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The associated 4-potentials A, = =&, /(K*¢)) formally correspond to the ordinary Lienard-
Wiechert solution, but in fact lead to the familiar EM field strength only in the case b = 0, or
asymptotically far from the worldline. In the general case b # 0 they define the structure of
two topologically different solutions one of which is everywhere regular. In the simplest static
case the explicit form of potentials turns out to be as follows:

Ay=ce/Vr2 12, A=0, =1, (4)

so that the asymptotic is Coulomb-like and the electric charge is again “self-quantized’.
Therefore, we are dealing with a peculiar regular charged field distribution localized near and
moving along an arbitrary worldline. The other solution is singular at the “horizon” r = b.
Recall that A. Einstein regarded the discovery of the model with two asymmetric charged
solutions as a crucial point in the construction of the ultimate unified field theory.

[1] V. V. Kassandrov, J. A. Rizcallah, Gen. Rel. Grav. 46 (2014) 1771; arXiv: 1311.5423.

Goodbye, the Pseudotensor!
Radi I. Khrapko!
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A gravitational field differs from ordinary fields, electromagnetic field, gluon field, which
eliminate themselves due to interference when attracting objects. A gravitational field becomes
stronger when attracting objects rather than eliminates itself. The mass-energy of objects
always increases in the process of attracting due to the speed increase. In the case of an
ordinary field, this increase is compensated by the field elimination. However, in the case of a
gravitational attraction, we are forced to ascribe a negative energy to the growing gravitation
field for the conservation of the total energy of the system (objects + gravitational field).

For accounting this negative gravitation energy, the pseudotensor t; was proposed by
Einstein |1, 87]. t, 1s added to the matter energy-momentum tensor 7)7. The total energy
of an isolated system is calculated by the well known formula [1, (91.1), (91.3), (92.1)]

U=J,= /(Tf + t1)v/—gdrtde?dx® = m, (1)

and it turns out to be equal to the Schwarzschild constant m.

Meanwhile the explicit expression for the component ¢} of the pseudotensor of the isolated
system, which was found, in particular, in [1], is positive, not negative! ¢} is the sum of pressures
along the three axes, i.e. it is the triple pressure in the isotropic case [1, (92.4), (97.2), (97.3),
(97.5)], |2, (105,23)]: t} = =T} — T3 — T3 = 3p.

How can the positive addition bring a negative contribution to the total mass-energy and
give the constant m? Nowise! Formula (1) is false. Density T +t; must be integrated over the
proper spatial volume, dV = \/—g11g22g33dx’ dz*dz?, in order to obtain the total energy. This
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is pointed to, in particular, in |2, 100]. So, given the pseudotensor, the modulus of the total
energy (the invariant) of the isolated system must be calculated by the formula [3, (6.9)]:

J = / (T} + 3p)v/—911922g33dx’ dr*da® = / (T} + 3p)@dm1dx2dx3. (2)
N
But this quantity is much more than the constant m because g4y < 1. And even energy of
the matter itself is more than the constant m [3, (5.8)], P = [ T}v/=g11922g33dx’ dz*da® > m.
This indicates the gravitational mass defect of the body [2, 100].
Therefore the description of “gravitational energy” by the pseudotensor is false because the
pseudotensor does not fulfill its main function: to contribute a negative term to the total energy
of an isolated system.

[1] R. C. Tolman, Relativity, Thermodynamics and Cosmology (Oxford, Clarendon, 1969).
[2] L. D. Landau, and E. M. Lifshitz, The Classical Theory of Fields (Pergamon, N. Y., 1975).

[3] R.I. Khrapko, The Truth about the Energy-Momentum Tensor and Pseudotensor, Grav. Cosmol.
20, 4 (2014), p. 264.
http://khrapkori.wmsite.ru/ftpgetfile.php?id=132&module=files

Grayvitational mass of a photon
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Einstein confirmed that radiation conveys inertia between the emitting and absorbing
bodies [1]. But previously, it had been understood that light radiation was attracted to Earth
and had gravitational mass. Using this understanding, Soldner applied Newton laws with
inertial and gravitational masses of light in 1801 [2]: F = ma, F = kmM/r*. He found
that a mass M deflects a light ray on the angle «: tana/2 = kM/(¢*R). However, in 1919,
Eddington observed the double deflection in accordance with Einstein’s General Relativity.

