
introduced A to counter the gravitational
attraction. Its meaning of Einstein's A has
been modified in the scenario of big bang
and expanding universe and several
lambdas have been introduced to explain
the contradictions with experiments. In
plasma redshift cosmology there is no need
for A or any expansion. The conventional
laws of physics explain all the observation,
provided calculations are made more
exact, and provided conventional quantum
mechanical explanations are used to
explain the observations.

[Tna3smMeHHOE KpacHOE CMEIIEHUE CIIEYET U3
OOBIYHBIX 3aKOHOB (U3HKH. OHO OOBSICHSET
KOCMOJIOTHYECKOE KPAaCHOE CMELIEHHE 0€3 ITUX
UCKYCCTBEHHbIX ITapameTpoB bonbuoro B3peisa,
"témHoN MaTtepun" u "TémHOMN sHeprun". Het
HUKaKOH HE0OX0AMMOCTH ¥ HUKAKOI'0 MecTa JUIsl
THIIOTE3bI OOJIBIIOTO B3PHIBA MIIM THIIOTE3bI
KOCMOJIOTHYECKOTO PaCIIMPEHHsI. DUHIITENH B €r0
CTaTHYECKON Moaenu BeereHHOI BBET A, YTOOBI
MIPOTUBOCTOSTH TPABUTAI[IOHHOMY MPUTSKEHUIO.
Oto 3HayeHue A DifHImTelHa MOAU(DUIIPOBAIOCH
B CLIEHapUX OOJIBIIOrO B3phIBa U pacIIUpsIOIIecs
BcenenHoii, 1 HECKOJIBKO JIiMO]T ObLUTH BBE/ICHBI,
YTOOBI 0OBACHUTH MPOTUBOPEUHSI C
skcniepuMmenTaMu. B xocmonoruu I1IKC et
HUKAKOW MOTPEOHOCTH B A WIJIM PaCITUPECHHH.
OObIuHBIE 3aKOHBI (PU3UKU OOBACHSIOT BCE
HaOJI0/IEHUS, TOTyYeHHbIE BBIYUCIICHUS CENIaHbl
0oJiee TOYHO, U MOTy4YEeHHbIE OOBIYHbIE KBAHTOBO-
MeXaHUYeCKnue OOBSICHEHHS UCTIONb3YIOTCS [T
00BSICHEHUS] HA0JII0ICHUH.

The weightlessness of photons (which was
deduced from the solar redshift
experiments) counteracts the gravitational
attraction of matter and leads to continuous
renewal of matter; see sections 5.6.2 and 6,
and reference [53].

HeBecomocTs (hoTOHOB (KOTOpas Oblia BhIBEACHA
U3 DKCIIEPUMEHTOB COJTHEYHOTO KPACHOTO
CMEIIEHHSI) IPOTUBOICHCTBYET IPABUTAIHIOHHOMY
MPUTSDKEHUIO MATEPUN U TIPUBOJNT K
HETPEPHIBHOMY OOHOBIICHHIO MaTEPUU; CM.
Paznenst 5.6.2 u 6, u ccpuIKy [53].
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The more matter concentrates, the more is

Yem GoJibllie MaTepHsi KOHIIEHTPUPYETCsI, TEM OHA
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converted to photons. The photons gain
energy as they move away from a
gravitating nucleus. If the photons are
energetic enough, they can reform matter
in a continuous renewal process lasting
forever. The plasma-redshift theory leads,
thus, to a self-regulating static universe,
without the need for Einstein's A, or "dark
energy" , without the need for a big bang,
without need for "dark matter" , and
without the need for "black holes", as we
will see in section 6.

Oombire mpeodpaszyercs B GOToHbL. DOTOHBI
MOJTy4atoT SHEPTHUIO NIPU UX IBUKEHUH OT S/Apa.
Ecnu ¢poToHBI ABASIOTCS TOCTATOYHO MOIIHBIMU,
OHH MOTYT pehOopMHpPOBATH MATEPHIO B
HENPEPHIBHOM IIPOLIECCE OOHOBIEHUS, IIAIIEMCS
Be4yHO. Teopus MmIa3MEeHHOTO KPaCHOTO CMEIICHHUS,
TakUM 00pa3oM, IPUBOJIUT K
caMOperyJupyrouiencs craTuueckon BeeneHnoi,
6e3 moTpedHOoCcTH B A DifHIITElHA, Wi "TEMHON
sHeprun", 6e3 motpedHocTH B bonbiom B3prise,
6e3 norpeOHOCTH B "TEMHON MaTepun", u 6e3
noTpeOHOCTH B "U€PHBIX AbIpax", Kak Mbl YBUAUM
B Pasmene 6.

5.9 Time dilation and large cosmological
redshifts

5.9. PacrszkeHMe BpeMeHH M 00/1blINe

KOCMOJIOTUIECKHEC KPACHbIE CMCIIICHUSA

Maruutyast CBepXHOBBIX B 3aBUCHMOCTH OT MX
KPACHOI'0 CMellleHusl
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Magnitude m - M

Supernova's magnitude versus their redshift
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Figure 6: The magnitudes, m-M, of
supernovas on the ordinate versus their
redshifts, z from 0.0 to 2, on the abscissa.
The data include all 186 supernovas
reported by Riess et al. [93] (see the
expanded Tables 5 of that source). The
lower data points noted with small
rectangles and a blue curve show the

Puc. 6: Marautyas"m-M" CBepXHOBBIX 110
OpJIMHATE B 3aBUCUMOCTH OT UX KPACHBIX
cmemenuii z ot 0.0 1o 2 mo abcuwmcce. JlaHHbIC
BKJItOUAIOT Bce 186 CBEpXHOBBIX, O KOTOPBIX
coobmaet Patic u ap. [93] (cM. pacipeHHbBIS
Tabmure! 5 U3 9TOTO HCTOYHUKA). bosiee HU3KME
3HAYEHUS, OTMEUYECHHbIE HEOOIBIITNMHU

IPSIMOYTOJIBHUKAMH M CHHEW KPUBOM, TOKA3BIBAOT
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absolute magnitudes, Mey, as reported by
Riess et al. [93]. The data points noted

with small triangles and a red curve show

the same absolute magnitudes corrected for

the time dilation, M = Mey- 2.5 In(1 + 2).
The black curve shows the theoretical

predictions of the plasma-redshift theory
given by Eq. (54). The Hubble constant

that best fits the data is H = 59.44 kms™

Mpc™.

a0COJIIOTHBIE MATHUTY JIbI, M), KaK COOOILEHO
Paiicom u ap. [93]. 3HaueHus, OTMEUEHHBIE
HEOOJIBIIUMHU TPEYTOJIbHUKAMU U KPaCHOM KpUBOH,
MOKA3bIBAIOT T€ YK€ camble aOCOMIOTHBIE
MarHuTy/ibl, CKOPPEKTUPOBAaHHBIC /TSl yU€Ta
pacTspkeHust BpeMeHn M= Meyp- 2.5 In(1 + 2).
UepHast KpuBasi MOKAa3bIBAET TEOPETUICCKUE
MPOTHO3bI TEOPUU IIA3MEHHOTI'O KPACHOTO
CMEIIEHUs, 3aJIaHHbIE YpaBHEHHEM (54).
Koncranra Xa06mna, mydinas s COOTBETCTBHS
naHHbIM,paBHsieTcst Hy = 59.44 km/cex Mpc'l.

Subsequent to the publication of the data
that formed the basis for Fig. 5, Riess et al.
[93] published an updated set of data,
which extended the maximum redshift
values from z = 0.97 to about z = 1.755.
This new set contained a total of 186 SNe
la shown in Fig. 6 while the previous data
containing only 37 SNe la are shown in
Fig. 5. With the new supernovae, it was
difficult to fit the high-z values to the
theoretical curve without back-correcting
the absolute magnitude Meyp-values for M
as reported by Riess et al. [93]. The
comparison between the experimental data
and the plasma redshift theory in Fig. 6
show that there is no cosmic time dilation.

[TocnenoBaBiias 3a myOauKaluei JaHHbIX,
KOTOpbIe chopMupoBaiii ocHOBY st Puc.5 Paiica
u ap. [93], myOnukanusi 0OHOBICHHOTO MHOKECTBA
JAHHBIX pacHIMpUiia MAaKCUMaJIbHbIC 3HAUCHUS
KpacHoro cMenieHus ot z = 0.97 10 npumepHo z =
1.755. DT0 HOBOE MHOKECTBO COJEPKAI0 B 0OIIEH
cioxknoctu 186 SNe Ia, moka3zanasix Ha Puc. 6, B
TO BpeMsl KaK IpeIbIAyIue JaHHbIE, COAepKaIIe
tonbko 37 SNe Ia, moka3ansl Ha Puc. 5. C HOBEIMU
CBepXHOBBIMH OBLJIO TPYIHO MPUCTIOCOOUTH
3HA4YEHUS BBICOKUX Z K TEOPETUUYECKOI KpUBOH 6€3
00paTHOM KOppeKLUHN a0COMOTHBIX Mexp-3HaueHUIt
MAarHuTy bl Juisi M, kak HanucoaHo Paiicom u np.
[93]. CpasHenue sxcnepumenmanbHulX OAHHBIX U
meopuu n1a3meHHo20 KpacHo2o cmewjenus na Puc.
6 nokasvleaem, ymo Hem HUKAKO20
KOCMONI02UYECKO20 PACIANCEHUS BPEMEHU.

Egs. (54) and (55) make it clear that for
confirming the magnitude-red shift
relation, we must know the absolute
magnitude M of the objects, which in this
case are the magnitudes of SNe la.

VYpasuenus (54) u (55) nposCHSAIOT, 4TO JUIs TOTO,
4TOOBI MOATBEPIUTH COOTHOIIEHNE MarHUTY 1a-
KpacHO€ CMEIIEHNE, Mbl JOJDKHBI 3HaTh
a0COJIIOTHYIO MarHuTy 1y M o0bEeKTOB, KOTOpBIE B
ATOM citydae ABJsitoTcs MarHutygamu SNe a.
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If all the SNe la were a standard candle,
we would need to know the value of M for
only one of them. But the supernovae SNe
la are not standard candles. Those that are
close to us, z < 0.1, vary slightly. For these
supernovae, the researchers have found
that the light curves of the brighter
supernovae decay more slowly, and their
width w~s, where s is called the stretch
factor, increases nearly proportional to the
brightness or intensity. For z < 0.1 the
assumed time dilation (1 + z) is small and
does not affect the width or the stretch

Ecnu 661 Bce SNe la Obutn cTaHIapTHON CBEUOH, TO
MBI TOJKHBI OBLTH OBbI 3HATH 3HaUeHUe M 1
TobKO o1HOM 13 HUX. Ho CBepxHoBbie SNe la He
SBJISIFOTCS CTAHJAPTHBIMU CBeYaMHu. Te, 4To
65m3Ko K HaM, z <0.1, u3MeHsroTCs HeMHOTO. J1J1s
5TuX CBEPXHOBBIX MCCIIEIOBATENN HAILIU, YTO
CBETOBBIE KpUBBIE Oosiee IPKUX CBEPXHOBBIX
3aTyXalT MEJJIEHHEee, U UX LIUPUHA W=S, TIE §
Ha3bIBAIOT KOA(D(PHUITMEHTOM paCTIKEHNUS,
YBEIIMYUBAETCS MMOYTH MPONOPLUHUOHATBHO SIPKOCTH
nunu uHTeHcuBHOCTH. J{i1a z <0.1 mpeanosiaraemoe
pactsokenue Bpemenu (1 + z) siBnsieTcst HeOOIbITUM
Y HE BIUSET CYIIECTBEHHO HA INUPUHY WU
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factor s significantly. For the more distant
supernovae, the supernovae researchers
assume a time dilation and write the
observed width, w, of the light curve as: w
= (1 +z) s, where s is the assumed width of
the light curve if the supernovae was
nearby. The factor (1 + z) is the cosmic
time dilation factor. The supernovae
researchers estimate the stretch factor s by
dividing the observed width w by (1 + z)
and assume that the so derived s is the
lightcurve width, if this supernovae was
close by. From this reduced width s they
derive the absolute magnitude, Meyp, Of the
distant supernova.

Kod(uLmeHT pacTskeHus s. s 6onee
ynan€HHbIX CBEpXHOBBIX HCCIIEI0BATENN
CBepXHOBBIX MTPEANOIATAIOT HATHYUE PACTIKCHHS
BPEMEHU M 3aMMCBIBAIOT HAOII01aeMyI0 LIHMPHUHY,
w cBEeTOBOM KpuBoH Kak: w = (1 +z)s, rae s —
npezrnonaraeMas IUpHHA CBETOBOW KPUBOH, €CIH
ob1 CBepxHoBas ObL1a Onu3koil. Koadduuuent (1
+ z) Ha3bIBaETCSI KOCMUYECKUM KOA(PUITUEHTOM
pactsbxeHust BpeMeHu. VccienoBarenu
CBepXHOBBIX OLIEHUBAIOT KO (UIIEHT
pacTsHKEHHUS S, 1eNst HaOI0AaeMyro IUPUHY W Ha
(1 + z) u npeanonararoT, YTO TaK BHIBEJCHHAS § —
3TO IIMPHUHA CBETOBOI KpPUBOH, €ciiu Obl 3Ta
CaepxHoBas 0b1a psiioM. OT 3TON NpUBEICHHOM
HIMPHUHBI § OHU BBIBOJAT a0COIOTHYIO BEITHUNHY
M., otnanéHHoil CBEpXHOBOM.

Goldhaber et al. [94] investigated 42 high-
redshift supernovae and found that the
width, w = (1 + z)s, was experimentally
proportional to (1 + z) with a large noise in
s around zero. They considered this as an
indication, or even a proof that the width is
proportional to (1 + z). However, it should
be clear to everyone that we could also
find that w was proportional to s and that
there was a noise in the (1 + z) factor.
Their finding does not, therefore, prove
anything about the time dilation. We might
or might not have time dilation. However,
if we assume for the moment that there is a
cosmic time dilation, then the distant
supernovae do not show any Malmquist
bias, because, according to Goldhaber, the
value of s averages out to about zero. We
are at the limit of observations and the
number of supernovae should increase
significantly with increasing distance. We
are therefore likely to see more of the
brightest supernovae, and the Malmquist
bias in our observations should be
significant. The data used by Goldhaber et
al. thus contradict an expected reasonable
Malmquist bias, and indicate thereby that
the cosmic time dilation is false (see
Brynjolfsson [95], and in particular Egs.
(3) and (4) of that source).

IN'onaxa6ep(Goldhaber) u ap. [94] uccnenoBan 42
CBepXHOBBIE C BBICOKUM KPACHBIM CMEIICHUEM U
Hamén, yto mupuHa w = (1 + z)s, ObuIa
AKCIEPUMEHTAIBHO IIponopLuuoHanbHa (1 +z) ¢
OO0JIBIIMM HIYMOM B S OKOJIO HyJisl. OHH
paccMaTpUBaIM 3TO KaK YKa3aHUE, HITU J1axe
JI0Ka3aTeNbCTBO, YTO IIUPHUHA TPOMOPLUUPHATIbHA
(1 + z). OmHaKo, BceM JIOJDKHO OBITh SICHO, YTO MBI
MOTJIM TaK)ke OOHApYKUTh, YTO W ObliIa
MIPOIOPIIMOHANIFHA § ¥ YTO IIYyM OBLT B
koaddummente (1 + z). Ux Haxoka, moaToMy,
HUYETO HE JOKA3bIBAET O PACTSHKEHUU BPEMEHH.
Mp&b1 Morti OBI MJTH HE MOTJIN OBbI HIMETh
pacTsikeHus BpeMeHH. OTHaKO, €CITH MbI
IpeJIoJiaracM B HACTOSIIIIAA MOMEHT, YTO €CTh
KOCMHUYECKOE PACTSXKEHUE BPEMEHH, TOT/1a
nanékue CBEpXHOBBIC HE TIOKA3bIBAIOT CMEIIICHUS
Manmksucta (Malmquist), moTomy 4T0, COTJIaCHO
['onnxabepy, 3HAYCHHE § COCTABIISIET B CPETHEM
MpPUMEPHO HYJb. MBI B Tipesiesie HaOMIACHUN, U
quciio CBepXHOBBIX JODKHO 3HAYHTEITHHO
YBEIMUUTHCS C YBETTMUCHUEM PAacCTOSIHUS. MBI,
BEpOSITHO, Oy/IeM, IOATOMY BHJIETh OOJIbIIIE CaMBIX
sapkux CBEpXHOBBIX, M cMelleHrne MaoMKBHCTa B
HaIUX HAOIIOIEHUSX JOJIKHO OBITh
CYyIIeCTBEHHBIM. J[aHHbIE, UCIIOJIb30BAHHbIE
INonaxaGepom u ap., TaKKUM 00pa3om,
MIPOTUBOPEYAT 0KHIaeMOMY 000CHOBAHHOMY
CMEIIeHHI0O MaJIMKBHCTA, ¥ YKa3bIBAIOT TAKHM
00pa3oM, 4TO KOCMUYECKOE PACTSHKEHUE BPEMEHHU
noxHo (cMm. bpunitondccon [95], u B yacTHOCTH,
ypaBHeHus (3) u (4) U3 3TOro HCTOYHHKA).
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Recently, Foley et al. [96] claim to have
"A Definitive Measurement of Time
Dilation in the Spectral Evolution of the
Moderate-redshift Type la Supernova
1997ex". The authors selected one
supernova out of several hundred.
Actually, it had been selected about 7
years earlier, as indicating "time dilation™
in accordance with preconceived ideas; see
Filippenko and Riess [97] and in particular
page 7 of that source. In proper statistics
we cannot pick and choose those elements
(supernovae) that we like or think fit our
ideas. The supernova 1997ex was not
among the supernovae forming the bases
for Figs. 5 and 6. The width (brightness) of
1997ex after reduction by the time dilation
IS even greater than the average width of
the reference samples. Yet Foley et al.
claim that the null hypothesis, that is, "no
time dilation", is excluded at significance
level of 99 %. For proper statistical
evaluation of the null hypothesis (no time
dilation), we need a statistically valid
samples of the spectral features for
supernovae with the same width at z = 0,
as the observed width of the supernova
1997ex at z = 0.361. No such comparison
was made. | find, therefore, that both their
method of selecting the supernova and
their application of statistics invalidates
their conclusion. The conclusion that |
draw is that the data by Goldhaber et al.
[94], who investigated 42 high-redshift
supernovae, are most likely the best data
we have. Their data show an absence of a
reasonable Malmaquist bias if the time
dilation is assumed. Their data indicate,
therefore, that the time dilation is false.
The supernovae data used in Fig. 6,
indicate strongly that the time dilation is
false.

Henasno, ®omu(Foley) u ap. [96] 3asBwiu, uTo
umeroT "TodyHoe U3MEpEeHne PacTsHKEHUS BPEMEHU
B CIEKTpaJibHOM 3BOMoMKu CBepxHOBOH 1997ex
TUMNa la ¢ yMEpEeHHBIM KPaCHBIM CMEIIeHUEM".
ABTOpSHI BBIOpanu ogHy CBEpXHOBYIO U3
HECKOJIbKO cOTeH. PaKTu4ecku, oHa Oblia
BbIOpaHa MpUMEPHO 7 roJJlaMu paHee, Kak
IOKa3bIBaroulas "pacTsyKeHUsl BpeMEHU'' B
COOTBETCTBUHU C MPEAB3ATHIMHU [IPEICTABICHUSIMU;
cM. @ununnenko u Paiic [97] u, B yacTHOCTH,
CTpaHHULly 7 3TOr0 UCTOYHUKA. B Hadnedxcawel
CMamucmuxe mvl He MOJCeM 8b10pams me
anemenmul (CeepxHoswvie), Komopule Ham
HPAGAMCS UTU Mbl CHUAEM, YMO OHU
coomeemcmayrom Hawum uoesim. CBepXHOBas
1997ex He 6b1a cpeau CBEpXHOBBIX,
dopmupyromux ocHoBy aist Puc. 5 u 6. Hlupuna
(sipkocTh) 1997ex mocne neneHus Ha pacTsHKEHUE
BpPEMEHHU Jlaxke 0OJIblIIe, YeM CPEAHSISl IHIUPUHA
CIpaBOYHBIX puMepoB. Bee xe @onn u ap.
YTBEPKIAIOT, YTO OCHOBHAs FMIOTE3a, TO €CTh,
"HEeT pacTsHKEHMsI BpEMEHU'", UCKIIIOUYEHA C
ypOBHEM 3HaYUMOCTH 99 %. /{na naonexcaweui
CMAmMuCmuyecKou OYyeHKU OCHOBHOU cUNOme3bl
(Hem pacmsidicenusi Bpemet), Mbl HyHcOaemcs 8
CMamucmuyecKu 3Ha4umMblx 8blOOPKAX
cnekmpanvHulx ocobennocmeti C6epxHO8bIX ¢ Motl
arce camoul wupurotl 6 z = 0, kak HabOOaemas
wiupuna Ceepxnosou 1997ex ¢ z=0.361. Hukakoe
TaKoe CpaBHEHHUE He ObLIO cenaHo. S Haxoxy,
M03TOMY, 4TO U UX MeTOJ] BbIOopa CBEpXHOBOI U
UX IPUMEHEHHUE CTAaTUCTUKH JMIIAIOT 3aKOHHON
CWJIBI X 3aKJIIOUEHHUE. 3aKII0UeHHEe, KOTOPOE 5
HOJYYHJI, COCTOUT B TOM, 4TO AaHHbIe ['onaxabepa
u ap. [94], uccnenoBaBmux 42 CBEpXHOBBIE C
OOJIBIIIMM KpacHBIM CMeIIeHueM, Hanboee
BEPOSITHO, SIBIISTFOTCS JTyYIINMH TaHHBIMHU, KOTOPBIE
y Hac ecTh. VX naHHbIE IOKa3bIBAIOT OTCYTCTBUE
000CHOBAaHHOTO cMellleHus ManMKkBucTa, eciau
npearnonarath pacTskeHue BpeMeHu. X nanneie
YKa3bIBalOT, IO3TOMY, UTO PacTs’KEHHE BpEMEHU
10xHO. JlanHble CBEPXHOBBIX, UCIOJIb3yEMBIE B
Puc. 6, HacTOATENBHO YKa3bIBAIOT, UTO PACTSKEHHUE
BPEMEHM JIOKHO.

In section 5.6.4, we mentioned that in
plasma-redshift cosmology we should
expect quasars to have large intrinsic
redshifts. This is also supported by the
lensing data (see Brynjolfsson [59]). But

B Paznene 5.6.4, Mbl yIOMUHAIIH, YTO B
KOCMOJIOTHH TIJIa3MEHHOT'0 KPACHOTO CMEIIEHUS
MBI JOJIKHBI O’KUJATh, YTO y KBa3apoB OyayT
OoJbIlIe BHYTPEHHUE KPACHBIE CMEIICHHUS. DTO
TaK)Ke NOJAepkKaHO JAaHHBIMU JIMH3UPOBAHUS (CM.
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let us for a moment assume that the
quasars are at cosmological distances in
accordance with the usual consensus in the
astronomical community. We have then as
Hawkins showed [98] that the time scale of
quasar variation does not increase with
redshift as required by the time dilation.

Bbpunitongccon [59]). Ho nycTs Ha MrHOBEHKE
MPEIMOI0KHUM, YTO KBa3aphbl HAXOIATCS Ha
KOCMOJIOTUYECKUX PACCTOSHUSAX B COOTBETCTBUU C
OOBIYHBIM COTJIACHEM B ACTPOHOMUYECKOM
coob1ecTBe. Mbl MEEM TOT1a, Kak MOKa3aj
XoxkuHc [98], uro MaciiTad BpeMeHU H3MEHEHUS
KBa3apa He YBEJIIMYMBAETCS C KPACHBIM CMEIICHUEM
KaK TpeOyeTCsl 3TUM pacTsKEHUEM BPEMEHH.

The expansion hypothesis affects strongly
the brightness-red shift relation. Peebles
[69] (see in particular Egs. (6.41) to (6.44)
of that source) shows that the big-bang
cosmology leads to i = (1 + 2)® iy, where i
is the surface brightness or the energy flux
per unit area, per solid angle, and per
frequency interval in the expanding
reference system, while iy is the
corresponding energy flux in a
nonexpanding system. When we integrate
over the frequencies, we get further
reduction with the increasing redshift,
because of the photons redshift. We get
then 1=(1+z)™lo . Recently, Eric Lerner
[99] has compared these relations with
great many observations and finds that
they

['mnoTe3a pacimpeHust CyIIeCTBCHHO BIUSACT Ha
COOTHOIIICHUE IPKOCTh-KpacHOE cMereHue. [Tubic
(Peebles)[69] (cm. B wacTHOCTH ypaBHEeHHS (6.41) -
(6.44) 13 3TOrO UCTOYHMKA) MOKA3BIBAET, YTO
kocmotorust Bonsmoro Bapsisa Benér k i=(1+2) ig
, TII€ [ - TIOBEPXHOCTHAsI SIPKOCTD HIIH
SHEPreTUYECKUil MOTOK Ha SMHUIIC TUIOIAIH, Ha
TEJICCHOM YTJIe, U HA YaCTOTHOM HHTEPBAJIC B
PACIIUPSIOLICHCS CUCTEME OTCUYETa, B TO BPEMSI
KakK lp - COOTBETCTBYIOIUIT SHEPTETHYECKUI TTOTOK
B HepacImpstolieics cucreme. Koraa Mbl
HUHTETPUPYEM [0 YaCTOTAM, MBI [IOTyIaeM
JaNbHEHIIIee YMEHBIIICHHUE TIPH YBEITHIUHUN
KPaCHOTO CMEIICHHUS, U3-32 KPACHOTO CMEIICHUSI
dororoB. MsI monyuaem torma 1=(1+2) 1.
Henasno, Opuk Jlepuep (Lerner) [99] cpaBam 31
COOTHOIICHUSI C 0YeHb MHOTHMU HAOIIOACHUSIMU H
00HApPYKUBAET YTO OHU
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contradict observation. Thus, also his
analysis shows that the cosmic time
dilation is false.

poTUBOpevar HabmoaeHuto. Takum o6pa3om, ero
aHaJIM3 TaK)Ke TOKA3bIBAET, YTO KOCMOJIOTHYECKOE
pacTshHKeHHE BPEeMEHH JIOKHO.

The plasma redshift explains the observed
redshift without any expansion, or
cosmological time dilation; see Fig. 6. It
explains also the CMB and the observed
X-ray intensity, see in sections 5.10 and
5.11. Plasma-redshift cosmology needs
neither "dark matter" nor "dark energy".
The plasma redshift is based only on
conventional physics, as we know it from
the laboratory experiments. We have only
made more exact calculations than those
usually found in the literature (see
"Comment A2" to "Comment A5" in
Appendix A). Plasma redshift is not
invented for explaining something.
Instead, the conventional physics, without
any new assumptions, leads to such
phenomena as the cosmological redshift

[Tna3mMeHHOE KpacHOE cMeleHHe 00BICHSET
Ha0JII0JTaeMOe KpacHOE CMelIeHne 6e3 1r00ro
pacIIpeHHs MM KOCMOJIOTHYECKOTO PACTSKEHUS
BpeMeHu; cM. Puc. 6. OHo 00BscHseT Takke MOU
¥ Ha0JII0JJaeMyI0 HTHTEHCUBHOCTh PEHTI€HOBCKUX
nmy4delt, cM. B Paznenax 5.10 u 5.11. Kocmounorus
IUIa3MEHHOTO KPACHOTO CMEILIEHUS HE HYKJIaeTCs
HU "B TEMHOU MaTepun", HU "TEMHOW SHEPTUH'".
[Tna3mMeHHOE KpacHOE cMelleHre Oa3upyercs
TOJIBKO Ha OOBIYHOM (pH3HKe, KaK MBI 3HAEM 3TO U3
71a00paTOPHBIX SKCIIEPUMEHTOB. MBI TOJIBKO
caenany 0ojiee TOYHbIE BEIYUCICHUS, YEM OOBIYHO
HaxoauMble B utepatype (cMm. " Kommenrtapuit
A2" - " KommenTapuit A5" B [lpunoxenuu A).
[Tna3mMeHHOE KpacHOE CMEIleHUe He H300peTeHO
JUIs1 TOTO, YTOOBI 00BACHUTH uTO-TO. HaoboporT,
oObruHas (husuka, 0e3 TFOOBIX HOBBIX
NPENON0KEHUH, TPUBOANUT K TAKUM SIBICHUAM
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and the CMB. The plasma redshift is an
integral part of conventional physics.
There is no place for the big bang
cosmology.

KaK KOCMOJIOTHYECKOE KPACHOE CMEIICHHUE U
M®U. TTIKC - HeoTheMIIeMast YaCTh OOBIYHOM
¢usuku. s kocmostoruu bonbmoro B3peiBa
MECTa HeT.

13. To compensate the discrepancy,
mentioned above, in theory BB with the
observation data, Perlmutter has
introduced concept of the accelerated
expansion of space of the Universe.

Value of H in this theory is the own.
And till now an explanation of one effect
is not discovered yet within the limits of
BB-theory. This effect was discovered by
Perlmutter - is the effect of redistribution
of a spectrum of received frequencies from
SN Ia depending on z [see the Eq.(3),
Perlmutter S. and all, "K-corrections and
Extinction Corrections for Type la
Supernovae", arXiv:astro-ph/0205351 v1
21 May 2002. ]

But it is problems of BB-theory, but not
of PRS-theory. Each of these theories
explains observable effects in own way,
however such explanations contradicting
one other cannot tell, which of these
theories is not right. Both of them match a
reality, because in them there are values of
the parametres, which are allowing to
calculate observed characteristics of the
viewed effects with some accuracy.

Swans should not point out to a pig that
its tail cannot drive its flight, and its
weight is too large for flight - a pig does
not fly at all; and the pig should not point
out to swans that they cannot feed up baby
birds as they do not have milk.

Analogously, one theory can not point
out for other theory how everything should
be from a point of view of first theory. For
example, PRS-theory should not point out
for BB-theory that it should not take into
consideration a time dilatation in received
intensity of SN Ia - this dilatation is
essential in BB-theory; in the same way
and BB-theory should not criticise PRS-
theory for the wrong concentration N, of
electrons in expanding space - the space is
static in PRS-theory.

13. YtoObI KOMIEHCHPOBAThH YKa3aHHOE BBIIIE
HECOOTBETCTBUE B Teopuu bB ¢
HaOJI0IaTeIbHBIMY TaHHBIMH, [IepnMyTTep BBEN
MOHSTHE YCKOPEHHOTO PacIIUPEHUs MPOCTPAHCTBA
Bcenennoi.

3nauenue Hy B 3toii Teopuu cBo€. U no cux
nop B pamkax Tteopun bB emé€ He HanneHo
oObsicHeHue  oOHapyxeHHoro I[lepamyTtrepom
s dekra nepepactpeieieHus CIEKTpa
npuHuMaeMblx yactoT SN la mo »moxam B
3aBHCHUMOCTH OT Z [cM. popmymy (3) Perlmutter S.
and all, K-corrections and Extinction Corrections
for Type la Supernovae, arXiv:astro-ph/0205351
vl 21 May 2002. ]

Ho 310 npobnems! Teopun BB, HO He Teopun
[NKC. Kaxxnas u3 3Tux Teopuii 00bSICHIET
HaOro1aeMbIe 2P PEKTH MO-CBOEMY, OJJHAKO
IpOTUBOpEYAaIlre APYT APYTY 3TU OOBICHEHUS HE
MOTYT CKa3aTh, KaKasi U3 3TUX TEOPHUil HE BEpHA,
MOCKOJIbKY OHU 00€ PeaJbHOCTH COOTBETCTBYIOT,
TaK KaKk B HUX UMEIOTCS 3HaY€HUs [1apaMeTpOB,
MO3BOJISIOIINAE PACCYUTATH C HEKOTOPOI
TOYHOCTHIO HAOIIOaeMble XapaKTEPUCTUKU
paccmaTpuBaeMbIX 3 (HEKTOB.

He nomxubl 1ebeau yka3plBaTh CBUHBE, UTO €€
XBOCT HE MOJKET YIIPABIIATH €€ MOJIETOM, a €€ BEC
CJIMIITKOM OOJIBIIION TSI TOJIETA — CBUHbS KE
BOOOIIIE HE JIETAET; a CBUHbS HE JOJDKHA
yKa3bIBaTh JIEOEISIM, YTO OHU HE CMOTYT
BBIKOPMUTH NITEHIIOB, TIOCKOJIBKY Y HUX HET
MOJIOKA.

AHaNOrn4HO, HEJIb3s YKa3bIBATh OJJHOM TEOPHH,
KaK BCE JTOHKHO OBITH C TIO3HIIMU JPYTOd TEOPHH.
Hanpumep, Teopus [IKC He nomxHa yka3blBaTh
teopur BB, 4TO HENb3s yUUTHIBATh pacTsKEHUE
BPEMEHHU B IPUHUMaeMONl HHTeHCUBHOCTH SN Ia -
B Teopun bB 3T0 pacTskeHne CyniecTBEHHO;
TOYHO TakK ke 1 Teopus bB He noimkHa
kputukoBath Teoputo [IKC 3a HenpaBuibHY0
KOHIIEHTpauuo N, 3JIEKTPOHOB B
pacmmpsitoniemcs mpoctpanctse - B reopun [TIKC
MPOCTPAHCTBO CTATUYECKOE.
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The magnitude-redshift relation, Eq. (54)
is particularly significant, because it shows
that the plasma redshift does not only
predict Ne= 1.95-10™*(Ho/60)cm, but
predicts also correctly the corresponding
dimming that is caused by Compton
scattering. In the big-bang cosmology the
distances are often assumed to be
proportional to dpy= (c/Hop)-z, which for
large redshifts is much larger than
d=(c/Ho)-In(1 + z) given by Eq. (50) for
plasma-redshift cosmology. See also the
first terms on the right sides of Egs. (54)
and (55). For correcting some of the
additional dimming caused by the large
dwb, the big-bang cosmologists were forced
to assume also a variable "dark energy" in
addition to "dark matter”. Neither of these
fudge factors are needed in the plasma-
redshift explanations of the many observed
phenomena (see Fig. 1 for the distance-
redshift relation in an article by
Brynjolfsson [59]).

VpaBuenue (54), CBSI3b MarHuTy1a-KpacHOE
CMEIIEHUE, SBISIETCSI OCOOEHHO CYIIECTBEHHBIM,
NOTOMY 4YTO OHO noka3zbiBaeT, 4yTo I[IKC He Tosbko
npenckasbpiBaeT Ne= 1.95'10'4'(Ho/60) CM'3, HO
TaK)Ke TIPABHIILHO MPEICKA3bIBACT
COOTBETCTBYIOIIIEE MOTYCKHEHUE, KOTOPOE
BbI3BaHO KoMnITOHOBCKMM paccesinueM. B
KocMmonoruu bonbioro B3psiBa pacctosiHus, Kak
4acTo IMOJIAraroT, MPONopIMoHanbHo dpy= (C/Hop)-z,
YTO 1151 OOJIBIINUX KPACHBIX CMEIICHUI HAMHOTO
ooupie, uem d=(c/Ho)-In(1 + z), nanHoE
ypaBHeHueM (50) ans kocmonoruu [IKC. Cwm.
TaK)Ke TICPBBIC YWICHBI B IPABBIX CTOPOHAX
ypaBHenuii (54) u (55). Ans Toro, 4T00b1
CKOPPEKTUPOBATH JOMOJTHUTEIHFHOE TOTYCKHEHHE,
BBI3BAaHHOE OOJIBIINM djp, KOCMOJIOTH bonbIIoro
B3pbiBa ObUTH BEIHYKICHBI IPUHSATH TAK¥KE
MEepEMEHHYI0 "TEMHYIO S3HEPrui0" B JOMOJIHEHUE K
"rémuoi Matepun". Hu oguH u3 3TUX HalyMaHHBIX
(bakTOpoB HE SIBISIETCS HEOOXOIUMBIM B
o6bsacaenusx [IKC nmst MHOTHX HaOIIOaeMbIX
sBiieHu# (cM. Puc. 1 1 cooTHOmeHus
pacCTOsTHUE-KPAaCHOE CMEIIICHHUE B CTAThE
bpunitondccona [59]).

The second term on the right side in Eq.
(54) consists of two contributions: 2.5
log(1 + z) for the energy loss to plasma
redshift when the photons penetrate the
intergalactic plasma, and 5.0 log(1 + z) for
the loss of photons (in a narrow beam
geometry) by Compton scattering on the
plasma electrons. In the big-bang
cosmology the time dilation is an integral
part. In Eq. (55) the second term consists
of two terms: 2.5log(1 + z) for the energy
loss in the redshift and 2.5 log(1 + z) for
the energy loss caused by cosmic time
dilation. Riess et al [93] include this term,
5 log(1 + z), by defining the "luminosity
distance" as, R = R- (1 + 2).

BTtopoii uieH B mpaBoii cTopoHe B ypaBHeHUH (54)
COCTOHUT M3 JIBYyX BKJIaa0B: 2.5 log(1 + ) - u3-3a
MOTEPU SHEPTHH, TO €CTh, INIA3MEHHOM KPaCHOM
CMEIMICHNUH, KOTJa (OTOHBI IPOXOAT Uuepe3
MeKraJlakTHIecKyto miasmy, u 5.0 log(1 + z) -usz-
3a nmoTepu (OTOHOB (B TEOMETPHUH Y3KOTO MydYKa)
pu KOMIITOHOBCKOM paccesTHUY Ha TTa3MEHHBIX
anekTpoHax. B kocMmonorun bonsmioro B3peisa
pacTsDKeHHEe BPEMEHHU - HeoTheMJieMas 4acTh. B
ypaBHEHUH (55) BTOPBIE YJIEHBI COCTOSIT U3 IBYX
qirenoB: 2.5 log(1 + z) — u3-3a moTepu SHEPTHH B
kpacHoM cMmerienuu u 2.5 log(l + z) — u3-3a
MOTEPU SHEPTHH, BBI3BAHHONH KOCMUYECKUM
pacTsbkeHneM BpeMmeHH. Paiic u np. [93] BxirodaroT
sToT wieH, 5 log(l + z) onpenenss "paccrosiHue
spkoctu" Kak R;= R-(1 + z).

When | preapared Fig. 5, | used the data
for M as reported by Riess et al. [91-92]. |
could get a reasonable fit to the theoretical
curve, because the highest redshift was
about z = 0.97. It can be seen, however,
that the three points with the highest
redshifts are slightly below the theoretical
curve, and for z < 0.1 the average of the

Korma s roroBuir Puc. 5, s HCIoyib30Bal JaHHEIS
st M, xak onrcano Paiicom u ap. [91-92]. S mor
MOJTYYUTh TPUEMIIEMOE COOTBETCTBUE K
TEOPETUYECKON KPUBOM, IOTOMY YTO CaMoOe
BBICOKOE KpacHOE CMeIleHne Obu1o 0koJ10 z=0.97.
MoXHO 3aMETUTh, OJIHAKO, YTO TPU TOUKH C
CaMbIMHU BBICOKMMHU KPAaCHBIMU CMEUIEHUSIMU
HEMHOT'O HUYKE TEOPETUYECKON KPUBOM, U JIJIS Z
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points is slightly above the curve. This is
because | had not corrected the reported
values for M for the false time dilation.
When | later wanted to apply the expanded
data by Riess et al. [93] this trend in the
data was exasperated. The data did not fit
very well to the theoretical curve, the high-
z value for the supernovae were
consistently too far below the curve. Riess
et al. [91-93] had when evaluating the
absolute magnitude divided the intensity
by the false time dilation factor (1 + z).
This reduces their estimate of the light
intensity of the supernova, and increases
their estimate of the absolute magnitude to
a value M., . We must therefore back-
correct the reported data and replace Mexp
by M, which is then given by

<0.1 cpenHee 3TUX TOYEK HEMHOTI'O BbIILIE KPUBOIL.
DTO0 MOTOMY, YTO 5 HE UCTIPABUII COOOIIEHHBIE
3HaYeHUS 1751 M 715 JI0)KHOTO PACTSKEHUS
BpemeHH. Korza s mo3:xe xoTen mpuMeHUTh
"pacmmpennsie” nanneie Paiica u ap. [93], aTa
TEHJCHIIMS B TaHHBIX Obl1a ycuneHa. /laHHbIe HE
OUYE€Hb XOPOLIO COOTBETCTBOBAIA TEOPETUUECKON
KPHUBOH, PH OOJIBIINX Z 3HAYEHUE IS
CBepXHOBBIX OBLIU MOCJIEI0BATENIHO CIUIIKOM
HUke KpuBoi. Paiic u ap. [91-93] umen npu
OLICHKE a0COJIIOTHOM BEJIMYMHBI UHTEHCUBHOCTD,
NeNEHHYIO Ha JIOKHBIN KO (UIIMEHT pacTsHKEHUS
BpeMmeHH (1 + z). DT0 yMeHbIIaeT uX OLEHKY
MHTEHCUBHOCTHU cBeTa CBEPXHOBOM, U
YBEJIMUYMBAET UX OLICHKY a0COJIIOTHOM BETUUYMHBI K
3HAUEHUIO M.y, . MBI TOTKHBI I03TOMY 0OpPaTHO
CKOPPEKTHUPOBATH COOOIIEHHbIE JaHHBIE U
3aMeHUTb M., Ha M, 4T0 TOr/1a NaéT

M = Mexp - 2.5 In(l + Z).

M = Mexp = 2.5 In(l + Z).

When we in this way back correct the data
as reported by Riess et al. [93], we get the
upper curve in Fig. 6, which compares well
with the theoretical predictions of the
plasma redshift theory. The lower curve is
for the uncorrected data. In this case, the
redshift on the abscissa is linear (for the
purpose of spreading out the high-z values)
and not logarithmic as in Fig. 5.

Korna MbI Takum 00pazoM 00paTHO UCIpaBIsieM
JlaHHBIE OT cooOmeHbIX Paiicom u ap. [93], MbI
II0JTy4aeM BEPXHIOI0 KpUBYIO B Puc. 6, koTopas
XOpOLIO CPAaBHUBAETCS C TEOPETUUECKUMHU
nporuno3amu teopun [IKC. Boinee Hu3kas kpuBas -
JUIsl HEUCIIPAaBJIEHHBIX JaHHBIX. B 3TOM cityyae,
KpacHoe cMelleHue Ha abciucce — JuHelHoe (¢
LENbI0 pacipe/ielIeHHs BHICOKUX 3HaUeHUH 2), a He
Jorapudmmuyueckoe, kak Ha Puc. 5.

