Total (Tolman) mass m of a tennis ball
and its proper (inertial) mass M.
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Abstract: The article presents fundamental results which significantly change the theory
of gravity: (1) Gravitational energy is localized. The problem, from which Einstein,
Eddington, and other classics have distanced themselves, has been solved. This is
contrary to Landau, Lifshitz's assertion that “It has no meaning to speak of a definite
localization of the energy of the gravitational field in space”. This is contrary to Misner,
Thorne, Wheeler’s assertion that “One cannot define a localized energy-momentum for
the gravitational field”. (2) For the first time it is stated that the law of conservation of
inertial mass-energy is violated during gravitational interaction and the mass defect is
positive. The inertial mass-energy of bodies exceeds their gravitational mass by the
massless energy of curved space-time. This is contrary to Misner, Thorne Wheeler’s
assertion that “The mass-energy of a neutron star is less than the mass-energy of the same
number of baryons at infinite separation”.
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Let us consider a tennis ball of inertial mass M = 59.4 grams. These 59.4 grams represent
precisely the inert mass. You can verify this by hitting the ball with a racket. The impulse of
force can be accurately measured by the tension of the racquet strings during the stroke. The
momentum of the ball after impact is precisely determined by its speed. Note that these 59.4
grams can be obtained by integrating the inertial density of the ball material over its proper
volume,

M = [pdV, . (1)
Now we ask whether this inertial mass M is the gravitational mass of our ball m, which
creates a Schwarzschild space with the linear element

dI* =g, dr® +r*(d6” +sin”6de®) , g -
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if the ball is isolated? We ask m=M ?

To answer this question, we will replace the tennis ball with a grenade of the inertial
mass M = 59.4 grams. The explosives of this grenade are enough to give these 59.4 grams a
second escape velocity. At the moment of explosion, the inert mass of the grenade remains
unchanged, but the substance acquires speed. To do this, part of the inertial mass of the grenade
substance is converted into the Kinetic inertial mass of the grenade substance. Further, in the
process of moving away of the substance of our ball-grenade, the speed of the substance
decreases. And the inertial mass of this substance decreases also. But the gravitational mass of
the substance of our ball-grenade, which we want to calculate and which we denote m, remains
unchanged during expansion, since, by virtue of Birkhoff’s theorem, the curvature of space at
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infinity remains unchanged, despite the decrease in the inertial mass of the substance. In the
process of increasing the radius from the initial value r, to infinity and decreasing the speed of

the substance to zero, the inertial mass of the substance M decreases and tends to the value of
the constant gravitational mass of this substance m. So the conclusion is inevitable: the constant
gravitational mass is less than the inertial mass, m<M .

People have calculated what part of the inertial mass M = 59.4 grams should turn into
kinetic inertial mass at the moment of explosion for subsequent expansion to infinity, if the
initial radius is equal to r,. This amount is called the gravitational binding energy:

U=3yM?/5r, (3)
(the radius of the ball is defined in terms of the length of the equator: r, =1/2x).

When matter expands to infinity, the space remaining inside the expanding matter
becomes Euclidean. It is this space, straightening out, that absorbs the inertial mass of moving
away matter. Being the curved space, the space had negative gravitational energy. By absorbing
the inertial mass of moving matter, this space increases its energy to zero. Thus, the gravitational
mass is less than the inertial mass by the amount of gravitational energy of curved space. Tolman

calls gravitational mass “the total energy,” meaning that it is equal to the sum of the proper
energy (inertial mass) and the negative gravitational energy [1 (97.10)],

m=J.pdV0+_[%p\|/dV, v <0. 4)
In our notation, Tolman’s formula looks like this
m=M-U. (5)
By the way, on the scale of planet Earth, this gravitational binding energy (3) is equal to
U =3yM?2c? /512 = 2.3.10% J for M = 6.10* kg, r; = 6.4<10° m. This energy was released from
the space in the form of heat during the formation of the Earth. If we use a round number ¢, =
1000 J/kg+K as the heat capacity of the Earth’s substance, we can obtain the temperature
_u 3yMc?
Mg, 5rg,
Naturally, the release of heat lasted billions of years and was accompanied by radiative cooling,
but apparently it can explain the current temperature of the Earth's core 6700 K.