Ginzburg [3] explained this fact by the space curvature. But Okun’ [4] concluded that the
gravitational mass depends on the direction of velocity. E.g., for a horisontally moving photon,
its grravitational mass is twice as large as that for a vertically moving photon.

We demonstrate that Ginzburg is right. The inertial mass determines the gravitational force
in any situation. Gravitational force parallel to velocity was considered in [5]; here we consider
gravitational force, which is perpendicular to velocity.

Consider round orbits in the Schwarzschild space-time. We show here the equations for
geodesic lines using t as a parameter and their solution for i = r when dr/dt =0

Dds' &zt dxd da” da’ dyp
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If r=3/2 , world line (1) is an isotropic world line, i.e. it represents an photon’s orbit.
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World line (1) is a geodesic line of space-time, which represents a moving on a circle in the
space. The centripetal acceleration a of such a moving is determined by the second derivative
with respect to time of the deviation of this circle, r = Const, from the tangential geodesic
line in the space with the metric di* = rdr?/(r — 1) + r?dp?. The general equation (1) with ¢
as the parameter gives the equation of such geodesic line, r(¢p) :

d*r/(de)® + T, (dr/de)® + T, = adr/dep. (2)
Taking into account dr/dp = 0 for the tangential line at the point ¢ = 0 yields for ¢ =0 :

Fr R G 1 [
T dt? 2r3 7 gy dt? 23\ r—1

=g. (3)

So, “transversal” gravitational mass does not differ from “longitudinal” mass. The second half
of the deflection is from space curvature.

[1] A. Einstein, Ann. D. Phys. 18, 639 (1905).

[2] J. Soldner, Ann. d. Phys. 65, 593 (1921).

[3] V. L. Ginsburg, Uspekhi Fizicheskikh Nauk 59, 33 (1956).

[4] L. B. Okun’, Sov. Phys. Usp. 32 (7), 629 (1989). Phys. Today 42 (6), 31 (1989)
[5] R.I. Khrapko, Eur. J. Phys. 36, 038001 (2015).

Lorentz-invariant generator of discrete space-time on the basis
of a metric algebra

A.V. Koganov

JlopeHIi ”HBapUaHTHBIN reHepaTop JUCKPETHOIo
MIPOCTPaHCTBa-BpeMeHN Ha OCHOBE MeTPHUYEeCcKOil aJiredphbl

A.B. Koranos

[Tpemraraercss MOZE/b JUCKPETHOTO MPOCTPAHCTBA-BPEMEHH, B KOTOPOI MMEETCsT TIPEIeTh-
HBII MaKPOCKOIUYIECKNH TIepexo/] K HeIPEPBIBHOMY ITPOCTPAHCTBY-BPEMeHN ¢ MeTpuKoit MuH-
KOBCKOro. Meros renepanuu juckpersoro rpada ¢ Beprmmaamu S(K), o sramaM reHeparyn
K = 0,1,... u3 "HagajibHOro Habopa To4YeK [) KOMMYyTHDPYeT ¢ IpeodOpazoBanuamu Jlopen-
ma L: S(K)|LoD = Lo (S(K)|D). 9T1or pe3yiabrar yIaaoch HOJYIUTb BIEPBbIE, HECMOTDS
Ha GoJIbIION UK paboT B JAHHOM HampasieHuu, HanpuMmep [1-4]. B ocroBe remepain Jie-
JKUT UCIIOJIb30BAHUE CIIEIIUATIHLHON METPUIECKO airedpbl, pa3paboTaHHON aBTOPOM, OTIePAITIH
KOTOPO# HaJT 5-BeKTOpaMi KOMMYTHPYIOT ¢ IIpeobpasoBanusiMu JIopeHia Ha 9eThIpexXMepHOM
noJipocTpancTie. [lgTasg och urpaeT posib YHCIOBBIX JAEHCTBUTEIbHBIX CKAJISIPOB U UHBAPH-
aHTHa OTHOCHUTEJIFHO 9THX Mpeobpasoannii. Ha kaxkioMm srare Jijisi TOJyIeHHOTO paHee MHO-
JKeCTBa TOUYeK (BEKTOPOB)BBINOJIHSIIOTCA BCe OMHAPHBIE onepanuu aaredpsl. JlomomHnrebHO
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Gravitational force attracting a
horizontally meving photon ta the Earth
or Sun is twice as large as that attracting
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The Pseudotensor for pedestrians (IlceBaoTeH3op AJis1 YallHUKOB)