The plasma redshift predicts that a part of
the observed redshift is due to the corona
of the Milky Way Galaxy and the corona
of the host galaxy. For this reason, we
have reduced all the redshifts, z, by an
amount Az = 0.00185. This is nearly an
insignificant correction, but in principle a
correction on this order of magnitude
should be applied when using the plasma-
redshift theory. This corresponds to
reducing the average redshift by Az =
0.000925 for each galaxy. This correction
for the intrinsic redshift of the galaxies
does not affect the form of the curve, but it
affects slightly the value of the Hubble
constant. The corresponding Hubble
constant is Hy = 59.4 km s Mpc™. The
main reduction of the Hubble constant is
due to the elimination of the false time
dilation.

[1n1a3mMeHHOE KpacHOE CMEIIEHHE MPEICKAa3bIBAECT,
YTO YacTh HAOJII0AaeMOro KPaCHOTO CMEIICHHUS
00pa3zoBaHoO M3-3a KOPOHHI ['amakTuku MiedHbIit
ITyTh 1 KOPOHBI X034MCKOM TaslakTUKU. [1o3TOMY
Mbl YMEHBIIUIN BCE KPACHbIE CMEILIEHUS Z Ha
BennunHy Az = 0.00185. D10 - mouTH HE3aMeTHOE
HCIpaBJIEHUE, HO B IPUHLIUIIE UCTIPABICHUE Ha
BEJIMYMHY TaKOTO MOPSJIKA JOJKHO OBITH
00s3aTenpHO npu ucnonb3zoBanuu Teopun [KC.
OTO COOTBETCTBYET CPEAHEMY COKPALIEHUIO
kpacHoro cMemenust Az = 0.000925 nns kaxaoit
TJIaKTUKHU. DTO UCIPABIEHUE JIJISl IPUCYILETO
rajJlakTUKaM KpacHOTO CMEIIIEHHUs HE BIMSET Ha
(dbopMy KpHBOH, HO 3TO HEMHOTO BIIUSIET HA
3HayeHHe KOHCTaHThl Xa001ma. CooTBETCTBYOIIAS
koHcTanTa Xa66ma Hy = 59.4 kM cex”’ Mk .
OCcHOBHOE YMEHBIIICHHE KOHCTaHTHI Xa001a
IIPOU3O0ILIO U3-3a YCTPAHEHHUS JIOKHOTO
PacTsKEHUS BPEMEHH.
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In Fig. (6), we used all of the 186
supernovae reported. The distribution in
the M-values around the theoretical curve
is nearly gaussian with a standard
deviation for an individual sample of about
om = 0.30 of a magnitude; see

Brynjolfsson [95]. This variance in the
data is equal to that obtained by Riess et al.
[93] when using in addition to the big-bang
expansion hypothesis both the "dark
energy" and the "dark matter" parameters
for minimizing the variance. The plasma-
red shift cosmology has no need for such
adjustable parameters. As Fig. 6 shows, the
data support with high accuracy the plasma
redshift theory, which has no time dilation,
no dark matter, and no dark energy.

Ha Puc. (6) MbI HCIIOIB30BAJIN JTAaHHBIE 110 BCEM
ony0aukoBaHHBIM 186 CBEpXHOBBIM.
Pacnpenenenue 3HaueHuii M BOKpyr
TEOPETUYECKON KPUBOU SIBIISAECTCS TTOUYTH
rayCCOBBIM CO CTaHJAPTHBIM OTKJIOHEHUEM IS
OT/IeNIbHOM BBIOOpKH MpuOm3uTenbHO Gy = 0.30
MarHuTysl; cM. bpuniiongcecon [95]. Oto
pasyiyue B JaHHBIX paBHO NOJydyeHHOMY Palicom
u 71p. [93] npu UCHOIB30BaHUU UM B JIOIIOJTHEHHUE K
TUIIOTE3€ pacumpeHus u3-3a boasioro B3peisa u
napameTpoB "TéMHas sHeprus” u "TéMHas
Marepus" i TOTO, YTOOBl MUHUMH3HUPOBATh
paznuuue. Y kocmosoruu [IKC Het Hukakon
MOTPEOHOCTH B TAKUX PETYJIMPYEMbIX TapaMeTpax.
Kak nokaseiBaet Puc. 6, TaHHEIC C BRICOKOM
TOYHOCTBIO oaepxkuBatoT Teoputo [IKC, y
KOTOPOM HET PACTSKEHUS BPEMEHU, TEMHOMU
MaTepHH, 1 TEMHOW SHEPTHUHU.

14. No data can confirm or support the
theory.

The words "to confirm" and "to
support" are untrue. It is natural that the
data which are not concerning to the
viewed theory, do not any influence on the
theory, and the data which are concerning
to the viewed theory, with available
accuracy can only match or not match the
theory. That is, such data with some
probability can only reject or not reject the
theory. Thus, only those data will be
concerning to the viewed theory which are
gained in experiments and observations
carried out within the limits of this theory,
or have been converted into its limits.

For example, experiment carried out
within the limits of SRT on the Earth for
measuring of a velocity of light in
vacuum,, with high accuracy shows a
constancy of this velocity. But this effect
does not influence in any way Stationary
Aether Theory (SAT - where the velocity
of light in vacuum should be acolotropic
because the Earth is moving in space).
However, being transformed into the
limits of SAT, such result of this
experiment will show anisotropy of speed
of light in vacuum, matching SAT.

14. Hukakue naHHbIE HE MOTYT MOJATBEPAUTH
WM TIOJIIEPIKATh TEOPHIO.

Heepnbl camu TepMuHBI "IIOATBEPAUTH' H
"moanepxate''. ECTECTBEHHO, 4YTO JaHHBIE, HE
OTHOCSINIMECS] K  paccMaTpUBacMOl  TEOpHH,
HUKAKOTO BJIMSHHUS Ha TEOPHIO HE OKAa3bIBAIOT, a
JIAaHHBIE, OTHOCSIIMECS K  paccMaTpUBaeMOil
TEOPHH, C WMEIOIICHCS TOYHOCTHIO MOTYT JIUIIIb
COOTBETCTBOBAThH WJIM HE COOTBETCTBOBATH TEOPHH.

To ectb, Takue JaHHBIE C  HEKOTOPOHU
BEPOATHOCTbIO MOTYT JIMIIb OTBEPTrHYTHh WU HE
OTBEpPrHYTh TEOPHIO. [Tpu 3TOM, K
paccMaTpuBaeMOil TEOpUM MOTYT OTHOCHTHCH

TOJIBKO JTaHHBIE, ITOJIyYEHHBIE B DKCIIEPUMEHTaX H
HaAOJIIOJIEHUSIX, TPOBEACHHBIX B paMKax ATOU
TEOPUH, WU TIEPECUYUTAHHBIE B €€ PAMKHU.

Hanpumep, 3KCIEpUMEHT MO U3MEPEHUIO
CKOPOCTH CBETA B BAKyyMe€, IPOBEIEHHBIN Ha
3emiie B pamMkax CTO, ¢ BBICOKOH TOUHOCTHIO
MIOKa3bIBAET IMIOCTOSHCTBO 3TOM cKopocTH. Ho aToT
pe3yabTaT HUKaK He BauseT Ha Teoputo COT (e
CKOpPOCTh CBETa B BaKyyMe JIOJI’KHA ObITh
AQHU30TPOIHOM, MOCKOJIBbKY 3€MJIsSl IBUKETCSI B
npoctpaHcTBe). OaHaKo, Oy Tyuu MepecuuTaHHbIM
B pamku Teopun CIOT, pe3ynbrat 3T0r0
JKCIIEPUMEHTA MTOKAXKET aHU30TPOIHUIO BEIUYNHBI
CKOPOCTH CBETA B BAKYyM€E, COOTBETCTBYIOLIYIO
COT.

Jlpyroii npumep. B pamkax teopun pazdoeranus
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Other example. Within the limits of the
theory of escaping galaxies it is possible to
state that from their redshifts according to
a Doppler effect the velocities of the
galaxies have been obtained. However,
within the limits of BB-theory, on the
same redshifts the factor of dilation a (t)
has been gained, but not at all the velocity
of escaping. And within the limits of SAT
a value of a redshift testifies to value of an
energy loss by each photon, instead of
testifying about of escaping velocity of
galaxies or about value of dilation factor
of space.

Thus, various theories can have the
different calculated values of parametres
and constants. It contradicts nothing,
because we directly do not measure these
values yet. And when we can measure
them directly we should do it within the
limits of each of viewed theories
separately.

rajJjakTUK MOYKHO YTBEPK/IATh, UTO MO KPACHOMY
CMEIIECHUIO TAIAKTHK B COOTBETCTBHUHU C 3P (HEKTOM
Jlomnnepa Obli1a nojty4eHa CKOpOCTh OTAaJICHUS
3TuX ranaktuk. OnaHako, B paMkax teopuu bB, no
TOMY € KPaCHOMY CMEIIEHUIO Oblila oJy4YeHa
BEJIMUMHA pacuIMpeHus o(t), a BOBCE HE CKOPOCTh
paszberanus. A B pamkax COT BenudymHa KpacHOTO
CMELIEHUsI CBUJIETEIBLCTBYET O BEJIMUMHE MTOTEPU
SHEPTUU KKIBIM (D)OTOHOM, a HE O CKOPOCTH
pa30eraHus TaJakTUK U HE O BEITHUUHE
pacIIMpeHust IPOCTPAHCTBA.

Takum oOpa3om, pa3Hbie TEOPHUH MOTYT UMETh
pa3HbIe PaCCYMTAHHbBIC BEJIMYMHBI APaAMETPOB U
KOHCTaHT. DTO HUYEMY HE MPOTHUBOPEUUT, TaK KaK
MBI 3TH BEJIMYHUHBI II0KA HEMTOCPEJICTBEHHO HE
u3MepsieM. A Korja CMOKEM UX U3MEPUTH
HEIOCPEJICTBEHHO, TO JIOJKHBI OyJ1eM 3TO JIeaTh
B paMKax KaXKJ0H U3 pacCMaTpUBAEMbIX TEOPUIN
OTJIEIIBHO.

5.10 Cosmic microwave background
radiation

5.10. Kocmuueckoe MUKPOBOJIHOBOE GOHOBOE
U3JIydeHue

The cosmic microwave background
(CMB) radiation has a spectrum and
intensity corresponding to a radiation from
a thermal blackbody cavity with
temperature of Ty =2.728 £ 0.002 K, as
estimated by Fixen et al. [100] (Peebles
[69] used an estimate of 2.736 + 0.017 K;
see his EQ.6.1.). This isotropic radiation is
often been mentioned as a strong proof for
the big bang hypothesis. It has been
difficult to find any other reasonable
explanation for it. In spite of the frequently
quoted "proofs" and the contention that
only the big bang hypothesis can explain
the CMB, we will show that the plasma-
redshift cosmology gives a rather simple
explanation of the microwave background.

Kocmuueckoe mukpoBonHoBoe ¢poroBoe (CMB)
uznyuyenue (MOU) umeer cextp u
MHTEHCUBHOCTb, COOTBETCTBYIOLIUE U3TYUCHUIO U3
TETJIOBOM MOJIOCTH a0COFOTHO YEPHOTO Tela ¢
temneparypoit Tovg= 2.728 = 0.002 K, kax
yctanoBieHo Pukcenom(Fixen) u ap. [100]
(ITubnc [69] ucnonb3oBain omnenky 2.736 = 0.017
K; cMm. ero YpaBuenue 6.1.). 310 U30TpOmHOE
U3JIy4eHHE YacTO YIIOMUHAETCS KaK MPOYHOE
JI0Ka3aTesIbcTBO TMNOTe3bl bonbioro B3peisa.
beuto TpyaHO 00HAPYKUTH JTH000€ APyTOe
pasyMHoe oOBsicHeHHne 3TomMy. HecmoTpst Ha wacTo
yKa3bIBaeMble "ToKa3aTesnbCcTBa" U yTBEPKACHHE,
YTO TOJIBKO TUNOTe3a bonbioro B3peiBa Moxker
00bsicHUTE M®U, MBI TOKaKEM, YTO KOCMOJIOTHS
MJIa3MEHHOTO KPACHOTO CMEIICHHS 1a€T TIOBOJIBHO
POCTOE 00BICHEHNE MUKPOBOJIHOBOTO (JOHA.

15. In 1996 Fixen gave an estimate Tcyp
=2.728+0.004 K.

15. ®ukcen B 1996r. nan onenky Teyp= 2.728
+0.004 K.

We saw in sections 5.7, 5.8 and 5.9 that the
plasma redshift, which follows from basic
axioms of physics, leads to relatively high
densities and high temperatures in
intergalactic space. These same densities

Muz1 Bugnm B Pa3znenax 5.7, 5.8 m 5.9, uro IIKC,
KOTOPOE BBITEKAET M3 OCHOBHBIX aKCUOM (PH3UKH,
MIPUBOANUT K OTHOCUTEIHLHO BHICOKMM TUIOTHOCTSIM
Y BBICOKMM TEMIIepaTypaM B MEXKTaJaKTUIECKOM
npocTpaHcTBe. Tak BOT 9TH K€ camble TNIOTHOCTH
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and temperatures explain not only the
cosmological redshift, but also the CMB,
and the X-ray background, as we will see.

U TEMIIEPATYPBI OOBSICHSAIOT HE TOIBKO
KOCMOJIOTHYECKOE KPacHOE CMEIIEHHE, HO TaKXKe U
M®U, u peHTreHOBCKUI (POH, KaK MBI jaiee
YBHIHM.

From the Hubble constant, derived from
the experiments in Fig. 6 and Eq. (49), we
determine the electron density to be

ITo xoHcTanTe Xa00a, BRIBEICHHOM U3
skcriepuMeHToB (Puc. 6), u ypaBHenus (49) mbl
ornpezesieM KOHIEHTPAIUIO AJIEKTPOHOB:

(Ne)a = 1.95-10™ (H,/60) cm™. (57)

(Ne)ww = 1.95-10™ (H,/60) cm”. (57)

The value of the Hubble constant, H, =
74.5, estimated by Press [87] and used in
Eq. (49), is likely to be too large, because
the researchers did not take adequately into
account the intrinsic redshifts of galaxies.
The value is also affected by the false time
dilation, which was assumed to be valid.
We have in this case used a Hubble
constant of Hy ~ 60 km s Mpc'for the
intergalactic space, as indicated by the
analysis of the SNe la in Fig. 6, which
depends less on the intrinsic redshifts of
galaxies, and is not affected by a false time
dilation.

3HaueHHe KOHCTaHThl Xabbna, Hjy = 74.5,
ycranoBieHHoe [Ipeccom (Press) [87] u
UCTIOJIb3yeMoe B ypaBHeHUH (49), BeposTHO, OyieT
CJIMIIKOM OOJBIINM, IOTOMY YTO MCCIIEIOBATEIN
He Opaji COOTBETCTBEHHO BO BHUMAaHHE KpacHbIE
cMelIeHNs cOOCTBEHHO ranakTuk. Ha 3To 3HaueHue
TAK)KE BIIMSIET JIOKHOE PACTSDKEHNUE BPEMEHH, 110
MIPEIIOJIOKEHHUIO - CIIPaBeIMBOE. MbI B 3TOM
cllydae MCII0JIb30BaJIi KOHCTaHTy Xabbma Hy = 60
KM/cek MIIK™ JUIsl MeKTalaKTHIECKOTO
IIPOCTPAHCTBA, KaK yka3aHo aHaiu3oM SN la Ha
Puc. 6, koTopast 3aBUCUT MEHBIIIE OT COOCTBEHHBIX
KpacHBIX CMEILIEHUH raJakTHK, U Ha KOTOPYIO HE
BJIMSIET JIO)KHOE PACTSDKEHHUE BPEMEHH.

The intergalactic plasma will gradually
absorb the photon energy and create a
blackbody cavity with a radius, which is
about equal to the plasma-redshift
distance, Ry = ko', where kp is the
absorption coefficient in the plasma
redshift. We get

MesxranakTiHueckas rmia3Ma OyIeT MoCTeneHHO
IOTJIOIIATH SHEPTHIO (POTOHA M CO3/1aBaTh MOJIOCTh
a0COJIFOTHO YEPHOTO TeJia C PAUYCOM, KOTOPBIi
IPUMEPHO PaBEH PACCTOSIHUIO TIa3MEHHOTO
KpacHOro cMelneHus, Ry = kp|'1, rae Kol

K03 PHIIUEHT MMOTIOIIEHHUS B IJIa3MEHHOM
KpaCHOM CMCIIICHUH. Mer HOJIy‘-IaeM

1

R, =
Pl ™ 3326:1025(N,) 4

= 1.542 - 1028 (Z—‘;) cm . (58)

The plasma redshift absorption length, Ry,
is equal to the Hubble length, ¢/Hy. The
Compton scattering length, R¢, which is
one half of Ry, is given by

Jmna nornomenus [IKC Ry paBra nnune Xa66:1a
¢/Hyp. JImnna KomnroHoBckoro paccessaust Re,
KOTOpasl paBHA MOJOBUHE Ry, OMKUCHIBAETCS KaK

1 60

C ™ 6.652:10725(N,) 40

= 7.71- 10?7 (H—) M .

0

The CMB radiation, which is emitted by
the plasma, can be scattered many times
and will be uniform and isotropic.

M®MU, koTopoe UCITyCKAETCs IIa3MOU, MOXKET
OBITh paccessHO MHOT'O pa3 U Oy/1eT paBHOMEPHO U
HU30TPOIIHO.

The plasma-redshift absorption is kp=1/Ry
=3.3262-10%(Ne),, = 6.486:10% cm™,
where Ry and (Ne)., are given by Egs. (58)
and (57). As shown in section C1.7 of
Appendix C, this leads to

[TornomeHue mIa3MeHHOT0 KPAaCHOTO CMEIICHUS -
Koi=1/Rp1 = 3.3262:10°(Ne)a, = 6.486:10%° cm™,
rae Rpi 11 (Ne)ay manbl ypaBenusimu (58) u (57).
Kax nokazano B Paznene C1.7 [Ipunoxenus C, 3To
TPUBOJIUT K

. 2h
Rpl]v =1, = BV(TCMB) = 2

v3

e €10 em’s srHZ . (59)

This equation shows that the photon

| 910 YPABHCHHUC MMOKA3bIBACT, YTO Y MHTCHCUBHOCTHU
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intensity, I, emitted by the intergalactic
plasma has a perfect blackbody spectrum.
The plasma redshift absorption, which is
independent of frequency, is the dominant
absorption (usually by several orders of
magnitudes), as shown in sections C1.2 to
C1.5 of Appendix C. The plasma acts as a
blackbody cavity. The "free" electrons are
mainly responsible for the emission.

¢dboToHOB |\, UCITyCKaeMBIX MEKTaTaKTHIECKOU
IUIa3MOM, €CTh TOYHBIN CIEKTP U3ITy4YEHUs
abcoroTHO yepHoro tena. [lornomenue npu
IUIA3MEHHOM KPAaCHOM CMEUICHUH, KOTOPOE HE
3aBHCHUT OT YaCTOTBI, ABJSETCS JOMUHHUPYIOIIUM
noromeHueM (00bIYHO HECKOJIBKMMU TOPSIIKaMHU
Mar"uryn), Kak rnokaszaso B Paznenax C1.2 - C1.5
[Tpunosxxenus C. ITna3ma nelcTByeT Kak MOJI0CTh
abcomoTHO 4€pHOoro Temna. "CBoOOHbIC
JIEKTPOHBI", B OCHOBHOM, OTBETCTBEHHBI 32
HMUCCHIO.
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The walls of this blackbody cavity consist
of the particle density, Ne(x), along the line
of the radius, Ry , from the observer. The
column density, [ Ne(x) dx = (Ne)o Rot,
forms the wall. The radiation pressure, p,
inside this cavity is given by p = u/3,
where u is the photon's energy density. We
have then that

CTEHKH ATOM MOJ0CTH a0COIOTHO YEPHOTO Tella
conepxar yactuilpl B koauuecTBe Ne(X), BIoJIb
JMHUM paguyca Ry ot Habmonarens. JInneinas
IIOTHOCTS | Ne(X) dX = (Ne)a» Rpi, popmupyer
cTeHKy. JlyueBoe naBieHue p B 3TOM MOJOCTH
3aJ]JaHO ypaBHEHUEM p = u/3, T1e u - GOTOHHAs
MJIOTHOCTB SHEPTUU. MBI TOT/1a MOTy4daeM

41

3c

u_ 4

p=3= 37; fooo B, (Tcmp)dv =

o 2hv3 dv .
0 Cz th/TCMB_l -

‘;—:Tg*MB erg cm™. (60)

This photon pressure, p, in the usual way
must be equal to particle pressure, NKTe, in
the "walls" of the cavity, because of the
second law of thermodynamics. We get

Ot10 fgaBieHue GOTOHA p OOBIYHO JOJIKHO OBITh
paBHBIM AaBieHUIo yactuuel, NkT,, B "cTenkax"
MOJIOCTH, U3-32 BTOPOTO Havasia TePMOIMHAMUKHU.
MpgI nnonyyaem

C

294 = aTi.s = 3NKT, dyne cm™ (61)

where in Eq. (60) and (61), the partial
pressure of CMB is p = u/3 = (a/3)T" cus
dyne cm, and where Stefan-Boltzmann
constant for energy density is a = 7.566-10
1> dyne cm™K™. For the particle density,
we use the approximation: N= N, + Nue +
Ne = (2.3/1.2) Ne= 1.917 Ne cm™. The
electron density predicted by the plasma-
redshift cosmology in section 5.9 is Ne =
1.95-10™(Ho/60) cm’. If the photons'
energy density is mainly due to the CMB
radiation with temperature Tcmg = 2.728 £
0.002 [100], we get that T, is

rzae B ypasHeHuu (60) u (61), napunanabHoe
nasieane MOU paBuo p =u/3 = (a/3) i CMB
JII/IH'CM_z, ATae a= 7.566-10° 211/1H~CM'2K‘4 -
nocrosHHas Ctedana-boabiiMana A JIOTHOCTH
sHepruu. /)i KOHIIEHTPAIMU YaCTHIT MBI
ucnoins3yeM annpokcuManuio: N= Np + Npe + Ne =
(2.3/1.2) Ne= 1.917 Ne oM™, Konmnenrparus
AIIEKTPOHOB, Npecka3aHHas kocmonorueit [TIKC B
Paszene 5.9, pasra Ne = 1.95-10™(Ho/60) cm™.
Ecnu mnotHoCTh 3HEprun GpoToHOB hopmMupyercs,
B OCHOBHOM, Kocmoiorudeckum MOU ¢
temneparypoit Tevg = 2.728 = 0.002 [100], mMb1
M0JTy4aeM, 4To Te paBHO

4
_ aTcup _

4.1902-10713

" 3Nk

3:1.917-(Te) gp°1.3807- 10716

= 2706 - 1062 K, (62)
Hg

e
where (Ne)ay = 1.95:10. (Ho/60) cm™, and
k=1.3807-107*% is the Boltzmann constant.

e (Ne)ar=1.95-10"(Ho/60) em™, 1 k=1.3807-10°
sBiseTcs [loctosanon bonsnmana.

The blackbody radiation is well defined
through N and Te, which are averaged
over the distance R,;;~5000 Mpc. We see

W3mydeHne 4epHOro Tejna XOpoIo ONpeIeIeHo
yepe3 Neu Te, KOTOPBIC YCPEAHEHBI TIO
paccrosiauto R,;~5000 Mnxk. Mur 6uoum, umo
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that the intensity, 4n) I,dv = caT"cys = 3cp,
of the CMB, according to Egs. (59) to (61),
is proportional to the pressure p. In spite
of the temperature variations caused by the
"bubble™ formations in the plasma, the
CMB temperature, Tcyp is about the same
in the cold and hot regions of space,
provided the pressure is the same. The
pressure should vary much less than the
temperatures and the densities. The large
dimensions Ry =5000 Mpc, the constancy
of the pressure, and the fact that the plasma
redshift absorption and emission dominate
by several orders of magnitude the other
absorption and emission processes from v
=10° Hz to v = 5-10™ Hz, (see sections
C1.2 to C1.5 of Appendix C) helps us
understand why Ty is so well defined
and isotropic, as observations indicate.
Close to galaxy clusters, where the
pressure is higher, the CMB temperature
should be slightly higher as measurements
indicate. This is, especially, clear within
our Milky Way.

unmencusnocme M®U 4| 1,dv = cal cup = 3cp,
coenacto ypasnenusm (59) - (61),
nponopyuonanbHa oasnenuio p. HecMoTps Ha
TEMIIEPATyPHbIE BapHUalliy, BbI3BaHHbBIC
"my3bIpuaThIMU" (POPMHUPOBAHUSMH B IIJIa3Me,
temneparypa MOU 7y , IPUMEPHO OJAUHAKOBAS
B XOJIOJHBIX M rOpYMX 00JaCTSIX IPOCTPAHCTBA,
co37aBaJla OJTHO U TO e JaBiieHue. /laBinenue
JTOJIKHO U3MEHATHCS HAMHOTO MEHbIIIE, YeM
TEMIIEpaTypa U INIOTHOCTh. boubiine pasmepst Ry
~5000 Mpc, MOCTOSTHCTBO AaBJICHUS, U (aKT, YTO
nornouienue u amuccus [IKC nomunupyror
HECKOJIbKUMHU MOPSIIKAMH MarHUTY bl HaJ[
JPYTMMH MOTJIOIAOUIMMHA U SMUCCUOHHBIMU
MPOLECCAMU OT YaCTOTHI V = 10° r1x 10 gacToTHI
510" ri (eM. Pasmenst C1.2 - C1.5 [Ipunoxenus
C), momoraer HaM MOHSATh, ToueMy T cyp TaK
XOPOLIO OMNPEENIEH U U30TPOIIEH, KaK IT0Ka3bIBAIOT
HaOmoieHus. BOm3u kiiacTepoB rajlakTuk, e
naBiieHue 0ojiee BbICOKoe, Temneparypa MOU
JOJDKHA OBITH HEMHOI'O 00Jiee BBICOKOI, Kak
MOKa3bIBAIOT U3MEPEHHsI. ITO 0COOEHHO OUEBUIHO
B IIpeJiesIax Hauero Mie4Horo myTu.

Intensities at frequencies below the
CMB are consistent with the plasma
redshift theory. Below about v=10° Hz,
the plasma-red shift cut-off gradually sets
in. The cut-off begins in the coldest
filaments of space and then in the colder
regions. Just below the cut-off, the
intensity accumulates and increases
therefore as the frequency decreases.

HNHTEeHCHUBHOCTDL HA yacToTax Huxke MOU
COBMECTHMA € TeopHueil MJIa3MEHHOT0 KPaCHOI 0
cmemenust. Hike v=10° T'ig nopor [TIKC
nocreneHHo casuraercs. [lopor HaunHaercs B
CaMbIX XOJIOJHBIX Y4aCTKaX MPOCTPAHCTBA U 3aTEM
B MEHEE XOJIOAHBIX 00nacTsax. HemocpencTBeHHO
HIKE MOPOTra MHTEHCUBHOCTh HAKAIJIMBAETCA U
[I0ATOMY YBEIUYUBAETCS TP YMEHBILIECHUU
JaCTOTEHL.

According to Egs. (16), (57) and (63), we
have for average density and temperature
that the 50 % cut-off for plasma red shift is
at A =684 cm, or at the frequency of v = 44
MHz. In the colder regions of space the
density and temperature may be about 10
times lower and 10 times higher,
respectively, than the average. The 50 %
cut-off wavelength is then A =216 cm, or at
the frequency of v = 139 MHz. The hotter
regions may have about 10 times lower
density than the average and 10 times
higher temperatures. The 50 %cut-off is
then at the wavelength of A ~2164 cm, or
at the frequency of v = 14 MHz.

Cornacto ypaBHeHusiM (16), (57) u (63), mbl
UMeeM JIJISl CPEeTHEH IIJIOTHOCTH U TEMITepaTypHl,
yT0 50%-b1i1 opor asa [TIKC paBen A~684 cMm, win
npu yactote v = 44 MI'1. B 6os1ee X0moaabIx
00JacTsIX TPOCTPAHCTBA TUIOTHOCTh U TEMITEpaTypa
MOTYT OBITh IPUOM3UTETHHO B 10 pa3 HUXKE U B
10 pa3 6oJiee BHICOKUMHU, COOTBETCTBEHHO, YEM
cpeanee uncio. 50 % nopor AJIMHBI BOJIHBI TOT1a
Ooyner A =216 cM, unu Ha yactote v = 139 MI'i. B
0oJee TOPSIMX 00JIACTIX MOXKET ObITh
npubnusutensHo B 10 pas 6onee HU3Kas
IJIOTHOCTB, YeM cpenHss, U B 10 pa3 Goee
BbICOKHE TeMIeparypbl. 50 % mopor JIMHbI BOJIHBI
torga Oyzaer A =2164 cM, wiu Ha yactore v = 14
MI .
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Keshet et al. [101] have evaluated the
observed intensities in this region; see in
particular their Fig. 6. They find that the
intensity increases with decreasing
frequency approximately as I, ~ v*?,
which is about what we should expect. The
cut-off frequency, v = 44 MHz, for the
average density and temperature is in the
middle of the intensity increase, as we
should expect. Like the cut-off in the
middle of the transition zone to the solar
corona, this is another beautiful and
independent confirmation of the plasma-
redshift theory.

Kemer (Keshet) u ap. [101] onennnmn
Ha0II0/1aeMyI0 HHTEHCUBHOCTbH B 3TOI 0051aCTH;
CM. B 4acTHOCTH uX Puc. 6. OHM 0OHApY KWK, YTO
WHTEHCHUBHOCTh YBEIIMYMBACTCS C YMEHBILICHUEM
YaCTOTHI MIPUOJIUZUTENBHO Kak |y ~ V'l'g, umo
NPUMEPHO CO8NAOAEm C 0HCUOAEMBIM
pezyrbmamom. Kputndeckas gactora, v =44 MI'1,
JUIs1 CpEJIHEN MJIOTHOCTU U TEMIIEPaTyphbl
HaXOJIUTCS B CEPEINHE YBEITUUYCHHS
WHTEHCUBHOCTH, Kak oxkugaetcs. [logo6HO mopory
B CEpEIMHE NEPEXOHON 30HBI K COITHEYHOMN
KOPOHE, 3TO - APYTro€ KPacuBOE U HE3aBUCUMOE
MOJITBEPK/IEHUE TEOPUHU IIIIa3MEHHOTO KPACHOTO
CMEIICHHUSI.
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The experimental data contain a significant
contribution from the Milky Way Galaxy,
especially, at low galactic latitude towards
the Galactic center; see Fig. (8) of Keshet
at al. [101]. This is consistent with plasma-
redshift theory. As Eq. (61) illustrates, the
emitted microwave energy in erg-cm’
increases proportional to the pressure, p.
The pressure in the Milky Ways corona
may be about 20 times higher than in the
intergalactic space (see section 5.7), but at
high Galactic latitudes the column density
is much lower. At high galactic latitudes,
the intergalactic space then determines the
intensity in the 3 to 300 MHz frequency-
range. Even in the direction of the
anticenter, the intensity is close to that of
the Galactic poles. As we reduce the
latitude towards the Galactic center, the
density increases significantly, and the
emission from the Galactic plasma
becomes more pronounced. Due to the
increased densities, the cut-off frequency
for the plasma redshift increases. We see
therefore increased intensity of the
background in the 10 to 300 MHz
frequency-range. The observed variation in
Fig. 8 of Keshet at al. [101] is consistent
with the plasma redshift theory. It
reinforces the above conclusion that the
observations of the intensity below about
10° Hz confirm the predictions of the
plasma-redshift cosmology.

DKCIepUMEHTaIbHBIE JAHHBIE COJIEPKAT
CylIECTBEHHBIN BKiIaa oT ["anaktrku MiteuHbliid
MyTh, 0COOCHHO, B MAJIbIX TaTaAKTUYECKUX
IIUPOTAX MO HAMPABICHUIO K TaJJaKTHIECKOMY
ueHTpy; cm. Puc. (8) Kemter u ap. [101]. Dto
coBmectumo ¢ Teopueit [IKC. Kak mosicusier
ypaBHeHue (61), ucryckaemass MUKPOBOJIHOBasI
SHEPTHS B OPTCM ™ [POMOPIHOHATBHA TABICHHIO
p. JaBnenue B kopoHe MJIEYHOTr0 IyTH MOXKET
ObITh puOIIKM3UTENLHO B 20 pa3 60s1ee BHICOKUM,
YeM B MEXTaJIaKTUYECKOM MPOCTPAHCTBE (CM.
Paznen 5.7), HO B BBICOKHMX TaJIAKTHYECKUX
IIMPOTaX JIMHEWHAS TNIOTHOCTh HAMHOTO HIDKE. B
BBICOKHX TAJTAKTHYECKUX ITUPOTAX
MEXKTaIAKTUYECKOE MPOCTPAHCTBO TOT /1A
oTpeieNIsieT UHTEHCUBHOCTh B YaCTOTHOM
nuanasone Ha 3 - 300 MI'u. [laxe B HanpaBieHUH
AHTHUIICHTPA, HAPSDKEHHOCTD OJTM3Ka K
HaIpPSKEHHOCTh U3 TAJIAKTUYECKUX MOJ0coB. [1o
Mepe YMEHBIICHHS IUPOTHI K TaJaKTUYECKOMY
LEHTPY, IJIOTHOCTh 3HAUUTEIbHO YBEIMUUBAETCH,
Y DMUCCHS OT TaJaKTUYECKOU TJIa3Mbl CTAHOBUTCS
Oostee siBHOH. M3-3a yBeTMUEHHON TNIOTHOCTH
pactét noporosas yactota i [IKC. Mbl Buaum
MO3TOMY yBEJIMYEHHYIO HHTEHCUBHOCTDH (DOHA B
yacTOTHOM auama3one Ha 10 - 300 MI 1.
Hab6monaemas Bapuanus B Puc. 8 Kemena u nip.
[101] coBMecTuMO € mIa3MeHHOM Teopuei
KpPaCHOT'O CMEIEHUS. DTO yCUIMBAET
BBIIIEYIOMSHYTO€ 3aKJIFOUEHUE, YTO HAOIII0IeHUS
3a pHTeHCHBHOCTBIO 10° 'y MOATBEPKIAIOT
npeackazanust kocmosioruu I[TKC.
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Intensities at frequencies above the
CMB are consistent with the plasma
redshift theory. We observe the
continuum of redshifted photons from the
high-frequency photons emitted by stars,
active galactic nuclei (AGN), supernovae,
and the high-pressure coronal plasma
surrounding these objects. These objects
are mostly characterized by point sources.
These photons are gradually redshifted in
the plasma surrounding these sources, in
the coronas of the stars, the galaxies, the
galaxy clusters, and in the intergalactic
plasma. Some of these radiations are
absorbed in condensations of colder
plasma and in cloud formations usually in
the coronas of galaxies. We should
observe, therefore, a continuum intensities
of photon frequencies above about 7-10"!
Hz to about 10'® Hz and beyond. The
sources of the high-energy radiations are
usually found in and close to the galaxies.
The energy content is sometimes estimated
to be on the order of 10 % of the CMB
radiation. If these other radiations
contribute about 10 % of the CMB
radiation, the average temperature is about
T.~3-10° (60/Hy) K, with a high-energy tail
skewing the thermal distribution. These
predictions of the plasma-redshift theory
are consistent with observations.

HNHuTencuBHOCTH HA YacToTax Bbilie MOU
COBMECTHMA C IJIA3MEHHOM TeopHeil KpacHOro
cMemneHusi. Mbl HaOIt01aeM KOHTHHYYM
MOKPACHEBIINX (DOTOHOB OT BHICOKOYACTOTHBIX
(OTOHOB, UCITyCKAEMBIX 3BE3/IaMH, SAPAMU
akTHBHBIX TATaKTUK (AGN), CBEpXHOBBIMU, U
J1a3MOM KOPOHBI C BHICOKUM JaBJICHUEM,
OKpPYXaromiei 3TH 00bEKThl. ITH 0OBEKTHI
TJIABHBIM 00Pa30M XapaKTepU3YIOTCs, KaK
TOYEYHBIE UCTOYHUKHU. ITH POTOHBI OCTEIIEHHO
KpPacHEIOT B IIa3M€, OKPYXKaroIlel 3T
UCTOYHUKH, B KOPOHAX 3Be3]l, FAJIAKTHUK, KJIIACTEPOB
rajakTUK, U B MEKTalaKTUYECKOH TIa3Me.
HekoTopsie u3 3TUX U3Ty4eHU MOTJIOIEHBI B
KOHJIEHCAlUAX 00Jiee XO0JI0IHOM TUIa3Mbl U B
00ya4HbIX 00pa30BaHUIX, OOBIUHBIX B KOPOHAX
raJlakTHK. MBI TOJDKHBI HA0JTI01aTh, TIOATOMY,
MHTEHCUBHOCTh KOHTHHYYMa 4acTOT ()OTOHA BBILIE
ot mpumepro 7-10"" Ty g0 mpumepro 10T u
nanee. UCTOYHUKY U3Ty4YeHHUI BBICOKOW SHEPTUU
OOBIYHO HAXOMATCS BHYTPU U BOJIM3H TJIAKTHK.
DHeprocojiep;kaHue, Kak MHOTa OLEHUBAETCS,
umeet nopsiaka 10 % nznyuenns MOU. Ecnu atu
JIpyTHe U3ITydeHus: BHOCAT npubiausutenbHo 10 %
uznyuyenuss CMB, To cpennssa temneparypa Oyaet
npumepro 7,~3-10° (60/Hy) K, ¢
BBICOKO?HEPTETUYHBIM OCTATKOM, OTKJIOHSIOLIUM
TEIUIOBOE pacipeielieHre. DT IPOrHO3bI TEOPUH
MJIa3MEHHOT'0 KPACHOTO CMEIIIEHHSI COBMECTHUMBI C
HaAOJIFONEHUSIMU.

The average energy density of the X rays
in intergalactic space may be about 22 %
of the energy density in the CMB
radiation. Most of that X-ray intensity is
from the plasma, and the X-ray heating
will then balance the X-ray cooling.
Peebles [69] (see in particular Eq. (5.143)
of that source) estimated for a Hubble
constant of H, = 60 kms™ Mpc™ that the
average luminosity density from the
brightest galaxies is about 7.8-10%ergs™
cm™. When we multiply this value by R,;
and divide by c, we get 4.01-10™ ergem
for the energy density of the light in
intergalactic space from the brightest
galaxies. This is only about 0.95 % of the
CMB. But Peebles [69] (see his remarks
below his Eq. (5.168) of that source) also

CpenHsis INIOTHOCTB HEPTUHU X JIydel B
MEXTaJaKTUY€CKOM MTPOCTPAHCTBE MOXKET
COCTaBUTb MPHUOIU3UTENBHO 22 % MIIOTHOCTH
sHepruu B u3nyyeHun CMB. bonbiast yacte Toi
PEHTT€HOBCKOM MHTEHCUBHOCTH UJET OT IJIA3MBbI, U
PEHTTeHOBCKOE HarpeBaHue OyeT Tornaa
KOMIIEHCUPOBATh PEHTI€HOBCKOE OXJIAKICHHE.
[Tu6mnc [69] (cMm. B wacTHOCTH, ypaBHeHUE (5.143)
ATOT0 UCTOYHHKA), OLIEHEHHBIN 11 KOHCTAHThI
Xab66ma Hy = 60 xm/cex MHK'I, YTO CpeIaHss
IUIOTHOCTb SIPKOCTH OT CaMBIX SIPKUX TaJIaKTUK
cocTaBisieT mpubI3HTensHo 7.8-107° apr ' oM >
Korga Mbl yMHOKaeM 3TO 3HaY€HHE Ha R, U JeITUM
Ha ¢, Ml ionygaem 4.01-10%spr oM™ s
IUIOTHOCTH YHEPTHH CBETA B MEXKTaTaKTUIECKOM
MIPOCTPAHCTBE OT CAMBIX SPKUX TJIaKTHK. JTO -
ToNbKO npubm3uTensHo 0.95 % MOU. Ho [Tubnc
[69] (cm. ero 3ameuanus Hke ypaBHeHUs (5.168)
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indicated that the average light luminosity
in intergalactic space could be 10 times
higher, corresponding to about 10 % of the
energy density in the CMB. If we add this
to the very rough 22 % estimate, the
average temperature per particle could be
as high as about 1.32 times that derived in
Eq. (62). Due to the uncertainty in the X-
ray and light intensities, we will usually
assume that the average temperature in
intergalactic space is between 10 % and 32
% higher than that in Eq. (62), or about

U3 TOTO K€ UCTOYHMKA) TAK)KE yKa3aj, 4YTo
CPEIHsIsl CBETOBAs IPKOCTh B MEKTATAKTUYECKOM
npocTpaHcTBe Moria ObiTh B 10 pa3 6onee
BBICOKOM, COOTBETCTBYS puOm3uTensHo 10 %
wiotHocTH 3Heprur M®U. Ecnu mbl npubasisiem
3TO K OY€Hb MPUOIN3UTENbHOM 22%-01 OIIEHKE,
CpemHsisl TeMIepaTypa Ha YacTHILYy MOTJIa ObI OBITH
CTOJIb 5K€ BBICOKOM Kak npumepHo 1.32 pasa, uto u
ObLIO NOJy4YeHO B ypaBHeHuU (62). B cuny
HEOIPEAEIEHHOCTH B PEHTI€HOBCKUX JIy4ax U
MHTEHCUBHOCTSIX CBETA, Mbl OyJ1IeM OOBIYHO
IIpeIoararh, YTo CpeHssA TeMIepaTypa B
MeXTraJaKTH4eCKOM IpocTpancTBe Mexay 10 % u
32 % BblIILIe, YEM 3TO AAHO B ypaBHEHUH (62), UiIu
IPUMEPHO

T.~(3 t0 3.6) 10° (60/H,) K. (63)

T~(3 t0 3.6) 10° (60/H,) K. (63)

When analyzing the phenomena in the
transition zone to the solar corona in
section 5.1, the solar flares and arches in
section 5.5, and the galactic corona in
section 5.7, we saw that the plasma
redshift has a tendency to create large hot
"bubbles" with relatively cold plasma in
the "walls" of the "bubbles”. We expect to
see similar phenomena in intergalactic
space, where the "bubble™ surfaces or the
"walls" may have temperatures similar to
that in the transition zone to the galactic
corona, while the temperatures of the
interiors of the "bubbles” could be high. In
large "bubbles™ the temperatures per
particle may exceed 10 million K. The
increase in Spitzer's thermal conductivity
coefficient will limit the high
temperatures, and the X-ray absorption
will counteract the decrease in the
temperature in the walls of the bubbles.
These bubble structures will also have a
tendency to build walls or bridges between
galaxies (see the discussion in section 5.7
about the bridge between the Milky Way
and the LMC).