= 3710 K. (6)
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IHosHast (TOJIMEHOBCKAs) MACCA TEHHUCHOTO MSI4a M U €ro cO0CTBeHHAasA

(uHepuuonHasi) macca M.
AHHoTanus: B cTarbe npeacrasieHs! (yHIaMeHTaIbHbIE PE3YIbTAaThl, KOTOPHIE CYIIECTBEHHO
MEHSIOT Teoputo rpaButanuu: (1) 'paBuranonnas sHeprus jgokaiausosana. [Ipobiema, ot
KOTOPOH JUCTAHIIMPOBAIUCH DUHINTENH, DAAUHITOH U IPYTHE KIACCUKHU, PEIICHA.
Jlokanuzanus >HEpTUu NPOTUBOPEUUT yTBepxkaAeHuto Jlanaay, Jluduuma o Tom, 4To «HEe UMEET
CMBICJIa TOBOPHUTH 00 OIpeIesIEHHOMN JIOKAIN3alUU SHEPTHUH IPaBUTALIMOHHOTO 110JIs B
IIPOCTPaHCTBEY. JIoKaM3anus SHEPTUK IPOTUBOPEUUT yTBEPKAEeHNUIO Mu3Hepa, TopHa u
Yunepa o TOM, 4TO «HEJIB3s ONPEAEIUTH JIOKATU30BAHHYIO DHEPTHI0-UMITYJIbC IS



TPaBUTAIMOHHOTO TOJIsh». (2) BriepBbie yTBEpKAACTCS, YTO 3aKOH COXPAHECHUS WHEPIIMOHHON
MacChI-P)HEPTUH MPU TPABUTAILIIOHHOM B3aUMOJICHCTBUH HApyIIaeTcs U JeeKT MacChl
MoJIoXKuTENeH. IHeplMoHHas Macca-3Heprusl Tell MPEBBIIIAET UX TPABUTAIIMOHHYIO MAacCy Ha
BEJIMYKUHY 0€3MacCOBOI SHEPTUU UCKPUBJICHHOTO MPOCTPAHCTBA-BPEMEHU. JTO MPOTUBOPEUUT
yTBepKIeHUI0 MucHepa, TopHa Yuiiepa 0 TOM, 4YTO «Macca-3HEPIrusi HEUTPOHHOU 3BE3/bl
MEHBIIIe, YeM Macca-3HEPrusi TOro ke 4yrciia 6apuoHOB Ha OECKOHEYHOM PACCTOSTHUI.

CraTb OTKJIOHEHA KypHaAJIOM

«IIucema B KypHana IkcnepumMeHTaIbHON U Teopernueckoin Pu3nkm»
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Bama cTatbsi He COOTBETCTBYET TPeOOBAHUSIM.

IMucema B KypHaa IkcnepumMeHTaNbHOM U TeopeTrudyeckoiit ®U3UKH.
YBenomiienue

K coxxanenuto, Bama crates «llonHas (ToaMeHOBCKas) Macca TEHHUCHOTO Msi4a M U €ro
cobcrBenHas (nuepruonHas) Mmacca My (Muentudukarop crareu PiSIETF2360457Khrapko) ne
peKoMeH10BaHa K myonukanuu B xypHaie [luceMa B XKypHan DxcnepruMeHTanbHON U
Teopernueckoit U3NKH.
Pykomnuce He COOTBETCTBYET COBPEMEHHOMY HaYYHOMY YPOBHIO.
C yBaxenueM, Penakuus Ilucema B Xypnan DxcnepumentanbHoil u Teopetnueckoit @usuku
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