1. Energy-momentum tensor of matter (material+field), 7", satisfies

Vk(T,‘k\/_g)Eak(nk\j_g)_rg:lnTnm _g=0’ (1)
but they claim that the 4-momentum P, is conserved due to the noncovariant identity
9, (T y—g)=0, (2)
because the 4-momentum P, in a space V is determinated by P = J.V T'\-gdV,, 3)

and the change of P, when V, =V, is expressed through the partial divergence:
P-P= jvz T¢ - gdV, —jvl T/ -gdV, =§ T \-gav, = [ 3,(T!{-£)dQ=0 if ).

But note, the tensor T (2) is false; it does not relate to energy-momentum.
The falseness of T/ (2) provides the conservation of P,.

But P, is not conserved when the true tensor 7;* (1) is used.

P~P= jvaf\/Zdvk - jvl T \-gdv, =[ 0,1} - g)dQ =[ T,T" |- gdQ#0 if (1)

And the nonconservation depends on coordinates in use.
And besides, the quadruple P, has no sense because there is no basis to which the components of
the integral could belong. The basis at infinity is not fit as well

So, the senseless quantity (3) is conserved due to the false tensor and is not conserved due to
the true one

2. On this ugly background the classics, from Einstein to Faddeev, claimed:
It is naturally that the (senseless) 4-momentum of matter P, changes! The increase,



1’2J - 1'1J .» equals the increase of a negative gravitational 4-momentum, IV tfy—gdv, .ie.

-P = 3.1 -guQ=] U1 \-gdQ =~ 3,(t/ - g)}dQ mpu (1)

(although the nonconservation is obvious in flat space),
and it is need to find ¢}, the bearer of the negative gravitational energy-momentum,

LT =g ==0,(t{y=¢) “)
in order to satisfy a noncovariant identity of a type (2) 0. [(T" +t)\J—g1=0
tf was found by long hard transformations of I'/.T"\/— g [Tolman, § 87].

m-—n

rt:lnTn V_g =_aigmnTmn V_g /2 =_azgmn(Rmn _Rgmn /2)V_g /16Tc=_az(gmn V_g)Rmn /1675
Ricci tensor is written through a quantity £.
— 0L 02
£ = gmn - (Fma 1—‘;7’ - FV;nFrb ) RW!VL = _a +
190, (g"=g) A" -g)

So, they have 167l T" \/— g =

m—n

— a5 a5
=al( mn _ )ak _
¢ s ( 8(3k(gm"v-g)) a(gm"v—-g)J
=d,[0,(g™-8) 0, ( "\=8) a,( "= )
( ¢ 30, (g '""\/ ))J s 30, (3 '""\/ gy 8 '""\/ %)

d.(g™\-8) 0,.£=09,[0,(g™-¢) 20,8
( 20, (g'""w/ ))J ( 30, (g’"”«/ 2 J
The result: tiN— d,(g"\-g) +8fak£ /167 5)
( s 20, <gm"\/ ]

3. Thereby the classics gained a senseless conserved quantity, 4—m0mentum of matter with

gravitational field
Jo=[ @ =g +ifJ-g)av,. 6)
The result was applied to the mass of an ideal liquid sphere [Tolman, Phys. Rev. 35, 875 (1930)]

J, =IV(]",’\/;+IZ\/§)dV,=m=const, (7

m is the Schwarzschild parameter, the total mass for a removed observer.

The idea was the mass of the liquid increases when volume of the sphere decreases, and this
increase is compensated by the negative contribution of gravitational energy.