AHanu3upys BICHUS B IEPEXOJHON 30HE K
cotHeYHOM KopoHe B Paznene 5.1, comHeuHbIx
BCIIBILLIKAX M apkax B Paszneine 5.5, u
rajJjakTu4eckou kopone B Pazgene 5.7, Mbl BUIUM,
YTO Yy IJIa3MEHHOI0 KPACHOI'O CMELIEHUS €CTh
TEHJICHIIUS CO3/1aBaTh OObIIKE ropsiane "my3sipu”
C OTHOCHUTEJIBHO XOJIOJHOM I1a3Moii B "cTeHax"
"my3bipeit”. Mbl 03ku1aeM BUAETD [10100HbBIE
ABJICHUS B MEXKTAJIAKTUYECKOM IIPOCTPAHCTBE, I
y "Iy3bIp4aThIX" MOBEPXHOCTEN WU "'CTEH" MOTYT
OBITH TEMIIEpaTypbl, I0JOOHBIE TEMIIEPATypaM B
MEPEXO0JIHOM 30HE K raJlaKTUYECKOM KOPOHE, B TO
BpEMS KaK TEMIIEPATYPbl BHYTPEHHOCTEN
"my3bIpeit" MOTJIH ObITh BBICOKUMU. B Oonbiinx
"Iy3bIpsAX" TEMIEPATyphl Ha KKAYIO YaCTHILY
MOTyT npeBbicuTh 10 MmuunonoB K. YBennuenue
ko dunuenta temnonposoanoctu Crumepa
OTPaHUYUT BBICOKHE TEMIEPATYPhI, U
PEHTI'€HOBCKOE MOTJIOIIEeHHE OyeT
MIPOTUBOIEUCTBOBATh YMEHBIICHUIO TEMIIEPATYPhl
B CTEHKAX Iy3bIpEl. Y 3TUX My3bIpYaThIX CTPYKTYD
Tak)ke OyJleT TeHACHIIUS CTPOUTH CTEHBI N
MOCTBI MEXy TaJlaKTUKaMH (CM. 00CYKIE€HHUE B
Pasnene 5.7 o mocte Mex 1y MileuHBIM yTEM H
Boawsimum MaremnanoBsiM ooakom (LMC).
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It is likely that the magnetic field will
influence the structures, and that it will be
aligned with the walls. This "bubble"
structure in intergalactic space will affect
statistical variance in the measurements of

BeposiTHO, 4TO MarHuTHOE 110J1e OyAET BIUATH HA
CTPYKTYPBbI, U 4YTO OHO OyZET COBMEIIATHCS CO
CTEeHKaMu. JTa "my3plpyaras’ CTpyKkTypa B
MEXTaJIAKTUYE€CKOM ITPOCTPAHCTBE BO3JEHCTBYET
Ha CTATUCTUYECKYIO TUCIEPCUIO TPU U3MEPEHUHU
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the red shift versus distance and the
determination of the Hubble constant.

3aBUCUMOCTH KPAaCHOI'o CMCUICHUA OT paCCTOAHUA,
1 Ha OIIPEACIICHNUC KOHCTAHTBI Xab6ma.

5.11 X-ray intensity from intergalactic
plasma

5.11. HWHTEHCHMBHOCTb U3JIyYeHHS
MEKTAJAKTHYECKOH I1a3Mbl B
PEHTIeHOBCKOM /1MaNa3oHe

In sparse hot plasma of intergalactic space,
the free-free absorption, k', , for the
spectrum of the emitted X rays is small
when compared with the plasma-redshift
absorption; see sections C1.3 to C1.5 of
Appendix C. Therefore, the corresponding
free-free absorption length, R', = 1/k', , is
many orders of magnitude larger than the
plasma redshift distance R,;. If R, is used
as an integration distance for the X-ray
intensity from each cubic cm, the X-ray
intensity would be very large. Many
physicists believe, therefore, incorrectly
that the high densities required by the
plasma redshift would lead to much too
high X-ray intensities. It is important for
these physicists to realize that when
disregarding the absorption from trace
elements the absorption length to be used
for the integration is Ry = 1/ky , and not
R',; see section Cl.4 and C1.5 in Appendix
C.

B penxoi ropsiuent asMe MexXralakTH4eCcKoro
MIPOCTPAHCTBA, CBOOOIHO-CBOOOIHOE TOTJIONIEHUE
K', 17151 criekTpa ucIyckaeMbIx X-JIydei sIBJIsIeTCs
HEOOJIBIIIMM I10 CPAaBHEHUIO C MOTJIOIICHHEM OT
IJIA3MEHHOr0 KPAaCHOI0 CMEUIEHUs; cM. Pa3nensl
C1.3-C1.5 IIpunoxenus C. [ToaTomy,
COOTBETCTBYIOIIAst CBOOOTHO-CBOOOIHAS ITTHHA
nornomenus R', = 1/k', 6onpie Ha MHOTO
HOPAJIKOB BeNn4KHbl, yeM paccrosaue IIKC R, .
Ecimu R', ncronp30BaTh Kak pacCTOSTHHE
MHTETPUPOBAHUS JIJISI PEHTT€HOBCKOM
MHTEHCHUBHOCTH OT Ka)KJI0TO CM3, PEHTTEHOBCKast
MHTEHCUBHOCTH ObLlIa ObI OYEHb 00JIbII0MH. MHOTrHE
(U3UKH, TO3TOMY, HEBEPHO I0JIararT, YTO
BBICOKAsI INIOTHOCTh, TpeOyemasi TIIa3MEHHBIM
KpPaCHBIM CMEIIEHUEM, TTpUBEa Obl K CIIUIIIKOM
BBICOKOM PEHTT€HOBCKOW MHTEHCUBHOCTH. [y
3TUX (PU3UKOB BAXKHO IMOHATH, YTO MPHU
UTHOPUPOBAHUU MOTJIOIICHUS PEIKUMU
AJIEMEHTaMU JJIMHA TOTJIOICHUS, KOTopas OyaeT
WCIIOJIH30BATHCS JIJISl MHTETPUPOBAHUS, SBIISICTCS
Rpi = 1/kpi , a He R', ; cm. Cratbto 4 Pasnena u C1.5
B ITpunoxxennu C.

When we include the absorption by trace
elements, the actual absorption length, R,,
for the X rays in the intergalactic plasma
and in the Milky Way's corona is even
much shorter than the plasma-redshift
distance, Ry = 1.54-10°(60/Hy); see the
last line in Table C1 in Appendix C.

A Koria Mbl BKJIFOUYAEM B pacyeT MOTJIONeHUe
PEAKUMU dTIeMEHTaMHt, (haKTUIeCcKas JITNHA
norJouieH st R, Iisi pEHTT€HOBCKUX JTydel B
MEXTaJIaKTUYECKOH TU1a3Me U B KOpoHe MitleyHOro
myTH OyJeT JlaXke HAMHOTO KOpoue, 4YeM
paccrosaue [IKC Ry = 1.54:10%(60/Hy); cMm.
nocienHior ctpoky Tadmwuier Cl B [Ipunoxennn
C.

When we then compare the X-ray intensity
predicted from the plasma-redshift
densities in intergalactic space, about Ne =
1.95-10 cm™, we get values that are about
equal to that observed. For example, as Eqg.
(C21) shows, the predicted X-ray intensity
forhv=729eV is

Ecnu MBI 3aT€M CpaBHUM PEHTI€HOBCKYIO
WHTEHCUBHOCTD, MPEACKA3aHHYIO IO IJIOTHOCTH
[TKC B Me)rasakTH4eCKOM MPOCTPAHCTBE,
npuMepHO okoJ1o Ne = 1.95:10™ em™, Mb1 IIOJIyYUM
3HAa4YEHUS], KOTOPbIE TPUMEPHO PaBHbI
HaOmogaembeiM. Hanmpumep, kak mokasbiBaeT
ypaBHenue (C21), mpeackazaHHas peHTTEHOBCKas
WHTEHCUBHOCTD JyIs hv = 729 5B

l,=8.73keV cm?s' srikeV?,

l, =8.73 keV cm™ s srt keV?,

which matches the observations by Kuntz
et al. [102], Kuntz and Snowden [103], De

KOTOpasi COOTBETCTBYET HAOIIOICHUSIM:
Kynn(Kuntz) u op. [102], Kyan n

67



Luca and Molendi [104], Vecchi et al.
[105], and Barcons et al. [106]. See further
discussion of comparison of predictions
with experiments in section C3 of
Appendix C. It can thus be seen that the X-
ray intensity predicted by the plasma
redshift cosmology matches that observed.
This is thus another beautiful example of
how the predictions of the plasma-redshift
cosmology match the observations.

CuoyneH(Snowden) [103], e Jlroka u
Monenaun(Molendi) [104], Beuun(Vecchi) u ap.
[105], u bapkonc(Barcons) u ap. [106]. Cwm.
JanbHelIee 00CyKAeHUEe CPAaBHEHHUS
npeJscka3aHuii ¢ skcriepuMmenTamu B Paznene C3
[Tpunoxenus C. Takum obpazom, MOX*CHO
3amemums, Ymo peHmeeH08CKas UHMEHCUBHOCTb,
npeockazannas kocmonozueu IIKC,
coomeemcmeayem Habadaemot. Imo - opyeou
Kpacuewlli npumep mozo, Kaxk npo2Ho3vl
kocmonoeuu I[IKC coomeemcmayrom
HAOII0OEeHUAM.

5.12 Mass density of the plasma in
intergalactic space

5.12. MaccoBasi ILIOTHOCTD ILJIA3MbI B
MEKraJaKTHYeCKOM MPOCTPAHCTBE

The average mass density of the plasma in
intergalactic space is

Cpennsis MaccoBasi INIOTHOCTb IJIa3Mbl B
MEKTUTAKTHIECKOM IIPOCTPAHCTBE

— 14 H,
T 1.23.0764-105

1.67 -

10724 =3.806- 1072822 o e, (64)
60

where the factor 1.4 is the mass of
hydrogen and trace elements, mainly
helium, per proton; and the factor 1.2 is the
approximate number of electrons per
proton. The average baryonic mass density
derived in Eq. (64) is about 56 times larger
than the conventionally assumed mass
density for a closed universe and Hy = 60,
which is pe; = 1.88:10% Hy? ~6.77-10%° g
cm. For this critical density value, see Eq.
(5.67) of [69]. The conventionally assumed
baryonic mass density of about Ng ~(1.4 +
0.3) 10" N, cm™ would result in P = (1.4
+0.3)1071.67-10% = (2.34 £ 0.5) - 10"
g cm®; see Eq. (6.27) of Peebles [69].

rae koapduuuent 1.4 saBisgercs maccoil Bogopoaa
U pEIKHMX 3JIEMEHTOB, INIABHBIM 00pa3oM renus, Ha
1 mporon; u ko3pduunent 1.2 apnsercs
HOPUMEPHBIM YHCIIOM 3JIEKTPOHOB Ha 1 MPOTOH.
Cpennsist OaproHHas MaccoBast IJIOTHOCTb,
BBIBE/ICHHAs B ypaBHEeHUH (64), mpumepHO B 56 pa3
Ooutblie, YeM TPaAUIMOHHO MIPUHSTAs MaccoBast
TUTOTHOCTH IS 3aMKHYTOHM Beenennoit mpu Hy=60:
Perit = 1.88-107% Ho2 ~6.77-10°° r/em’. st aToTO
KPUTUYECKOT'O 3HAUEHUS TIIOTHOCTHU CM.
ypaBueHnue (5.67) uz [69]. TpanunmoHHO TpUHSTAS
OapHOHHast MaccoBasi INIOTHOCTb, HPUMEPHO
paBHas Ng =~(1.4 +£0.3) 107 Np cM ™~ mpuBesna OblI K
P=(1.4+0.3)-1071.67-10%=(2.34+0.5) -10™*
r/em®; oM. ypasHenue (6.27) y IuGica [69].

This baryonic density in the big-bang
cosmology is about 0.0006 times the
baryonic density given by Eq. (64). (Itis
no wonder that the big-bang cosmologists
needed to sprinkle some "dark matter" here
and there. Their denial of the intrinsic
plasma redshifts, however, has been the
main cause for the need of dark matter.)
Most of the baryonic matter in Eq. (64) is
rather evenly spread in intergalactic space,
and is often difficult to detect. It affected
the observations mostly through the
plasma redshift, that is, the cosmological
redshift. The big-bang cosmologists

Ora GapHOHHAs TUIOTHOCTh B KOCMOJIOTUH
bonburoro B3priBa - npubnusurensyo 0.0006
4yacTh OapMOHHOH MJIOTHOCTh, JaHHAsI YpaBHEHUEM
(64). (He yauBuTensHO, uTO KocMmodoru bosmbioro
B3peiBa J0KHBI OBUIH PACCHINATh HEKOTOPYIO
"TéMHYI0 Matepuro" TyT u TaM. VX oTprnianue
CYILIECTBOBaHMSI IJIA3MEHHBIX KPAaCHBIX CMEILLEHUIA,
OJTHAKO, OBUIO TJIABHOW MTPUYHHON TSI
Heo0XxouMocTH B TEMHOU Matepun.) OCHOBHAs
yacTh OapHMOHHOW MaTepuu B ypaBHEHUU (64)
JI0OCTaTOYHO PAaBHOMEPHO pacIpOCTpaHEHa B
MEXTaJaKTHYeCKOM MPOCTPAHCTBE, U YaCTO
TpyAHO oOHapyxuma. OHa BiIMsAIa HAa HAOTIOAEHUS
rnaBHBIM 00pa3om uepes [IKC, To ecTs,
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explained this cosmological redshift
through their big-bang hypothesis.

kocMostorndeckoe kpacHoe cmernienue (KKC).
Kocmomnoru 60716111010 B3phIBa 00BSICHUIHN 3TO
KKC cBoeii runore3oit bonwioro B3peisa.

To the density in Eq. (64), we should add
the average of the additional mass density
of the coronal plasma around the galaxies
and galaxy clusters, and the average mass
density of stars in any form, including
quasars, neutron stars, dwarf stars, and
planets, and of neutral gas and dust
particles.

K motHocty B ypaBHeHnU (64) MbI TOJIKHBI
npuOaBUThH CPETHIOIO BETUUUHY JOMOJTHUTEIBHOM
MAaCCOBOM IUVIOTHOCTH IUIa3Mbl KOPOHBI BOKPYT
raJakTUK U KJIACTEPOB TAIAKTUK, U BETUUUHY
Cpe/IHei MacCOBOM IJIOTHOCTHU 3BE3]1 B 000
dbopmMme, BKITIOYasi KBa3apbl, HEUTPOHHBIE 3BE3/IbI,
KapJIMKW, U IJIAHEThI, U HEUTPAJIbHBIN ra3 u
YaCTHUIbI TbUIH.
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These additional masses are usually
estimated to be a small fraction of the mass
estimate in Eq. (64).

OTHU AOTOIHUTENBHBIE MACChl OOBIYHO
OILICHUBAETCS KaK HEOOJBIIHE JOTH MACCHI,
paccuMTaHHOW B ypaBHEeHUU (64).

16. These estimation of additional
masses around the galaxies and galaxy
clusters demands revising to match to
observable differences of star's redshifts in
the left and right parts of cross-sections of
galaxies.

Thus, the average mass density of
matter in PRS-theory approximately
matches to mass density in BB-theory
taking into account a dark matter. Thus
practically all this matter we do not see,
that is, it 1s "dark" matter and in PRS-
theory.

16. Ouenka HOIOJIHUTEIILHOM MACCHI B
OKPY’KCHHMH TAJaKTHUK TpeOyeT mepecMoTpa, 4ToObl
COOTBETCTBOBATh HAOJIOIa€MBIM PA3HOCTSIM
KpPACHBIX CMEIIICHUI 3B€3]] B JIEBOM U MTPABOM
YaCTSIX MONEPEUHbIX CEUCHUSX TAJIAKTHK.

Takum obOpazom, cpenHss MaccoBast
m1oTHOCT, MaTepuu B Teopuu [IKC mnpumepno
COOTBETCTBYET IUIOTHOCTH MaTepuu B Teopuu bB ¢
y4eToM TeMHOM Martepuu. [Ipu 3TOM mpakThuecKu
BCIO 3Ty MacCy Mbl HE BHJIHM, TO €CTh, OHa
siBisieTcst TemHoM U B Teopun [TKC.

Positrons would produce plasma redshift
analogous to that produced by the
electrons. If most of the intergalactic space
were filled with electron-positron plasma,
the density in intergalactic space would be
small. When we add the density of the
electrons and positrons to that of
conventionally assumed density (Peebles
[69]; see Table 20.1 in that source), we get
about

[To3uTpoHBI TpOU3BENU OBl TUIA3MEHHOE KpacHOe
CMEIICHHE, aHAIOTUIHOE TTPOU3BEICHHOMY
anekTpoHamu. Eciu Ob1 OOJIbIIAs YacTh
MEXTaJaKTHIECKOT0 MTPOCTPAHCTBA ObLIa
3aMoIHEeHA AJIEKTPOHHO-TIO3UTPOHHOH TIa3MOM, TO
TUIOTHOCTh B MEXKTAJIaKTHIECKOM MTPOCTPAHCTBE
Obu1a Ob1 HeOonboN. Korna Mbl npubasisiem
TUTIOTHOCTB JICKTPOHOB M TTO3UTPOHOB K TOM
TPaAUIIMOHHO PpUHATOH moTHOCcTH ([Tubic [69];
cM. Tabmuiry 20.1 B TOM HCTOYHHKE), MBI
MOJTy4aeM IPUMEPHO

| po = pep + pe = 1.8:10°" (Hy/60

)+ 2.7 10" (Ho/60)° ~4.5-10% r cm™.  (65)

However, if the intergalactic plasma
contained significant amount of positrons,
the positron annihilation photons would be
observed. The fact that photons from
positron annihilation in intergalactic space
are not observed, rules out this possibility.
Significant positron annihilation is
observed from active galactic nuclei and at

OnnHako ecau Obl MEXXTaJaKTHUECKas IIa3Ma
coJieprkaja CyleCTBEHHOE KOJIMISCTBO
MO3UTPOHOB, TO HAOIIOIATUCH ObI TO3UTPOHHO-
AHHUTUIISIIIUOHHBIE POTOHBI. DAKT, YTO (OTOHBI OT
MO3UTPOHHOW AaHHUTHJISIIUU B MEKTATAKTHYECKOM
MIPOCTPAHCTBE HE HAOTIOAAFOTCS, UCKITIOUALT 3Ty
BO3MOXXHOCTh. CyllleCTBEHHAs IO3UTPOHHAS

AHHUT WAL Ha6J'IIOI[aCTC$[ N3 aKTUBHBIX
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the center of the Milky Way, as discussed
later.

TaJIaKTUYECKUX SAIEP U B LIEHTpe MIedHOro myTH,
Kak 00Cy’KIaeTcsl ajblie.

The fact that the photons are weightless, as
seen by an observer in a standard reference
system at rest at the location of the photon
(and repelled by the gravitational field, as
seen by a distant observer) causes
fundamental changes in Einstein's field
equation. It is conventionally assumed that
the gravitational field attracts any form of
mass and energy, because mic? = Ey, in the
special theory of relativity, and because the
equivalence principle in GTR assumes
equivalence of gravitational mass and
inertial mass, m; = my . The failure of this
last assumption in case of photons causes
us to suspect that other forms of energy
may also be exempted. However, as shown
by Brynjolfsson [107], the experimental
evidence indicates that only photons are
weightless. For example, the electro-
magnetic field around charged particles is
not weightless, as definitely confirmed in
the experiments by Adelberger et al. [108]
and Su et al. [109]. We assume, therefore,
that the assumption that gravitational field
attracts all forms of energy remains valid
except for photons. Estimates of the
photons energy density indicate that
photon's lack of a corresponding
gravitational mass does not affect the
density estimates given by Egs. (64) and
(65). The modification of Einstein's
classical physics field equations is small,
except that the important A-term is not
needed, because the weightlessness of
photons eliminates that need for the A-
term, as we will see in section 6.

®axT, yTO (HOTOHBI HEBECOMBI, KaK BHIHO
HAOJII0IaTEINI0 B CTAHAAPTHOM CUCTEME OTCYETA B
MoKoe B MecTe HaOmoAeHus (oToHA (1
MOJTATKUBAEMbIN TPABUTAIMOHHBIM TIOJIEM, KaK
BUJTHO JAJIEKOMY HAOJIIOAATENI0) BhI3bIBAET
KOPEHHBIE U3MEHEHUS B YPaBHEHUH T10JIS]
OitnmreliHa. TpaIuIIMOHHO MPEANoaaraeTcs, 4YTo
0JI€ TATOTEHHS MIPUTATHBAET JII00YI0 hopMy
MAacCChl U SHEPTUH, IOTOMY YTO miC2 = Exin B CTO,
Y TIOTOMY 4TO IpUHLUI 3KBHUBajeHTHOCTH B OTO
MPUJITTIOJIaraeT SKBUBAJIEHTHOCTh T'PABUTAIMOHHOMN
MacChl 1 MHEPLIUOHHON Macchl, Mj = My .
HeBbinoHeHe 3TOro nocyieHero
NPEIOI0KEHUs B ciiyyae (POTOHOB 3aCTaBIIAET
HAC MOJ03PeBaTh, YTO APYrue GOpPMbl SHEPTUU
MOTYT TaKXe ObITh UCKIIOUeHHEM. OHAKO, KaK
nokazaHo bpunitondcconom [107],
JKCIIEPUMEHTAJIbHbIE JAHHBIE YKA3bIBAIOT, YTO
TOJIbKO (hOTOHBI HEBecoMbl. Hampumep,
AJIEKTPOMAarHUTHOE I10JI€ BOKPYT 3apsKEHHBIX
YacTUIl HE HEBECOMO, KaK OIpeIeICHHO
MOJTBEPKJIEHO B SKCIIEPUMEHTAX
Anenteprepa(Adelberger) u ap. [108] u Crro (Su)
u ap. [109]. MeI npenmnonaraeM, mo3TOMy, 4TO
MPEINOJIOKEHNE, UTO TPaBUTALIMOHHOE T10JIe
HPUTATUBAET Bce (POPMBI IHEPTUH, OCTAETCS
CIIPaBEJIMBBIM 3a UCKIIFOUEHHUEM (POTOHOB.
O1eHKH MIOTHOCTH SHEPruu (POTOHOB YKa3bIBAIOT,
YTO OTCYTCTBHUE Y ()OTOHA COOTBETCTBYIOIIEH
IPaBUTALIMOHHON MacChl HE BO3IEUCTBYET HA
OILICHKH IJIOTHOCTH, JaHHbIE ypaBHEHUsAMU (64) u
(65). I3MeHeHne KIacCUUECKUX YPaBHEHUM MO
¢buznky DiHIITEHA SIBIIsIeTCS HEOOBbIINM, 32
UCKJIFOYEHUEM TOTO, UTO BayKHBIM A-4JIeH HE
HE00X0IUM, IOTOMY YTO HEBECOMOCTH (DOTOHOB
u30aBIIseT OT TaKOM HeoOXoAUMOCTH B A-ulieHe,
KaK Mbl YBUJIUM B Paznene 6.

The classical field equations and Einstein's
static model lead to

Knaccuueckue ypaBHeHHS TIOJISL U MOJENb
CTaTHUYECKOT0 JIEKTPUYECTBA DUHILITECIHA
MPUBOJAST K COOTHOIICHUIO

1/R*=4nGplc®.  (66)

1/R*=4nGplc’. (66)

This is same as Eq. (14) by Einstein in
[110]; see also Eq.12.121 in Mél1ler's
monograph [111]. As is usually done, we
assume for a moment that Newtonian
constant, G, of gravity is a constant, and

D710 Takoe ke ypaBHeHHE Kak yp.(14) Ditnmreiina
B [110]; cm. Takke yp. 12.121 B MoHOTrpadun
Ménnepa(Méller) [111]. Kak oObrunO nenaercs,
MBI [IPEATNOIaracM Ha MTHOBEHHE, YTO
HproTOHOBCKAsi KOHCTaHTa NpuTshkeHus G
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that the velocity of light depends on the
gravitational field in the conventional way.
We get then for the average mass density
given by Eq. (64), that the curvature radius
is about 1.68-10% cm. Had we used the
conventional big-bang density of

Peit6.77-10%° g cm™, the curvature radius
would be R ~1.26:10°®cm. Had we used
the density given by Eq. (65), the curvature
radius would be R ~4.88-10°cm. These
values for the radius in the curvature are
deduced here only for reference, because
many physicists use them and object that
the high densities derived in Eq. (64) are
too high, because they lead to too small a
curvature radius in accordance with Eq.
(66). In big bang cosmology, even without
"dark matter”, we should observe
curvature. However, no curvature is
observed. At least one of the assumptions
leading to Eq. (66) must be wrong. For
solving the problem, the big-bang
cosmologists have introduced a time
variable "dark energy" in addition to "dark
matter”. These adjustable parameters are
not needed in the plasma-redshift
cosmology.

ABJIIETCS IOCTOSTHHOM, M YTO CKOPOCTh CBETA
3aBHCHT OT IOJIS TATOTEHUSI OOBIYHBIM CIIOCOOOM.
MBI nosydaeM Tornaa Juisi CpeiHed MacCOBOM
TUIOTHOCTH, 33JJaHHON ypaBHEHUEM (64), 4T
pamyc KpUBH3HBI IpUMepHO paser 1.68:10%7 cm.
Ecnu 6b1 MBI HCTIONTB30BATTH MPUHSATYIO INIOTHOCTH
bonsioro B3peiBa perit~6.77- 10% ¢ CM'3, paauyc
KPUBU3HBI 6611 661 R~1.26:10% cm. Ecin 651 Ml
MCII0JIb30BaJIM IJIOTHOCTh, JAaHHYIO YPaBHEHUEM
(65), pasmyc KpHBU3HBI 6611 661 R~4.88-10% e
DTy 3HaYEeHUs [ pajiyca KPUBU3HBI BbIBEJICHBI
3]1€Ch TOJBKO JIJISl CCHUIKH, IOTOMY YTO MHOTHE
(U3UKHU HCTIONB3YIOT UX U BO3PAXKAIOT, YTO
BBICOKasl IJIOTHOCTb, BHIBEJICHHAS B YPaBHEHHUH
(64), cnuikoM BBICOKA, IOTOMY YTO OHU ITPUBOJAT
K CJIMILIKOM HEOOIbIIOMY painyCy KPUBU3HBI B
COOTBETCTBUU C ypaBHEHHEM (66). B kocMmonoruu
Bbonbuioro B3peiBa, naxke 6e3 "TémHoI matepun",
MBI JOJDKHBI Ha0Ir01aTh KpUBKU3HY. OJJHAKO
HUKaKas KpuBU3HA He HaOmogaetcs. [1o kpaitHei
MepE, OJIHO U3 NPEATIOI0KEHUH, IPUBOIALIUX K
ypaBHEHHUIO (66), TOIKHO OBITh HEMPABUIHHBIM.
Jlns pemieHus 3T0# 3a1a4u KOCMOJIOTY bosbioro
B3pbiBa BBEIM 3aBUCSIIYIO OT BpEMEHU "TEMHYIO
SHEprur0" B JONOIHEHUE K "TEMHON MaTepun'.
OTu peryiupyeMble napamMeTpbl HEe HYKHBI B
KOCMOJIOTUH TJIA3MEHHOT'O KPACHOI'O CMEIICHHSI.

Einstein accepted Newton's
phenomenological equations and he
extrapolated their use to infinity.

DWHIITEHH MpU3HaBall (DEHOMEHOJIOTHYECKHE
ypaBHeHUs HbI0TOHA, U OH SKCTPANONUPOBAI UX
MCIIOJIb30BaHNE Ha OECKOHEUHOCTb.

He was concerned because this
extrapolation for a static infinite universe
leads to infinite gravitational potential. His
original equations lead to a space curvature
given by Eq. (66). The curvature alleviated
the problem of infinite gravitational
potential.

OH 0BT 032004€H, TOTOMY YTO 3Ta IKCTPATOJISIINS
U1 OECKOHEYHOU cTaTnueckoil BeenenHoi
MPUBOTUT K OECKOHEYHOMY TPaBUTAIIHOHHOMY
noteHuuany. Ero ke nepBoHavanbHble ypaBHEHUS
MIPUBOJIAT K IPOCTPAHCTBEHHOM KPUBHU3HE,
3aJlaHHON ypaBHeHHUEM (66). KpuBusHa obnerumna
pelieHne npoodieMbl 0ECKOHEYHOTO
I'paBUTAIMOHHOTO OTEHIHAIA.

Dark matter is often introduced "ad hoc"
for explaining the observed velocity
distribution. This often comes about
because all shifts are explained as Doppler
shifts. Taking into account the intrinsic
redshifts can often solve these problems.
The frequent radial elongation of clusters,
such as "Finger of God", (which put us in
the center of the universe) come about
when the line of sight

Témuas Matepusi 4aCTO BBOAUTCA 'crieruaibHO"
JIISL TOT'O, YTOOBI OOBACHUTHL HAOII01aeMOE
pacrnpeiesieHHe CKOpoCTed. ITO 4acTo
MPOUCXOAUT, IOTOMY YTO BCE CIABUTH
00BICHSIOTCS J[ONTIEpOBCKUM CMEIICHUEM.
[IpuHsTHE BO BHUMaHHE BHYTPEHHUX KPACHBIX
CMEIICHUI MOKET YacTO PEIIaTh ITH MPOOIEMBIL.
YacToe paauaibHOE yJIMHEHHUE KJIACTEPOB, TAKUX
kak "[lanen bora" (uTo momemiaer HaC B LIEHTP
BcenenHoit), mpoucxXoIuT, KOTaa TUHUS
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HaOIIONEeHUA
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to the objects in the back of the cluster
penetrates the dense portion close to the
center of the cluster gaining thereby
significant increment of plasma redshift.
When this elongation is removed the actual
density of the cluster is increased, which is
often adequate for explaining the observed
velocity distribution. In these clusters there
can be a problem with using the shift of the
21 cm line as an indicator. Depending on
the temperature and density of the plasma
in the cluster, the parameter
a=3.65-AoNe"*/T used in Table 1, can in
some cases result in a blue shift, the
negative values of F;(a), (due to the long
wavelength and relatively high density
plasma) and in other cases in a redshift
(relatively low density plasma). Use of
shifts in the visible spectrum is then more
reliable.

00BEKTOB M03a/11 KJIacTepa MPOXOAUT Yepes
TUTOTHYIO YacTh OJM3KO K IIEHTPY KiacTepa,
MOJTyYarolasi, I0ATOMY, CYyIIECTBEHHOE
BO3pacTaHHE TUIA3MEHHOT'O KPACHOTO CMEIICHHSI.
[Tpu yaaneHuu 3Toro yuinHeHus hakTuyecKas
TUTOTHOCTH KJIACTepa YBEIMIUBACTCS, YTO YaCTO
JIOCTATOYHO ISl OOBSICHEHUS Ha0JII0/1aeMOT0
pacrpeiesieHre CKopocTei. B aTux knacrepax
MO3KET ObITh MPOOJIEMa C UCIIOJIB30BAHUEM CIBUTA
auHuM 21 cM Kak uHauKaropa. B 3aBucuMocTy ot
TEMIIEpaTyphl U IJIOTHOCTH IJIa3MbI B KJ1acTepe,
napamerp a=3.65-ANe*?/T, ucrons3yemsiii B
Tabmuie 1, MOKET B HEKOTOPBIX CITydasx
BBHI3BIBAaTh CHHEE CMEIICHHUE, 1aBasi OTPULIATEIIbHBIE
BennurHb F1(Q), (M3-3a 00JIBIION JTHHBI BOJHBI U
OTHOCUTEIILHO BBICOKOW IJIOTHOCTH IIJIa3MBbI), a B
JIPYTHUX CIIy4asiX - KpacHOe cMeleHue (Ipu
OTHOCHUTEIILHO HU3KOU MJIOTHOCTH IIJIa3MBl).
Hcnonp30BaHue CABUTOB B BUAMMOM CIEKTpPE
Toraa 6osee HaJIeKHO.

In the big bang cosmology, the velocity
distribution determined from the 21 cm
line from hydrogen in the corona of the
galaxies is often a problem. The dark
matter is then invented to explain the
observations. We also have modification
of Newtonian dynamics (MOND) [71]
trying to explain the observations. In big
bang cosmology the material in the corona
is assumed to move in elliptical orbits, or
even slowly inwards. Plasma redshift
makes it reasonable that matter moves with
a constant rotational velocity in the corona
as the plasma drifts outwards from the
galaxy into intergalactic space. Ones in a
while, high velocity clouds fall into the
galaxy from intergalactic space. Matter is
constantly moving in and out of the
galaxy. This also explains why the trace
element concentration in intergalactic
space is similar to that in the galaxies.

B xocmonoruu bonsmoro B3peisa pacnpenenenue
CKOpOCTEM, ONPEIETCHHOE 10 JUHUU 21 cM OT
BOJIOPO/Ia B KOPOHE TAIAKTHUK, YacTO SBIISIETCS
npobsiemoii. [ToaToMy Obl1a npugyMaHa TEMHas
MaTepus Juis 00bsCHEeHUsT HabmoaeHu. Y Hac
TaK)Xe €CTh U3MEHEeHUE TuHaMUKu HproToHa
(MOND) [71], mpITaromelicss 0ObSICHUTH
HaoOmoieHus. B xocmonorun bB matepus B
KOpOHE, KaK MpeANnoaraercs, nepeMenaercs mno
AILTUNTHYECKUM OpOUTAM, UITH JIaXKe MEJJICHHO
BHYTpb. [IKC 000CHOBBIBAET, 4TO MaTepUs
MepeMENIaeTCs C MOCTOSIHHON CKOPOCThIO
oOpallieHus: B KOpoHe, a mia3Ma apeidyer 3a
MIpE/IeIIbl TATAKTUKU B MEKTATAKTUIECKOE
MPOCTPAHCTBO. 3aTEM OJHAXK/IbI 00JIaKka C BHICOKOM
CKOPOCTBIO MAJAI0T BHYTPh TAJIAKTUKHU U3
MEXKTaJIaAKTUYECKOTO TPOCTpaHcTBa. MaTepus
MOCTOSIHHO MEePEMENIAETCs] BHYTPh U HAPYXKY
rajlakTUKH. DTO TaKkKe 00BACHAET, TOYEMY
KOHIICHTpAIUs PEAKUX DJIEMEHTOB B
MeXTaJaKTUIeCKOM MTPOCTPAHCTBE M0100HA
KOHIICHTPAIIMU B FAJIAKTUKaX.

When in plasma redshift we talk about a
limit of gravitational attraction, we are not
talking about inventing new laws or
changing the nature. We are showing that

Korga B IIKC MBI roBOpHUM 0 TpaHuiie
TPAaBUTAMOHHOTO MIPHUTSHKEHUS, MBI HE TOBOPUM
00 n300peTeHNH HOBBIX 3aKOHOB MJIM U3MEHEHUU
pUPOIbl. MBI IOKA3bIBAEM, UTO 3aKOHBI, YKE
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the laws already confirmed do not permit
extrapolating the Newtonian laws to
infinity, as Einstein did. We find that the
applications of the present laws, which
include the plasma redshift, can explain the
observed phenomena, such as the
cosmological redshift, the CMB, and the
phenomena in the solar corona. My present
rough estimates are that this limit on the
Newtonian laws is well beyond the
dimensions of a galaxy clusters.

MOJITBEPKICHHBIC, HE pa3peIaroT
AKCTPANOINpPOBaTh HbIOTOHOBCKHE 3aKOHBI HAa
0ECKOHEYHOCTD, KaK Aejall DUHINTEHH. MBI
0oOHapy>KUBaeM, UTO MPUMEHEHHE CYIIECTBYIOIIIX
3akoHOB, BKJItouasi [IKC, MokeT 00BICHUTE
Ha0JII01acMBbIC SIBIICHUS, TAKUC KaK
KocMoJIorudeckoe kpacHoe cmemienne, CMB, u
SBIICHUS B COJTHEYHOI KopoHe. Mou
CYIIECTBYOIIHNE MPUOIU3UTEIIBHBIC OIIEHKH - TO,
YTO 3Ta IpaHuIla IPUMEHEeHus 3akoHOB HproToHa
3HAYUTEIILHO OO0JIBIIE pa3MEepPOB KIacTEPOB
rajakTHK.

The limit on Newtonian laws. In the
classical physics it is conventionally
surmised, as Einstein did, that somehow
the gravitational field is able to transfer to
a particle both the strength and the
direction of the gravitational field, even
when the field at very large cosmological
distances is extremely weak. In quantum
mechanics, this is not permissible
assumption, as it disregards wellproven
quantum effects. The hot particles in stars
and intergalactic plasmas are bombarded
by other particles that change their
directions and rotations often many times
(even when we consider only gravitational
effects in the collisions), while the
extremely weak gravitational field is trying
to manifest its action on the particles.
According to the uncertainty principle and
transition theory in quantum mechanics,
the direction and strength of the
gravitational field may not have adequate
time to act on the particles between the
collisions. In quantum mechanics, the
transition theory requires always a certain
time ot to manifest the transition to a new
state. This (or something similar to the
uncertainty relation) is likely to apply also
to gravitational fields. It takes a certain
time, or> hoE, for the gravitational field to
manifest itself. A particle, for example a
proton, embedded in the hot plasma is
likely to exchange rotational, vibrational,
and translational energy with the Fourier
harmonics of the electromagnetic field
(and of the gravitational field) of the
surrounding particles before the extremely

Orpanuyenue aeiictBusi 3akoHoB HbroTona.

B knaccudeckoii (hu3uKe TpaaUIIMOHHO
MperonaraeTcs, Kak ciesain DUHITENHH, 3TO
KaKHUM-TO 00pa30M, TPaBUTAIMOHHOE TIOJIE
CIOCOOHO TIepeIaTh YacTUIIe U CUITY, U
HaIpaBJICHUE TOJIA TATOTEHUS, 1a’Ke KOTr/Aa 3TO
I10JIC Ha OYCHBb OOJIBIIIMX KOCMOJIOTHYECKUX
pacCTOSHUSAX Ype3BbIUaiiHO c1ab0. B KBaHTOBOIA
MEXaHHUKE TaKOe MPEIOJIOKEHUE HE TOITyCTUMO,
MOCKOJIbKY OHO UTHOPUPYET IIUPOKO U3BECTHHIE
KBaHTOBBIC d(pekThl. ["'opsiune yacTuIlsl B 3Be31aX
Y MEKTAIAKTHYECKOM TIa3Me 0oMOapaupyroTes
JPYTUMHU YaCTHUIIAMHU, KOTOPBIE U3MEHSIIOT UX
HaIlpaBJICHUS U BPAIICHUS 4acTO MHOTO pa3 (1axe
KOT/Ia MBI pacCMaTPUBAEM TOJIBKO
rpaBUTALMOHHBIC SBJICHUS B CTOJIKHOBEHUSX), B TO
BpeMs KaK Ype3BBIYAHO Cc1a00€ MO TATOTECHUS
MBITAETCS MPOSBUTH CBOE IEWCTBUE HA YACTHULIBI.
CoriacHo MPUHITUITY HEOTIPEETICHHOCTH U TEOPUH
MEepPEX0JI0B B KBAHTOBOW MEXaHHUKE, Y HAIlpaBICHUS
Y CHJI TTOJISl TATOTCHUS, MOYKET HE OBITh
COOTBETCTBYIOIIETO BPEMEHH, YTOOBI
BO3JICHCTBOBAThH HA YAaCTUIIBI MEXKTY
CTOJIKHOBEHUSIMU. B KBaHTOBOI MeXaHUKE TEOPHSI
MEePEX0JI0B BCeria TpeOyeT OnpeaeIeHHOTO
BpEeMEHH Ot JIJIsl MPOSIBICHUS MIPE0OPa30BaHUS K
HOBOMY COCTOSIHMIO. DTO TpeboBaHUE (WJIH YTO-TO
M0100HOE COOTHOIICHUIO HEOTIPEISTICHHOCTH),
BEPOSITHO, MPUMEHHUMO TAKXK€ K TOJISIM TATOTCHHS.
TpeOyetcs onpenenenHoe Bpems, ot> hoE, nns
TIOJISI TATOTEHUS, YTOOBI MPOSIBUTH ce0s1. YacTuiia,
HaIrpuMep, MPOTOH, BKIIOYEHHAS B TOPAUYYIO
J1a3My, BEPOSITHO, U3BMEHHUT BPAIIATEIbHYIO,
KOJIe0aTEeNbHYIO0, ¥ MIOCTYMATEIbHYI0 YHEPTHUIO C
rapMoHuKaMu Dypbe FJIEKTPOMATHUTHOTO OIS (|
MOJISI TATOTEHUS) OKPY KAIOIIUMHU YaCTHUIl TIPEXKIE,
4YeM YPEe3BBIYAHO c1a00€ MoJIe TATOTEHUSI CMOXKET
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weak gravitational field can assert itself,
both in respect to direction and potential
energy. It is analogous to the gravitational
redshift experiments by Pound and Snider
[39]. The photons, which were emitted in
the basement, did not have time enough to
realize that they had moved up to the
gravitational potential on the top level,
because the time-of-flight from the
basement to the top level of Jefferson
Laboratory, where the photons were
absorbed, was only 7.5-10°® sec, when a
minimum time required according to the
uncertainty principle was d> 1.9-107 sec.
The photons did not therefore have time to
adjust to the new potential and change
their frequency. The solar photons when
they move from the Sun to the Earth, on
the other hand, have usually plenty of time
to adjust to the potential and be blue
shifted.

YTBEPAUTHCS B OTHOIICHUH U HAIPABJICHUS, U
HNOTEHIMAJIBHON HEPTrUH. ITO aHAIOTUYHO
HKCTIEPUMEHTAM T10 TPABUTAITIOHHOMY KPAaCHOMY
cmemienuto [Taynna u Craiinepa [39]. ¥V dotoHOB,
KOTOpBIE HCITYCKANCh B oBase Jlaboparopuun
Jxeddepcona, He OBLIO BpeMEHH, JOCTATOYHOTO,
yTOOBI "MOHATH", UYTO OHM JIBUTATUCH BBEPX JI0
IPAaBUTALIMOHHOTO MOTEHIMANIa BEPXHETO ATaxa,
MOTOMY YTO MPOJIETHOE BpPEMSsI OT TOABAJIA JI0
BEPXHETro 3Ta)ka 1abopaTopuH, rjae GOTOHBI ObLIH
[OTIOIIEHBI, GBLIO TOIBKO 7.5-107® CEeKYyHJ, Koraa
MUHHMMAaJbHOE BpeMs, TpeOyeMoe COrIacHO
COOTHOIIEHUIO HEOMPEACIIEHHOCTH, OBLIO 01>
1.9:10° cexyn. Y GOTOHOB, I03TOMY, He OBLTO
BPEMEHH, YTOOBI HACTPOUTHCS HA HOBBIN
MOTEHIMAT U U3MEHHUTD CBOIO YacToTy. Y
COJTHEYHBIX (DOTOHOB, KOTJ[a OHH JBUTAIOTCS OT
Counnna 10 3emii, HA000POT, OOBIYHO €CTh MHOTO
BpPEMEHH, YTOOBI HACTPOUTHCS Ha MIOTCHIINAN U
HOJYYHUTh CUHEE CMEILCHHE.

Rough estimates, based on the uncertainty
principle, show that the gravitational
potential, the collision frequency, collision
cross section, and temperature do not
permit the extrapolation of Newton's
equation for gravitational attraction to very
large cosmological distances. Such an
extrapolation of Newton's equation has no
basis in physical theory or any observation.
For the present discussion (because we do
not have a good gravitational theory), we
use only that there is no experimental
evidence supporting the extrapolation of
Newton's phenomenological equations to
extremely large cosmological distances.
Consistent with observations, we can
assume that the universe is infinite without
curvature on a large scale and is ever
lasting.

[TpuOIM3uTENbHEBIE OIIEHKH, OCHOBAaHHBIC HA
COOTHOIIICHUH HEONPEICIICHHOCTH, ITOKA3bIBAIOT,
YTO TPAaBUTAIIMOHHBIA MOTCHIIMAT, YACTOTa
CTOJIKHOBEHUH, yapHOE MONEPEYHOE CCUCHUE U
TEMIIEpaTypa HE pa3penIaroT SKCTPATIOISIIUIO
ypaBHEeHHS HbIOTOHA JIJ1s1 TPAaBUTAI[HOHHOTO
MPUTSHOKEHUS HA OYSHB OOJIBIITNE KOCMOJIOTHUECKHE
paccTosiHUA. Y TaKOH 3KCTPAITOJISAIAN YPaBHEHUS
HrroToHa HeT HUKaKkoro pyHIaMeHTa B
(bU3UYECKON TEOPUH WK JTF000M HAOIIOACHHH.
Jlnst TeniepertHero o0CyKaeHus (M3-3a TOTO, UYTO y
HacC HeT XOpollIel rpaBUTAllMOHHOM TEOpUH), MbI
UCTIONIBE3YEM TOJBKO TO, YTO HET HUKAKHUX
9KCIIEPUMEHTATBHBIX TAHHBIX, IO ICPKHBAFOIIIIX
AKCTPAMOJISIIIHIO (PEHOMEHOJIOTUYECKUX YPABHEHHIA
HrloToHa Ha upe3BpIYaiiHO OOJIbIINE
KocMoJorndeckue pacctosuus. Cosmecmumo ¢
HAON0OEHUAMU, Mbl MOACEM NPEONONONCUMb, YO
Bcenennas — beckoneunas, 6e3 KpususHvl 8
KPYNHOM Macuimade u O1umcst 6e4Ho.

17. Possibly that in PRS-theory a
curvature of space on a small scale is
absent, too.

17. Bo3MOHO, 4YTO ¥ B MEJIKOM MacIuTade
KpHBH3HA MTPOCTPAHCTBA OTCYTCTBYET B TEOPUHU
IIKC
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6 Weightlessness of photons

6. HeBecomocTh (poTOHOB

Solar redshift experiments detected the
reversal of the gravitational redshift. In

CoJiHeYHbIe IKCIIEPUMEHTHI 110 KPACHOMY
CMeleHHIO 00HAPYKUJIH HHBEPCHIO

74




section 5.6, the redshifts of the solar lines
are explained as due to the plasma redshift;
see for example Fig. 4. The good fits
between the predicted plasma redshifts and
the observed shifts indicate that the
Fraunhofer lines, when observed on the
Earth, are not gravitationally redshifted.
We explained that the photons' frequencies
are gravitationally redshifted in the Sun,
but that the gravitational redshift is
reversed as the photons move from the Sun
to the Earth. This blue shift cancels the
gravitational redshift.

rPaBUTALMOHHOI0 KPAaCHOIO cMelieHus. B
Paznene 5.6, KpacHble CMELIEHHSI COTHEUHBIX
nunuit oobsacustores [IKC; cm. nanpumep Puc. 4.
Xopoliee COOTBETCTBUE MEXKAY MPeACKa3aHHbBIMU
[NKC u nabnrogaeMbIMHU CIBUTAMH YKa3bIBAET, YTO
muann Opaynrodepa, Oyayun HaOII01aeMbIMH Ha
3emJie, HE BBI3BaHBI TPABUTAIIMOHHBIM KPACHBIM
cMelleHHeM. Mbl 00BACHUIIN, YTO YaCTOTHI
(OTOHOB UMEIOT IPABUTALIMOHHOE KPACHOE
cmenenue B ColHIle, HO YTO IPaBUTALIIOHHOE
KpacHO€ CMEIICHUE PEBEPCUPYETCS IPU JBUKEHUU
¢oronoB ot ConHua k 3emie. ITo cuHee
CMEIIeHUE HENTpaIu3yeT rpaBUTAlMOHHOE
KpacHO€ CMEIICHHUE.

When an atom moves from the Sun to the
Earth, the gravitationally redshifted energy
levels and frequencies of the atom are blue
shifted such as to cancel the gravitational
redshift in the Sun. In quantum mechanics,
the frequencies of photons behave like the
frequencies of particles; that is, the
frequencies increase with the gravitational
potential. Brynjolfsson [107] shows that a
simple and natural extension of the
classical TGR to quantum mechanics leads
to reversal of the gravitational redshift
during photons' time of flight from the Sun
to the Earth. This change in frequency is
closely related to the increase in velocity
of light with the gravitational potential.
Importantly, this modified TGR is
consistent with all observations.

Korna arom nepemeniaercsa ot CosHiia Kk 3emie,
CIABUHYTHIC TPABUTALMOHHBIM KPACHBIM
CMEIIICHUEM PHEPreTUYECKHUE YPOBHU U YACTOTHI
aToMa C/BUTAIOTCS B CUHIOIO CTOPOHY TakK, 4TO
HEUTPAJIU3YIOT IPAaBUTAIIMOHHOE KPACHOE
cmenienne B ComHile. B kBaHTOBOII MEXaHUKE
9acTOTHI ()OTOHOB BEIYT CEOS KaK 4aCTOThI
YaCTHIL; TO €CTh, C POCTOM I'PABUTAIIMOHHOTO
MOTEHIIMAJIa YaCTOThl YBEJIUYUBAIOTCS.
Bpuniiongccon [107] moka3bIBaeT, 4TO MPOCTOE U
€CTEeCTBEHHOE paciiupenue kinaccuueckon OTO nHa
KBaHTOBYIO MEXaHUKY MIPUBOJIUT K HHBEPCUHU
TPaBUTAIMOHHOTO KPACHOTO CMEIICHUS B TEUCHHUE
BpeMeHH nepementeHus ¢otoHoB ot CoHIa K
3emie. ITo U3MEHEHHE B 4aCTOTE TECHO CBA3aHO C
YBEJIMUEHUEM CKOPOCTH CBETa B OOJIbIIIEM
TpaBUTAIMOHHOM MOTeHIUane. BaxkHo, 4To
monupunupoannas OTO coBmecTMa CO BCEMH
HaAOJIFOIEHUSIMH.

The transition from quantum mechanics to
classical mechanics is in accordance with
Bohr's correspondence principle. In the
classical limit, therefore, the quantum
mechanically modified theory of general
relativity becomes observationally
identical to the classical theory, and can
explain the outcome of the gravitational-
redshift experiments by Pound and Rebka
[37,38], Pound and Snider [39], Vessot et
al. [40], and Krisher et al. [41]. The
experiments on the bending of light
analyzed by Riveros and Vucetich [42] and
experiments by Shapiro et al. [43]
pertaining time delay of signals are

[Tepexon OT KBAHTOBON MEXAHHUKH K KJIACCHYECKON
MEXaHUKE MMPOUCXOIUT B COOTBETCTBHUH C
MPUHIUIIOM cOoOTBeTCTBUS bopa. B kinaccuueckom
npejese, I03TOMY, KBAHTOBO-MEXaHUYECKU
MoudHUIIIpOBaHHAS 00IIAsT TEOPHS
OTHOCUTENILHOCTH CTAHOBHUTCS HAaOII01aTEIbHO
WJICHTUYHOW KJIACCUYECKON TEOPHUH, U MOXKET
O0O0BSCHUTH Pe3yibTaT HIKCIIEPUMEHTOB TIO
IpaBUTAIMOHHOMY KpacHOMY cMmetienuto [laynma
u Pe6ku [37,38], [laynna u Cuatinepa [39],
Beccora (Vessot) u np. [40], u Kputepa u np.
[41]. DKCIEpUMEHTHI 110 U3THOAHUIO CBETA,
IIpOAHAIN3UPOBaHHbIE PuBepocom u Byuetnuem
[42], u sxcniepumentsl Hlanupo u np. [43],
MMEIOIINE OTHOIICHHE K 3aIa3bIBAHUIO CUTHAJIOB,
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independent of the frequency, and remain
unaffected by this change in theory of
relativity.

OT 4aCTOThI HE3aBUCUMBI, 1 OCTAKOTCA
HE3aTPOHYTBIMH 3TUM U3MCHCHUCM TCOPUU
OTHOCUTCIBHOCTH.

18. It is necessary to eliminate at first an
inconsistency between TGR and KM
(Einstein-Podolsky-Rozen paradox, etc.),
and only after this it would be possible to
modify quantum mechanically the theory
of general relativity.

18. Jlns Toro, 4ToOBI MOKHO OBLIO OBI
KBaHTOBO-MEXaHUYECKH MOIU(DHUIIMPOBATH OOIIYIO
TEOPHUIO0 OTHOCUTEIILHOCTH, HEOOX0JUMO CHaJasa
yctparuTh npotuBopeune OTO u KM (mapamoke
Ditnireiina-Posena-Ilogonbekoro u ap.).

In the classical theory, the light cannot
escape from the "black hole limit". In the
modified theory, however, the
gravitational redshift is reversed. As seen
by a distant observer, the gravitational
field repels the photon. We know from
collision experiments in the laboratory that
under the extreme pressure in the
collisions, the matter is transformed to
photons. It is reasonable that close to the
"black hole limit", the matter is converted
to photons. When the highly
gravitationally redshifted photons move
away from the brink of the "black hole
limit", the gravitational redshift is
reversed. According to well-known laws of
physics, the most energetic of the photons
could then reform matter at a distance from
the "black hole limit". Considering the
pressure and the kinetic energy, the
photons could have energy far exceeding
the proton-antiproton pair production.
Thus, matter can renew itself eternally.

B xitaccuueckoi TeOpur CBET HE MOKET UCXOAUTH
u3 "mpenesoB yepHou abipbl". B
MOIU(DUIIUPOBAHHON TEOPHH, OJTHAKO,
rpaBUTALMOHHOE KPaCcHOE CMEIIECHHE
peBepcupoBaHo. Kak BUIUT OTIanEHHbBIN
Ha0JII0/1aTelb, TI0JIE TATOTEHUS OTTAJKUBAET
¢dotoH. MBI 3HaEM U3 pe3yIbTaTOB yAaPHBIX
9KCIIEPUMEHTOB B J1a00paTOpUH, UTO MPU
HKCTPEMAJILHOM JIaBJICHUH B CTOJKHOBEHUSX
MaTepus rpeodpasyercs B GoToHsl. [ToaTomy
BOJIN3HM "TpaHUIIBl YEPHOM IBIPBI" MaTepust
npeoOpasyercs B poToHbl. Korna upe3BbuaitHo
CMEIIEHHBIE B KPACHYIO CTOPOHY T'paBUTALIUEH
(OTOHBI YXOAAT OT Kpas "TpaHUIIbl YePHOH ABIPHI",
IPaBUTAIIMOHHOE KPACHOE CMEIICHHE 00PaTHO.
CornacHo U3BECTHBIM 3aKOHAM (PU3HKH, CAMBbIE
SHEPrUYHbIC U3 POTOHOB MOTYT TOTIa BOCCO3/IaTh
MaTEpUIO Ha HEKOTOPOM PACCTOSIHUU OT "TPaHMIIBI
YepHOM JbIpbl". YUUTHIBas JaBJICHUE U
KMHETUYECKYIO SHEPTHIO, Y (POTOHOB MOTJIa OBIThH
SHEPTHUsl, HAMHOTO MPEBHIIIAIONIAS YHEPTUIO
00pa3oBaHUs Mapkl MPOTOH-AHTUIIPOTOH. TakuM
00pa3om, MaTepusi MOKET OOHOBJISITH ce0sl BEYHO.

19. As "the father of black holes" S.
Hoking has shown, black holes do not
exist. However the mechanism of
restoration of a matter is possible and
necessary.

As a hadron matter can be destroyed,
then the hadron matter is obliged to be
created in the Universe because the
Universe should be perpetual. The
mechanism of the destroy and creation of
a matter near supermassive objects is
above.

Other mechanism is possible also. In
the eternal Universe perpetually there is a
process of "Tired light", that is, there is a
perpetual transfer of energy from photons

19. Kak mokazain "orer yepHbx asip" C.
XOKHHT, YEpHBIX JIbIp HE cymiecTByeT. OTHaKO
MEXaHU3M BOCCTAHOBIIEHUS MATEPUN BO3MOKEH U
HEOO0XOUM.

Pa3 anponHas matepus MOXET YHUUTOXKATHCA,
TO, 4ToObl Bcenennass Obula BEYHOM, aJpOHHAS
MaTepus oOs3aHa co3gaBaThcsi BO BceneHHOI.
MexaHu3M  YHUYTOXKEHHMSI M  BOCCTAHOBJICHUS
MaTEepUd  OKOJIO CBEPXMACCUBHBIX  OOBEKTOB
MOKa3aH BBIIIIE.

Bo3moxkeHn u gpyroil MexaHu3M. B BedHOU
BcenleHHON BEYHO MPOMCXOAUT IPOLECC CTAPEHUS
($bOTOHOB, TO €CTh, UAET BEYHAs Mepeaya SHEPTUU
oT (oTOHOB K Muiazme. OJIHAKO TUIa3Ma HE MOMKET
BEYHO TMOBBIIIATH CBOK SHEPIrUI0, U B KAKOH-TO
MOMEHT HAKOIUICHHAsl HHEPrus B KOHKPETHOM
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to plasma. However plasma cannot
perpetually accumulate the energy, and at
some instant the accumulated energy in
some volume is dropped, being transmuted
into substance. So there is a matter
restoration.

o0BeMe cOpachIBaeTCs, MPEBpaIIasiCh B BEIIECTBO.
Tak mpoucxoauT BOCCTAHOBJIIEHUE MAaTEPUHU.

In the quantum-mechanically modified
TGR, the total of mass and energy is
conserved at all times. For example, the
potential energy that the particles lose
when they fall towards the gravitating
body (to be transformed into photons) is
returned to the photons as they stream
outwards (and are transformed into
particles). This all happens in accordance
with conventional laws of physics, as we
know them from the experiments. In
classical TGR, on the other hand, the
particle and its energy gradually disappear
into a "black hole". In classical TGR, it is
usually surmised that all matter and energy
in the universe will gradually be sucked
into the "black hole". Usually, it is
surmised further that eventually some
mystical forces will release the particles
and their energy from the bondage in the
"black hole" .

B KkBaHTOBO-MeXaHUYECKU MOTUPHUITUPOBAHHOM
OTO cymMma Macchl 1 DHEPTUM BCEraa
coxpausierca. Hanpumep, noteHuuanbHas SHeprus,
KOTOPYIO TEPSIOT YaCTHUIIbI, KOT/1a OHU MaJaroT K
TPaBUTHUPYIOIIEMY Tely (YTOOBI OBITh
npeoOpa3oBaHHON B (DOTOHBI) BO3BPAIIACTCS
(doToOHAM, KOT/Ia OHU BBIXOJIST HAPYKY (H
MPEBPALIAIOTCS B YaCTHUIIBI). ITO BCE MPOUCXOIUT
B COOTBETCTBUU C OOBIYHBIMU 3aKOHAMU (DU3HKH,
HACKOJIBKO MbI 3HAa€M UX U3 3KCIIEPUMEHTOB. B
kiaccuueckord OTO, ¢ aApyroi CTOpOHBI, YaCTULIA U
€€ DHeprus MOCTEIIEHHO UCYE3al0T B "UePHYIO
neipy". B knaccuueckoit OTO o0br4HO
MpeoiaraeTcs, 4YTo BCS MaTepusi U SHEPTUS BO
BcenenHoli OyIeT MOCTETICHHO BCAChIBATHCS B
"yepHyro apipy". OOBIYHO ajee mpeanoaaraeTcs,
YTO, B KOHEYHOM CUETE, HEKOTOPbIC MUCTUYECKHE
CHJIBI OCBOOOJISIT YAaCTHUIIBI U MX DHEPTHUIO U3
HEBOJIM B "uepHOit bIpe".

As the annihilation of matter to photons at
the brink of the black hole limit and
recreation of matter is only a possible
extrapolation, we should consider if any
observation supports this extrapolation.

[TockonpKy aHHUTWJISIIIMS MaTepUu B (POTOHBI Ha
Kparo IpaHUIbl YEPHOU IBIPEI U BOCCTAHOBJICHHE
MaTepUU €CTh TOJBKO BO3MOKHASI SKCTPANOJIALINS,
MBI JOJDKHBI PACCMOTPETD, MOJAECPKUBACT JIU
KaKoe-HUOYIb HAOJIOJICHNE 3Ty SKCTPATOJISIIHIO.

Narayan [112] finds that accreting black
holes (or more correctly, objects which he
believes are accreting black holes) almost
always emit a substantial fraction of their
luminosity in hard X rays and gamma rays.
The spectrum of the rays can be
approximated by a power-law with a
photon index ay as

Hapasn [112] oOHapy» w1, 4TO MOTIONIAONINE
MaTEPUIO YEPHBIE IBIPHI (WK 00Jiee MPaBUIBHO,
00BEKTHI, KOTOPBIE, KaK OH TOJIaraeT, sBISIFOTCS
YEPHBIMHU JIBIPAMH, MOTJIOMIAIOIUMU MATEPHIO)
MOYTH BCETJIa UCITYCKAIOT CYIIECTBEHHYIO YacTh UX
SPKOCTHU KaK KECTKOE PEHTTEHOBCKOE U3JIyYEHUE U
ramma-ny4yu. CoeKTp Jydeil MOKeT ObITh
arMpPOKCUMHUPOBAH CTENEHHBIM 3aKOHOM C
(OTOHHBIM MTOKA3aTEJIEM 0N B BUIE

N, dE = E- dE, (67)

N,dE = E"®~dE, (67)
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where the index is usually in the range of
1.5 to 3. He also notes:

Il ToKa3areiab OOBIYHO HAXOAUTCA B JAAIIa30HE
1.5 — 3 . OH Takxe 3aMeyacT:

1. Electron-positron annihilation features
have been seen only in black hole
candidates.

1. DJIEKTPOHHO-TIO3UTPOHHBIE AHHUTIISIITAOHHBIC
CBOMCTBA OBLIN 3aMEYCHBI TOJILKO Y KaH/IUJIaTOB B
YEepHBIE JIBIPHI.
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Relativistic jets of active galactic nuclei
and X-ray binary jets are all unambiguous
signatures of black holes.

PensiTuBucTCKME CTPYH A11€p AKTUBHBIX TATAKTUK U
PEHTI'€HOBCKUE OMHApHBIE CTPYH - BCE
0JIHO3HAYHbIE IPU3HAKU YEPHBIX JIBIP.

It is more likely that such very high-energy
jets are emitted from a brink of a black
hole limit, if the photons are pushed away
from the black hole, and if the photon's
energy increases with the gravitational
potential, as it does in the quantum
mechanically modified theory, instead of
retaining the redshifted energy, as the
photon does in the classical theory.

bonee BeposITHO, UTO TaKHE OUYEHD
BBICOKOOHEPIreTUYECKHUE CTPYH MCIYyCKAIOTCS OT
Kpasi TpaHUIIbl YePHOH IBIPHI, €CIH (HOTOHBI
BBITAJIKUBAIOTCS U3 YEPHOM JIBIPBI, U €CIIM SHEPI U
($oTOHA YBETMUUBACTCS C POCTOM
IPaBUTAILMOHHOIO ITOTEHIIMAJA, KAaK 3TO JIeJIaeTCs B
KBaHTOBO-MEXaHUYECKH MOIU(DUIIPOBAHHOM
TEOpPUH, BMECTO TOTO, YTOOBI COXPAHUTH SHEPTHUIO
MOKPACHEHUs, KaK JieJaeT (OTOH B KIACCUYECKOM
TEOPHH.

At the center of a large neutron star-like
object, the density may greatly exceed that
of the atomic nucleus, as pointed out by
Ruderman [113]. The transition from
hadronic matter to quarkgluon matter may
well occur at the center of an object
somewhat similar to a neutron star, as
pointed out by Olive [114]. We don't know
at what density such a phase transition
occurs, but it may occur before the "black
hole limit". We know from high-energy
laboratory experiments that heavy pressure
created in ion collisions lead to many very
unstable particles, which may quickly
decay into high-energy photons. As the
gravitational field repels these photons,
they could create particle pairs. It appears
possible that close to "black-hole limit",
we not only have the formation of
electron-positron pairs, but at higher
energies also proton-antiproton pairs and
even higher-mass particles. It appears to
me far-fetched to think that only the
accumulation of the entire mass in the
universe could lead to such a condition,
and recreation of matter.

B nenTpe 6051b1110r0 HEUTPOHHOTO
3BE30110100HOr0 00BEKTa TNIOTHOCTH MOKET
BECbMa IIPEBBICUTH INIOTHOCTh ATOMHOTO s1/Ipa, KaK
ykazaHno Pynepmanom [113]. [IpeoOpazoBanue u3
aJpOHHOI0 BELIECTBA K KBAPK-TJIIOOHHOW MaTepUu
MO3KET 3aIllpOCTO MPOU30UTH B LIEHTPE OOBEKTA,
YeM-TO MOA0OHOTO HEHTPOHHOM 3Be3/e, KaK
ykaszan Onus (Olive) [114]. Mb1 He 3HaeM, pu
KaKOH MJIOTHOCTH MPOUCXOAUT TaKOH (pa30BbIii
Mepexo, HO 3TO MOXKET MPOU30UTH 10 "TPAHUIIBI
4epHOH AbIpeI". MBI 3HaeM U3 1a00paTOPHBIX
HKCIIEPUMEHTOB C BBICOKOM SHEprueH, 4To CUiIbHOe
JIaBJI€HHE, CO3JAHHOE B MIOHHBIX CTOJIKHOBEHUSIX,
MIPUBOTUT KO MHOTUM OY€Hb HEYCTONUHBBIM
4acTHLIaM, KOTOPbIE MOTYT OBICTPO Pa3pyIIUTHCA
Ha BeICOKORHepreTuyeckue GoToHsl. [Tockonbky
10JIe TATOTEHHS OTTAIIKMBAET 3TH (POTOHBI, OHU
MOTJIM cO37aTh Mapsl yactuil. Kaxercs
BO3MO>KHBIM, UTO OJIM3KO K "TpaHULIe YEPHOU
IBIPBI", MBI IMEEM HE TOJILKO (hOpMUPOBaHKE
AIIEKTPOHHO-IIO3UTPOHHBIX Map, HO U NpH Oosiee
BBICOKHX DHEPIHsX TaKXKe Mapbl MIPOTOH-
AHTUIPOTOH U J1aXke 0oJiee MaCCUBHBIE YaCTHIIBI.
MHe kaxkeTcs HermpaBa0noI00HBIM TyMaTh, YTO
TOJIBKO HAKOIUIEHUE BCEH Macchl BO BeeneHHom
MOTJIO IPUBECTU K TAKOMY YCIIOBHUIO, U
BOCCTAHOBJICHHIO MaTEpUH.

At the brink of a black hole limit of an
object close the center of a galaxy, or an
active galactic nucleus, the kinetic energy
of the accreting mass particles and
mounting pressure could result in photons
with energy in excess of the rest energy of
most of the particles. This rest energy is
reduced by the gravitational redshift factor.

V Kpas TpaHULbl YepHOU ABIPbI 00BEKTa BOIHU3H
LIEHTpa TraJJakKTUKU WM s1/Ipa aKTUBHOW TaJIaKTHUKH,
KWHETHYECKasi SHEPTHs Mace MaJarollnuX YacTUIl 1
JTaBJI€HHE MOTJIM 00pa30BaTh (POTOHBI C SHEPTUEH,
IPEBBIMIAIOIIEH SHEPTUIO TTOKOS OOJIBIIMHCTBA
YacTHILl. JTa SHEPIUs TOKOSI YMEHbLIAeTCs Ha
K03 PULIHMEHT rPaBUTALIMOHHOTO KPACHOTO
cMmenieHus. JIabopaTopHble SKCIIEPUMEHTHI
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Laboratory experiments show that when
the particle's kinetic energy exceeds the
rest energy, the particles can transform into
photons. As seen by a distant observer, the
gravitationally redshifted high-energy
photons, which are repelled and gain
energy as they move away from the "brink
of a black hole limit" , can recreate matter
at any distance from the center. The
condition for the formation of proton-
antiproton pairs would be there, and the
condition for formation of the elements
would have some similarities to that
assumed in the big bang scenario.

MOKa3bIBAIOT, YTO, KOT'/1a KUHETUYECKasi SHEPTUs
YAaCTULBI IPEBBIIIAET SHEPTUIO ITOKOSI, YACTHULIBI
MoOryT npeoOpas3oBarbes B poTonsl. Kak Bugut
OTJaNIEHHBIN HAa0II01aTeNb, IPABUTALIMOHHO
CABUHYTBIE B KPACHYIO CTOPOHY
BBICOKO3HEpreTHuYeckre (POTOHbI, KOTOPbIE
OTPaKAIOTCSl U MOJIYYaroT €I1e YHEPTUI0, KOTAa
OHM YXOZAT OT "Kpasi TpaHULIbl YEPHOU JbIpHI",
MOTYT BOCCO3aTh MaTE€PHIO Ha JIIOOOM
pPacCcTOSHUM OT LEHTPA. Y CIOBUE JUIS
(dbopMHUPOBaHUS TPOTOH-aHTUIIPOTOHHBIX Hap, U
ycIoBHs JUIs (POPMHUPOBAHUS IIEMEHTOB UMEIH Obl
HEKOTOpBIE OOLIME YEPThI C MPUHATHIMU B
cueHapuu bonsioro B3peisa.

This scenario possibly could explain not
only the electron-positron formations,
which, according to Narayan [112], are an
unambiguous signature of what he thought
was a black hole, but also why a large
amount of hydrogen, according to Burton
[115}, streams outward from the center of
our Milky Way galaxy. This center is
believed to contain a black hole.

OTOT cLieHapHii, BOBMOXKHO, MOT' ObI OOBSCHUTH HE
TOJIBKO DJICKTPOH-TIO3UTPOHHBIC (HOPMHUPOBAHWS,
KoTOphle, cornacHo Hapasny [112], sBasitoTcs
OJIHO3HAYHBIM CBUCTEIHLCTBOM B IOJIH3Yy YEPHBIX
IIBIP, HO MaKdce U novemy 0oabuioe Koauuecmeao
6000poada, coenacrho bépmony [115], yremaem
Hapyoicy om yeumpa Hauteli anakmuxu Mneunviii
Ilymsb. DTOT LIEHTp, KaK MOJIAratoT, COAECPIKUT

YEpHYIO JIBIPY.

Burton [115] points out that the redshifts
of the 21 cm line from the region around
the center of the Milky Way galaxy show
that a tremendous amount of hydrogen
moves at high speed away from the
galactic center. The flux of total gas flow
is on the order of 1 to 2 solar masses per
year. The plasma red shift would modify
slightly the flow diagrams used by Burton
[115]. The observed asymmetrical flow, as
reported by Burton, would become more
symmetrical. Thereby, the plasma redshift
would simplify the interpretation of the
observed flow.

bépron [115] yka3siBaeT, 4TO KpacHbIE CMEILICHUS
JauHUU 21 ¢M U3 00J1acTH BOKPYT LIEHTpa
rajgakTuku Miteunsiii [1yTs mokaseiBaror, umo
02POMHOE KOUYeCmeo 6000p00a nepemeuyaemcs ¢
8bICOKOU CKOPOCMbIO NOOAIbUUE O
eanakxmuyeckozo yenmpa. VlcredyeHue 1mojsHoro
ra3oBOro MMOTOKA COCTaBIsAET nopsiaka 1 - 2
COJIHEYHBIX Macc exeronHo. [ImazMeHHoe kpacHoe
CMeIlleHHe HEMHOTO MOAH(PHUIINPOBAIO OBI
MOTOKOBBIE TuarpamMmbl béprona [115].
Habmogaemblil aciMMETpUYHBIN TIOTOK, KaK
coobmieHo béptonom, ctan 6w Oosee
cuMMeTpUyYHbIM. Takum 00pa3oM, IIa3sMeHHOE
KpacHOE CMEIIIEHUE YIPOCTUIIO ObI
MHTEPIIPETALNIO HAOII0AAEMOI0 OTOKA.

For example, along the line towards the
center of the Galaxy, the electron density
causes a significant plasma redshift. When
we take the plasma redshift into account,
the velocities of the hydrogen streaming
towards us from the center would be
greater than those reported by Burton.
Analogously, the velocities of the
hydrogen streaming away from us on the
other side of the center would be smaller

Hanpumep, BAoab mMHUM K HeHTpY ["anakTuku,
KOHIIEHTPALUs JIEKTPOHOB BbI3bIBAET
cymectBeHHoe [TIKC. Korna mbl npuHrmMaeM Bo
BHuManue [1KC, ckopoctu Bogopoa, TEKyIIEro K
HaM OT IIEHTpa, ObLIN OBI OOJIBIIIE, YEM T€, O
KOTOpBIX coodmraer bEpToH. AHamornyuHo,
CKOPOCTH BOJIOPOJIa, TEKYIIETO BAAJIb OT HAC C
JIPYTOil CTOPOHBI IIEHTPa, ObUTH Obl MEHBIITUMH,
4YeM Te, 0 KOTOpBIX coobiaeT bEpToH.
dakTuuecku, pazymuble BennuuHbl 1uist [IKC
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than those reported by Burton. In fact,
reasonable numbers for the plasma redshift
would make the observed asymmetrical
flow, as reported by Burton, become more
symmetrical. An average electron density
in the midplane of about 0.02 cm™ (an
average of 0.016 from Reynolds [61] and
0.025 from Cordes et al. [63]) over 6.5 kpc
from observer towards the hydrogen at 1.5
kpc from the center results in a plasma red
shift of 40 kms™. This value when added to
the observed 53 kms™ for the arm close to
the center gives an average of 93 kms™. On
the other side of the galactic center the
plasma red shift is greater as the line of
sight passes through the hot high-density
area closer to the nucleus. The average
electron density in that region may be on
the order of 0.08 cm™ over 3 kpc. The
corresponding plasma redshift is about 74
kms™, which together with the 40 kms™
reduces the observed velocity of 210 kms™
away from the center to about [210 - (74 +
40)] = 96 kms™.

cienany Obl HAOIIOAAEMBI ACHMMETPUYHBIHN, KaK
coobieHno bepronom, norok 6oiee
cuMMeTpuuHbIM. CpeHss KOHIICHTPALUS
3JIEKTPOHOB B CPEJHEN MIIOCKOCTH
npubuzuTenpHO 0.02 oM (cpenuee umncno 0.016
ot Peiinonbaca [61] u 0.025 ot Kopaca u ap. [63])
B OoJiee yeM 6.5 KK OT HaOII0aaTeNs K BOAOPOIY
u B 1.5 knk ot nentpa nosryvaercs npu [IKC
npuMepHo 1pu ciasure 40 km/cex. ITo 3HaUEHUE,
Oyayuu no6aBieHo K HaOIrOgaeMbIM 53 KM/cek
JUTst OJIM3KOTO K LIEHTPY pyKaBa, 1aeT CpeHee
yucio 93 km/cek. C apyroii CTOPOHBI
rasiaktuyeckoro rneurpa [IKC Gompiie, mockoabKy
JMHUS HAOJII0IEHUS IPOXOJUT Yepe3 TOpsUyIo
00J1aCTh BRICOKOH TUIOTHOCTH OJIU3KO K SIPY.
CpenHsisi KOHLIEHTPALMs 3JIEKTPOHOB B TOM
oGmactu MoxeT ObITh mopsizka 0.08 cm™ Ha
paccrostnuu 6osiee 3 knk. CoOTBETCTBYIOIIEE
IUIa3MEHHOE KPAaCHOE CMEIIEHHUE COCTaBIISET
npubIM3uTeNBEHO 74 KM/CeK, koTopoe BMecTe ¢ 40
KM/CEK YMEHbIIIaeT HabJto1aeMyto ckopocTh 210
KM/CeK OT IIeHTpa 710 npubnausutensHo [210 - (74 +
40)] = 96 km/cek.
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The actual outward flow from the Galactic
center would then be nearly symmetrical at
about 95 kms™. This outflow is lower than
the average outflow (53 + 210)/2 = 131
kms™ without the plasma redshift.
Importantly, the plasma redshift indicates
that the outflow of hydrogen from the
center is approximately symmetrical and
very large.

DaKTUYECKUH MTOTOK, HAPABJIEHHBIA HAPYXKY U3
neHTpa ["anaktuku, Toraa 011 ObI MOYTH
CUMMETPHYHBIM, IPHOIU3UTENBHO 95 KM/CeK.
DTOT OTTOK HIKE, YeM CPeIHUN OTTOK (53 +
210)/2 = 131 km/cek 6e3 yuéra mia3MeHHOTO
KpacHoro cMenieHus. Baxxno, 4To rmasmeHHoe
KpacHOE€ CMEIICHHUE YKa3bIBAET, YTO OTTOK
BOJIOPOJIa OT IIEHTpA SBJISETCS MPUOTUZUTETHHO
CUMMETPHYHBIM M 04Y€HB OOJIBIIHM.

The plasma redshifts assumed in this
example are uncertain, and better numbers
can be obtained by analyzing the entire set
of data. However, such a modified analysis
would not change the essence of the prior
conclusion that a tremendous amount of
hydrogen appears to be streaming away
from the center of the Galaxy.

[Ina3zmenHBIE KpaCHbIC CMCIICHH:, IIPHUHATLIC B
9TOM IMPUMEPEC, HC YBCPCHHO YCTAHOBJICHBI, 1
JIydmue 4ucijia MOTyT OBITE ITOJIYUYCHBI ITOCJIC
aHaJin3a BCCro MHOXXCCTBA JaHHBIX. OI[HaKO Takom
MO,Z[I/I(i)I/II_II/IpOBaHHLII‘/'I aHaJIM3 He U3MEHUI OBl
CYIIHOCTD MPEAMCCTBYIOIICTO 3aKIIIOUCHUA, Yo
OZcPpOMHOe Kouvyecmeo eodopo@a, Kas#cenicH,
meyem 60aib om uermpa Tanakmuxu.

Burton mentions that Oort [116, 117]
suggested a particular interpretation of the
observed velocity flow around the nucleus,
which was worked out by van der Kruit
[118]. In this interpretation the galactic
nucleus ejected gas at high velocity and at

bépron ynomunaet, yto Oopr [116, 117]
MIPEJIOKUIT OCOOCHHYIO HHTEPIIPETALIHIO
Ha0J1101aeMOr0 CKOPOCTHOTO MTOTOKA BOKPYT s1/pa,
KOTOpoe ObII0 pa3padoTano BaH nep Kpyurom
[118]. B aTOli HHTEpIpEeTAIIMU TaTaKTUUECKOE SJIPO
BbIOPACBIBAET I'a3 C BHICOKOM CKOPOCTHIO U MO
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an angle of 25 to 30 degrees with respect
to the galactic plane. This material would
then return to the plane at a few kpc from
the center.

yrioM 25°-30° OTHOCUTENBHO raJIaKTHYECKON
IUIOCKOCTH. DTa MaTepus TOT/1a BO3BPATUIIACh ObI K
ATOH MJIOCKOCTH B HECKOJIBKUX KITK OT IIEHTPA.

In light of the reversal of the gravitational
redshift when the photon moves away
from gravitating center, we are inclined to
modify slightly this scenario by suggesting
that the high-energy photons from
transformation (annihilation) of nuclear
matter are ejected mainly along the vortex-
axes of an object at the brink of the "black
hole™ limit. In both ends of the vortex, the
high-energy photons would gain energy as
they move outwards, and if photon energy
exceeds the rest mass energy, they could
recreate matter. (The ratio of photon
energy and rest mass energy is
independent of the gravitational potential
in the modified TGR.)

B cBeTe nHBepcuu rpaBUTAlIMOHHOIO KPACHOTO
CMelleHusI, Koraa (poToH oTaanseTcs ot
IPaBUTHPYIOLIETO LIEHTPA, MbI CKIIOHHBI HEMHOT'O
MOJIU(HUIMPOBATE 3TOT CLEHAPHA, TIPEATIoIaras,
YTO BBICOKODHEPIeTUUECKUe (POTOHBI OT
npeoOpa3oBaHusl (AHHUTWJISILIUS) SIIEPHONU MaTepuun
BBIOPOILIEHBI INITaBHBIM 00Pa30M BJ10JIb BUXPEBBIX
ocell 00beKTa y Kpasi rpaHullbl "dyepHOi AbIpsl". B
000MX KOHIIaX BUXPS BBICOKOHEPI€TUUECKUE
(OTOHBI MOTy4nIIA OBI SHEPTHIO, MOCKOIBKY OHU
YXOIAT HAPYXKY, M €CIIU SHEeprus GoToHA
MPEBBIIIACT YHEPTHIO MACCHI TIOKOS, OHM MOTJIN OBl
BOCCTaHaB/IMBaTh MaTeputo. (CooTHOLIEHHE
SHEpPruu POTOHA M SHEPTHH MACCHI TIOKOSI
HE3aBUCHMO OT IPAaBUTAL[MIOHHOI'O IIOTEHIIHAJA B
moudunmposanHor OTO.)

Initially, when very little matter covers up
the ends of the vortex, we observe two jets,
one from each end, beaming far away from
many objects believed to be black holes.
We will first see "knots" or "lumps” on the
beams or jets, because, as is well known
from laboratory experiments and theory for
pair production, matter enhances the
transformation rate of photons to particle
pairs. Occasionally, these "lumps" and
"knots" may coalesce as they are being
pushed away, and could possibly form
quasars, about the way Halton Arp sees it
in his monograph, Seeing Red, [52]. For
example, the largest "lump™ in M87
already now emits more X rays than the
core of M87.

[TepBoHayasibHO, KOT/Ia OY€Hb HEMHOT'O MAaTEPHH
MOKPBIBAET KOHIIBI OCEH, MBI HAOJIIOIaeM JIBE
CTPYH, 110 OJJHOMY OT Ka)XJ0T0 KOHI[a, OBIOLIUX
JTAJIEKO OT MHOTHUX OOBEKTOB, KOTOpBIE, KaK
M0JIararoT, ObLIIN YEpPHBIMU AbIpaMu. Mbl OyiemMm
CcHayvaja BUAETH "y3ibl" WK "MHIIKY " HA Iy4YKax
WIH CTPYAX, IOTOMY YTO, KaK U3BECTHO U3
71a00PATOPHBIX HIKCIIEPUMEHTOB U TEOPUHU IS
o0pa3oBaHUs Map, MaTepusl yBEINYUBACT TEMIT
npeoOpazoBaHus (HOTOHOB K TTapaM YaCTHIL.
Nuorpa >ty "mmmku" u "y31e1" MOTYT cpacTaThes,
10 MEpe UX OTOJBUTaHUs, U MOTYT, BO3MOXHO,
chopMUpOBaTh KBa3apbl, ClIOCOO0M, KOTOPHIM
X31TOH ApI BUIUT 3TO B cBOel MoHorpaguu "
Buns Kpacnsriii iset" [52]. Hanpumep,
HauOosbmas "mmmka" B M87 yxke Tenepb
UCITyCKaeT OOJIbIIIe PEHTTEHOBCKUX JTyUueH, ueM
sapo M87.

In some cases the beams may be less
focused, and as more and more hydrogen
is formed and covers up the ends of the
vortex (sometimes one end of the vortex
before the other), the jets will shorten, and
we see a bulge form over the vortex. When
the density in the bulge increases, the
protons that are formed will diffuse from
the axes of the vortex, and the
recombination-emission cooling would

B HeKoTOpBIX ciyyasx My4YKd MOTYT OBITh MEHEE
c(hOKyCHpPOBAHBI, M IIOCKOJIBKY BCE OOJIBIIIE
BOJI0pOJ1a CPOPMHUPOBAHO U MOKPBIBAET KOHIIBI
BUXPA (MHOT/Ia OAMH KOHEL BUXPS NEPE]] IPYTUM),
CTPYH COKPATATCS, U MbI BUIUM Ol K Hal
BuxpeM. Korna rmioTHocTs B Oanmxe
yBEJINYUBAETCS, CHOPMUPOBAHHBIE TPOTOHBI OY YT
pacceuBaTbCs U3 OCEM BUXPA, U
PEKOMOMHALIMOHHO-9MUCCUOHHOE OXJIaXKICHNE
3aKOHYWIOCH OBl HEWTpaJIM3aIye BOAOPOIa,
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result in neutralization of the hydrogen,
which would then, due to gravity, leak
down to the center plane at some distance,
but close to the nucleus. It is natural for
systems affected by the plasma redshift to
form structures of colder streams separated
by redshift-heated sparse plasma in
between. As mentioned under the
discussion of the spicules in the transition
zone to the solar corona, and the
discussions about the structures in the solar
corona and the galactic corona, such
structures are relatively stable, because the
regions with sparse density will be hotter
and the plasma-redshift heating per particle
relatively greater than in the denser
regions. The hydrogen would then flow
down from the bulge into the center plane,
and then outwards into the relatively stable
arms of the galaxy, the way Oort saw it.
Due to the tendency of the plasma redshift
to create "bubble" structures, a relatively
hot redshift-heated plasma will separate
the arms. The arms structures of the
galaxies have been difficult to understand,
but the plasma-redshift heating helps
explain the arm structures.