And nobody was troubled that, according to (5),

t=3p>0. 8)

Using T/ (r), p(r) from the internal Schwarzschild solution and integrating give

. 3m 3m*
Lnﬁ}mzmkgﬂlme&uz%

(r, is the coordinate of the sphere surface). The senseless quantity of the liquid mass decreases, and
the senseless quantity of the gravitational energy is positive.
The true liquid mass is obtained by integrating over space volume dV =dV,/ /g,
W3 ridr 3m

NS nay, = [ =g, dnrtdr =1 2 L a2,
g, 0 0 2R JR? _ 2 5r,

P=|T;
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IIceBaoTeH30p MJisl YAHHUKOB
1. 51 u3BUHSAIOCH, YTO IPHUCTAIO K BaM €O ctapbeM. To, 4to s Oyay pacckasbiBaTh, 3TO He mainstream. OgHako
TIIYNIOCTU, JOMMYIIEHHBIC KIIACCUKAMU U pa3omeaunecs mno y‘l€6HI/IKaM, HEJb3s OCTaBIIATE Oe3 KPUTHKU. M60 ecnu Ham
TaK JypAT rOJ0BY IPaBUTALIMOHHON SHEPTUEH, TO IOYEMY MBI JIOJDKHBI BEPUTh, CKKEHM, B CTpYHBI Wiin Opanb1? Ho,
nepeieM K feny.

k
Tensop sneprun-umiynsca (OU) Matepun (BemecTBo + moie), 1, , IMeeT HyJIeBYIO KOBAPUAHMHYIO

V (T =g)=0,(T}J-¢)-T}T"-g =0. M

Kcratu, nox nosem s IOHUMar0 B OCHOBHOM 3JEKTPOMAarHUTHOE T0JIE, TOTOMY UTO S He 3HaI0 TeH3opa DU, ckaxeM,
TJIFOOHHOTO NOJIsL. M, KOHEYHO, 3TO He rpaBHTalMOHHOE oJje. [JoToMy 4To B pamMkax oOIIeif TeOpuH OTHOCHTEIILHOCTH
(OTO) rpaBUTaIMOHHOTO MO HET. DUHINTEHH ero reoMeTpu3oBail. OCTaliCh JICKTPOMAarHUTHOE, cllaboe, TITIF0OHHOE
T0JIe, MOKET OBITh "msiToe" 1MoJie, HO IPaBUTallMOHHOTO 1oJs HeT B pamkax OTO.

HUrak, Ten3zop DU MaTepuu UMeeT HyIEeBYIO KOBapHaHTHYIO AuBepreHiuo (1). OqHaxko yTBepKaaeTcs, 4To u3-

JAUBCPICHIUTIO

3a 9TOr0 4-HMITYJIbC MaTepHaIbHOIT cucTeMsl, P, momydaemslii muTerpupoBanueM Tersopa JM mo npocrpancty V

HE YJOBIIETBOPSET 3aKOHY COXpaHEHHUs (KOPOTKO, HE COXPAHAETCS), TOTOMY UTO U3MEHEHUE 4-UMITyJIbca ONpPeeNseTCs
o Teopeme ["aycca He KOBapHAHTHOM, a uacmHou TUBEPTEHITMEH, KOTOpas He paBHA HYIIIO I TeH30pa D matepun:

P-P= jvz T} - gav, - jvl T} - gdv, =[ 0,1} - g)aQ =[ T1" - gdQ#0. @

U npu 3TOM BeNMYHMHA HECOXPAHCHHUS 4-MMITYJIbCa 3aBUCUT OT UCIIONIE3YEMbIX KOOPIUHAT, OT KO (PHUIIUCHTOB
n 19
cesstoct I, . W Bce TepIsiT Takoe HeCOXpaHeHHE 4-NUMITyJIbca MATePHAIBHOI CHCTEMBI!

Bnpoqu, a 4TO OTO 3a 4-I/IMHyJ'H>C, KOTOpLIﬁ HC COXpaHHeTCﬂ? OKa3I>IBaeTC$[, OH OIPCACIIACTCA UHTCTPAJIOM 110
MMPOCTPAHCTBY, HPUYCM UHTCTPAT PACCMATPUBACTCA KaK KOBEKTOPD

P = 1'-gav,. 3)

Hy, cornmacurech, 4T0 y Tak ONpPEICICHHON BETMYMHBI HET FTEOMETPHUUCCKOTO CMBICIIA, IIOTOMY YTO MHTETPATbHBIC
KOMITOHEHTBI He 00eCHeYeHbl penepoM, H00 B pa3HbIX MeCTax 00JIaCTH HHTErPHUPOBAHHUS - PETephl pa3Hble, U elle
KaKOM-TO periep Ha OECKOHEYHOCTH. A €CIT HET TeOMETPHYECKOT0 CMBICTA, TO HET M HUKAKOTO CMBICTA.