KOTOpBINA OyJIeT Tora u3-3a rpaBUTaluu
nepeTeKaTh BHU3 K HEHTPaJIbHON INIOCKOCTH Ha
HEKOTOPOM PacCTOSHUU, HO OJIU3KO K Aapy. ITO
€CTECTBEHHO JJIsl CUCTEM, KOTOpPbIE TOCPEICTBOM
[TKC hopMupy1oT cTpyKTyphI O0JI€€ XOJIOTHBIX
MOTOKOB, Pa3/IeNEHHBIX IPOMEXYTKaMH HarpeToi
KpPaCHBIM CMeLIEHUEM peakoil miasmel. Kak
YIOMSIHYTO IIPU OOCYX/IEHUH CITUKYJI B
MIEPEXO0/IHOM 30HE K COJIHEYHOU KOPOHE, U MPHU
00CYXK/IEHUSIX CTPYKTYpP B COJTHEUHON KOPOHE U
raJJakTUYeCKOIl KOPOHE, TaKue CTPYKTYpPHI
OTHOCUTEJIBHO YCTOMUYUBBI, IOTOMY YTO O0JIACTH C
PEAKOM IIIOTHOCTHIO OyayT OoJiee TOpPSIUUMU, U
Harpesarollee MIa3MEHHOE KPACHOE CMELLEHUE, Ha
OJIHY YacCTHILy, OTHOCUTEJIBHO OOJIbIIE, YEM B
Oosiee IOTHBIX o6nacTax. Bogopox toraa yneran
Obl BHU3 U3 Oaska B LIEHTPAJIbHYIO TUNIOCKOCTb, U
3aTe€M HapyXy B OTHOCUTEIIBHO YCTOWUUBBIC
pyKaBa rajakTHKu, crioco0om, kotopbim OopT
BUJUT 3T0. V3-3a TEHAEHIIMU [IJIa3MEHHOTO
KpacHOT0 CMEUIeHHsI cO3/1aBaTh "Mmy3bIpyaThie”
CTPYKTYPbl, OTHOCUTEJILHO TOpsuasl HarpeTast
IUIa3Ma KPacHOI'O CMEILEHUS OTAEINUT PyKaBa.
CTpyKTyphl pyKaBOB ralakTUK OBLIO TPYIHO
MOHSTh, HO HarPEBaHUE IIA3MEHHOTO KPACHOTO
CMEILEHHsI TOMOTaeT OOBIACHUTH CTPYKTYPBbI
pPYKaBOB

Presently, this scenario should be
considered only a working hypothesis.
However, both the plasma-redshift theory
and the reversal of the gravitational
redshift with increasing gravitational
potential (or reversal of blue shift with
decreasing potential) appear helpful in
explaining in a simple way these
remarkable and difficult to explain
observations.

Temneps 3TOT cieHapHii HY)KHO CYUTATh TOJIBKO
paboueii runore3zoii. OJ1HaKo, U TEOpUs
IUIA3MEHHOTO KPACHOTO CMEIEHHS, 1 MHBEPCHS
IPaBUTALMOHHOTO KPACHOTO CMEUICHUS C
YBEIMUYCHUEM IPAaBUTAIIIOHHOTO MOTEHIIMAA (MIIN
HHBCPCHUA CHUHCTO CMCIICHHA C YMCHBIICHUCM
NOTEHIMANa) KXYy TCs TOJIE3HBIMHU B O0BSICHEHUH
MPOCTBIM CITOCOOOM 3TUX 3aMeYaTEbHBIX U
TPYIHBIX JJI51 0OBSICHEHHS HAOIOICHUH.

7 Possible future experiments

7. Bo3MoxHbIe Oyaymme IKCePUMEHThI

I have failed to conceive of a reliable and
practical laboratory experiment for testing
the pertinent theorems. The plasma
redshift is likely to play an important role
in future designs of fusion experiments,
because of its unique feature of
transferring heat energy to a fully ionized
plasma. In such experiments, it is
important to use the fact that the initial
plasma-redshift, as given by Eq. (18), is

51 ObIT HE B COCTOSIHUM MPUIyMaTh IOCTOBEPHBIN U
NPaKTUYECKUI JTa00PaTOPHBINA HIKCIIEPUMEHT ISt
TOT0, YTOOBI TPOBEPUTH COOTBETCTBYIOIIUE
teopemsl. [IKC, BeposiTHO, OyeT UrpaTh BasKHYIO
poJIb B OyAyLIMX pacueTax SKCIIEPUMEHTOB
CHHTE3a, M3-3a €r0 YHUKAJIbHOH CII0COOHOCTH
peoOpa3oBbIBATh TEIIOBYIO SHEPTHUIO B
MOJIHOCTBIO MOHU3UPOBAHHYIO IUIa3My. B Takux
HKCIEPUMEHTAX BaXKHO MCIIOJIb30BaTh (PAKT, UTO
Ha4yaJIbHOE IIJIA3MEHHOE KPACHOE CMELICHUE,
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proportional to the photon width y.

JnaHHoe ypaBHeHHeM (18), aBisieTcs
POMOPIMOHAILHBIM K IIUPHUHE (HOTOHA Y.
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The source of the light used should
therefore be designed to produce large
photon widths, for example, by use of light
sources at high pressures and high
temperatures. X-ray frequencies are
usually needed for exceeding the plasma-
redshift cut-off at relatively high densities.
In hydrogen fusion experiments, we could
make use of plasma-redshift heating, but it
would be difficult to test quantitatively the
different relations. The fusion equipment
are usually too small and the plasma often
not in thermodynamic equilibrium, which
would make it difficult to measure
conclusively small plasma redshifts. | have
therefore opted to use different
astronomical observations for testing the
predictions of the theory.

W cTouHMK UCTIONIB3yEMOTro CBETa AOIKEH,
MO3TOMY, OBITH TPOCKTUPOBAH JIJISl CO3JAHUS
(OTOHOB € OOJBIION MIMPHUHOM, HATIPUMED, TPU
MTOMOIIIA UCTOYHUKOB CBETA IPU BHICOKOM
JIABJICHUU U BBICOKUX TeMIIEpaTypax.
PeHTreHoBCKHE YaCTOTHI OOBIYHO HEOOXOUMBI JIJIS
TOT0, YTOOBI MIPEBBICUTH TTOPOT TUIA3MEHHOTO
KPaCHOT'O CMEIIIEHUS B OTHOCUTEIHHO BBICOKOM
IJIOTHOCTHU. B 3KcriepuMeHTax CuHTEe3a BOJIOpOa
MbI MOTIJIM MCIIOJIb30BaTh HarpeBanue ot [IKC, Ho
OyJIeT TPyIHO MMPOBEPUTH KOJTMUYECTBEHHO
pasznuyHbie cooTHOMEHUsA. O0opyA0BaHUE CUHTE3a
SIBIIIETCS OOBIYHO CIIMIIKOM HEOOJIBIINM U IUIa3Ma
4acTO HE HaXOJIUTCS B TEPMOJUHAMUYECKOM
PaBHOBECHH, YTO MEIIATIO OBl U3MEPSITh
OKOHYATEJIbHO HEOOJIbIIINE TIJIa3MEHHBIC KPACHBIE
cMeleHus. S mo3aToMy pelmi UCroib30BaTh
pasIMYHbIC ACTPOHOMHYCCKUE HAOIFOICHHS IS
TOT0, YTOOBI TPOBEPUTH MPEJCKA3AHUS TEOPUH.

7.1 Tests for confirming the plasma
redshift

7.1. HcnbpITaHUs IS OATBEPKIEHUSA

IJIA3MEHHOI'0 KPACHOIo CMEeICHUus

We can confirm the plasma redshift by
observing the shifts of spectral lines of
stars as they graze the limb of the Sun
during eclipse of the Sun by the Moon.
Each and every spectral line from a star
will be redshifted slightly as the line of
sight to the star grazes the limb of the Sun.
All the lines will have the natural classical
photon widths, because they will all have
penetrated an adequate column density of a
plasma to obtain this width. Therefore, all
the lines passing at a certain distance from
the solar limb will gain the same redshift
increment oz, as they penetrate the solar
corona, provided the wavelength is shorter
than the cut-off wavelength in the densest
part of the corona they penetrate.

MpbI MOKeM MOATBEPAUTD IIA3MEHHOE KPacHOe
CMelleHre, HaOIroAas CABUTH CIIEKTPATBHBIX
JIMHUHN 3Be3]1, Koraa oHu 3ajeBaroT 1uM0 CoHia
BO Bpems 3atmenust Comnnua Jlynoit. Kaxnas
CIIEKTpaJbHAsl TUHUS 3BE3]IbI OyJET HEMHOTO
CIBUHYTA B KPACHYIO CTOPOHY, KOTJIA JIMHUS
HaOmroneHus 38e3/6I 3aaeBaeT IumM0O Conaia. Y
BCEX JIMHUH OyyT €CTeCTBEHHBIC KIIACCHUECKUE
MIUPUHBI (POTOHOB, TOTOMY YTO OHH BCE
MIPOHHMKHYT Yepe3 aJIeKBATHYIO TJIOTHOCTh CTOJI0A
MJ1a3Mbl, YTOOBI MTOIYYUTh 3Ty UpHHY. [loaTOMY,
BCE€ JIMHUH, TIPOXOIAIINE HA OTIPEICICHHOM
PACCTOSTHUU OT COJIHEUHOTO JTUMOa, MOJIyyaT TO e
caMoe BO3pacTaHHe KPACHOTO CMEIIEHUS 0Z, KOT/Ia
OHM MPOHUKAIOT Yepe3 COTHEUHYIO KOPOHY, Jemas
JUTMHY BOJIHBI KOpOY€, YeM MOpOroBas JJIMHA
BOJIHBI B CAMOM TUIOTHOW YaCTH KOPOHBI, YEPE3
KOTOPYIO OHU ITPOHMKAIOT.

Table 5 shows for a quiescent corona the
expected plasma-red shift increment, oz, as
a function of the distance, R/Ry, where Rg
is the solar radius to the plasma-redshift
cut-off at 7=5- 10° K, and R is the shortest
distance from the solar center to the line of

Tabnuna 5 noka3pIBaeT JIsl HETIOABM)KHON KOPOHBI
oxxmmaemoe oz - Bo3pactanue [IKC, kak pyHKIuIo
paccrostaust R/Rg, rie Ro - conHeuHbIi paguyc, st
IJIA3MEHHOI'0 KPAaCHOIr'0 CMeLeHus npu 7=5- 10°K,
U R ABIAIOTCS KpaTYAUIIAM PACCTOSIHUEM OT
COJIHEYHOI'O IIEHTpa JI0 JIMHUHU HAOJII0ICHHS
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sight to the star. 3BE3/IbI.
Table 5 Tabauua 5
Redshift z of light from stars grazing the | KpacHoe cMmelenue z cBeTa OT 3BE3/1, 3aCBAIOIINX
Sun CoHue
R/Ro Z R/Ro Z R/Ro i
1.05 | 3.70-10® 1.30 1.30-10® 1.8 0.52-10%
1.10 | 2.59-10% [ 1.40 1.02:10® 2.0 0.41-10®
1.20 1.75-10°® 1.60 | 0.70-10® 2.5 0.24-10°

The fluctuations in the electron densities in
the corona may require observations of
many lines from many stars for the
purpose of getting a good statistically valid
value. It is important to select a time
period when and where the solar corona is
quiescent and without major eruptions.
The effect from intense light scattering
from the corona must be reduced as much
as possible to allow observations close to
the limb. The wavelengths used must be
significantly shorter than the cut-off
wavelength, Ao s, given by Eq. (28). Use of
a sharp and narrow focus on the star will
reduce the background of the scattered
light. A good experimental design should
result in definite confirmation of the
plasma redshift. It is an advantage to use
lines that are displaced from the
corresponding lines in the Sun. For
example, the lines from the star may be
displaced by the Doppler shift produced by
the star's peculiar velocity.

OIyKTyaluu B KOHIIEHTPAIUSIX 3JIEKTPOHOB B
KOpOHE MOTYT TpeOoBaTh HAOIIOACHHUIA 3a
MHOTHMH JIMHUSIMHA OT MHOTHX 3B€3]] C LIEJIbIO
MOJIyYEHUS] XOPOILETO CTATUCTUYECKHU
CITpaBeTMBOTO 3HaUeHUs. BaxkHO BBIOpATH Mepros
BPEMEHHU, KOT/Ia U TI€ COJTHEYHAasi KOPOHa SIBJIETCS
HaAXOIIENCS B IIOKOE 1 0e3 OOJIBIINX
M3BEPKEHU. SIBJI€HUE OT UHTEHCUBHOTO
paccesiHusI CBeTa OT KOPOHBI HY>KHO YMEHBIIUTh
HACKOJIbKO BO3MOYKHO, YTOOBI II03BOJIUTh
HabOo1aTh O6JU3K0 K TUMOy. Mcnonb3yemblie
JUTMHBI BOJTHBI JJOJKHBI OBITh 3HAUUTEIILHO KOpOYe,
YeM MOPOroBasi JIMHA BOJHBI Ag 5, 3a/IlaHHAS
ypaBaenueM (28). Mcnonb3oBaHue pe3koCcTH U
y3Koro (hokyca Ha 3Be3/ly yMEHbIIUT (HOH
PacCessHHOTO CBeTa. XOpolluas IKCIePUMEHTANIbHAS
YCTaHOBKA JIOJDKHA JIaTh YBEPEHHOE
MOATBEPKICHUE MJIa3MEHHOT'O0 KPACHOTO
CMeIIEHHUs. DTO MPEUMYIIECTBO B UCIIOIH30BAHUN
JIUHUN, KOTOPBIE CMEIIEHBI OT COOTBETCTBYIOIINX
nuuanil B CosHile. HampuMep, TuHAM OT 3BE3/bI
MOTYT OBITH CIBUHYTHI cMelieHueM Jlomepa,
MIPOU3BEICHHBIM COOCTBEHHOM CKOPOCTBIO 3BE3/IHI.

7.2 The gravitational redshift

7.2. TI'paBuTanIMOHHOE KPacHOe CMellleHune

In Fig. 4 the predicted plasma redshifts are
compared with the observed solar
redshifts. This comparison shows that the
solar Fraunhofer lines are not
gravitationally redshifted when observed
on the Earth. The experiments indicate that
the gravitationally redshifted photons in
the Sun are blue shifted during their travel
from the Sun to the Earth. In these solar
redshift experiments the photons had about
8.3 minutes to adjust to the gravitational
potential.

Ha Puc. 4 npenckasanHble MJ1a3MEHHbBIE KPACHBIE
CMeEILEHHs CPABHUBAIOTCS C HAOII0aeMbIMU
COJIHEYHBIMHU KPACHBIMHU CMEILIEHUSMU. DTO
CpaBHEHHE MTOKa3bIBAET, YTO COJTHEUHbIE TMHUU
®payHrogepa He ABIAIOTCS CABUHYTHIMU
I'PaBUTALMOHHBIM KPaCHBIM CMEIIEHUEM IIPH
Ha0JI0/IeHUH ¢ 3eMIIU. DKCIIEPUMEHTBI
YKa3bIBaOT, 4TO (DOTOHBI C TPAaBUTALIMOHHBIM
KpacHbIM cMelieHreM B COHIIe MOJIy4aroT CUHUN
C/IBMT 3a BpeMs uX nepemenienus ot ConHIa K
3emiie. B 3TUX COJHEUHBIX AKCIIEPUMEHTAX 10
KpPacHOMY CMELIEHHIO Y (POTOHOB OBLIO
npuOIM3UTENBHO 8.3 MUHYT, YTOOBI HACTPOUTHCS K
I'pPaBUTALMOHHOMY MOTEHIIHATY.

In the laboratory experiments by Pound

B naboparopsbix skcnepumenTtax Ilaynna u
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and Rebka [37-38] and Pound and Snider
[39], the photon's travel time from the
emitter to the absorber is only about
01,=7.5-10" s, which is thus the maximum
time the photon had for adjusting their
frequency to the gravitational potential.
This is much shorter than the minimum
time, 5, = 1.9-10” s, required, according
to the uncertainty relation in quantum
mechanics. The length of the photon is
about 270 m, which is about 12 times the
distance, 22.5 m, between emitter and
absorber (detector). These experiments by
Pound, Rebka and Snider do not therefore
meet the basic requirements of quantum
mechanics.

Pe6ku[37-38] u [Taynna u CHaiinepa [39], Bpems
POXOKJeHUs (POTOHA OT U3ITydaTesst O
[IOTJIOTUTEISA TOJIBKO OKOJIO 5t1=7.5-10'8 CEKYH]I,
YTO SIBJIICTCS, TAKUM 00pa3oM, MaKCUMAaJIbHBIM
BpeMeHeM JUTst OTOHOB, YTOOBI HACTPOHUTH MX
4acTOTy K IPaBUTALIMOHHOMY MOTEHIHATY. DTO
HAaMHOTO KOpOYe, Y4eM MUHUMAJILHOE BpEMs
01,=1.9-107 CEeKYH]I, TpeOyeMoe COTJIacCHO
COOTHOIIICHUIO HEOTIPEICTICHHOCTH B KBAHTOBOM
MmexaHuke. /iinHa gpoToHa cocTaBiseT
npuOan3uTeNbHO 270 M., UTO ABIIAETCS
npuOIM3UTENBHO B 12 pa3 G0IbIINM pacCTOSIHUEM,
22.5 M., MEXKly U3JIy4daTeaeM U MOTJIOTUTEIEM
(metextop). Otu skcnepumentsl [laynna, Pebxu u
CHaiiiepa mo3ToMy HE yIOBIETBOPSIFOT OCHOBHBIM
TpeOOBaHUSIM KBAHTOBOM MEXaHUKHU.

20. The microparticle by definition
cannot have a length of 270 m, hence,
dispute between wave and corpuscular
theories of light is terminated in favour of
the first one.

20. Y MUKPOYACTHIIBI TT0 ONPEICIICHHUIO HEe
MOKeT OBbITh JyiiHa 270 M, ClIeIoBaTeIbHO, CIIOP
MEXTy BOJTHOBOW U KOPITYCKYJIIPHOU TEOPUSIMU
CBETa 3aBEPIIACTCS B MOJIB3Y MEPBOM.

60

60

They do not, therefore, prove the
gravitational redshift, because in these
experiments the photons had no chance in
responding to the gravitational potential
difference between the emitter and the
absorber. The experiments only confirm
the time dilation difference between the
emitting and absorbing nuclei in the
gravitational field. They do not show if the
photons are weightless, attracted, or
repelled in the gravitational field. Any
such claim is not supported by a proper
analysis of the experiments.

OHu, MOATOMyY, HE J0Ka3bIBaIOT IPaBUTALlIOHHOE
KpacHOE CMENICHUE, [I0OTOMY YTO B 3THX
HKCIEPUMEHTaX y (POTOHOB HE OBLIIO HUKAKOTO
HIaHca JUId OTBETa Ha T'PABUTALIMOHHYIO PAa3HOCTh
MOTEHIUAJIOB MEXKy U3JIy4aTeaeM U
MOTJIOTUTENIEM. DTU 3KCIEPUMEHTHI TOJIBKO
MOATBEPKAAI0T PA3HOCTh PACTSKEHUSA BPEMEHU
MEXy UCITYCKAIOIIMMHU M a0COpOUPYIOIUMU
ApaMH B noJie TAroreHus. OHM He TIOKa3bIBAloT,
HEBECOMBI JI (POTOHBI, TPUTSHYTHI MJIH OTPAKEHBI
B 10JIe TAroTeHus. JIroboe Takoe TpeboBaHME HE
HNOAJEPKAHO HAJUIEKAIIUM aHAIU30M
OKCIIEPUMEHTOB.

Only the solar redshift experiments are
conclusive. To a distant observer in a field
free coordinate system, the solar redshift
experiments indicate that the photon's
frequency increases, as the photons move
out of the gravitational field. As seen by a
distant observer, the gravitational field
with a force that is numerically equal to
but opposite to the usually assumed
attraction repels a photon. In a local
system of reference the photons are
weightless. This is contrary to the
commonly held opinion, which assumes

TONBKO COTHEUHBIE KCIIEPHMEHTHI TIO KPACHOMY
CMEILEHHIO SBIISIOTCS HEOCTIOPUMBIM
JokazaTeabcTBOM. OTHanéHHOMY HaOIIOaTeNto B
CBOOOJTHOM OT TOJIS CUCTEME KOOPIMHAT
COJTHEYHBIE IKCIIEPHUMEHTHI TI0 KPACHOMY
CMEILIEHHIO MTOKA3bIBAIOT, YTO YacTOTa (hOTOHA
YBEIIMYUBACTCS MPH TBMKEHUU (POTOHOB M3 OIS
Tarotenus. Kak BUAUT OTAanéHHbIN HAOII0AaTeNb,
T0JIe TATOTEHHS C CHIION, KOTOpasi YUCIIEHHO
paBHa, HO IPOTUBOMOJI0KHA OOBIYHO
IpeIoIaraeMoMy IPUTSHKEHUIO, OTTATKUBAET
¢doroH. B nokanbHOi cucteme orcuera GOTOHBI
HEBECOMBL. DTO MPOTHBOPEUUT OOBITHO
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that the photon has a weight and is
attracted in the gravitational field, as if it
had a mass mp;, = hv/c?.

NPUHSATOMY MHEHHIO, KOTOPOE TPEATIOINIAraeT, YTo
(OTOH MMeeT BeC U MPUTATHBACTCS B T10JIE
TATOTCHHUS, KaK OyATO y HETO €CTh Macca
mph:hV/cz.

Einstein’s two assumptions. Einstein
showed that it is reasonable to assume that
photon's frequency is lower when emitted
close to the Sun, because of time
retardation or the slowing of all clocks
including atomic clocks with a decreasing
gravitational potential. We agree with this
assumption and consider that it is well
proven fact. For example, in the
experiments by Pound and Rebka, and
Pound and Snider [37-39], the experiments
measured the frequency shift (or the
difference in the time retardation) at the
emitter position and the absorber (detector)
position.

JBa mpeamnoJio:keHus1 JifHIITeliHA, DUHIITCHH
MOKa3aJl, YTO Pa3yMHO IPEANON0KUTh, YTO
4acToTa JOTOHA HUXKE, KOT/Ia OH MCITyCKAeTCs
6mu3ko k ComnHIly, U3-3a 3ama3/IbIBaHus BpEeMEHU
WJIM 3aMEJIJICHUS] BCEX YacOB, BKIIFOYAsi aTOMHbBIC
4achl, B YMEHbLIEHHOM T'PaBUTALIMIOHHOM
noTeHImane. Mpl corjamaemcsi ¢ 3TUM
MPEANOI0KEHUEM U MOJAraeM, 4To 3TO - XOPOLIO
noka3aHHbIN (akT. Hampumep, B akciepuMeHTax
[Taynna u Pe6bku, [Taynna u Cuaiigepa [37-39],
AKCTIEPUMEHTHI U3MEPUITN YaCTOTHBIN CIABUT (MK
Pa3HOCTh B 3ala3/IbIBAHUM BPEMEHHU) B
PACIIOJIOKEHUSAX U3TydaTessi U MOTIOTHTEIS
(merexropa).

In addition to time retardation, Einstein
assumed that the emitted photon frequency
stays constant as the photon moves from
the Sun to the Earth. This assumption
mayor may not appear reasonable in
classical physics, but it is not reasonable in
guantum mechanics. We disagree with this
assumption, because when a photon
emitted in the Sun is observed on Earth its
frequency is not gravitationally redshifted,
as Fig. 4 and the analyses of the many
solar redshift experiments in sections 5.6.1
to 5.6.4 show. This disagreement affects
only the assumption that the photon's
frequency stays constant as the photon
moves through different gravitational
potentials. It affects gravitational redshift
of photons with photon lengths much
shorter than the distance traveled. It does
not affect the bending of light or the
slowing of the speed of light with the
gravitational potential, because these
effects are independent of the photon's
frequency. The equivalence principle is
valid except for photons; see Brynjolfsson
[107]

B nonosiHeHue K 3ana3/ibIBaHUIO BPEMEHH,
OUWHIITENH NMpenoaarai, 4To uCIycKkaeMmas
yacToTa GOTOHA OCTAETCA MOCTOSTHHOM MIPU
newkeHnn porona ot ComHia k 3emie. ITOT
IJIaBHOE MPEJIOJIOKEHUE, BOBMOXKHO, HE KaXKETCs
MIPUEMIIEMBIM B KJIACCUYECKOM (U3HKE, HO ITO
TOYHO HE IIPUEMIIEMO B KBAHTOBOM MEXaHUKE. Mbl
HE COIJIACHBI C ATUM MPETOI0KEHUEM, IOTOMY
4TO, KOr/ia PoToH, ucnyckaeMbliii B ComHILE,
HaOJII01aeTCsa OTHOCUTEIBHO 3EMIIH, €TI0 YacTOTa
CIBHHYTA HE TPABUTALIMOHHBIM KPACHBIM
CMeIeHHEM, KaK IToKa3eIBatoT Puc. 4 u aHaInu3bl
MHOTHX COJIHEUHBIX SKCIIEPUMEHTOB KPAaCHOTO
cMenenus B Pazaenax 5.6.1 Ha 5.6.4. D10
HECOOTBETCTBUE BIIMSACT TOJIBKO Ha
MPEANOI0KEHHE, YTO YacTOTa (POTOHA OCTACTCS
MOCTOSTHHOM TIpH JIBMKEHUH (POTOHA Yepes
pa3IMYHbIC TPAaBUTAIMOHHBIE TOTEHIIHANIBI. OHO
BIIMSIET HA TPABUTAIIMOHHOE KPACHOE CMEIIEHUE
($hOTOHOB ¢ JUIMHOM (POTOHA HAMHOTO KOpOYE, YeM
paccrosiHue nepemenierusi. OHO He BIUSET Ha
n3ru0aHue CBeTa WU 3aMeIJIEHUE CKOPOCTH CBETa
MpU U3MEHEHUH TPaBUTALMOHHOTO OTEHIIHAIA,
MOTOMY YTO ATH SIBJICHUSI HE3aBUCUMBI OT YAaCTOTHI
¢dotona. [IpuHIIUI SKBUBAJIEHTHOCTH CIPABE/IJINB
3a UCKIroYeHueEM (HoToHOB; cM. bpunitondccon
[107]

The experiments by Vessot et al. [40] and
by Krisher et al. [41], which have been

OkcnepumenTts! Beccora u ap. [40], u Kpumepa n
Ip. [41], koTophle, Kak MPENnoaraioch,
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assumed to prove the gravitational redshift,
are invalid as a proof of Einstein's
gravitational redshift. The researchers used
continuous transmission frequencies of
about 2.2:10° Hz, and the experiments are
therefore in the domain of classical
physics. Even if this continuous train of
waves broke up into photons, the photon
width would be about the classical width
of y=6.266-10*w’ = 1.2:10%™ which
corresponds to a lifetime of about 7= 1/y =
835 s. The value of y/® ~8.7-10™ is close
to the estimated frequency stability. The
length of such a photon would be about L
~2rct=1.6-10"* cm, or about 10.5 AU.
These experiments, which used distances
much smaller than 10 AU, were clearly in
the domain of classical physics and had no
chance of observing possible quantum
mechanical effects, such as the frequency
adjustment to the gravitational potential,
see Brynjolfsson [107]

JTOKa3bIBaJIM IPaBUTALMOHHOE KPAaCHOE CMEIIIEHNUE,
HEJIeHCTBUTENbHBI B YaCTHU J1I0Ka3aTEILCTBA
IPaBUTALMOHHOT'O KPACHOTO CMEIICHHUS
OnnmrerHa. McenenosaTenn HCIOIb30BaIN
HENPEPBIBHYIO MEepeiady 4acTOThI
NpUOIU3UTENBHO 2.2 10° T, u 3KCIEPUMEHTHI
HAXOJATCs, I03TOMY, B 00JIaCTH KJIaCCUYECKOM
¢uzuku. [laxxe eciu Obl STOT HENMPEPBIBHBIN IyT
BOJIH pa30uBaiica Ha (OTOHBIL, TO HIMpHHA (HOTOHA
ObL1a OBl OKOJIO KJIACCUYECKOM IIUPUHBI
v=6.266-10%0* = 1.2-107 cex, uT0 cOOTBETCTBYET
BPEMEHHU JKU3HU NPUOIU3UTENbHO T = 1/y = 835
cek. 3HaueHue y/® ~8.7-10™ Gau3Ko K oLeHeHHOI
4acTOTHOW cTabmibHOCTHU. [{nuHa Takoro goroHa
6bLa 661 0KONIO L ~277ct = 1.6-10 oM, mm
npubnuzutensho 10.5 a.e.. DTH SKCIIEPUMEHTHI,
KOTOpPBIE UCIIOJIb30BAJIN PACCTOSHNUS, HAMHOIO
MmeHbIue, yem 10 a.e., scHO, ObUIH B 00J1aCTH
KJIaCCMYECKON (PM3UKHU U HE UMEIIH HUKAKOIO
I1aHCa HaOJIIOCHHUS BO3MOKHBIX
KBAaHTOMEXAHUYECKUX SIBJICHUHN, TAKUX KaK
4acTOTHAs HACTPOIKa Ha TPaBUTALMOHHBIN
noTteHman;, cMm. bpunitondcecon [107]

Experiments using the 14.41 keV line of
>"Fe. For confirming the blue shift of
photons during their time of flight, we
could modify the laboratory experiment
reported by Pound and Rebka [37, 38] and
Pound and Snider [39] by increasing the
height difference from 22.5 m to more than
about 1000 m. The 14.4 keV photons from
>’Fe have a lifetime of = 1.43-10" s, and
a photon length of about L ~2zct = 270 m.
For less than 270 m height difference there
is practically no reversal of the photon
redshift and the photon behaves like a
classical photon. Beyond 270 m, the
reversal is only gradual and partial. When
we increase the height difference, the
absorption of the 14.4 keV photons
becomes too large in any gas including
helium over the height of 1000 m. A large
evacuated cylinder between emitter and
absorber must then replace the helium
filled plastic cylinder in the experiments
by Pound et al. [37-39]. It is also necessary
to increase the source strength and the
sensitivity of the detectors. These
modifications increase the cost of the

JKCIepUMEeHTbI, MCIIOJIb3YyIomue JuHno 14.41
B “'Fe. Jly1st TOro, 9TOOBI MOATBEPAUTH CHHEE
cMmerieHne (POTOHOB B TCUECHUE MX BPEMECHH
M0JIETa, MBI MOTJI MOIU(DHUITUPOBATH
1ab0paTOPHBII SKCTIEPUMEHT, O KOTOPOM
coobmarot [Taynn u Pe6ka[37-38] u [layna u
Cuaitznep [39], yBenuuuBas pa3HOCTb BBICOTBI OT
22.5 m. o 6ombiie uem npumepro 1000 m.
®otonsl 14.4 k3B u3 >'Fe umeror BpEMS KU3HU T =
1.43-107 cex, u muny doToHa npuMepHo L ~27ct
=270 M. 511 pa3HOCTH BBICOTHI HA MEHBIIIE, YEM
270 M., HeT paKTUUECKH HUKAKOW NHBEPCUH
KPacHOTo cMelIeHust GoToHa, U (POTOH BeJET cebds
Kak knaccuyeckuit ¢oroH. Caeime 270 M.
WHBEPCHUS ABIJISIETCS TOJIBKO MOCTENEHHOU U
yactTuyHOU. Korzia Mbl yBeTMunBaEeM pa3HOCTh
BBICOTHI, TIorJomieHue Gporonos 14.4 kaB
CTAHOBUTCS CIUIIKOM OOJBIINM B JIFOOOM rase,
BKJItoYas renuid Ha Beicote 1000 M. bonbiioi
OTKaYaHHBIN MIJIUHJP MEXTY U3ITydaTeseM U
MOTJIOTUTENIEM JIOJKEH TOT/1a 3aMECTUTh
3aMOJIHEHHBIN TeINEM MJIACTUKOBBIN IWJIUHJIP B
skcniepuMmenTax [laynna u ap. [37-39]. Taxxke
HEO0OXO0IUMO YBEIHYUTh HHTEHCUBHOCTh
MCTOYHHMKA U YYBCTBUTEIBHOCTb J€TEKTOPOB. DTH
VM3MEHEHUS 3HAUYNTEIIbHO YBEJIMYMBAKOT CTOUMOCTh
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experiment significantly. Use of existing
structures, such as, mines, boreholes,
caves, or cliffs, for building the large
(about 1 km) evacuated steel cylinder, will
facilitate the design and reduce the cost.
But the experiments would be costly.

AKCTIIEpUMEHTa. VICroIb30BaHNE CYIIECTBYOIINX
CTPYKTYP, TAKUX KaK, IaXThl, 0YpPOBbIC CKBAKHHBI,
MIOJIOCTH, WJIH YTECHI, JIJISl TOTO, YTOOBI CTPOUTH
0071b1110# (MTPUOAN3UTENBHO | KM) OTKa4aHHBIH
CTAJIGHOH MIJIUHAP, OOJIETYHUT MPOSKT U YMEHBITUT
crouMocTh. Ho skcriepuMeHThI ObLTH ObI
JIOPOTOCTOSIIMMH.

61

61

Experiments using the 77.3 keV line of
Y97 Au. We could use higher energy
photons and shorter photon lengths. The
77.3 keY line in gold has a short lifetime, 7
=2.73-107s, and therefore a relatively
short photon length, L =514 cm. However,
the short photon length or short lifetime
makes the resonance width of the line
relatively large, I =2.412:10" eV. The
value of T/E=2.412:10"/77300=3.12-10™,
The gravitational redshift over a height
difference of 300 m is gh/c? = 9.81-
300/(3-10%)? = 3.27-10™"*. The classical
gravitational redshift difference over the
height of 300 m is therefore about 1 % of
the half-width of the line, which is slightly
greater than the 0.76 % in the experiments
by Pound et al. [37-39]. If the space
between the emitter and absorber is filled
with pure helium, the absorption in helium
will be about 60%. It is therefore possible
to use the helium filled plastic cylinder,
instead of evacuated steel cylinder between
the emitter and the absorber. In the solar
redshift experiments the photons had about
8 minutes to change with the gravitational
potential. In these experiments, the photon
have only about 10 s, to adjust the
frequency to the potential. We don't know
how long time it takes the photons to
adjust to a new potential. But we surmise
that the blue shift of photons will lag only
a few photon lengths behind the actual
gravitational potential. We surmise
therefore (without any concrete evidence)
that this short time, 10°® s, in the
experiment using gold is adequate to
demonstrate a partial blue shift. It may be
adequate to use even a smaller height
difference, maybe 30 m, which is

JKCIEePUMEHThI HCIO0JIb3YH JUHNI0 77.3 K3B
%7 Au. MBI MOrIH HCIIONB30BaTh GONEE
BBICOKORHEpreTHueckue (OTOHbI U OoJiee
KOPOTKYI0 utnHYy (oTtoHa. Y 77.3 k3B B 30110TE
KOPOTKHUH CPOK CITyKObI 7 = 2.73:10° cek, n
MO3TOMY OTHOCHTEIBHO KOPOTKas JAJIMHA (HOTOHA,
L =514 cm. OgnHako, KOpoTKasi 1iuHa (OTOHA WIIH
KOPOTKOE BpEMsl JKU3HU JEJIAl0T PE30HAHCHYIO
HIMPUHY JTUHUH OTHOCUTENBHO 60b10i, [ =
2.412:107 5B. 3nauenue [/E=2.412-10"/77300
=3.12:10%2, ['paBUTaIIMOHHOE KpACHOE CMENIECHUE
Ha PasHOCTH BBICOTHI 300 M. paBHO gh/c” =9.81 -
300 / (3-10%)* = 3.27-10""*. Knaccuueckas
IpaBUTALMOHHASI PA3HOCTh KPACHOI'O CMELLIEHUS Ha
BbicoTe 300 M. - moaTomy npubnauzurenabHo 1 %
MOy IIIUPUHBI JIMHUU, KOTOPasi HEMHOTO OO0JIbIIe
yem 0.76 % B sxcniepumentax Ilaynna u op. [37-
39]. Ecnu mpocTpaHCTBO MEXy U3JIy4aTeIeM U
MOTJIOTUTENIEM OYIeT 3alIOJTHEHO YHCTHIM TeheM,
TO TIOTJIOIIEHUE B T€JIUH COCTaBUT
npuban3uTenbHo 60 %. [ToaToMy BO3MOXKHO
WCIIOJIb30BATh 3AMIOJIHEHHBINA ME€JIMEM IUIACTUKOBBIN
WIMH]P, BMECTO OTKAYaHHOTO CTAJIbHOTO
LWIMHIPA MEXAY U3Iy4yaTesleM U MOIJIOTUTEIIEM.
B conHeYHbIX 9KCTIEpUMEHTAX MO0 KPACHOMY
CMEIEHHIO Y (OTOHOB OBIIIO MPUOIUZUTENHLHO 8
MUHYT, YTOOBI U3MEHUTHCS C TPABUTALIMOHHBIM
MOTEHIIMAIOM. B 3THX 3KkcniepuMeHTax y poToHa
€CTh TOJBKO MPHOIM3HTENBHO 107 cexyHI, aToGbI
HAaCTPOUTH YACTOTY K MOTEHIIUATY. MBI HE 3HaeM,
KaK MHOTO BpEMEHH 3aHUMaeT y OTOHA, YTOOBI
HAaCTPOUTHCS K HOBOMY noTeHuany. Ho Mbl
MpeJoaraeM, 4To CuHee cMelieHne poToOHOB
OyJeT OTCTaBaTh TOJBKO HAa HECKOJIBKO JIJIUH
dotona nozanu GakTUYECKOTO IrPaBUTAIIMOHHOTO
noreHnuana. Msl peanonaraeM nostomy (6e3
J000T0 KOHKPETHOTO TOKa3aTeNbCTBa), UYTO 3TOT
KOPOTKHMI TIPOMEXyTOK Bpemenn 10 cexynn, B
HKCIIEPUMEHTE, UCTIOIB3YIOIIEM 30J10TO,
JIOCTaTO4YEH, YTOOBI MPOJIEMOHCTPUPOBATH
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reasonable to do as a first attempt.

YaCcTUYHOE CHHEE cMelIeHrue. MoxkeT OBITh,
JIOCTaTOYHO MCIIOJIb30BaTh AK€ MEHBIIYIO
Pa3HOCTh BBICOTHI, BO3MOXKHO 30 M., 4TO

MPUEMIIEMO CJIEJIaTh KaK MEPBYIO MOMBITKY.

Experiments using the other sources.
We could also consider other sources, such
as, the 23.87, 27.72 and 73.0 keV gamma
rays from 1°Sn, *°I, and **Ir,
respectively.

JKCIEePUMEHThI, HCIOJIb3YIOIHe Ipyrue
HCTOYHUKHU. MBI MOIJIH TaKX€ pacCMOTPETh
JIpyTre UCTOYHUKH, Takue Kak 23.87,27.72 u 73.0
3B ramma-myan ot °Sn, @1 u *Ir,
COOTBETCTBEHHO.

We could modify the experiments Vessot
et al. [40] by increasing the height and
length of the rocket path, and by increasing
the frequency used by a factor of about
1,000.

MpI MOTTT MOTU(PUITUPOBATE IKCTICPUMEHTHI
Beccota u ap. [40], yBenuuuBas BLICOTY U
IPOJOKUTEIBHOCTD OIBEMHOTO ITyTH, U
YBEJIMUYMBas UCIOJB3YEMYIO YaCTOTY Ha
MHOKHUTENb npumepHo 1 000.

8 Summary and conclusions

8. Pe3ioMe u 3aKk/a04eHNo

By using more exact calculations than
those usually applied, we have deduced
from conventional axioms of physics a
new cross section for interaction of
photons with a hot electron plasma. This
important cross section, plasma redshift,
has been overlooked in the past; most
likely, because it is usually insignificant,
and because it cannot be detected in
conventional laboratory experiments. The
plasma redshift is important only in a very
hot and low-density electron plasma. The
cross section is given by Eq. (18). In this
equation, the oscillator strength function,
F(a), is given by Eq. (14), and the
numerical values are shown in Table 1.
The plasma redshift is small for large
values of a=hwy/(BowokT) = 3.65-10°
AN /T, but becomes significant as a
decreases. We have that for a equal to
0.344, 1.163, and 2.671 the oscillator
strength function is 90%, 50%, and 10%,
respectively, of its full value. For o ~
3.633, the oscillator strength function F;
(a) has even small negative values, that is
small blue shifts. These small negative
values (blue shifts) are usually not
important. Instead of the parameter a, we
can use the cut-off wavelength defined by
Eq. (15). The 50% cut-off wavelength is
given by Eqg. (16) and when magnetic
fields are significant by Eqg. (28), which
gives the relation between the cut-off

[Tpu ucnonb30BaHuM 00JIE€ TOUHBIX BHIYMCIICHUH,
4yeM 0OBIYHO IPUMEHSEMbIE, MbI BHIBETH U3
OOBIYHBIX aKCUOM (DPU3UKH HOBOE MOTIEPEUHOE
CEUYeHHE MJISl B3aUMOJAEHCTBUS (POTOHOB C TOpsiueit
AJIEKTPOHHOM IUIa3MON. DTO BayKHOE MOIIEPEUHOE
CeueHUe, INIa3MeHHOE KpacHOoe cMellleHue, ObL1o
NPOIMYIICHO B MPOILIOM; HanboJiee BEpOsATHO,
MOTOMY YTO OHO SIBJISIETCSI OOBIYHO
HECYILIECTBEHHBIM, ¥ [IOTOMY YTO OHO HE MOTJIO
OBITh OOHAPYKEHO B OOBIYHBIX JTA0OPATOPHBIX
skcniepuMenTax. [IKC BaxxHO TOTBKO B OUEHB
ropstueil ANEKTPOHHOM TIJIa3Me ¢ HU3KOU
IUIOTHOCTHIO. [lonepeynoe ceueHne naHo
ypaBHeHnueM (18). B aTom ypaBHeHHH criioBas
dbyHKIUS ocumiATopa Fi(a), nana ypaBHEHUEM
(14), u yncnoBble 3HaUEHUS NTOKa3aHbl B Tabnuie
1. I[TIKC siBisieTcst HeOOMBIIUM TSI OOBIITIX
3Ha9eHHH a=hwpl(BowokT) = 3.65:10° ANe4/T, HO
CTaHOBMTCS CYIIECTBEHHBIM IIPH YMEHBIIIEHUH 0.
Mpe1 umeewm, uto 11 o, pasaoro 0.344, 1.163, u
2.671, cunoBasi GyHKIIHS OCIUILISITOPA COCTABISET
90 %, 50 %, u 10 %, COOTBETCTBEHHO, OT €&
MoJIHOM BennuuHbl. s a ~ 3.633, y cuinoBoi
byskmu ocrsusitopa F; (a) ectb naxe
HeOOoJIbIIINE OTPHULIATENIbHbIE BEJIMYUHBI, TO €CTh,
HeOOoJIbIlINe CHHIE CMELIeHHs. DTH HeOObIINe
OTPULIATENbHBIE BEJTUYNHBI (CHHUE CMELICHUS )
00BbIYHO HE BayKHBL. BMecTo mapameTpa o, Mbl
MO’KEM HCIO0JIb30BaTh IOPOTOBYIO JIJIMHY BOJIHBI,
onpezeneHHy0 ypaBHeHHeM (15). 50%-ast
IIOpOroBasi AJIMHA BOJIHBI JaHa ypaBHEHHEM (16) u
KOTI'Jla MarHUTHBIE MOJIS SABJISIOTCS
CYILIECTBEHHBIMHU - YpaBHEHHEM (28), KOTOpOE aeT
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wavelength for the plasma redshift, the
electron temperature, electron density, and
the magnetic field.

COOTHOULIEHUE MEXKAY TOPOrOBOU JIIMHOW BOJIHBI
st [IKC, anekTpoHHOM TeMIiepaTypou,
KOHIEHTpalMeH 3JIEKTPOHOB M MATHUTHBIM OJIEM.

The plasma redshift of photons results in
transfer of very small quanta to the plasma.
This does not change the direction of the
photons significantly. The photon's energy
loss by plasma redshift is in some respect
analogous to a charged particle's energy
loss by Cerenkov radiation. The energy
lost by the photons is immediately
absorbed in the electron plasma and results
in significant heating. As shown in
sections 5.1 to 5.5, the plasma-redshift
heating together with the magnetic heating
contributes significantly to the heating of
the solar corona and to the heating
responsible for many observable and
interesting phenomena in the solar
atmosphere.

[TnazmeHHOE KpacHOE cMeleHne (POTOHOB
MPUBOAMT K TIEpeiaue 1ia3Me 04eHb HEOOIBIITNX
kBaHTOB. [IKC He u3MeHseT HanpaBieHue
¢dboToHOB 3HaunTENbHO. [loTepu sHeprun Gorona
npu [IKC HaxonsTcsi B HEKOTOPOM OTHOILIEHHH,
aQHAJIOTUYHOM TIOTEPSIM SHEPTHUH 3apsHKCHHOU
yacTulpl Ha 3nyuenue Yepenkosa. DHeprus,
noTepstHHas OTOHAMH, HEMEIJIEHHO TOTJI0MAeTCS
AJIEKTPOHHOM IJ1a3MOM U IPUBOJUT K
CyliecTBeHHOMY HarpeBy. Kak mokazano B
Pazpenax 5.1 x 5.5, narpes ot IIKC B™mecTe ¢
MarHUTHBIM HarpeBoM, CIIOCOOCTBYET
3HAUUTEIILHO HAIrPEBAHUIO COJIHEYHOM KOPOHBI U K
HarpeBaHUI0, OTBETCTBEHHOMY 32 MHOTHE
Ha0II0/1TaeMbIe U UHTEPECHBIC SIBIICHUS B
COJIHEUHOM aTMocdepe.

In section 5.1, we use Eq. (28) to show that
the cut-off wavelength for plasma redshift
of photons predicts well the onset of the
plasma-redshift heating in the transition
zone to the solar corona. The 50 % cut-off
wavelength is about 500 nm when the
temperature is about 500,000 K, the
electron density about N, = 10° cm™, and
magnetic field less than 10 gauss. These
values correspond to about the middle of
the transition zone to solar corona.

B Paznene 5.1, Mbl ucnosib3yem ypaBHeHue (28),
9YTOOBI MOKAa3aTh, YTO MOPOrOBasi JJIMHA BOJIHBI JIJIs1
IJIa3MEHHOT0 KPACHOTO CMEIEHUS! (POTOHOB
XOpOIIIO IPeICKa3bIBaeT HayaIo HarpeBa Ot
IJIa3MEHHOT0 KPACHOTO CMELICHUS B IEPEXOIHON
30HE K coJHEeUHOM KopoHe. 50%-as nmoporosas
JUTMHA BOJIHBI COCTaBJISIET MpuOIu3uTeabHo S00 HM
npu Temneparypa okoisio 500 000K, koHneHTpamm
AMeKTPOHOB Ng = 10° CM'3, A MarHUTHOM II0JIE
MeHblie 4yeMm 10 rayccoB. DT 3HAaUCHUS
COOTBETCTBYIOT IPUMEPHO CEPENHE MEePEXOTHON
30HBI K COJTHEYHON KOPOHE.
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For shorter wavelengths, the cut-off
wavelength reaches deeper into the
transition zone, while for the longer
wavelengths, the cut-off reaches higher.
The cut-off zone reaches deeper into the
transition zone as the magnetic field
increases. For example, the cut-off
wavelength in the above example increases
by 130% when the magnetic field
increases from 10 to 100 gauss.

st BOJIH GoJiee KOPOTKUX MOPOToBas JIMHA
BOJIHBI JIOCTUTAETCS TIy0Ke B IEPEXOTHOM 30HE, B
TO BpeMsl KaK JJisg BOJH O0Jiee JJIMHHBIX, IOPOT
JocTturaercs Buie. [loporobas 30Ha HaXOUTCS
rIIy0>Xe B IEPEXOAHON 30HE MPHU YBEIMUCHUU
MarHuTHOTO TnoJis. Hampumep, moporosas 1iuHa
BOJIHBI B BBIILIEYTOMSIHYTOM MIPUMEpPE
yBenununBaetcs Ha 130 %, korma MarHuTHOE 1o
yBenuuuBaercs ¢ 10 1o 100 rayccos.

In section 5.1, we also show how the
plasma redshift together with
transformation of magnetic field to heat, as
described in Appendix B, facilitates
explanation of the spicules in the transition

B Paznene 5.1, MbI Takke TTOKa3bIBaeM, Kak
IJIA3MEHHOE KPaCHOE CMEILIEHUE BMECTE C
npeoOpa30BaHNEM MAarHUTHOTO TTOJIS B TETUIO, KaK
onucano B [Ipunoxenun B, oGnerdaer
00BSICHEHHE CIIMKYJ B IEPEXOHON 30HE K KOPOHE.
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zone to the corona. Without the plasma-
redshift theory, the formation of the
spicules has been difficult to explain.

be3 Teopun mra3sMeHHOT0 KPaCHOTO CMEIICHUS
dbopMupOBaHUE CIUKYJI OBLTIO OBI TPYAHO
O0O0BSCHUTD.

In sections 5.2, 5.3, and 5.4, about the
solar corona, the solar wind, and the solar
streamers, we find that the plasma-redshift
theory together with the theory for
conversion of magnetic field to heat, as
described in Appendix B, is consistent
with many observations that have been
difficult to explain. In section 5.2, we
show that above the cut-off zone, the
plasma redshift exceeds the emission
cooling and the excess heat leaks by
conduction into the lower transition zone.
Gradually, the gravitational cooling by the
solar wind increases relative to the plasma
redshift heating; and it exceeds the plasma
redshift heating and results in maximum
temperature at about 2 solar radii. The
repulsion of the diamagnetic moments, as
described by Eq. (B10), reduces this
gravitational cooling by the solar wind. At
about 5 solar radii, the magnetic repulsion
force exceeds the gravitational attraction.
This results in an outward acceleration of
the solar wind. Due to Eq. (B11), this kind
of acceleration of the heavier ions, such as
helium ions, can sometimes be greater than
that of the protons. The plasma redshift
transfers its energy to the electrons. This
heat energy causes the electron
temperature often to exceed the proton
temperature and increases the solar wind
as shown in section 5.3. The explanation of
solar streamers, described in section 5.4, is
related to the explanation of the spicules in
section 5.1. In addition to the plasma
redshift these explanations make use of
magnetic repulsion of the diamagnetic
moments.

B Paznenax 5.2, 5.3, u 5.4, 0 colHEUHOU KOPOHE,
COJIHEYHOM BETPE, U COJTHEUHBIX TOTOKAX, MbI
oOHapy>xuBaem, uto Teopus IIKC BmecTte ¢
Teopuen A Ipeodpa3oBaHus MarHUTHOTO MOJIS B
TEII0, Kak onucaHo B [Ipwiioxenuu B,
COBMECTHMA CO MHOTMMH HaOJIIOICHUSMU,
KOTOpbIe ObLI0 TPy IHO 00BsicHUTE. B Pa3znene 5.2,
MBI [TI0Ka3bIBa€M, UTO BBILIE IOPOrOBOI 30HBI,
IUIA3MEHHOE KPACHOE CMEILIEHNE IIPEBBIIIAET
AMHUCCHOHHOE OXJIAXK/IEHUE 1 U30BITOYHOE TEIUIO
YXOJUT U3-3a TEIUIONPOBOAHOCTHU B O0JIee HU3KYIO
nepexo/iHyto 30Hy. [locreneHHo, rpaBUTallMOHHOE
OXJIQKJEHUE COJIHEUHBIM BETPOM yBEJINYUBAETCS
OTHOCHUTEJIbHO HarpeBaHUsI IJIa3MEHHBIM KPAaCHBIM
CMEIICHUEM; U OHO mpeBbliaeT Harpesanue [IKC
Y MaKCUMYM TeMIIEpaTypbl IOTyYaeTCst
IpUOJIM3UTENIBHO B 2 COTHEUHBIX pajInyCcax.
OtTaskuBaHUe TUaMarHUTHBIX MOMEHTOB, KaK
onucaHo ypaBHeHueM (B10), ymensmaet 31o

TpaBUTAOMOHHOC OXJIAKACHUEC COJTHCUYHBIM BCTPOM.

[TpuOAM3UTENBHO B 5 COMTHEYHBIX pajnycax
MarHuTHas CUJjIa OTTAJKUBAHUS TIPEBBINIACT
rPaBUTALMOHHOE NMPUTSKEHUE. ITO IPUBOJUT K
YCKOPEHUIO HAMPaBIEHHOTO HAPYKY COIHEYHOTO
BeTpa. bnarogaps ypaBaenuto (B11), aTot Bua
YCKOpEHUs 00Jiee TSKENBIX HOHOB, TAKUX KaK
HOHBI T'eJINsI, MOJKET HHOTA OBITH OOJIBIIE, YEM
yckopeHnuu npotoHoB. [IKC nepenaer cBoro
SHEPTHUIO JIEKTPOHAM. DTa SHEPTUS TETIOTHI
3aCTaBJIsIET TEMIIEPATYPy JIEKTPOHOB YaCTO
MIPEBBINIATh TEMIIEPATYPY MPOTOHOB U
YBEITMYMBAET COJIHEUHBIN BETEP KaK IMOKa3aHO B
Paznene 5.3. O0bsCHEHHE COMHEYHBIX IOTOKOB,
onucanHoe B Paznene 5.4, cBsa3aHo ¢ 00bsICHEHHEM
criukyn B Pazgene 5.1. B nononnenue k [IKC stu
00BSICHEHHS UCTIOJIb3YIOT MAarHUTHOE
OTTAJIKNBAHHE JUAMArHUTHBIX MOMEHTOB.

In section 5.5, we demonstrated that the
plasma-red shift theory is helpful in
explaining solar flares. It is shown that for
large magnetic fields, the plasma redshift
can be initiated even deep in the
chromosphere. The plasma red shift
heating can then also initiate conversion of

B Pazgene 5.5, Mbl poIEMOHCTPUPOBAIIH, YTO
teopus [TIKC nonesna npu 0ObICHEHUH
COJIHEUHBIX Bembliek. [Tokazano, uto mms
6onbimnx MarHUTHBIX nosei [TKC moxet
BO3HHKATh Jake TIy0oko B xpomochepe. [TKC-
HarpeBaHue MOXKET TOT/Ia TaKXkKe MPUBECTH K
MIPEBPAIICHIIO MATHUTHOM SHEPTUH B TEIIO.
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the magnetic field energy to heat. The
heating that results from plasma redshift
and the conversion of the magnetic field
energy to heat can then initiate many
hitherto unexplained phenomena,
including the flares, loops and arches.

HarpeBaHHe, KOTOPOC CICAYCT U3 IMIIa3MCHHOI'O
KpaCHOIo CMCUICHUS U npeo6pa30BaHI/m
MarHUTHOM OHCPIUH B TCIIJIO MOXKCET TOraa
BBI3bIBATH MHOT'UC 10 HACTOALICTO BPECMCHU
HEOOBSICHCHHBIC SABJICHHUS, BKJIIO4Yas BCIIBIIIKH,
MCTJIN U apKH.

In sections 5.6.1, we compare the theory
with the solar redshift experiments. We
find that the plasma red shift explains
significant fraction of the observed red
shifts of the solar Fraunhofer lines. It leads
thereby to the conclusion that the solar
lines are not gravitationally redshifted
when observed on the Earth. For the
evidence, see for example Table 3 and Fig.
4

B Paznene 5.6.1 Mbl cpaBHUBaEM TEOPHIO C
COJIHEUHBIMU HKCIIEPUMEHTAMHU 110 KPACHOMY
cMeneHno. Me1 oOHapysxkuBaem, uro [TKC
00BSICHAET 3HAUNTENFHYIO YacTh HAOII01aeMBIX
KpPacHBIX CIIBUTOB COTHEUHBIX DpayHroepoBbIx
JTUHUHA. DTO MPUBOANT, TAKUM 00pa30M, K BEIBOY,
YTO COJTHEUHBIC JINHUU HE SBIISIOTCS
TPaBUTALMOHHO CABUHYTHIMH ITPH HAOTIOCHUN UX
¢ 3emiu. [{ns noka3zaTenbCcTBa, CM. HAIIPUMED
Tabmuiy 3 u Puc. 4.

In section 5.6.2, we discuss the
gravitational redshift and how the
observations lead to a quantum theory for
reversal of the gravitational redshift. It is
concluded that while the photons in the
solar spectrum are gravitationally
redshifted when in the Sun, as predicted by
Einstein's classical TGR, the photons are
usually not gravitationally redshifted when
they arrive on the Earth. The photons'
frequencies are blue shifted during
photons' time of flights from the Sun to the
Earth, somewhat analogously to the
frequencies of atoms when the atoms move
from the Sun to the Earth. This does not
conflict with any of the experiments [37-
41] that have been assumed to prove the
gravitational redshift, because these
experiments, due to quantum effects, were
unable to detect if the photons were
attracted or repulsed by the gravitational
field. The solar redshift experiments can
discern if the photons are attracted or
repulsed, and these experiments show
clearly that the gravitational redshift is
reversed as the photons move outwards
from the Sun.

B Paznene 5.6.2, MbI 00CyK1a€M TpaBUTAIIMIOHHOE
KpacHOE CMEIICHHE, U KaK HAOIIIOICHUS TIPUBOISAT
K KBaHTOBOM TEOPHH JJIsl 0OpaTHOTO
IPaBUTAIMOHHOTO KPACHOTO CMEIICHHSL.
BriBesieHo, 4To, B TO BpeMs Kak ()OTOHBI B
COJIHEYHOM CIIEKTPE IPABUTALMOHHO CABUHYTHI B
KpacHy1o cTopoHy B camoM CoJHIle, KaK
npeackaszano kiaccuueckor OTO Ditnmreitna, HO
($OTOHBI OOBIYHO HE IPABUTALIMOHHO CABUHYTHI,
KOTJa OHM MpHOBIBaOT K 3emie. YacToTsl (OTOHOB
CMEIIAI0TCS B CHHIOI CTOPOHY B TEYEHHE BPEMEHU
nx noaéra ot CoaHia K 3emie, 3TO HECKOJILKO
AQHAJIOTMYHO YacCTOTaM aTOMOB, KOT/Ia aTOMBI
nepementatorcs ot ConHua k 3emiie. 1o He
HAXOJUTCS B IPOTUBOPEYUH HU C OJTHUM U3
sKcTIepuMEHTOB [37-41], KOTOphIE, KaKk
MPEIOoIaraioch, JOKa3bIBaJId TPAaBUTAIMOHHOE
KpacHOE CMEIICHHE, TTIOTOMY YTO ITH
AKCIIEPUMEHTHI, M3-3a KBAHTOBBIX 3(pPeKTOB, OBLIN
HECTIOCOOHBI O0OHAPYKHUTh, IPUTATUBAIOTCS JIH
(OTOHBI UM OTTAJIKUBAIOTCS TPABUTAIIIOHHBIM
niosieM. COJTHEYHBIE SKCTIEPUMEHTBI IO KPACHOMY
CMEIICHUIO MOTYT Pa3InYTh, TPUTATUBAIOTCS JIH
(OTOHBI UITH OTTAIKHBAIOTCS, H OTH
HKCIIEPUMEHTBHI MOKa3bIBAIOT SCHO, YTO
IpaBUTAIMOHHOE KPACHOE CMelIeHne 00paTuMo
npu Bbixoze GoToHOB 3a npenessl ConHIa.

In section 5.6.3, we focus on the
comparison of the present and
conventional explanations of the solar
redshift. While the conventional theory
often makes similar prediction to that of

B Paznene 5.6.3, MbI cocpeioraunBaemcsi Ha
CpaBHEHUH IPEICTABICHHOTO H OOBIYHOTO
00BSICHEHUH COJIHEYHOTO KPACHOTO CMEIICHHSI.
XoTs 00bIYHASI TEOPHS YACTO JICTACT aHATOTHYHBIN
IIPOTHO3 C MPEJCTABICHHON TEOpHEH, eCTh
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the present theory, there are a few crucial
observations, which contradict the
predictions of the conventional theory, but
confirm those of the plasma-redshift
theory.

HECKOJIBKO PELIAIOIINX HAOMI0JCHUI, KOTOpBIE
IPOTUBOpPEYAT IPOTHO3aM OOBIYHON TEOPHUH, HO
MOJITBEPKJIAI0T TAKOBBIE U3 TEOPUU TJIA3MEHHOT O
KPacHOTO CMEIICHUSI.

In section 5.6.4, we mention that as in case
of the solar corona, the plasma redshift
appears to be able to explainin a
reasonable way the relatively large
redshifts of many bright stars, including
the redshifts of collapsars and quasars. The
details of these explanations, however,
were not perused in the present paper,
because the extrapolations from solar
corona appear plausible. Detailed
calculations are necessarily elaborate, and
require often extrapolation from known
facts.

B Paznene 5.6.4, Mbl yioMuHaeM, 4TO Kak B CIyyae
COJIHEUHOH KOPOHBI, TNIa3MEHHOE KPacHOe
CMEIIEHUE, OKa3bIBACTCS CIIOCOOHBIM OOBSICHUTD
Pa3yMHBIM CIIOCOOOM OTHOCHUTEIHHO OOJIBIIIHE
KpacCHbIE CMEIICHUSI MHOTHX SIPKUX 3BE3]], BKIt0Uast
KpacCHbIE CMEIICHUS KOJIaIcapoB U KBa3apoB.
JleTanu 3THX 00BICHCHHUH, OJHAKO, HE OBLIN
MIPOCMOTPEHBI B TAaHHOW paboTe, IOTOMY YTO
AKCTPAIOJISIIIUU OT COJTHEUHOM KOPOHBI KaXKyTCs
paBaoNo00HIMU. JleTaIM3UPOBAHHBIC
BBIYUCIICHHSI 0053aTEIBHO OYAYT CIIOKHBIMU, U
9acTO TPEOYIOT SKCTPAMOJISAIUN OT U3BECTHBIX
(axToB.
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Such extrapolations introduce
uncertainties. For example, we don't know
much about the intensity and structure of
the magnetic field in quasars. We also
don't know if the coronas of quasars are
isotropic.

Takue 3KCTparnoyauy BBOAAT JONOIHUTEIbHBIE
HeonpeaeneHHocTy. Hanpumep, Mbl He 3HaeM
JIOCTaTOYHO O HANPSYKEHHOCTU U CTPYKTYype
MarHUTHOTIO 1OJI B KBa3apaxX. Mbl Takxke He
3HAEM, U30TPOIHBI JIM KOPOHBI KBa3apoB.

In section 5.7, we find that the plasma
redshift can explain the observed corona of
the Milky Way and the coronas of other
galaxies. It leads also to hot intergalactic
plasma filling the intergalactic space, as
the Kkinetic energies of the particles in the
coronal plasmas exceed the gravitational
potential energy of the particles.

B Paznene 5.7, mbl oOHapyxuBaeM, uto [TKC
MOXET 00BSICHUTH HAOII01aeMYI0 KOPOHY
Mie4Horo myTy ¥ KOPOHBI APYTUX TATAKTUK. DTO
BEJIET TAK)KE K FOpsTYed MEXTajJaKTU4eCKOn
I1a3Me, 3arOoJHAIOMEN MEeKTalaKTHIECKOe
IIPOCTPAHCTBO, IOCKOJIBKY KUHETUYECKUE SHEPTUH
YacTUIL B IJJa3M€ KOPOH MPEBBIIAIOT
IPaBUTALMOHHYIO NOTEHIIMAIBHYIO SHEPTUIO 3TUX
YaCTHIL.

In section 5.8, we show that the plasma
redshift can explain the entire
cosmological redshift, if the average
electron density in intergalactic space is

B Paznene 5.8, mbl noka3eiBaeM, uto [IKC moxker
OOBSICHUTH BCE KOCMOJIOTHYECKOE KPACHOE
CMEIEHUE, €CIIH CPEHSS KOHIIEHTpalUs
HJIEKTPOHOB B MEKTaJaKTUYECKOM MPOCTPAHCTBE

(Neday = (Nep)aw ~ 1.95 - 107#(E) cm®. (68)

The agreement between the theory and
experiments is good; see Figs. (5) and (6).
The recently discovered dimming of
distant supernovae is predicted well by the
plasma-redshift theory. No "dark energy"
or "dark matter" are needed to explain the
observations.

Cornacue Mex1y Teopuel 1 3KCIepuMeHTaMu
xoporee; cM. Puc. (5) u (6). HenaBHo
00HapyKEHHOE MOTYCKHEHUE TATEKUX
CBepXHOBBIX JOCTATOYHO XOPOIIIO MPEACKa3aHO
teopuelt I[IKC. Hukakas "rémuas sneprust" unu
"TéMHast MaTepus" He HY)KHA JIJIs1 OOBSCHEHHS TUX
Ha0JII0ICHUH.

In section 5.9, we show that experimental

B Pazpgemne 5.9 MBI moka3sIBaeM, 4TO
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data for the high-redshift supernovae
indicate that there is no time dilation, and
that the universe therefore is quasi-static.

SKCIICPUMCHTAJIBHBIC JAaHHBIC IJIS CBerHOBLIX C
BBICOKUM KpaCHBIM CMCHICHUEM YKa3bIBalOT, YTO
HET HUKAKOTI'O paCTAXKCHUA BPpECMCHU, U YTO
Bcenennas IMMO3TOMY ABJISICTCS KBa3UCTATHYECKOM.

In section 5.10 and Appendix C, we show
that the plasma-redshift theory can also
explain the cosmic microwave background
(CMB). It is found that when the
intergalactic space is filled with electron-
proton plasma with density equal to that
required for explaining the cosmological
redshift, the isotropic and well-defined
CMB follows as a necessary consequence.
This hot plasma with a density N =
1.95-10* cm™ and a thermal particle
temperature of T =2.706:10° K leads to the
isotropic CMB with a well-defined
blackbody temperature of Tcmg = 2.728 K.
The CMB is dominant between 10° and
1.7-10™ Hz. The cosmic spectrum below
and above these limits is also consistent
with the predictions of the plasma-redshift
theory.

B Paznene 5.10 u [Tpunoxenuu C, Mbl
MOKa3bIBa€M, UTO TEOPHs MIIA3MEHHOI'0 KPACHOTO
CMEIICHUS MOXKET TaKkKe OOBSICHUTh KOCMUYECKOE
MHUKpPOBOJIHOBOE (poHOBOE M3myueHue (MDU).
Haiineno, uto, Kkorjia MexXraiakTH4ecKoe
MIPOCTPAHCTBO 3aMOJIHEHO 3JEKTPOHHO-NIPOTOHHON
MJ1a3MOM C TUIOTHOCTBIO, PaBHOM TpeOyemMoit s
TOr0, YTOOBI OOBICHUTH KOCMOJIOTHYECKOE
KpacHO€ CMElIeHHEe, N30TpornHoe 1 yéTkoe MO
MOJIy4aeTCsl B KaueCTBE HEOOXOIUMOTO CIIEACTBUSI.
Dta ropsyas miaasma ¢ mioTHOCThIo Ne = 1.95- 10
cM™ ¥ TemmoBas TeMIIepaTypa YacTULbI | =
2.706:10° K MPUBOJAT K M30TporiHOMy M®DU ¢
YETKOM TemMmnepaTypoil abCOMIOTHO YEPHOTO Tesia
Teme = 2.728 K. MOU MakcuManbHO MPOSIBISETCS
mexay 10° u 1.7- 10" I'n. Kocmuaeckuit CIIEKTp
HUOKE U BBIIIIE ATUX MPEJIETIOB TaK)KE€ COBMECTUM C
MpeACKa3aHUsIMHU TEOPUH TIJIA3MEHHOTO KPAaCHOTO
CMEIICHHUSI.

Radiations beyond CMB produce
additional pressure on the wall of the
blackbody "cavity". Corresponding to
these additional radiations, the average
particle temperature per particle in
intergalactic space exceeds the temperature
T =2.706:10° K. The average particle
temperature is then

N3nyuenuns Bue MOU nipousBoasT
JIOTIOJIHUTEIBHOE JIaBJICHNE HAa CTEHKY a0COJIIOTHO
y€pHoil "onoctr". COOTBETCTBYS ITUM
JIOTIOJTHUTEIBHBIM U3ITyUEHUSIM, CPEIHSIS
TEeMIIEpaTypa 4acTull Ha 1 gacTuily B
MEXTaJIAKTUYE€CKOM ITPOCTPAHCTBE MPEBBIIIACT
temnepatypy T =2.706-10° K. Cpeamsis
TeMIIepaTypa 4acTHIIbI TOTJa

~
~

Tav

(3.0t03.6) - 105(;°) K. (69)

The upper limit of Ty, includes
contributions from the CMB, the X rays,
and the intergalactic light.

Bepxuuii mpenen T,y BKIrO4YaeT BKIaasl ot MOU

b
PEHTI€HOBCKUX JIy4el, U MEKTaTaKTUIECKOTO
CBeTa.

The corresponding average density in
intergalactic space is estimated to be about

CootBeTcTBYIOLIAs CPEAHSS INIOTHOCTh B
MEXTaJJaAKTUYE€CKOM ITPOCTPAHCTBE, 10 OLIEHKE,
IPUMEPHO

p~38- 10‘28(%) gcm®. (70)

p~38 1072 ren’. (70)

This average density in the universe is then
about 56 times higher than the density
usually assumed for a closed universe
when Ho = 60 kms™ Mpc™. The plasma
redshift leads thus to a much higher
density in intergalactic space than that
conventionally assumed.

Ota cpenHss IIOTHOCTH BO BeeneHHoii Torna
npuOIN3UTENBHO B 56 pa3 GoJiee BhICOKasA, YEM
IUIOTHOCTb, OOBIYHO IPUHUMAaEMast sl 3aMKHYTOH
Beenennoit mpu Ho ~ 60 km/cex Mk
[Tna3mMeHHOE KpacHOE CMEIIEHUE BEJET, TAKUM
00pa3zoM, kK HaMHOTO 00JIee BBICOKOU TJIOTHOCTH B
MEXTaJIAKTUIECKOM IIPOCTPAHCTBE, YEM ITO
TPaJULIMOHHO NPHUHSITO.
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In section 5.11 and in Appendix C, we
show that the high density and temperature
of the intergalactic plasma and in the
Galactic corona explain well the observed
X-ray background. Some experts in the
field will object that the high density and
high temperature in space will result in an
X-ray intensity that is too high. Closer
scrutiny shows, however, that the predicted
X-ray intensity is consistent with
observations. This is because the redshift
length (the inverse of plasma-redshift
absorption) is many times shorter than the
usually assumed absorption length (the
inverse of the conventional X-ray
absorption coefficient). The integral of the
X-ray luminosity degraded by the
Compton scattering and the plasma
redshift over the redshift distance results in
modest X-ray intensity. This soft X-ray
intensity is nevertheless significant for
maintaining uniform ionization in space,
and it helps ionize the corona of galaxies
and other objects. This soft X-ray
background from intergalactic plasma does
not contradict the observations that find
that most of the harder X rays from
intergalactic space are due to point
sources.

B Paznene 5.11 u B Ilpunoxenun C, Mbl
MOKA3bIBAEM, YTO BBICOKAS MIIOTHOCTH U
TEeMIIepaTypa MEKTaTaKTUIECKOMN TUTa3Mbl U B
["anakTUyeckoil KOPOHE XOPOIIO OOBACHSIOT
HaOJro1aeMbIid peHTreHoBckwid (hoH. HexoToprie
HKCIIEPTHI B 3TOM 00J1aCTH BO3PA3sT, UTO BHICOKAS
MJIOTHOCTH W BBICOKAs TEMIIEpaTypa B
MIPOCTPAHCTBE MPUBEIYT K CIUIIKOM BBICOKOU
MHTEHCHUBHOCTH PEHTI€HOBCKUX JIydell. boiee
TLIATEIBHOE UCCIIEJOBAHUE TTOKA3bIBAET, OHAKO,
YTO MpeJCKa3aHHas PEHTICHOBCKAs
WHTEHCHUBHOCTh COBMECTHUMA C HAOTIOACHHUSIMH.
DTO TOTOMY, YTO JJTMHA KPACHOTO CMEIIEHUS
(obpatnas BennuuHa K [IKC-nornomenuto) Bo
MHOTO pa3 Kopoue, 4eM OObIYHO TPUHUMaeMast
JUTMHA TIOTJIoIeHus (0OpaTHas BEIUYMHA
00b19HOTO K03 (HUIIMEHTA PEHTICHOBCKOTO
norsouieHus ). HTerpan peHTreHOBCKOM
CBETUMOCTH, YMEHbIIIEHHON KOMITOHOBCKUM
paccessnueMm u [IKC no Bcemy paccTostHUIO
KpPaCHOTO CMEIIEHHUS, TPUBOAUT K YMEPEHHOU
PEHTI€HOBCKOM MHTEHCUBHOCTHU. JTa MATKAsI
PEHTIC€HOBCKasi HHTCHCUBHOCTH SIBJISIETCSI, OJTHAKO,
CYILIECTBEHHOM I TOTO, YTOOBI COXPAHUTh
PaBHOMEPHYIO HOHHU3AILIUIO B IPOCTPAHCTBE, U 3TO
MIOMOTaeT NOHU3UPOBATH KOPOHY TAIAKTUK U
JIPYTUX O0BEKTOB. DTOT MATKUHA PEHTT€HOBCKUN
(G OH OT MEKTaIAKTUYECKOH MIa3MbI HE
MIPOTUBOPEYUT HAOIIOICHUSIM, KOTOPBIC
00HapyKUBAIOT, YTO OOJILITUHCTBO 0OJIee )KECTKUX
X-JTy4del U3 MeXTraJakTHUYE€CKOTO MPOCTPaHCTBA
MPOUCXOAST OT TOUEYHBIX HCTOYHHKOB.

64

64

The softer X-ray intensity is due mostly to
relatively colder filaments between huge
bubbles heated by the plasma redshift.
Like in the transition zones to the solar and
galactic coronas, the bubble structure is
due to the fact that the plasma redshift is
first order process in density, while the
cooling processes are usually second order
in density. Some of the slightly harder X
rays are produced in the hot bubbles. The
harder X rays are also emitted from the hot
dense plasma in large galaxy clusters and
from other point sources. We show that the
X rays from intergalactic space are
consistent with the observations.

bonee MArkas peHTTeHOBCKasi MHTEHCUBHOCTh
MIPOUCXOUT U3, TJIABHBIM 00Pa30M, OTHOCUTENBHO
0oJiee XOJIOIHBIX HUTEH MEX1y OTPOMHBIMU
ny3bipsamu, HarpeTbiMu [TKC. Kak B mepexoaHbix
30HaX K COJIHEUHBIM U TaJJaAKTUYECKUM KOpOHaM,
my3bIpyaTas CTpyKTypa oOpa3yeTcs u3-3a Toro, uto
ITKC - nmporecc nmepBoro nopsijika ot MiIOTHOCTH, B
TO BpeMs KaK MPOIIECCHI OXJIaXACHHUS OOBIYHO
BTOPOTO MOpPsAKa OT IIOTHOCTU. HekoTopsle u3
HEMHOT0 0OoJiee )KECTKUX X-ITyuel OpPOKICHBI B
ropsiuux my3sIpsax. bonee xéctkue X-ydn Takxke
UCITyCKAIOTCS U3 ropsYei IJIOTHOM IJ1a3Mbl B
OO0JIBIINX KJIacTepax TaJlakTUK U U3 JPYTUX
TOYEYHBIX UICTOYHUKOB. MBI MOKa3bIBa€M, YTO 3TH
X-JTy4H U3 MEKTAJIaKTUYECKOTO NPOCTPAHCTBA
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COBMCCTHMBI C Ha6J'IIOI[€HI/I$IMI/I.

In section 5.12, we discuss the high
average density in the universe. Some
experts will also object that the high
density in space will lead to too large a
curvature of space. Weightlessness of
photons in a local standard reference
system means that Einstein's field
equations will have to be modified. This
modification is most likely small, although
fundamentally very important. However,
Einstein's extrapolation of Newton's
phenomenological equations for
gravitation to very large distances and
even to infinity has no experimental
support and no support from conventional
guantum mechanical physics. It is most
likely incorrect. Distant collisions by hot
particles with the proton particles (and
other particles) will change the angular
momentum and the gravitational energy
transfer to the proton, before the
gravitational potential change can assert
itself, as the hot proton rotates and moves
around. Quantum mechanical theory
requires a finite time for the proton to
interact with the gravitational field. Even
with the high densities of Eq. (64), the
space could be fiat isotropic and infinite,
which is consistent with observations.

B Paznene 5.12, Mbl 00Cy>k/1aeM BBICOKYIO
CpPEIHION0 IIOTHOCTH BO Beenennoii. Hexkotopsie
AKCIIEPTHI TAK)KE BO3PA3AT, UTO BBICOKAs
IUIOTHOCTB B MMPOCTPAHCTBE MPUBEJAET K CIUIIKOM
OoubIION KpUBHU3HE pocTpaHcTBa. HeBecomMocTh
(GOTOHOB B JIOKAIBbHON CTaHIAPTHOM CHCTEME
OTCYeTa 03HA4YaeT, YTO YPaBHEHUS IO
DWHIITEHHA TOJDKHBI OBITh MOAU(MHUIIUPOBAHBI.
Ota MoauduKanus SBISIETCS, BEPOATHO,
HEeOO0JIbIION, X0T (PyHIAMEHTAIBHO - OYEHB
BakxHOU. OIHAKO, FKCTPANOISILMS DHHIITEHHOM
dbenomeHonornueckux ypaBHeHuit Herorona (st
IpaBUTAIMK) HA OYEHb OOJBIINE PACCTOSHUS U
Jake Ha OECKOHEYHOCTH HE UMEET HUKAKOTO
AKCIIEPUMEHTAJIBLHOIO OCHOBAHUS U HUKAKOI'O
OCHOBaHUs OT OOBIYHOIN KBAaHTOBO-MEXaHUYECKOM
¢u3uku. 910, CKOpee BCEro, HEMPaBUIIBHO.
OtnanéHHble CTOIKHOBEHUS FOPSYUX YaCTHUIL C
IIPOTOHAMHU (M IPYTUMH YaCTUL[AMH) U3MEHSAT
MOMEHT KOJIMYECTBA IBMXKCHMS, U TPaBUTALlMOHHAS
SHEPrus NEPEXOqUT IPOTOHY MPEKIE, YEM
M3MEHEHUE TPABUTALIMOHHOIO MOTEHIIMAJIa CMOKET
CaMOYTBEPJAUTHCS, IIOKA FOPSYUM IPOTOH
Bpauiaercs u nepemeraercs. Ksanroso-
MeXaHU4YeCcKasi TeOpusi TpeOyeT KOHEUHOTO
IIPOMEXKYTKA BPEMEHU JIJIsl IPOTOHA, YTOOBI OH
IIPOB3aMMOJEICTBOBAI C MOJIEM TAroTeHus. Jlaxe
MIPU BBICOKOM IJIOTHOCTHU B ypaBHEHUU (64),
IPOCTPAHCTBO MOTJIO ObI OBITH H30TPOITHBIM U
0ECKOHEYHBIM, YTO COBMECTHMO C HAOJIOIEHUSIMH.

In section 6, we show that the reversals of
the gravitational redshifts of photons as
they move out of solar gravitational field
are supported by other important
observations. It was concluded in sections
5.6.2 and 5.6.3 that the plasma redshift
could explain the observed redshift of solar
Fraunhofer lines without the gravitational
redshift, which was expected from the
classical theory of general relativity
(TGR). It was concluded that the photons'
frequencies are gravitationally redshifted
in the Sun; but as the photons move from
the Sun to the Earth the frequencies are
blue shifted, which reverses their
gravitational redshift. The present quantum
mechanically modified TGR leads to

B Pa3zpnene 6 Mbl noka3biBaeM, 4TO MHBEPCUU
IPaBUTAIMOHHBIX KPACHBIX CMEIIEHUI (POTOHOB
IIPH UX JIBIOKEHUU U3 COJTHEYHOTO TOJIS TATOTCHUS,
MOJJIEPKaHbI APYTUMU BaKHBIMU HAOIIOICHUSIMU.
B Pasnenax 5.6.2 u 5.6.3 Ob110 BEIBEACHO, YTO
ITKC Mmorio 661 00BICHUTH HabOJI01aeMOe KpacCHOE
CMelleHe COTHeUHBIX PpayHrodepoBbIX JINHUIA
0e3 rpaBUTAIIMOHHOTO KPACHOTO CMEIIEHUS,
KoTopoe oxkunanock u3 kinaccuueckon OTO. boiio
BBIBEJICHO, UTO YaCTOThI (POTOHOB I'PaBUTAIMOHHO
CMEIIEHbI B KpacHYy10 cTopoHy B CoJIHIIE; HO KaK
TOJIbKO (DOTOHBI HAYMHAIOT JBWKeHue oT ConHIa K
3emiie, 4aCTOTHI CABUTAIOTCS B CHHIOIO CTOPOHY,
YTO U3MEHSET UX I'PAaBUTAIMOHHOE KPACHOE
cMmetenue. CymiecTByromas KBaHTOBO-
Mexannueckas moauduxanus OTO npuBoauT K
00paTHOMY rpaBUTAIMOHHOMY KPaCHOMY
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reversal of photons gravitational redshift.
This unexpected result of the plasma
redshift contradicts the fundamental
assumption in physics and in TGR that a
photon's frequency is a constant of motion
as the photon moves through gravitational
fields, or that the frequency of a photon
stays constant as the photon moves from
one gravitational potential to another.
Conventional theory assumes that all other
forms of mass and energy are redshifted,
as the corresponding particles move to
lower potential. The equivalence of mass
and kinetic energy in the special theory of
relativity means that the inertial mass of
the photon is m; = hv/c®. According to
equivalence principle, the gravitational
mass mg = m; and the photon should be
attracted by the gravitational field. Section
6 serves to show that, independent of the
solar redshift experiments, the hydrogen
streaming away from the galactic center
supports the contention that the photons
redshift is reversed, as the photons move
out of the gravitational field.

CMEIIEHUIO (POTOHOB. DTOT HEOKUJAHHBII
pe3yJbTaT MIa3MEHHOI0 KPAaCHOTO CMEILIEHHS
NPOTHBOPEYHT (HyHTAMEHTATBHOMY
npeanonoxenuto B pusuke u B OTO, uro yacrota
¢doTOHA - KOHCTAaHTA IBWKCHUS TIPU JIBIKCHUN
¢doToHa yepe3 rpaBUTALMOHHBIE TTOJIS, WK YTO
yacToTa OoTOHA OCTAETCSI MOCTOSHHOM MpU
JBIDKEHUH (DOTOHA OT OJTHOTO IPABUTAILIMOHHOTO
noTeHuuana K fpyromy. OObIuHas TEOpUs
HperonaraeT, 4To Bce Ipyrue GopMbl Macchl U
SHEPTUU TOABEPTatOTCs KPACHOMY CMEUICHHUIO TIPU
HepeMEeIeHIH COOTBETCTBYIOIINX YaCTHUI K
TOYKaM ¢ 0o0Jiee HU3KUM IOTEHLIUAIOM.
OKBHUBaAJICHTHOCTh MAaCCOBOM M KHHETHYECKOM
DHEPTUU B CIICIIUATEHONW TEOPHH OTHOCUTEIILHOCTH
03HayaeT, 4YTO MHEPLUUOHHAs Macca POTOHA
mi=hv/c®. CorlracHO NPHHIKITY SKBUBAICHTHOCTH,
rpaBUTalMOHHAs Macca Mg = M; , U HOTOH IOJHKEH
NPUTSATUBATHCS TPABUTAIIMOHHBIM TT01eM. Pa3nen 6
JIOKa3bIBAET, YTO, HE3aBUCUMO OT COJTHEYHBIX
HKCIIEPUMEHTOB 110 KPACHOMY CMEIICHUIO,
BOJIOPO/I, BHITEKAIOIINI U3 LIEHTPA TaJaKTHKH,
MIOJ/ICP’KUBACT YTBEPKIEHHUE, YTO KpacHOE
cMmeleHre (oToHOB 00pPaTUMO MPU ABHIKEHUH
(OTOHOB W3 MOJIS TATOTCHUSI.

It is argued that the reversal of the
gravitational redshift removes the need for
black holes, which are fictions created by
extrapolating Newton's phenomenological
equation far beyond their experimental
foundation. It is more likely that matter,
instead of being sucked into a black hole,
is transformed to photons at the brink of a
black hole. (This brink of a black hole may
possibly consist of a vortex at the center of
a large, fast spinning, and fiattened neutron
star-like object, which most likely has
large magnetic fields, possibly sometimes
on the order of or even exceeding 10
gauss.)