Hy u cnaBa 6ory, He coxpansercs (2) 6eccMbicnenHas BennunHa (3), mpasa, ¢ peabHbM TeH30poM DU (1).

2. OzHaKo He BCE TaK IPOCTo. JTa yerBepka uncen P (3) cOXpaHseTcs, eCilu IPH o8 ONpe/ieICHIH

o k o . o
HCIOJIb30BaH HCKUU TCH30D Ti (I/IJ'II/I HC TeH30p) C HYJICBOU Yacmrou TABCPTCHIUCU

ak(Tik\/—g)=O, 4)

JlefcTBUTENBHO, TPHU TAKOM TEH30pE UMEEM HYJIEBOE MpHUpalieHue 4-uMiryinca (3) He3aBUCHUMO OT €ro
OECCMEBICIIEHHOCTH:

P-P= jvz T! /- gdV, _Iv] T!J-gdV, =§ T -gav, = [ 3,(T/J-g)aQ=0.

k N
Ho 3ameThTe, TeH30p T[ (4) — pampmmBHId, OH He MeeT oTHOIIEeHUS K DU. dansmmuBocTh TeH30pa (4) obecnieunna

coxpaHenne 4-umiyinca (3). Toxke HETUI0X0, coXpaseTcs: 6ecCMbICIIEHHAs BETMIHHA, TIOCTPOSHHAs 0€CCMBICIICHHBIM
TeH3opoM. Ho moka HaM 710 3TOTO HET Jiena.

3. KimaccukoB 3amHTEpecoBaia ma, He COXPaHSIOMascs OeCCMBICIICHHAs BeluunHa (3), MOCTpOCHHAS
UCTHHHBIM TeH30poM DU. U kmaccuku OBLTH TaK pajibl, YTO OHA HE COXPAHICTCS, YTO IMPOUTHOPUPOBAIH €
0ECCMBICIICHHOCTb.

Hecoxpanenue (2) 4-ummyibca (3) 00bSICHUIN BO3IEHCTBUEM 2pasumayuoHHo20 nost (XOTsI 3TO
HECOXPaHECHUE UMEET MECTO H B TUNIOCKOM MPOCTPACTBE-BpeMeHH). M iest Obliia B TOM, YTO MPUPOCT 4-UMIyIIbCa

MaTepuH, }2) i IID ; » DPaBEH 110 BEJIMYMHE IPUPOCTY OMPUyamenbHo20 TPABUTALIMOHHOTO 4-MMILyJIbCa, TO €CTh

P—P=[ 0,1 \-g)Q=[ [)1"-gd2=-[ 3, - g)Q. ©)

Ocranoch MpeACTAaBUTL UHTCTPAH HCCOXPAHCHU, Fi:lnTnm «\/ — & , KaKk YaCTHYIO0 JUBEPIrCHIUIO HOCUTEIIA DU

k
IrpaBUTALIMOHHOTO MOJIA, nceedomeHs’opa ti s

[AT)—g =-3,(t'-g). ()

JJIg TOTO, YTOOBI YAOBJICTBOPUTH HEKOBAPHUAHTHOC TOXIACCTBO TUIIA (4)



0, [T} +1/)\y-g1=0, ®)

k .
4. t; HaNUIM MyTeM TSAKENBIX TOXKAECTBEHHBIX Npeodpazosanuid. IIpocnenum rnasusle ward. [R. Tolman,

Relativity, Thermodynamics and Cosmology. Oxford: Clarendon, 1933, § 87]
PacruceiBatoT 1 -cumBoI, BBOAAT TeH30p DHHINTEHHA H HECKOIBKO IPE0OPA3yIOT Er0

LT -8 ==0,8""T,,\[-8/2=-0,8"" (R, —Rg,, | 24— g 1161 =-3,(g"" /- &)R,, /167

Janee GopMyJIbl HACTOIBKO TPOMO3JIKH, YTO MPUXOUTCS UCTIONB30BaTh 06o3Hauenne £ . Yepes £ Bripaxaror
TeH30p Puuun:

— £
£=gmn - (F 1—“ _Fr:tnrra) Rmn =_ak a

0L
+ :
3@, (g™ J-g) g™ J-¢)

oOecrieynBaroIee COXpaHEeHUE BEIMIHUHBI THIA (3).

Tak uto mbl umeem 16T T"\/— g =

=ai(gmnH) d

ae Rt
ka@k(gmﬁ» g™ \-¢)
=d,|d,(g™ ) a,(g™ ) a,(g™ )
V-¢ 39, (g '""\/_» V=g 3, (g ”"J_)> I-¢ m"J_)

| 9:(g™ ) -0,£=9,[0,(g™ ) 9,8
V=g 3, <gm"J_ ) V=g ICH <g”"J_ )

PesynbTar: ti- -9d,(g"+\- )a(a ” mn\/_))+5fak£ /167 )

Takum 006pa3oM KIaCCHKH MOJTYyUIUTH BeIHYNHY THIIA (3), 4-UMITyJIbC MaTEPUN BMECTE C TPAaBUTAIMOHHBIM II0JIEM,

k k
J ——J‘V(Ti N— g+t A—g)dV, , (10)
KOTOpast coxpamsiemcs, B COOTBETCTBUH ¢ (4) u (8).

5. Pe3ynbrar mpuMeHHIH K Macce mapa u3 uaeanbHor sxuakoctH [R. Tolman, Phys. Rev. 35, 875 (1930)]

J_I(T\/_+t\/_)dv m = const , (11)

(m - mBapUIIMIBIOBCKUH TTapaMeTp, TOJTHAS Macca I yIaleHHOTo Habmroaarens). Maes Oblia B TOM, 9TO, IO Mepe
CXKaTHs 11apa, Macca ero BELIECTBa PACTET, HO 9TO KOMIIEHCUPYETCSI 0ompuyamenbioslm BKIAI0M I'PaBUTALIIOHHOM

t
OHCPIrUu. BHyTpeHHee peuIcHuC H_[BapIIHII/IJ'IL,Ha TMO3BOJIMJIO BBIYUCINTh KOMIIOHCHTBI TCH30pa DU KUIOKOCTHU 7; n

t
nceBJoTeH30pa DU rpaBUTallMOHHOTO MO f, .

ITOPA3SUTEJIbHO! Hukoro He cMyTHITO, YTO KOMIIOHEHTA TICEBIOTEH30pa t; , coriacHo (9), oka3aach
ITOJIOXUTEJILHON!
' =3p>0, (12)

TJIe P €cTh JaBJICHHE BHYTPH IIapa.

o t
Hoxacranoeka seipaxkeruit 1, (), p(r) u3 Bayrpensero pemenust [Bapuiimibia 1 MHTETPUPOBAHHE AT

Jutst caraeMbix "obrmeii maces” J,

. 3m , 3m?
[ 1/ =gav, = m(1—5—r1), [ tiN=gav, =[ 3p-gav, = e (13)

(1, - paguanbHas KOOpAMHATA MOBEPXHOCTH 1apa). Tak 4ro, JeHCTBUTENBHO, CymMa (11) coxpansierca. Ho BoT TyT-TO
U TIPOSIBIJIACH OECCMBICIIEHHOCTh COXPAHSIOMUXCs, B crty (4),(8), Bemmuna Tumna (3). [To Mepe cxaTus 1rapa,
OeccMBICIICHHAs BEIMYMHA, BRIIaBaeMast 33 MacCy JKUTKOCTH, YMEHBIIACTCS, a OECCMBICIICHHAS BETMIHHA
rPaBUTALMOHHOMN SHEPTUU — MOJIOKUTENbHA U PacTeT.

IIpaBunbHas BeTUYUHA MacChI )KI/I,I[KOCTI/I MOJTy4aeTCsl MPU HHTETPUPOBAHNUHN TI0 COOCTBEHHOMY 00BhEMY

3 ridr 3m

tNT /\ t_ 2 -~ s -
dv =dv,l\g,: P= jT av,=['T/\-g, 4nr’dr = o m(1+5r1).