YTBepKaeTcsi, YTO NHBEPCHUS IPaBUTALIMOHHOTO
KpacHOTo CMelIeHHs yorpaeT NoTpeOHOCTh B
YEepHBIX JBIPAX, KOTOPBIE SIBJISIOTCS (PaHTACTHKOH,
CO3JIAaHHOM PKCTPaIOIsAIHUeH
deHomeHonornyeckoro ypasHenus: Herorona
JTAJIEKO 3a €ro AKCIEePUMEHTaIbHOEe 000CHOBAHHUE.
bonee BeposITHO, UTO MaTepHsi, BMECTO TOTO,
YTOOBI OBITH BCOCAHHOM B UEPHYIO JIBIPY,
npeoOpasyercst B (OTOHBI Ha FPaHUIle YepHOU
JBIpBL. (DTa rpaHuila YepHOU IbIPhI MOXKET,
BO3MOYHO, COCTOSITh TOJIBKO U3 (pOKyca B IIEHTpe
00J1b1110T0, OBICTPOTO BPAIIECHHUS, U SBISATHCS
3aBepIIeHUEeM HEHTPOHHOTO 3BE3/1000pa3HOTO
00BbeKTa, Y KOTOPOTO HanboJiee BEpOSITHO €CTh
OoJbIIIMie MAarHUTHBIE 110JIs1, BO3MOXXHO MHOTa
nopsiika win gaxe cebime 10! rayccos.)

21. The incident matter does not hit into
a black hole.

As the time of slope of object onto
brink of a black hole proposed in TGR is
unlimited, but a lifetime of any material
object is restricted, so any material object
cannot attain brink of the black hole. But

21. TTagaromasi MaTepust He TONAAaeT BHYTPh
YEPHOU JBIPHI.

[lockonbky BpeMs majaeHuss O0ObEKTa Ha
rpanuny npeanosaraemoit mo OTO Y/ mo
COOCTBEHHOMY BPEMEHHM HEOIPAaHUYEHHO OOJIBIIOE,
a BpeMs JKHM3HH JIFOOOT0 MaTEPHAIBHOTO OOBEKTa
OrpaHUYEHO, TO JIF0O0OI MaTepuaibHbI OOBEKT HE
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an emanation should go out from brink of
a black hole, by Uncertainty Principle.
Hence, the Black hole cannot grow, and
can decrease only, that is, black holes do
not exist.

MOXKeT JocThdb rpaHunbsl YJ[. A mo npuHIuUmy
HEOIPEACIEHHOCTH U3JIy4eHHE JIOJDKHO BBIXOJIUTH
OT TpaHuLl YepHOH AbIpbl. CiienoBaTenbHO, YepHas

JIbIpa HE MOXET pacTM, a MOXKET TOJbKO
YMEHBIIATBCS, TO €CTh, YEPHBIX JbIPp HE
CYIIECTBYET.

The photons gravitational redshift is then
reversed and the photons can reform
matter, such as electron-positron pairs and
proton-antiproton pairs and other particles
at a distance in the usual way known from
the laboratory experiments. This
extrapolation requires more experimental
and theoretical support.

®oTOHHOE TPaBUTAIIMOHHOE KPACHOE CMEIIICHNE
TOT/Ia PEBEPCUPOBAHO, U (POTOHBI MOTYT CHOBA
(bopMupOBaTH MAaTEPHIO, TAKYIO KaK 3JIEKTPOHHO-
MMO3UTPOHHBIE IIAPHI U Mapbl IPOTOH-AaHTUIIPOTOHA
U IpyTU€ YaCTHIBI HA PACCTOSHUN OOBIYHBIM
CIOCOOOM, U3BECTHBIM U3 J1a00OPATOPHBIX
IKCIIEPUMEHTOB. DTa IKCTPAIIONAHS TpeOyeT
00JIBILIEr0 AIKCIEPUMEHTATIBHOIO U
TEOPETHYECKOTO OCHOBAHHUSL.

The experimental evidence for the
correctness of this extrapolation is found in
the intense positron annihilation spectrum
detected close to the galactic centers, and
in the large amount of hydrogen observed
streaming away from the Milky Way
center. The reversal of photon's
gravitational redshift and transformation of
a matter at the centers of galaxies (and
quasars) bring a self-regulating stability
into our cosmological perspective.
Although it was not discussed in section 6
(because the evidence is not clear), the
weightlessness of photons in a standard
system of reference may also facilitate
explanation of the large amount of energy
released in supernova explosions.

DKCIEPUMEHTAIbHOE MOATBEPKACHUE IS
MPABWIBHOCTHU ATOM IKCTPAIOJIALINN HAWICHbI B
MHTEHCHUBHOM MO3UTPOHHOM aHHUTWIALIMIOHHOM
CIIeKTpe, 00HApPYKEHHOM OJIM3KO K raJaKTUYeCKUM
[EHTpaM, U B OOJIBIIIOM KOJMYECTBE BOAOPO/A,
HaOJIF0Ja€MOTO BBITCKAIOIINM U3 IIEHTPa
Muneunoro nmytu. lHBepcust rpaBUTAllMOHHOTO
KpacHOro cMeuieHus poToHa u npeodpazoBaHue
MaTEpUU B IIEHTPaX ralakTHK (M KBa3apoB)
MIPUHOCST CAaMOPETYJIUPYEMYI0 YCTOHYHBOCTH B
Hally KOCMOJIOTUYECKYIO MEPCIIEKTUBY. XOTs 3TO
He ObIT0 00CcykieHo B Paziene 6 (motomy 4Tto
JI0KA3aTeNbCTBO HE SICHO), HEBECOMOCTh (DOTOHOB B
CTaHJAPTHOU CHCTEME OTCUYETA MOXKET TaKKe
001erYuTh 00BSICHEHNE OOJIBIIIOTO KOINYECTBA
SHEPTHH, BHITYIIEHHONW BO B3pbIBaX CBEPXHOBBIX.

The plasma red shift appears to eliminate
five major deficiencies in Einstein's
cosmological model for a static universe:

[1ma3MeHHBIM KpacHBIN CABUT, KQXKETCS, YCTPAHIET
MSATH IJIABHBIX HEJJOCTATKOB B KOCMOJIOTHYECKOM
MOJIENIN DHHINTEHHA I CTaTUYECKO BeceneHHoM:
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1. Plasma redshift can explain the
cosmological redshift.

1. ITnasmennoe KpaCHOC CMCIICHHUEC MOKET
00BACHUTH KOCMOJIOTHYECKOE KpaCHOC CMCIICHUC.

2. Plasma redshift can explain the
cosmological microwave background.

2. ITKC moxeT 00BICHUTH KOCMOJIOTUYECKU
MHKPOBOJHOBBIN (DOH.

3. Plasma redshift resolves the Olbers'
paradox. If starlight were not attenuated, as
it traveled through intergalactic space, the
sky would be bright as the stars in an
infinite universe. The attenuation of the
light intensity by the plasma redshift of
light by intergalactic electrons resolves this
problem.

3. [IKC pemaet mapagokxc Onasdepca. Eciu Obt
CBET 3Be3J1 He ObLT 0CITa0JIeH TP €T
pacTpoCTpaHEHUH Yepe3 MEKIraIaKTHICCKOe
MIPOCTPAHCTBO, TO HEOO OBLIIO OBI TAKUM KE SIPKUM
KaK 3Be3/bl B OeckoHeuHON Beenennoit.
OcnabneHne CUIIbI CBETa MIa3MEHHBIM KPaCHBIM
CMEIICHUEM CBETa M3-32 MEKTaTaKTUICCKIX
DJIEKTPOHOB PEIIACT ATy 3a/1auy.
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4. Einstein's cosmological model has
significant instability, which is caused by
the tendency of matter to concentrate due
to gravitational attraction. Plasma redshift,
when compared with solar redshift, leads
to reversal of photons gravitational red
shifts and to the renewal of matter at the
center of galaxies and quasars. The eternal
renewal of matter removes this
gravitational instability.

4. Y KOCMOJIOTMYECKON MOIENN JUHIIITEHHA €CTh
CYILIECTBEHHAs! HECTAOMIbHOCTh, KOTOpasi BbI3BaHA
TeHILGHHI/ICﬁ MaTepI/II/I KOHIICHTpHpOBaTI)Cﬂ n3-3a
IPaBUTAIMOHHOTO NpUTsDKeHUs. [InasmMenHoe
KpacHOE CMEIICHUE, MPU CPABHEHUU C COJTHEUHBIM
KpacHBIM CMEIICHUEM, IPUBOJUT K MHBEPCUU
TpaBHTaHHOHHBIX KpaCHBIX CABUI'OB (1)OTOHOB H K
BOCCTAaHOBJICHUIO MAaTEPUU B LICHTPE TAJIAKTUK U
KBa3apoB. BeuHas BocCTaHOBJICHUE MaTEPUH
yOHUpaeT 3Ty rPaBUTALMOHHYIO HECTAOMIBHOCTD.

5. In Einstein's static model of the
universe, the stars will run out of energy
and will have a finite lifetime. Plasma
theory leads to reversal of photons
gravitational redshifts. A reasonable
extrapolation of that finding is that matter
is eternally renewed at the centers of
galaxies and quasars. As shown in section
6, the observations support this
extrapolation.

5. B Mozenu cratndeckoit Beenennoit DitHiuTeiiHa
3BE€3/1bl HCUEPIIAIOT FHEPTUIO U OyIyT UMETh
KOHEYHBIN cpokK *u3HHU. [ImasmenHas teopus
HPUBOAUT K MHBEPCUH (DOTOHHOTO
TPaBUTALMOHHOTO KPACHOTO cMenleHus. PasymHas
AKCTPAINOJISILMS TOTO PE3yJIbTaTa COCTOUT B TOM,
YTO MATEPUsl BEYHO BOCCTAHABIMBAETCS B LIEHTPAX
raJlakTHK 1 kBa3zapoB. Kak nokasano B Pasnene 6,
HaOJII0/IEHUS TIOATBEPKIAIOT 3Ty SKCTPAIIOJIALIUIO.

Plasma redshift, which is based on basic
axioms of physics, leads thus to
fundamental changes in our cosmological
perspective and to changes in gravitational
theory.

[TKC, koTOpo€ OCHOBaHO Ha OCHOBHBIX aKCHOMax
(bu3uKH, IPUBOJUT, TAKIM 00pa3oM, K KOPEHHBIM
W3MEHEHHUSAM B Halllel KOCMOJIOTHYECKOM
MEPCHEKTUBE U K U3BMEHEHUSIM T'PaBUTAIIMOHHON
TEOPHH.

The problem of ever-increasing time and
ever-increasing entropy is resolved when
we realize that we are usually observing
only one half of the material-photon cycle.
We usually focus on the physical changes
from particle creation of material through
its changes (which define the time)
towards annihilation, while often
disregarding the other half of the time
cycle, the creation of photons and their
transformation to matter in an everlasting
renewal process at the centers of the
galaxies, and most likely at the centers of
quasars.

3a/1a4ya MOCTOSIHHO YBEIUYHUBAIOIIECTOCS BPEMEHH U
IIOCTOSIHHO YBGJ'H/I'-H/IBaIOIIIeI\/'ICSI OHTPOIINU PCUICHA,
KOT'JIa MBI IOHMMAaEeM, YTO Mbl 0OBIYHO HAOIIOAaeM
TOJIBKO OAHY IMOJIOBUHY HHKJIa MAaTECPHUAIIBHOTO
¢dbotoHa. MBI 00BIYHO COCpeAOTAUMBACMCSI HA
q)HBI/I‘-ICCKI/IX N3MCHCHUAX: OT CO34aHUA YaCTHUI]
MaTepuana yepe3 X U3MEeHEHHUs (KOTopbhie
3aHUMArT BperI) K aHHUTWISIIIUH, 4aCTO
UTHOPHPYS IPYTYIO MOJOBUHY IIMKJIA BPEMEHH:
co3nanue (POTOHOB U UX TIPeoOpa3oBaHUE B
MaTEPHUIO MPH MOCTOSTHHOM TIpoIiecce
BOCCTaHOBJICHUS B IIEHTpaX rajakTUK, U, Hanboiee
BEPOSATHO, B IIEHTPaX KBa3apoB.

22. Unfortunately, a formula of color
dispersion - dependence of a velocity of
light from frequency of light in
intergalactic plasma is missed in this
article.

Such formula would allow to obtain an
estimate of an elongation of radiancy
curve of SN Ia depending on its
cosmological redshift.

22. K coxaneHuro, B CTaTbe OTCYTCTBYET
OIIEHKA JTUCIEPCUH - YACTOTHOM 3aBUCUMOCTHU
CKOPOCTH CBETa B MEKTaJJAKTUUECKOMU IJ1a3Me.

Takast ¢dopmyna mo3Bojuiaa OBl TOTYYHUTH
OIICHKY pacTshDKeHHs KpuBou cBetuMocTd SN la B
3aBHCHUMOCTH OT €€ KPacHOro KOCMOJIOIHYECKOIO
CMEIICHUSI.
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Appendix A

Ipunoxenune A

Al Electromagnetic Waves In Dielectrics

BHGKTPOMaFHHTHbIe BOJIHBI B TUJJICKTPUKAX

We consider a homogeneous and isotropic
medium with a dielectric constant, €, and a
permeability, p. Initially, these material
constants do not vary with the coordinates
nor with time. When using Gaussian (cgs)
system of units, we get from Maxwell's
electrodynamic theory that

MBbI paccMaTpuBaeM OJHOPOIHYIO U U30TPOITHYIO
Ccpeny C IUDIIEKTPUUYECKOU MOCTOSIHHOM € U
MarHUTHOW MPOHUIIAEMOCTHIO L. [IepBoHavanbHO,
3TU MAaTEPUAIbHBIE KOHCTAHTHI HE MEHSAIOTCSA HU B
3aBUCHUMOCTH OT KOOPJAWHAT, HU CO BPEMEHEM.
Ucnonwiys [NayccoBy cucremy eaunuil (CI'C), Mbl
MOJIYy4YaeM U3 JIEKTPOIUHAMUYECKON TEOPUH
MakcBeiia, 4To

_ _19B_ _poH
VXE= cat c dt (Al)
V.-D=V-¢E=0 (A2)

10D e OE
VXE—;E—ZE (A3)
V-B=V-uH =0 (Ad)

where the dielectric constant, €, and the
permeability, u, depend only on the
frequency and where c is the velocity of
light.

rac AU3JICKTPUYECKasd IOCTOAHHAA € U MarHUTHaA
MMPOHUIACMOCTD |l 3aBUCAT TOJIBKO OT 4aCTOThI, 1
rae ¢ - CKOpoCTh CBETA.

Comment Al. We can obtain the
corresponding equations in the mks
(rationalized) system of units by replacing
€ with g(goC), and p with p(uoC), where &g
and o are the dielectric constant and
permeability in vacuum, and where
Souo:l/CZ.

KommenTapuii A1. Mbl MO>XEM ITOJIy4YUTH
COOTBETCTBYIOIIINE YpPAaBHEHUS B
(paumonanu3upoBanHoi) cucteme equHuy MKC,
3aMeHsIs € Ha €(€0C), U [ Ha W([oC), TAC €0 U Mo -
JURJIEKTPUYECKast OCTOSIHHAS M MarHUTHAs
TIPOHUIAEMOCTD B BAKyyMe, 1 TJIe €opo=1/c’.

We assume that the field varies
sinusoidally as the real part of ¢"”. For
facilitating the calculations, we use
complex notations for the different
quantities; and in the usual manner, we use
their modulus for comparison with
experiments.

Muz1 IIpeaAIiojIaracM, 4To moje U3SMCHACTCA
CUHYCONAAJIbHO KaK BCIICCTBCHHAA YaCTh ela}t. HJISI
TOro, YTOOBI 00JIErYUTh BBIYMCJICHUSA, MBI
HCIIOJIb3YyEM KOMIIJICKCHBIC 0003HaYCHUS JJIA
Pa3INIHbIX BECJIUYHH, 1 B O0OBIYHOI MaHEPEC, MbI
HCIIOJIB3YCM UX MOOYJIHN IJIsd CPABHCHHA C
OKCIICPUMCHTAMM.
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We write the general solutions to these
equations on the form:

Mgl 3anucbIBaeM OOIIHME PEIIeHHUs ITHX YpaBHEHUN
B (hopme:

_ A@) ,[iw(t-xyER/c)]
E, o ¢ (A5)
EX = EZ = 0 (AG)
— AW@) ,[iw(t-xvER/c)]
H, e € (A7)
H,=H,=0 (A8)
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Comment A2. It is possible (as is often
done) to set B(w) = A(w)//eu. The
coefficients in front of the exponential
factors in the equations above would then

be B(w) /v and B(w) /1
respectively. Use of these coefficients
leads to the conventionally used solutions
and usually to a misleading assumption
about the variations of the fields with € and

u. The forms of the coefficients A(w)/

(e\/it) and A(w)/(uve) in front of the
exponential factors in Egs. (A5) and (A7)
are mathematically correct and physically
simpler to interpret, because 4(w) is
independent of € and . For example, for
u=1, we have that V - D = 4mp, where
¢E = D. Therefore, when we put a
dielectric material around a charge, the
vector D is unchanged; that is, the quantity
A(w) is a constant when € changes.

KommenTtapuii A2. Bo3aMoxHO (M Tak 9acTo

nenaetcs) yeranouts B(w) = A(w) /el

KoadduimeHTs! iepe;; 3KCIOHEHTOH B
ypaBHeHusX Bbime Torna 6sum 661 B (w)/ \/E u

B(w) /+/1, cootBeTcTBeHHO. BBENEHME 3THX
K03(pPHUIIMEHTOB IPUBOJIUT K TPAIUIIIOHHO
UCTIONIb3yEMBIM PEIICHUSM, U OOBIYHO K
BBOJISILEMY B 3a0JIy>KAE€HHE IPEAIOI0KEHHIO O
W3MEHEHUH T0JIeH ¢ € U L. DOpMBI

xosdpummentor A(w)/(evi) n A(w)/(u\e)

nepe SKcronenTamMu B ypaBHeHusx (A5) u (A7)
MaTeMaTH9IeCKH MPaBUIbHBI U (pru3ndecku Gosee
HPOCTHI JJISl HHTEPIPETAIMHU, TOTOMY 4TO A(w)
HE3aBHCHUM OT € U [.. Harmpumep, it u=1 Ml
umeem V - D = 41p, rae ¢E = D. Tlosromy,
KOT/1a MBI IIOMEIIIaeM JTU3JIEKTPUK BOKPYT 3apsijia,
T0 BekTop D HemsMeHeH; To ecTh, BennurHa A(w)
SIBJISIETCSI KOHCTAHTOM, KOT/Ia € H3MEHACTCS.

A2 Fourier Spectrum of Photons In
Dielectrics

A2 Cnextp ®@ypbe 115 GOTOHOB B
JHIJIEKTPUKAX

We think of an atom free of external forces
emitting a photon as it decays
exponentially from an excited state with a
lifetime of 7= 1/y. The energy difference
between the two states corresponds to a
cyclic frequency wo = 2mvo. Using a
gaussian (cgs) system of units, we have in
a homogeneous electron plasma with the
permeability p=1, and the dielectric
constant ¢, that electrical field Ey and the
magnetic field H, of a photon moving in
the x-direction can be Fourier analyzed
and we get at the point (t,x) = (t,0) that

Msl nymaem 00 ucnyckaromeM GOoTOH aToME,
CBOOOJTHOM OT BHEITHUX CHJI, YTO €TO
BO30YyKJIEHHOE COCTOSHUE 3aTyXaeT I10
IKCIIOHEHTE 3a Bpemsi 7 = 1/y. DHepreTuueckas
Pa3sHOCTh MEX/1y JIByMsI COCTOSTHUSIMU
COOTBETCTBYET IIMKJINIECKON YaCTOTE g = 2TTVo.
Hcnonb3ys ['ayccoBy cucteMy €MHHULL, Mbl UIMEEM
B OJHOPOJHOM AJIEKTPOHHOM IIIa3Me ¢
MPOHMIIAEMOCTBIO U=1 U AUINEKTPHUUECKOM
IIOCTOSIHHOM €, UTO 2neKTpuueckoe noiue Ey u
marauTHoe nosie H; poTtona, nepemernatomierocs
BJIOJIb OCH X, MOTYT OBITh Pa3JI0KEHHBIMH 10
dypee, 1 MbI gocturaem Touky (t,X) = (t,0), uro

E,(t, €)=

f—oo Zns(y/2+i(w—w0)) !

Ey(l,O)ei“’tdw (A9)

and for the magnetic field, we have
analogously that

n I MaroHuTHOI'O I10JI1 UMEEM aHAJIOTUYHO, YTO

o0 Ey(l,O)ei“’tdw

H,(t,€) = J_

o 2nve(V/, +i(w-wo)) ' (AL0)

A3 Equation of Motion for Electrons

A3 YpaBHeHHe IBUKEHUsI JIs1 2JIEKTPOHOB

In the following we will consider a simple
case of an isotropic and uniform plasma
without any constant magnetic field and
with permeability p=1. (The effect of

Jlanee Mbl pacCMOTPHUM MPOCTOM CiTyyait
M30TPOIHON U paBHOMEPHOMH MJ1a3Mbl 6€3 J1000ro
IIOCTOAHHOI'O MaroHuTHOTI'O II0JIA U C
MPOHMIIAEMOCThIO U=1. (SIBJIeHHEe MarHUTHBIX
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magnetic fields is considered in section 4
of the main paper.)

noJiei paccMarpuBaercs B Paznene 4 u3 riaBHoOM
CTaThH.)

The classical dynamical equation of
motion in Gaussian (cgs) units is at the
position of x = 0 usually approximated by
(see Eqg. (21-16) of Panofsky and Phillips
[119] and Eq. (15.1) of Becker [120])

VYpaBHeHUE IBHXKEHUS B KJIACCUUECKON JTUHAMUKE
B cucreMme equnni CI'C B Touke x = 0 00BIYHO
arnmpokcuMupyeTcs (cMm. ypaBHuenue (21-16) u3
Panofsky u Phillips [119] u ypaBuenue (15.1) u3
Becker [120]),

mit — mB,o¥ + mwir = eEe'®t, (All)

where the radiation damping constant is
Bo=2e?/(3mc®) = 6.266-10* and #* =
—w?7, and where 7, #, and 7 are the first,
second, and third time derivative of the
complex radius r in the oscillation of the
electron with charge e and mass m in the
electrical Fourier field harmonic with
electrical field modulus E and the
frequency .

rJIe Ty4eBoil AeKpeMenT 3atyxanus Po=2e%/(3mc’)
= 626610 u¥ = —w?F, urne ¥, ¥ u -
niepBasi, BTOpasi, U TPEThs IPOU3BOIHBIC
KOMIUIEKCHOTO paJinyca 7 Ha OCUMIUISIAN
AIICKTPOHA C 3apsJIOM e U MacCOi m B TapMOHHKE
aneKTpuueckoro mnoius dypwe ¢ moxynem £
IIEKTPUYECKOTO TOJIST K YaCTOTON (.
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Our focus is the dynamical equation in
plasma. Instead of this conventional
equation Eq. (A11), the equation of motion
for a plasma electron acted upon by the
electrical field's Fourier component,
(A/e)exp(imt), may be approximated by

Haima 1iens - ypaBHEHHE JUHAMUKH B ITa3Me.
Bmecto aToro o0sranoro ypasuenus (All),
ypaBHEHHUE JBIKCHUS JUTS TUIA3MEHHOTO
AJEKTPOHA, HA KOTOPBIM JEHCTBYET KOMIIOHEHT
psna dypee anexrpuyeckoro mosst (Ale)exp(iwt),
MOYET OBITh aIMPOKCHMUPOBAHO YPAaBHEHHEM

mit + mar — mB,¥ + mwir = (eE/e)e't, (Al2)

where the first term on the left side Egs.
(A11) and (A12) is the acceleration of the
electron with charge e and mass m in the
field Eexp(iw?)= (A/e)exp(iwt), on the right
side. The second term on the left in Eq.
(A12) accounts for the collision damping
and a = 2/z, where 7 is the time between
collisions. This collision damping is very
large in a hot plasma, but it is often
omitted in the conventional Eqg. (A11). The
third term on the left in Eq. (A12) accounts
for the emitted radiation by the electron
when it is accelerated in the external field
on the right side. We call it the radiation
damping term. We note it by m3,,7 rather
than mf,7 to make it clear that 4, could
deviate from Bo=2e%/(3mc?). If a field with
only the frequency wq acts on the electron,
we have that mpB, ¥ = mByw§r . But if
several frequencies of the field act on the
electron simultaneously, then mf,,7 can

deviate from mpB,w27. This is especially

T/Ie TIepBhIi wieH cieBa ypaBHeHwid (All) u (Al2)
— 3TO YCKOPEHHE IEKTPOHA C 3apsI0M € U MacCOoi
m B osie Eexp(iwt)= (Ale)exp(iwt), cipasa.
Bropoii unen cinesa B ypaBHeHUH (A12)
HpeJICTaBIsCT yIapHOe 3aTyxanue u a = 2/, tie t
- BpeMsI MeX/ly CTOJIKHOBEHUSIMHU. DTO yAapHOe
3aTyXaHHe SBISETCS OUYeHb OOJIBIINM B ropsiuei
1a3Me, HO OHO YacTO OMYCKaeTcs B 0OBIYHOM
ypaBHeHuu (Al1). Tperuii uneH ciesa B
ypaBHeHUHU (A 12) mpencTaBiseT UCITyCKaeMoe
U3JTy4YEeHUE DJICKTPOHOM, KOTJIa OH YCKOPSIETCS BO
BHEIIHEM I10JIe, OIMCAHHOM clipaBa. Mbl Ha3bIBaeM
9TO YICHOM 3aTyXaHUs H3IydeHus. Mbl
3aMmuChIBaeM 310 Mf, 7, a He MPByT, 4TOOBI
HOSICHUTB, YTO f3, MOTJIO OTKJIOHUTBCS OT
Bo=2e?/(3mc>). Eciu mote ¢ TOIbKO YacToTOl (o
JEHCTBYET Ha BJIEKTPOH, TO y Hac Oyner mpB,7 =
mpPBow3r. Ho eciu HECKONBKO YaCTOT TOJIs
JIEUCTBYIOT Ha 3JIEKTPOH OJIHOBPEMEHHO, TO Mf,T*
MOKET OTKJIOHUTBCA OT MPBow37. DTO 0cO6EHHO
BaYKHO B TOPSYMX IU1a3Mmax. B Oyayiiem mMbl Oyaem
4acTO KOMOMHHUPOBATh BTOPOM M TPETHIl WIEH U
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important in hot plasmas. In the following,
we will often combine the second and the
third term and use the notation fw? for
(a+ﬂpa)2). Later on we show that we can
add the collision term to mp,, 7, and
replace it by mB¥ = mpw?r. The
collision field can be replaced with a the
Fourier harmonics of the fast moving
electrons in the hot plasma. These Fourier
fields will cause the plasma electrons to
oscillate and lose the radiation energy in a
similar way as the incident photon field on
the right side of Egs. (Al11) and (A12). The
fourth term, mwZr, accounts for any
"elastic" force that binds the electron to a
certain equilibrium position. This is an
eigenstate and because it is assumed to be
stable, it will not result in additional
radiation damping unless acted on. This
binding of the electron is characterized by
its "eigenfrequency"”, wg.

7 2
UICIIOJIb30BaTh 0003HaueHue S’ mst (a+fpw?).
[To3e MBI TIOKA3bIBAEM, YTO MBI MOYKEM

NpUOABUTH YIAPHBIA WIEH K Mf,T, N 3aMEHUTD

ero Ha mPT = mPw?7. Y napHoe noje MOXKeT
OBITh 3aMEHEHO TapMOHUKaMu Dypbe ObICTPO
JIBUTAIOLIUXCA SJIEKTPOHOB B TOpAYEH mi1azMe. ITU
noisi dypee 3aCTaBAT MIIa3MEHHBIE YJICKTPOHBI
OCLMJUTUPOBATH U TEPATh SHEPTHIO U3ITyUCHHS,
10J00HO TOJIO MAJAroIero GOToHa B MpaBon
cropone ypaBHenui (All) u (A12). YUerBepThIit
4JIeH ma)fl 7, IpeAcTaBisier 1o0yro "ynpyryr"
CHITY, KOTOPasi CBSI3bIBACT DJICKTPOH C
OTIpeIeIICHHBIM TIOJIOKEHUEM paBHOBECHS. ITO -
COOCTBEHHOE COCTOSIHME, U U3-3a TOT0, YTO OHO,
KaK Ipe/IoaraeTcs, yCTOWInBO, OHO He OyIeT
CO3/1aBaTh JIOTOJIHUTENILHOE 3aTyXarollee
U3JIy4YCHHUE, €CIIH Ha HEeTO He JIeHCTBOBAaTh. JTO
3aKpeIrIeHHE MIEKTPOHA XapaKTEepPU3yeTCsl ero
"cOOCTBEHHOM 9acTOTOR" @y .

The validity of Egs. (Al11) and (Al12),
specifically the radiation damping term,
the third term of (A12), has often been
questioned in the literature. The problems
raised can be traced to the fact that we do
not have a reliable model of the electron
structure [119 - 125].

CnpasemyinBocth ypaBHeHui (All) u (A12),
OCOOCHHO 4JIEH 3aTyXaHUs U3ITyYeHHUS - TPETUi
yiieH (A12), yacto nogsepranach COMHEHHIO B
mutepatype. [logHsaTsie mpo6ieMbl MOKHO
IPOCIIEANTH JI0 TOTO (paKTa, 4To y HAC HET
JIOCTOBEPHOM MOJIETN CTPYKTYPHI dJiekTpoHa [119 -
125].

As shown by Dirac [124] already in 1938,
it is reasonable to assume that this form of
the equation is valid, as it leads to correct
guantum mechanical results. We can
expect deviations as shown by Hartemann
and Kerman [125], when the radiation
intensity becomes extremely high or when
the wavelength approaches the classical
electron radius. These limits are well
beyond the application of intensities and
photon energies in focus of the present
article.

Kaxk nmokazano J{upaxom [124] emé B 1938 rony,
pa3yMHO MPEANOI0KHTh, 4TO 3Ta (hopMa
ypaBHEHHUS CIIPaBEAINBA, TOCKOJIbKY OHA
MPUBOTUT K KOPPEKTHBIM KBAaHTOBO-
MEXaHUYECKUM pe3yJbTaTaM. Mbl MOXKEM 0KHJIaTh
OTKJIOHEHHMS, KaK IMOKa3aHO XapTMaHHOM
(Hartemann) u Kepmanom (Kerman) [125], korna
WHTEHCHUBHOCTD MMOTOKA U3TyYECHHS] CTAHOBUTCS
Ype3BhIYAITHO BHICOKOM WIIM KOTJIa AJTMHA BOJHBI
OJM3Ka K KIaCCUYECKOMY JIEKTPOHHOMY PaaHyCy.
OTH Hpeebl HaXOATCs BHE IPUMEHEHUs
WHTEHCUBHOCTU U SHEPTUH (POTOHA B LEIAX
HACTOSIIEH CTAThU.

In general, the force, F(w,¢), acting on an
electronic oscillator differs from the
average field, which is (Ale)exp(iw?). We
have more generally that

Booo6rie, cuna F(w,e), nefictBytorias Ha
SIIEKTPOHHBIN OCHUIIISITOP, OTJMYAETCS OT
cpeaHero moJsi, kotopoe paBHo (Ale)exp(iwt). B
Oosee oOmeM cirydyae, UMeeM

F(w,¢) = (g) e'®t + kdnP(w) , (A13)

where P(w) = N, e r(w) is the polarization | rie P(w) = Ne e r(w) seistercs nonsipusanuei, N, -
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when N is the electron density and r(w)
the solution of Eq. (A11). In an amorphous
isotropic matter, we can usually set the
shielding factor k = 1/3. More generally
this shielding factor, k, is a complex
tensor. In a fully ionized plasma without
magnetic fields, we have that wq = 0, and k
= 0. The effects of magnetic fields
complicate the calculations. Their effects
are treated in section 4 of the main paper.

KOHIICHTPAIIUS 3JICKTPOHOB, I'(w) - perieHne
ypaBaenus (All). B amopdHo# nuzoTponHoi
MaTEpPUH MBI MOKEM OOBIYHO YCTaHABIMBATH
koaduimeHT skpanupoBku k = 1/3. bonee obiem
BUJIE ATOT KO (HUIIMECHT IKPAHUPOBKH k SBIISETCS
KOMILJIEKCHBIM T€H30poM. B monHoCThIO
MOHU3UPOBAHHOM TUIa3Me 0€3 MarHUTHBIX TOJICH
MBI UMeeM, 4TO wq = 0, n k= 0. DPpPexTs
MarHUTHBIX TIOJIEH YCIIOXKHSIOT BEIAMCIeHUs. X

s dexThl paccmarpuBaroTcs B Paznene 4 rinaBHoi
CTaThH.

When the electron is bound, we can set the
collision damping factor a = 2/z, where 7 is
the time between collisions. The collisions
with electrons and ions together with the
collisions with neutral atoms are important
for determining the width of the emissions
and absorption lines. In fully ionized
plasmas, where wq = 0, the collision fields
of the free electrons and ions can be
Fourier analyzed and can be considered a
part of the external fields affecting the
third term in Eq. (A12). We can then set
a= 0, and replace the classical damping
term, (a + fpw°) , by the quantum
mechanical damping term, fw?, which in
hot plasmas is much greater than the
classical radiation damping, ﬁpa)z, as
shown in section 3.

Korpaa snekTpoH cBsizaH, Mbl MOKEM YCTAaHOBUTD
yIApHBIA ICKPEMEHT 3aTyXaHus a = 2/7, rjie 7 -
BpeMs MEXK/Ty CTOJKHOBEHUSIMU. CTOJIKHOBEHUS C
AIIEKTPOHAMU U MOHAMH TUTFOC CTOJIKHOBEHHUS C
HEUTpaJIbHBIMU aTOMAaMHU BAXKHBI JJI ONIPEICTICHUS
HIMPUHBI SMUCCUOHHBIX JIMHUNA CHIEKTPa U JTUHUMA
MOIJIOLIECHHS. B MOJTHOCThI0 MOHU3UPOBAHHOU
masMme, riae wq = 0, yaapHsle 10 HOHOB U
CBOOO/IHBIX 3JIEKTPOHOB MOKHO PA3JIOKHUTH IO
®dypbe U MOTYT CUUTATHCS YACTHIO BHEITHUX
II0JIEH, BO3ICUCTBYIOIIUX HA TPETUM YJIEH B
ypaBHeHuHU (A12). MBI MOXKEM TOT/Ia TIOJIOKHUTh
0=0, ¥ 3aMEHUTb KJIACCUUECKUN WIEH AEKPEMEHTA
saryxanus (a + ,Bpa)z) YJICHOM KBaHTOBO-
MEXaHUYECKOTO IEKPEMEHTA 3aTyXaHUs ﬂa)z,
KOTOPBIN B TOPSAYUX TJIa3MaX HAMHOTO OOJIbIIe
YeM KJIACCUYECKUM IEKPEMEHT 3aTyXaHus
V3JIy4EHUS ﬂpwz, Kak nokasano B Paznene 3.

In Eqg. (A11), we have neglected the
magnetic field force

B ypaBaenuu (All) mbl npeHeOperyiv cuinomn
MarHUTHOT'O MOJIs

f i ilwt
ceze , (Al4)

f i iwt
ceze, (A14)
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because it is very small for low-energy
photons of light, and because in the first
approximation it does not perform any
work. Its main component is at right angle
to the velocity, f, along the incident
electrical photon field, and at right angle to
the magnetic photon field H,. Its main
component is thus opposite to the photon's
pressure on the electron. This force is thus
responsible for the loss and change of
momentum of the photon, as it is deflected
and its energy attenuated.

MOTOMY YTO OHO SIBJISICTCSI OYCHD MAJIBIM JJISI
HU3KOSHEPreTHIeCKNX (POTOHOB CBETA, U IOTOMY
4TO B alMPOKCHUMAITUH TIEPBOTO MOPSIKA OHO HE
MIPOM3BOAUT KaKOW-1100 padboThl. Ero riaBHbII
KOMIIOHEHT HampaBJIeH MOJ] MPSMBIM YTJIOM K
CKOPOCTH T BJIOJIb AJIEKTPUUECKOTO TOJIS
najaroniero (hoToHa, U Mo MPSMSM YTIIOM K
MaraHutHomy oo H; dotona. Takum oOpazom,
€rO0 TJIaBHBI KOMITOHEHT MTPOTHUBOTIONIOKEH
JaBJIeHUIO (JOTOHA HA AJIEKTPOH. DTa CUIIa, TAKUM
00pa3oM, OTBETCTBEHHA 3a MMOTEPIO0 U U3MEHEHHUE
uMmnynbca GOoToHA, MOCKOJIbKY OHA OTpa)kaeTcs, U
e€ DHeprus ociadJieHa.

It is important to include ¢ in the

BaxxHo BKJIIOYATh € B 3HAMCHATENb B HpaBOﬁ
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denominator on the right side of Eq. (A12).
In the customary treatment, which uses Eq.
(Al1), the Fourier harmonics are usually
obtained assuming that ¢ = 1 (see Eqg. (21-
16) in Panofsky and Phillips [119] or Eq.
(15.1) in Becker [120]). Eq. (A11), without
the ¢ in the denominator on the right side,
leads to a Compton scattering cross section
being equal to o, = 811 /3, where oy is
the electron radius (see Egs. (21-3) to (21-
27) in Panofsky and Phillips [119]) instead
of 0, = 8nrd /[3 + BEwE]. We show
later that in this case we usually can set,
Bo=Bo . The classical term , (Bowo)” is
usually small and insignificant. It is of
interest to note that the quantum
mechanical treatment by Heitler [1] leads

to the correct form o, = 8m7¢ /[3 +

L& w3]. It follows from the finite damping
width of the photon. This form
corresponds to the last term within the
brackets in Eq. (A34) in the following.
When the dielectric constant and the
collision damping are very large, Eq.
(A12) results in three additional terms
within the brackets of Eq. (A34).

cTopoHe ypaBHeHus (Al12). B oOmenpunsaToit
TPAKTOBKE, KOTOpas UCTONb3yeT ypaBHeHHe (All),
rapmMoHnka @ypbe 00BIYHO TIOTyJaeTcs B
MPEIONI0KEeHNH, u4To € = 1 (cM. ypaBHeHue (21-
16) B cratbe I1anosckoro (Panofsky) n ®ununca
(Phillips) [119] unu ypaBuenue (15.1) y bekepa
(Becker) [120]). YpaBuenue (All), 6e3 ¢ B
3HaMeHaTese B IPaBoil CTOPOHE , TPUBOJAT K
HoTNepeyHoOMY cedeHu0 KoMITTOHOBCKOTO

paccesiHusi, paBHOMY 0y = 87‘[7’02 /3, rue oo -
paauyc 31ekTpoHa (cM. ypaBHeHus (21-3) - (21-27)
y IlanoBckoro n @ununca [119]) BMmecro 0 =

8mré/[3 + S5 w3]. Mol nokassisaem Huske, 9TO
B OTOM CJIy4ae MbI OOBIYHO MOXKEM yCTaHABIINBATh,
Pp=Po. Knaccuueckuii unexn (Bowo)® 0BBIYHO
SBIISICTCS HEOOJBIIMM U He3HadamuM. HTepecHo
OTMETHUTb, YTO KBAHTOBO-MEXaHNYECKasi TPAKTOBKA
oOpaiuenue I'eliTiepa [1] npuBoaAUT K MpaBUIIbHON
bopme 0y = 8mrd /[3 + BEwE]. Do cnenyer
U3 KOHEYHOH IMPUHBI 3aTyXaHus GoToHa. JTa
(dbopma COOTBETCTBYET MOCIECTHEMY YJICHY B
ckoOkax nanee B ypaBHeHuu (A34). Korna
TVBJICKTPUIECKast IOCTOSTHHAS M Y TaPHBIHA
JICKPEMEHT 3aTyXaHHsl ABJSIOTCS OYE€Hb
OonbinMu, ypaBHeHHE (A12) cBoguTCs K TpEM

JOINIOJIHUTCJIbHBIM YJICHAM B c1<061<ax YpaBHCHHUA
(A34).

Comment A3. The right side of Eq. (A12)
differs from Eq. (A11) by the dielectric
constant ¢ in the denominator on the right
side, where A =D and D is the
displacement field, and A/e is the modulus
of the Fourier harmonics of the photon
field. When we solve Maxwell's equation,
we should select A/(e+/u) as the solution
and not the form E, and we should select
A/(un/€) and not the form H. This is for
the purpose of indicating how the photon's
Fourier field varies with the dielectric
constant and the permeability. In a plasma,
we initially set x equal to 1. The D-field
(for example, the displacement field from
an electron) is for x = 1 independent of the
dielectric constant so that the E-field varies
like D/e = Ale = E. This form, Ale, shows
clearly how E varies with the dielectric
constant. Unfortunately, these solutions to
Maxwell equation are usually not among

KommenTapuii A3. /lpasas cmopona ypasnernus
(A12) omauyaemcs om ypaeuenus (A11)
OUINEKMPULECKOU NOCMOAHHOU € 8 3HAMeHameNe B
npaBoii ctopone , rae A = D, D - none cMmenieHus,
u Ale - moaynb rapmonnku @ypbe nosst poToHa.
Korna M1 pemaeM ypaBHeHue MakcBeinia, Mbl
JIOJKHBI BBIOpaTh B KauecTBe pentenus A/ (i), a
ne Gopmy E, u MbI 1omKHBI BEIOpaTh A/ (UVE), a
He ¢popmy H. DTo ¢ 1enblo yKa3zaHUs, KaK 1oJie
®dypre HOoTOHA MEHSIETCS B 3aBUCHMOCTH OT
JIUAJIEKTPUUECKON MOCTOSHHON U MarHUTHOM
MPOHUIIAEMOCTHU. B T1a3mMe Mbl IepBOHAYAIEHO
yCTaHaBIIMBaeM u paBHBIM 1. D-none (Hanpumep,
M0JIE CMEILIEHHUS JIJIS JIEKTPOHA) i 1 = 1 He
3aBHCHUT OT JUAJIEKTPUUYECKOU MOCTOSHHOM,
nostomy E-moiist Mensietcs, kak D/e = Ale = E. Dta
dopma Ale sicHO TOKa3bIBaACT, Kak E MeHsAETCS B
3aBUCHMOCTH OT JIUIJIEKTPUYECKON NOCTOSHHOU. K
CO’KaJICHHIO, 9TU pelIeHUs ypaBHeHHsI MakcBea
0OBIYHO He HaliTH cpeau GopM, BHIOpaHHBIX B
CTaHJAPTHOU JUTEparype. ITOT (PakT 4acTo
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the forms selected in the standard
literature. That fact has often lead to
difficulties and misleading equations in the
conventional literature, even in high
quality references such as Panofsky and
Phillips [119] and Becker [120]. This
correction is crucial for deriving the
plasma redshift. Without the factor 1/¢ on
the right side of Eq. (A12) there is no
plasma redshift.

MPUBOAT K TPYJHOCTSIM M HETIOHUMAaHHIO
ypaBHEHHUII B 0OBIYHOI TUTEpAType, AaXKe B
BBICOKOKAUECTBEHHBIX CCBUIKAX, TAKUX KaK
[TanoBckuit u @unurnc [119] u bekep [120]. OT0
HCIPABJIEHUE KpailHEe BayKHO ISl IOy YEHUS
MIa3MEHHOTO KpacHoro cMeleHus. be3

k03¢ ¢urmenta 1/e B mpaBoi CTOPOHE YpaBHEHHS
(A12) He OyaeT HUKAKOTO MIa3MEHHOTO KPACHOTO
CMEIIICHHUS.

The principal solution to Eq. (A12) is

I'maBHOE pemenue ypaBaenus (A12) - ato

e

T m {wi-w?+i(a+Bpw?)w}

4/e el®t  (AL5)

To this solution, we may add the solutions
of the homogeneous differential equation,
that is, the solutions

K 3TOMy pelieHnIo Mbl MOXKEM J00aBUTH PEIICHUSI
OJTHOPOAHOTO AU(PEPEeHIINATHHOTO YPABHEHUS, TO
€CTh, PCIICHUS

Ar = (C;/a) + [C,e ™t 4 C ek1t]et/(2Po)  (A16)

where

| re

kq

a 1
= /,8_,,-'_4_% . (A17)

However, we can disregard these last
mentioned solutions, which have been
discussed by Dirac [124]. Eq. (A15) may
be compared with Eq. (21-19) of Panofsky
and Phillips [119], but take note of the
subtle differences.

OpHaKo, MBI MO’KEM UTHOPHPOBATH ATH MOCIIETHUE
U3 YIIOMSIHYTBIX PELICHUH, KOTOpbIe ObUIN
obcyxnensl upakom [124]. YpaBuenue (A15)
MOET OBITh CPaBHUMO C ypaBHeHHEM (21-19) u3
[TanoBckuit u @ununc [119], Ho cienyeT NpUHATH
BO BHUMaHHE TOHKHE Pa3JIUYHs.

Comment A4. In their Eq. (21-19) of
[119], which corresponds to Eq. (A15)
above, Panofsky and Phillips do not
have any collision term and not the
factor 1/e. The same applies to Eq.
(15.2a) by Becker [120]. But in his
Egs. (15.6) to (15.10) of [120], Becker
considers the collision damping but
disregards 1/¢ in the numerator. When
the conventional approximations of
references [119] and [120] are applied
to a hot sparse plasma, the
approximations they used prevent us
from discovering the plasma redshift.
We emphasize that Eq. (A12) and
(A15) are the correct forms as they are
more exact than the conventional
equations in the literature. These
correct forms are essential for
deduction of the plasma redshift.

KommenTapuii A4. B ux ypaBaenuu (21-19)
u3 [119], koTOpoe COOTBETCTBYET ypaBHEHUIO
(A15) Boimte, y [TanoBckoro u dunurnca HeT
HUKAKOT'0 y/IapHOTO WIECHA U HET
koaddunmenta 1/e. To ke caMmoe OTHOCHTCS K
ypaBHeHuto (15.2a) bekepa [120]. Ho B ero
ypaBHeHusix (15.6) x (15.10) u3 [120], bekep
paccmaTpuBaeT yJapHOE 3aTyXaHHUE, HO
urHopupyet 1/e B uncnurene. Korma oObraHbIe
anmnpokcuManuu ccbuiok [119] u [120]
MIPUMEHSIIOTCS K PEJIKOI ropsyeil miazme,
anIpOKCUMAIMH, KOTOPHIE OHU MCIOJIb30BaIH,
MPEMSITCTBYIOT TOMY, YTOOBI Mbl OOHAPYKUIIN
IJIa3MEHHOE KpacHoe cMelleHne. Mbl
nogdepkuBaeM, uto ypaBHeHue (Al12) u (A15)
SBIISICTCS IPABUIIBLHBIME (DOPMaMU, MOCKOIBKY
OHHU 0o0JIee TOUHBI, YeM OOBIYHBIE YPaBHEHHUS B
auTeparype. OTH npaBUiIbHbIE (HOPMBI
SBJISIIOTCS CYIIECTBEHHBIMHU ISl BBIBOAA
IJIa3MEHHOT0 KPACHOI'O CMEIEHMUS.
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The polarization is given by

| [Tonsipusanusa naércs, Kaxk

P(w) =Ng e r(w), (Al8)

where Ne is the number of plasma
electrons per cm?, e the electronic charge,
and where r, the displacement of each of
the electrons, is given by Eq. (A15). The
dielectric constant is defined as

rae Ne - 4UCII0 3JIEKTPOHOB B 1 oM’ I1a3MBEl, e -
3apsJl AIEKTPOHA, U TIE 7 - CMEIIEHUE KaXKI0TO U3
AJIEKTPOHOB, 3aJJaHHOE ypaBHEeHUEM (A15).
JusnexTpudeckas MOCTOsTHHAS onpe/eeHa Kak

c(w)=1+4n—

P(w)
r (A19

When in this expression for the dielectric
constant, we insert Egs. (A15) and (A18),
we get

Korgma B 3TOM BBIpaKEeHUU U1l JUAIEKTPUUECKON
IOCTOSIHHOM MBI BCTaBisieM ypaBHeHus (Al5) u
(A18), MBI HOJTy4aeM

e=1+

4N e?/m

2
Wp

{wi-w?+i(a+fyw?)w} o

, (A20)

{wZi-w?+i(a+pfyw?)w}

where

| rJIe

w, = 2mv, = /41N, e?/m = 5.642 - 10*,/N, , (A21)

is the cyclic plasma frequency.

- Kpyrosas IUIa3MEHHas 4acToTa.

If we write the complex dielectric constant
on the form & = (n - i+k)?, we get from Eq.
(A20) that

Ecnu MbI 3an1chiBaeéM KOMILIEKCHYO

F 12
JIMAJIEKTPUYECKYO MOCTOSHHYO B BUie £=(N-i-K)*,
MBI oJIy4aeM u3 ypaBHeHus (A20), yto

2nkw

(a+ﬂpw2)w2w§

wpBw*

€& (w5+w§—w2)2+(a+ﬁpw2)2w2 N (w5+w§—w2)2+32w6

, (A22)

where in the last form, we have replaced
the damping constant (a + ,Bpa)z) by fw’.
We have deduced this form for later use in
calculating the attenuation of the photons
in a plasma. The value of § can be very
large in a hot plasma. We show later that
is on the order of (3kT/%wy) Po.

rJie B mocieaHe Gpopme, Mbl 3aMEHUITH ICKPEMEHT
3atyxanus (o + ,Bpa)z) Ha fw’. MBI BBIBEITH 5Ty
bopMy [UTs TaNbHEHIIIETr0 UCIIOIb30BaAHUS B
BBIYHCIICHUH OCIa0sieHHs: (POTOHOB B TIIa3Me.
3HaveHue S MOKET ObITh OUYEHb OOJIBIITUM B
ropsiaeit wiazme. Mbl oKakeM TOo3Xke, 9To ff

oy et nopsika (3KT/Aiwp) Po.

Comment A5. The form of the
dielectric constant in Eqg. (A20) above
is similar to the form of the dielectric
constant given by Becker [120] (see
Egs. (25.5) and (25.9) of that source),
except that Becker uses the form
y=2e’w?/(3mc®) instead of

[+~ [0+26°w’1(3mc®)] in the
denominator of Eq. (A20). (We draw
attention to that Eq. (25.6) of Becker
[120] applies to ponderable matter and
does not apply to plasmas.) Becker
then proceeds to integrate over the
Fourier harmonics as if y was small and
a constant y=2€2a)q2/ (3mc®), (see his
Eq. (26.8) of Becker [120]). That is he
disregards the solutions that could lead

KommenTapuii AS. ®opMa qUIIEKTPUUECKON
MOCTOSIHHOM B ypaBHeHHH (A20) BbIIIe Mo 100Ha
(dhopMe IMAIEKTPHUUECKON TTOCTOSIHHOM, TaHHOM
bekepom [120] (cm. ypaBHenus (25.5) u (25.9)
U3 ATOTO HCTOYHHKA), 32 HCKIIFOYSHUEM TOTO,
qro Bekep ncnonbsyer hopmy y=2e’w?/(3mc?)
BMECTO [a+ﬁpa)2]z[a+2e2a)2/(3mc3)] B
3HaMmeHarese ypaBHeHus (A20). (Msl
MIpPHUBJIEKAaEM BHIMAaHHUE K TOMY, YTO YpaBHEHHUE
(25.6) bekepa [120], oTHOCHTCS K BECOMOM
MaTepHUH U HE OTHOCUTCS K Ta3me.) bekep
TOT/Ia TIPOJIOJKAET UHTETPUPOBATH T10
rapMoHukKam dyphbe, Kak eciiu Obl Y OblIa
HEOOJIBIIION ¥ KOHCTaHTa y=262a)q2/(3mc3), (cm.
ero ypaBHenue (26.8) u3 bekepa [120]). To
€CTh, OH HITHOPUPYET PEUICHHUSI, KOTOPhIE MOTJIA

MPUBCCTHU K IJIASMCHHOMY KPpAaCHOMY
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to the plasma redshift and the scattering
on the plasma frequency. Panofsky and
Phillips do the same in reference [119]
(see Eq. (21-26) of that source). We, on
the other hand, will integrate over the
Fourier harmonics as if the damping
factor, the imaginary part, of the
denominator of Eq. (A20) could be
large and that the damping constant
varies with the frequency w as fw’=( a
+ Bow?), because only by using the
exact form for the damping of the
electrons and the exact integration can
we obtain the cross section for the
plasma redshift. In the conventional
literature on plasmas it is even
customary to disregard altogether the
imaginary part in Eq. (A20) by
assuming that & = 1 - ,%w®. Clearly,
such approximations can never lead to
plasma redshift. We emphasize that the
forms of Eqgs. (A20) and (A22) above
are more accurate than those used in
the conventional approximations

CMEIIIEHUIO U PACCESHUIO Ha TUIa3MEHHON
yacrore. [TaHoBCkuil 1 OUIHUIIC AETAK0T TO Ke
camoe B ccblike [119] (cm. ypaBaenue (21-26)
13 3TOT0 UCTOYHUKA). MBI, ¢ APYroi CTOPOHHI,
OyJZieM UHTErpupoBaTh 1o rapmMonukam dypee,
Kak OyJTO I€KpEMEHT 3aTyXaHus (MHUMas
4yacTb) 3HaMeHaTens ypaBHeHus (A20) mor
OBbITH OOJIBIIMMH U YTO JEKPEMEHT 3aTyXaHUs
MEHSETCS B 3aBUCHUMOCTH OT YaCTOThI (@ KaK
P’*=( o+ fow?), TOTOMY UTO TOTBKO MPH
WCIOJIb30BaHUU TOYHOU (hOPMBI /17151
JEKPEMEHTA 3aTyXaHHUs AIEKTPOHOB, U TOYHOI'O
MHTETPUPOBAHUS MBI CMOKEM I10JIy4aTh
IIONIEPEYHOE CEUEHUE JUI IIA3MEHHOTO
KpacHOro cMenieHus. B o0paHOM muTepatype
T0 TUIa3Me Jake OOIENPUHATO UITHOPUPOBATD B
MHHUMYIO 4acTh LIeJINKOM B ypaBHeHuU (A20),
npeanonaras yto € = 1 - a)pzla)z. ScHo, uto
makue annpoKCUMayuu HUKo20a He cmMo2ym
npugecmu K N1a3MeHHOM) KPACHOMY
cmeujenuto. Mbl IOJUEPKUBAEM, UTO (POPMBI
ypaBuenuii (A20) u (A22) Bolmie 6oiee TOUHBI,
YeM HCII0JIb3YEMbIE B OOBIYHBIX
ANIpPOKCUMALUAX

A4 Time Average of the Poynting
Vector

A4 Cpennee Bpems Bexktopa IloiinTunra

c(ExH) _
4T

The Poynting vector is S =

Ey). (H
c (y)‘ﬁ#, where the last expression is
in the direction of the x-axis, and where
the subscript ~ means the real value of the
indexed quantity. For obtaining the time
average S of the Poynting vector at x = 0
and at t = 0, we insert the Fourier
transforms for E, and H, for the photon
pulse with a decay time =1/y and
integrate. We get

. c(ExH)
Bekrop Iloitntunra ectb § = e
Vs
(Ey)y(H)w
4 [/IC TOCIC/IHEE BHIPDKCHHE HMECT
s

HaIpaBJIEHUE OCU X, U I'/Ie HWKHUM UHIEKC ~
03HA4aeT JCUCTBUTEIBHOE 3HAYECHUE
MHACKCUPYEMON BeIn4nHbL. [l mosryyeHne
cpennero BpeMenn S Bektopa IToitaTuHra Mpu x=0
u nipu ¢ = 0, mbl BctaBuM Pyphe-1ipeodpa3zoBaHne
s Ey m H, nmmyneca gorona c Bpemenem
pacniaga t=1/y u npouHTerpupyemM. Mpl oxydaem

~ C
=%
4T v —©

© A@D g [ A—(‘";”) de' . (A23)

€ Ve
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The last integral is the Dirac delta-
function, 2nd(w+w’). We can then set w'=-
o, and the corresponding function of -
equal to the complex conjugate function of
. We add the complex conjugate of the
average Poynting vector and divide by 2,
and get (It is easily verified that the
Poynting vector is also equal to the product

[Tocnenuuii unTerpan - aenbra-¢pynkuus upaxa,
21d(w+®"). MbI MOXeM TOT/Ia OJOKUTh '=-®, U
COOTBETCTBYIOILYIO (DYHKIHS -0, pABHOM
KOMIUIEKCHO CONpsKEHHON (PyHKUIUHU @. MBI
npubasiisieM K cpeiHeMy BekTopy [loifHTHHTa ero
KOMIUIEKCHO CONPSDKEHHYIO BEJIMYMHY, Pa3IeIuM
Ha 2, 1, (JIeTko npoBepuB, 4To BekTop [loiiHTHHTa
TaK)K€ PaBEH ITPOU3BEACHUIO INIOTHOCTH SHEPTUU U
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CBETOBOW CKOPOCTH B CPEJIE. ), TOTyIaeM:

of energy density and the light velocity in
S

the medium.)
— © | 1
S = 4 f—°° [\/fs

+ =] 40, 0)4(w,0)dw . (A24)

The bar over the quantity means the
complex conjugate. We have also that

qepTa Hanjg BEJIMYMHOM 03HAYaeT KOMIIIEKCHOE
COIIPSIKCHUC. Mg1 umeem TAKXEC, 4TO

1

Vee

1 2n
= (A25)

and when we for the Fourier transforms
insert expressions from Egs. (A9) and
(A10), we get

u Korja mbl 111 @ypre-npeodpazoBaHuil
CIEKTPOMETPOB BCTABUM BBIPAJKEHUS YPaBHEHUN
(A9) u (A10), MbI IOTyYaeM

v

S

_cy (o 2n  E§(x=0,t=0,e=1)

* 0 a2 (U (@-w00)?)

dw . (A26)

where E, is the amplitude of the electrical
fieldatx=0,t=0,and e=1; and wo =
2mvy is the center frequency of the photon
in vacuum (It can be shown that the form
of these equations in the mks (rationalized)
system of units is identical to their form in
cgs system.). If we in the above deduction
include the variation with x, we get

rae Ey - amMminTyga 351eKTpuuecKoro mouis npu X =
0,t=0,and € = 1; u wg = 2nvg ABIISETCA
HEHTpaJIbHOU YacTOTON (POTOHA B BaKyyMme
(MosxHo moka3aTb, 4T0 (popMa ITUX ypaBHEHHI B
(paumonanuzupoBanHoi) cucteme eauau MKC
uaentuyHa ux ¢popme B cucreme CI'C.). Ecau mMbI B
BBIIIICYTIOMSHYTOM BBIBOJI€ MBI BKJIFOUHM
M3MEHEHUE X, TO MbI IOJYYUM

p C
§=2

© 2n Ej(x=0,t=0,e=1)

e~ 2kox/c dey | (A27)

4

~® €% 4r2((V’/, +(w-w0)?)

We will normalize the Poynting vector S at
x = 0 to the average energy flux of one
photon, hwg = hvo, per second and per cm?
in vacuum, where h is the Planck constant;
that is, we set

Me1 HopManusyeM Bexrop Ioitntuara S mpu x = 0
K CpeIHEMY MOTOKY SHEpruu oJHoro (oTtoHa, hmg
= hvo, B 1 cexynay Ha 1 cM” B Bakyyme, rj1e /i —
noctosinHas [lnanka; To ecTh, Mbl yCTaHABIIMBAaEM

YCEF (x=0,t=0,6=1) _ hwyy
812 -

oV (A28)

We get then that in dielectric medium, the
Poynting vector corresponding to a flux of
one photon per second and per cm? at the
distance x from the source is

MBI nostydaem Torja, 4YTo B AUIEKTPUUECKOMN
cpene BekTop lloiHTHHra, COOTBETCTBYIOLIMI
MOTOKY oJiHOTrO (hoToHa B 1 cekyHy Ha 1 cM” Ha
pPaCcCTOSIHUU X OT UICTOYHMKA,

v

S

__hwgy o n

2w 1m0 62 () 4 (w-wp)?)

e

—2kwx/c
dw . (A29)

where wy is the center frequency of the
photon in vacuum.

T7€ o - IIEHTPAJIbHAS YacTOTa (JOTOHA B BAKyyMe.

A5 Photon's Energy Loss In a Plasma

A5 Tlotepu 3Heprun ¢oToHa B 1jiazme

We will consider an electronic plasma,
where the magnetic permeability is equal
to one. When we differentiate with respect
to x the average Poynting vector S as given
by Eq. (A29), we get the decrease in
photon energy flux per cm,

MB&I paccMOTpHUM 2JIEKTPOHHYIO TIJIa3MY, T]Ie
MarHuTHas MPOHUIIAEMOCTh paBHa enunuiie. Korga
MBI TuddepeHmupyem no x cpeannit Bextop
[oiiaTrara S, 3a1aHHBIH ypaBHeHHEM (A29), MBI
MOJIy4aeM YMEHBIIICHUE B DHEPTETUIECKOM MTOTOKE
dorona Ha 1 cm:
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dS _ dhwg

e—zkwx/c

dx_ dx

_ hwyy foo 2kwn
- 21C

dw . (A30)

© & (V] +(w-w)?)

When we then insert Eq. (A22) into Eq.
(A30) and set x = 0, we get

Korma mb1 3aTem noacraBum ypaBHenue (A22) B
ypaBHeHHe (A30) 1 nosoxuM x = 0, Mbl IOJIYYUM

71 71
dhwo _ Y B w* wp? dw
ax 0 2mc f_oo [(wq?+wp” ~w?)2+B%wE] {V2/4+(w—wo)2} - (A31)

which gives the photon's energy loss per
cm at x = 0 due to the "frictional" forces
resisting the forward movement of the
photon.

yTO Aa€T oTepu 3Hepruu potona Ha 1 cm npu x=0
n3-3a cui "TpeHus", IpOTUBOCTOSAILIUM
nepemMenieHuio GoToHa Buepe.

The expressions in the denominator have
eight complex roots. The four roots in the
upper plane are:

VY BbIpaK€HUH B 3HAMEHATEIIE €CTh BOCEMb
KOMIUIEKCHBIX KOpHEM. 13 HUX yeThIpe KOpHS B
BEPXHEN IUIOCKOCTH:

(4= + \/wgq _lebega)” | (erPuo)
_ (a+pw? )2 (a+Bw2y)
w=<b——\/ b T (A32)
c= +i(%+a+,8w§q)
— Y
( d=w,+ i )

For integrating Eqg. (A31), we use complex
integration. We select a path along the x-
axis from -co to +oo and then along a
semicircle in the upper half-plane from +oo
to -oo. The integral along the semicircle is
equal to zero. The integral along the x-axis
is therefore equal to 2mi times the sum of
the residues in the poles in the upper half-
plane. Of the four poles in the upper half-
plane, one pole, corresponding to the root
din Eq. (A32), is due to the roots of the
expression inside the braces in the
denominator of Eq. (A31), while the
remaining three poles are due to the roots
of the expression inside the brackets in the
denominator. It is of interest to keep these
contributions separate, because the
different roots correspond to distinct
interactions.

Jns maTerpupoBanus ypapHeHus (A31) Ml
HCIOJIb3YEM UHTETPUPOBAHUE B KOMITJIEKCHOM
IUIOCKOCTH. MBI BBIOMpaeM MyTh BJIOJIb OCH X OT —
00 10 +00 ¥ 3aT€M — BJOJb IOJyKpyra B BEpXHEl
MOJIYIJIOCKOCTH OT +00 10 —oo. IHTerpan BaoJib
MOJYKpyTa paBeH Hyt0. MHTEerpan Baoias ocu X
MI03TOMY PaBEeH MPOU3BEICHHUIO 2Tl HA CYyMMY
BBIUETOB B MOJIOCAX B BEPXHEH MOJIYIUIOCKOCTH.
N3 31X 4eThIpex MOICOB B BEpXHEN
MOJTYTUIOCKOCTH OJIMH MOJIIOC, COOTBETCTBYOIINN
KopHIO d B ypaBHeHUU (A32), ABISETCS KOPHEM
BbIp)XEHUS B PUTYpHBIX CKOOKAX B 3HAMEHATelNe
ypaBHeHus (A31), B To BpeMs Kak ocTaibHbIE TPU
II0JIFOCA SIBIISIETCS] KOPHSMH BBIPAKEHUS B
KBaJIpaTHBIX CKOOKax B 3HameHarene. Jlyure
JIEPKaTh UX BKJIAJbl OTJENBHO, IOTOMY 4TO
pa3inyHble KOPHU COOTBETCTBYIOT IIPOSBICHUSIM
Pa3HBIX B3aUMOJICCTBHIA.

The root d would exist even when the
dielectric constant is equal to one. This
root corresponds to the conventional
Compton scattering, which is due to
interactions of the photon with individual

Kopens d cymiectBoBan Obl, 1axe Koraa
JURJIEKTPUYECcKasl OCTOSHHAS paBHA €JMHHULIE.
OTOT KOPEHb COOTBETCTBYET OOBIYHOMY
KoMnTOHOBCKOMY paccesiHHIo, KOTOpoe
HOSABJISICTCS U3-3a B3aUMOJEHCcTBUS (POTOHA C
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electrons. This Compton scattering is due
to high frequency Fourier components
around the center frequency o oOf the
photon for which the dielectric shielding is
usually unimportant.

OTJIEeNbHBIMU 3JIeKTpoHaMU. IT0 KoMIToHOBCKOE
paccesHUE ABIIIECTCS CIIEACTBUEM HAINYUSA
BBICOKOYACTOTHBIX YWIEHOB psAsa Pypbe BOKPYT
LEHTPaJIbHON 4acTOThI g POTOHA, JIJIsI KOTOPOI'O
JTURJIEKTpUYECKasi SKpaHUPOBKa OOBIYHO
HE3HAYUTEIIbHA.

The three remaining roots in the upper
plane are of different character. They are
due to the expression in the first pair of
brackets, and to the dielectric constant not
being equal to one. Conventional
calculations usually disregard these roots.
They correspond to collective interactions
of the photon field with several plasma
electrons. As the photon with its associated
virtual photon field penetrates and disturbs
the plasma, it leaves behind a wake of
collective oscillations, which carry away
the energy given up by the photon to the
plasma. Two of the three roots, the roots a
and b in Eq. (A32), correspond to Stokes
scattering or Raman scattering or
resonance scattering, where the frequency,
Whq = Wh + wg, is the frequency that
causes the Stokes scattering. As can be
seen, the absorption frequency wq differs
slightly from the eigenfrequency wq. (In
unionized matter the absorption frequency
has a slightly different form.)

Tpu ocTaBIIMXCS KOPHS B BEPXHEH IOJYIUIOCKOCTH
UMEIOT Pa3InYHbINA XapakTep. OHU MOSIBUINCH U3
BBIPa)KEHUS B IIEPBOM Mape CKOOOK, U U3-3a
HEPABEHCTBA €MHUIIEC TUIIEKTPUIECKON
oCTOSTHHOU. OOBIYHBIE BRIYUCIICHUS OOBITHO
UTHOPHUPYIOT 3T KOpHU. OHU COOTBETCTBYIOT
KOJUIEKTUBHBIM B3aUMOJCUCTBUSM TOJIs (POTOHA C
HECKOJIbKUMHU 3JIEKTpOHaMU Iu1a3Mbl. [lockoabKy
(GOTOH C ero MPUCOSTUHECHHBIM BUPTYATbHBIM
nosieM ()OTOHA MPOHUKAET U BO3MYIIAET I1a3My,
OH OCTaBJISIET 0331 CJIe]l KOJUIEKTUBHBIX
BUOpALIUi, KOTOPBIE YHOCST SHEPTHUIO,
nepeaanHyo GoToHoM 1uasme. JBa U3 3TUX Tpex
KOpHEH, KOpHH a U b B ypaBHeHUH (A32),
COOTBETCTBYIOT paccesiHuio Ctokca (Pamana) wiu

2 _
PE30HAHCHOMY PAaCCESHUIO, TTIE YACTOTa Wpg =

wﬁ + ‘Uczp ABJIAETCS YACTOTOM, KOTOPAsi BBI3BIBAET
paccestnue Crokca. Kak MoxkHO 3aMeTuUTs,
HOIJIOTUTENbHAS YaCTOTa (U, HEMHOTO OTIMYAETCA
OT COOCTBEHHOM 4acTOTHI @, . (B
HEHOHHM3UPOBAHHON MaTepuH NOITIOTUTEIbHA
4acTOTa MMEET HEMHOTO JIPYTy0 GopMyITy.)

The imaginary root c in Eqg. (A32) is of a
different nature. This root, which is
important only in a hot sparse plasma, has
not been considered before. It corresponds
to energy loss in what we will call "plasma
redshift” of the photon as it penetrates a
hot electron plasma. In a hot sparse
plasma, the collision damping, « in Eq.
(A31), is very important. When wq = 0, we
can equate the collision field with the
Fourier harmonics of the fast moving
electrons. As shown in section 3 of the
main paper, the quantum mechanical
damping term e in the plasma
oscillations then replaces the classical
damping term (a + fow?), where Sow? is
the classical radiation damping.

MHuumebiit kopeHs "¢ B ypaBHeHUH (A32) numeeT
JIPYTYIO MIPUPOAY. DTOT KOPEHb, KOTOPBINA BaXKeH
TOJIBKO B TOpsiYEd peliKoi Iu1a3me, Mpekae He
paccmatpuBaii. OH COOTBETCTBYET NOTEPSIM
SHEPrUH B TOM, YTO MBI Ha30BEM "TUIa3MEHHBIM
KpacHbIM cMeleHueM" OoToHa IPH ero
MIPOXOXKACHUU Yepe3 TOPSUYI0 AIEKTPOHHYIO
m1a3My. B ropsuei penkoii miasme y1apHoe
3aTyxaHue o B ypaBHeHHH (A3 1) 04eHBb BaXKHO.
Korzma w, = 0, MBI MOK€M IIPUPABHATH yIapHON
noJie ¢ rapMoHukaMu Oypre ObICTPO
JIBUTAIOIINXCS 3JIEKTpOHOB. Kak rmokazaHo B
Pa3pnene 3 u3 riaBHOM cTaThU, KBAHTOBO-
MEXaHHUCCKHH WICH 3aTyXaHus S’ B MITa3MEHHBIX
KoJIe0aHUAX TOT/a 3aMelIaeT KIACCUUYECKH YieH
saryxanns (o + fow?), T1e forw’ - KITACCHIECKOE
Jy4eBOe 3aTyXaHHe.

In this article, the focus is on the plasma
redshift, because the Stokes scattering and

B »T0#1 cTaThe 1ENbI0 ABISETC IUIa3MEHHOE
KpacHOE CMEUIEHUE, IOTOMY UTO pPACCEsTHUE
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the Compton (Thomson) scattering are
well known and have been estimated
accurately by others, for example, by
Reitler [1]. We can then in the following
simplify the Stokes scattering term and set
w, = 0.

Crokca u paccessnue Komnrona (TomcoHa)
U3BECTHO M OBIJIO TOYHO OLIEHEHO JPYTUMH,
Hanpumep, Paittaepom [1]. Ml Moxxem Toraa B
JalbHEeHIeM yIpocTuTh wieH paccestuus Ctokca u
HOJOKUTE g = 0.

When evaluating the integral of Eq. (A31),
we will assume that the following six
conditions are fulfilled:

OuenuBas uaTerpan ypaBHeHus (A3 1), Ml
MPEITOJIOKHUM, YTO CIICIYIOIINE IIECTh yCIOBUI
BBINOJIHEHBI:

| 1) wq=0,2)a=0,3)p>>Po=6.266:10"", 4) Bwy<<1, 5) wo>>cwy, 6) y<< wo,

72 72
As we will see, these conditions are Kak MbI yBUIIUM, 3TH YCIIOBUSI OOBIYHO
usually fulfilled for the plasmas of main BBITIOJTHSIOTCS AJIS1 TUIa3M, MPEACTABISIONIUX
interest in this article. TJIABHBIN MHTEPEC B 3TOH CTaThe.
The four roots in the upper plane of the YeTbIpe KOPHSI 3HAMEHATEJIS B BEPXHEH
denominator are then: MOJIYIUIOCKOCTH TOr1a Oy IyT:
2
(a = tw, + iﬁ%\
2
b=—w,+ i
w = 4 1 2+ . (A33)
c= l(E + B w,?)
| d=+wy+if |
2
The roots "a" and "b" are very close to the | Kopuu "a" u "b" nexar o4eHb 0J113K0 K
real axis, while the root "c" is purely JIEHCTBUTENBHOM OCH, B TO BpeMs KakK KOpeHb "¢

imaginary. In hot, sparse plasmas £ is
small, although it is very large compared
with ﬁo.

SIBJISIETCSI YUCTO MHUMBIM. B ropsueit, peakoit
1a3me [ ABISeTCS HEOONBIITUM, XOTS OH SIBIISIETCS
0Y€Hb OOJIBIIINM 10 CPABHEHHUIO C fo.

The results of the integration on the right
side of Eq. (A31) is then

Pe3ynbTaThl HHTErpUPOBAaHMS B IPAaBOM CTOPOHE

ypaBHeHus (A31) torna 6yayT

% = —ZnihszoCy [Res(a) + Res(b) + Res(c) + Res(d)] =
hwoy wp? 1 | 1, 1 (1-1/(Bw)?) Bow?
cwe? 14 Tits (1+1/(Bw)?)? y(1+(ﬁowo)2)] - (A34)

We use the notation y for the actual
guantum mechanical width of the incident
photon, while the classical photon width is
given by

Mei ucriosibdyeM 0003HadeHHE Y Ui (DaKTHIECKOM
KBaHTOBO-MEXaHUYECKOW ITUPHUHBI [TaJAOIIETO
¢boTOHa, B TO BpeMsI KaK KJlacCUYeCKasl IUPUHA

(1)OTOH8. 3a74a€TCsI COOTHOIIIEHUEM

Yo = ,300)3 =

2 e?
2 —24,.2
(5%) wy = 6.266 - 10 wo

Eq. (A34) can then be written on the form

VYpaBuenne (A34) MoXeT Tora OBITH 3aMUCAHO B
BUJIE

dh
—2 = ~hw(6.266 - 1072°N,

4 Yy (1-1/(Bwy)?) 1
— 4+ = . (A35
12y 2Yo (1+1/(Bwg)?)? 1+(ﬁ0w0)2] ( )

The first term inside the brackets
corresponds to Stokes scattering (or

[TepBbrit 4ieH B CKOOKaX COOTBETCTBYET
paccestauio Ctokca (ninu Pamana). Oto
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Raman scattering). It corresponds to the
collective scattering on the plasma
frequency. In the quantum mechanical
treatment of highly excited plasma, some
of the oscillator strengths are negative
while others are positive. The incident
photon can then absorb and emit a plasma
frequency photon, and thereby increase or
decrease its energy to h(mo+ wp) or h(wo-
®p). In thermodynamic equilibrium, the
two processes will average out. There will
be an equal number of positive and
negative oscillator strengths. However,
when one is observing very distant
supernovae, the narrow beam geometry
may scatter some of the photons enough to
remove them from the observed intensity.

COOTBETCTBYET KOJJIEKTUBHOMY PAacCESHHUIO HA
IJIA3MEHHOU YacToTe. B KBAHTOBO-MEXaHUYECKON
TPaKTOBKE CBEPXBO30YKAEHHOM IIa3Mbl YacTh CUJI
OCIIMJIATOPA - OTPULIATEIIbHBI, a IPYTHE -
nosioxkuTeNnbHbL. [lagatomuii poToH MokeT Torna
MOTJIOTUTH M UCITYCTUTH (DOTOH TMIa3MEHHOM
YacTOThI, U TAKUM 00pa30M yBEJIUYUTH UIIU
YMEHBIINTH CBOIO SHEPTHIO 10 h(wot ©p) uiam
h(wo- wp). B TepMoguHAMITYECKOM PaBHOBECHH IBa
npoluecca ycpeasstorea. byner pasnoe
KOJIMYECTBO IMOJIOKUTEIBHON U OTPULATEIBHON
MOIIHOCTH ociuiusiTopa. OnHako, Koraa
HabJ01aeTcs OYeHb OTAaIEHHBIE CBEpXHOBBIE,
y3Kasi TEOMETpUs ITy4Ka MOKET paccesiTh
HEKOTOpbIE U3 (POTOHOB TOCTATOYHO, YTOObI
yOpathb ux u3 HaOIr01aeMON UHTEHCUBHOCTH.

The second term inside the brackets of Eq.
(A35) corresponds to the plasma redshift.
This interaction has not been discovered
before. Usually, the collision damping «
has been disregarded and the damping fe?
equated with Bow?. This term was then
insignificant as ﬁoa)02<<1. However, in
section 3 of the main paper, we show that
in a hot sparse plasma the damping in the
plasma oscillations is fw?, which then
replaces the classical damping term (o +
Bow?) , where Bow? is the classical radiation
damping. We may then have that fwo > 1,
provided the plasma is very hot and sparse.
The required conditions for experimental
determination have not been present in the
laboratory experiments. There are thus
good reasons why this interaction has
neither been theoretically nor
experimentally discovered previously. The
energy loss in the plasma-redshift
scattering is all absorbed in the plasma. It
is about 50% of the total Thomson
(Compton) scattering. For fwg < 1, the
plasma-red shift term can be slightly
negative, but the corresponding blue shift
is usually insignificant. This miniscule
blue shift occurs mostly in relatively cold
and dense plasmas. However, in hot,
sparse plasmas, the value of 5 can be very
large and fwo> 1. The second term inside
the brackets is then important for

Bropoii unen B ckoOkax ypaBHeHUs (A35)
COOTBETCTBYET IJIa3MEHHOMY KPacHOMY
CMEIICHHI0. DTO B3aUMOJICHiCTBHE HE OBLIO
oOHapy»xkeHo mpexae. OObIUHO, yAapHOE
3aTyXaHue 0. UTHOPUPOBAJIOCH U 3aTyXaHUE ﬁa)z
MIPUPABHUBAJIOCH ﬁoa)z. DTOT wieH ObLT TorIa
HECYILECTBEHHBIM, TIOCKOMBKY Sowo’<<1. OxHaxo,
B Paznene 3 OCHOBHOW CTaTbU MbI IOKa3bIBAEM,
YTO B ropsA4ei peAKOM IIa3Me 3aTyXaHue B
IUIa3MEHHBIX KOJIEOAHUSIX PaBHO ,Ba)z, YTO IOTOM
3aMeIiaeT KIIacCU4eCKui wieH 3aryxanus (a +
,Bocoz), e ,Boa)z - KJIAaCCUYECKOE 3aTyXaHue
U3IMy4YeHus. Y HacC MOXET TOra ObITh, 4TO o > 1,
M3-3a OYEHb ropsYe U peIKON MIa3Mbl. DTH
TpeOyembie YCIOBUS ISl IKCIEPUMEHTATBHOTO
ompeieNIeHUsT He TPUCYTCTBOBAIIU B JTAOOPATOPHBIX
sKcriepuMenTax. EcTh, TakuM 00pa3oM, cepbe3HbIe
OCHOBaHUSI, TOUYEMY ATO B3aUMOJCHCTBHE HE OBLIO
HU TEOPETUYECKH, HU SKCIIEPUMEHTAIBHO
obHapyxeHo panee. [loTepu sHEprUM B paccestHUN
MJIa3MEHHOT0 KPACHOTO CMEIIIEHUSI BCE
MOTJIONICHBI T1a3MOM. 1o - mpumepHo 50 %
nonHoro paccessHus Tomcona (KomnTona). s
So <1 4iIeH m1a3MeHHOT0 KPaCHOTO CMEIICHUS
MO3KET OBITh HEOOJIBIIION OTPUIIATEIBHOMN
BEJIMYMHON, HO COOTBETCTBYIOIIEE CHHEE
CMEIICHHE SBISETCS OOBIYHO HECYIIECTBEHHBIM.
DTO Majoe CHHEE CMEIICHUE MPOUCXOIUT TIIAaBHBIM
00pa3oM B OTHOCUTEIHHO XOJOJHBIX U MIOTHBIX
mnasmax. OgHako, B ropsiuei, peakou miasme
3HaueHUE ff MOKET OBITh OYCHB OOJIBIIUM H o>
1. BTopoii unen B ckoOKkax Torja BayKeH JJIs
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explaining many astrophysical phenomena.

00BSICHEHUS] MHOTHX acTPO(U3HUECKUX SIBICHUM.

73

73

In section 3 of the main paper, we use
guantum-mechanical treatment to estimate
/5. We can then see how f varies with the
temperature and the density of the plasma
and the condition for fwo> 1. In section 4
of the main article, we show how the
magnetic field affects .

B Paznene 3 0CHOBHOM CTaThbu MBI UCIIOJIB3YEM
KBaHTOBOMEXAaHHUECKYIO TPAKTOBKY, YTOOBI
OIICHUTH 5. MBI MOKEM TOT/1a BUJIETh KakK [
MCHSCTCS B 3aBUCHUMOCTHU OT TGMHepaTypBI nu
IJIOTHOCTH TUJIa3MBI M YCIIOBUS Ut fawg™> 1. B
Pa3nene 4 0CHOBHOH CTAThbU MBI IIOKA3LIBAEM, KAK
MarHuTHOE TOJIe BO3JICHCTBYET Ha /.

Most of the plasma-red shifted photons are
not scattered out of the path in the narrow
beam geometry, because the individual
energy losses are so small. The angular
scattering of the photons is therefore so
small in intergalactic space (smaller than
the angular scattering on the plasma
frequency) that it does not affect the
observed intensity of the distant stars and
supernovae.

bonbuias yacte GOTOHBI € MIa3MEHHBIM KPAaCHBIM
CMEIICHUEM HE PacCessHbl U3 TPAEKTOPUU B Y3KOH
TE€OMETPHUH ITyYKa, TOTOMY YTO UHINBUAYAIbHBIC
IIOTEPU SHEPTUHU SBISAIOTCSA JOCTaTOUHO
HeOOJIBIINMU. YTJI0BOE paccesHrue (OTOHOB
SBJISICTCS IO3TOMY, HACTOJIBKO HEOOJIBIINM B
MEXKTaJaKTHY€CKOM IIPOCTPAHCTBE (MEHbILIE YEM
YIJIOBOE PACCESHUE Ha IIA3MEHHOM 4acToTe), YTO
3TO HE BO3ACHUCTBYET HAa HAOIIOAaEMYIO
MHTEHCUBHOCTb OT/AJIEHHBIX 3BE3]] U
CBEpXHOBBIX.,

The fourth term, the Compton scattering
term, is calculated assuming that g = g, for
incident photons with relatively high
frequencies wo = 27vo. That is, we assumed
that in accordance with the conventional
Compton (Thomson) scattering the
photons interact with individual electrons,
and not coherently with several electrons
in the plasma. If the incident photon's
frequency is very low, the plasma electrons
may act collectively in the field of the
incident photons (confer Rayleigh
scattering on atoms). Compton scattering
is then affected.

UeTBepThiii wiieH, WieH paccesinust KomnroHna,
BBIYHUCIICH B MPEIIOIOKEHHUH, UTO S = fo A1
najarmux GOTOHOB ¢ BEHICOKMMH YaCTOTaMU (g =
27V TakuM 0Opa3oM, MbI IPEATIONATAIH, YTO B
COOTBETCTBUU C OOBIYHBIM paccesHueM KomnTona
(Tomcona), pOTOHBI B3aMMOACHCTBYIOT C
WHAUBUIYaIbHBIMU 3JIEKTPOHAMHU, a HE
KOTE€PEHTHO C HECKOJBKUMHU JIEKTPOHAMH B
wia3me. Ecnu wactora nanaromiero ¢poToHa o4eHb
HU3Kas, TO MJIA3MEHHBIEC SJIEKTPOHBI MOTYT
JeHCTBOBATh BCE BMECTE B 00JaCTH MaJAr0IINX
¢doToHOB (cM. PaneeBckoe paccesiHue Ha aTOMax).
Torna neiictByet paccessnue Komnrona.

The recoil energy in the Compton
scattering, which is absorbed in the
plasma, is for iwe<<mc? only an
insignificant fraction of the incident
photon energy. However, the scattered
photons are usually removed from the
narrow beam observation of a star. The
Compton scattering causes then dimming
of the distant stars and galaxies, as shown
in sections 5.8 and 5.9.

OHeprus otiaud B KOMITOHOBCKOM pacCesiHuH,
KOTOpas MOrJIOMIAETCS MIa3MOM, SIBIISETCS JJIst
ha)o<<mc2 TOJILKO HE3HAYUTEIHHON YaCThIO
SHEpruM majarmiero gorona. OgHaKo,
paccesiHHbIe ()OTOHBI OOBIYHO YXOJAT U3 Y3KOTO
Ty4a HaOmrofeHus 3a 3Be3/10i1. KomntoHoBckoe
paccesHue BhI3BIBAET TOTIa MOTYCKHEHHE
OTHaNEHHBIX 3BE3]I U TaJlakTHK, KaK II0Ka3aHo B
Pa3nenax 5.8 u 5.9.
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Ilosacuenus:

SOFT-PHOTON EMISSION When the
photon energy and momentum are small,
that is, when the photon is “soft,” some
very general and useful results can be
derived.
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