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The most ancient guestion

What a heavy
pineapple!

I guess that it contains a lot
of energy. Shall I discuss
this issue with physicists?
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Five aspects of our work

1) One more step towards the “Theory of Everything”.

2) Confirmation of the Einstein equation, E = mgc2 , with
accuracy «107°,
3) Breakdown of the Einstein equation with probability <107

4) Suggestion of the experiment in satellite or spacecraft on
the Earth’s orbit to detect such seldom events, where E #=m,c”,

5) Suggestion of the first experiment, where some combination
of quantum mechanics and general relativity is tested.



Gravitational mass of a composite body In

classical physics
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Kinetic energy term’s contribution
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Electromagnetic Field (potential energy)

1
S, :%fd“x(Ez—Bz)

]_ _
S =——— |dx*./-gF F .0“*g"” g=detg,,
em 167Z'C g HV aﬂg g
S, =ijdx4K —Z—f]EZ—(uz—ijZ}
87C C C
g:ﬂ:l—z—(zo _i_)_iz_i(l_pz_fj
C r ar r c




Weak external gravitational field; No tidal
effects
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Then in the local proper spacetime coordinates,
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the classical Lagrangian and action of an electron in a
hydrogen atom have the following standard forms:
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Equivalence between passive gravitational
mass, averaged over time, and energy In
classical physics

2 r Jc?

)

Let us calculate the Hamiltonian, corresponding to
the Lagrangian (5), by means of a standard procedure,
H(p,r) = pv— L(v,r), where p = dL(v,r)/dv. As a

result, we obtain:
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Equivalence between the expectation values of
gravitational mass and energy in guantum case
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Hamiltonian in the following form:
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where we omit term m.c? and introduce weight operator ._.
of an electron in a weak gravitational field,
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Quantum Virial Theorem: (2K) =(fVu)=
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Quantum Virial theorem for stationary
guantum states
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Gedanken experiment-1
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Mass guantization and the corresponding

probabilities
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Gedanken experiment-2 and mass guantization
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Eigenfunctions of in a gravitational field

WP, (r,t) =, (r)exp(-im.c’t / ) exp(—iEt / &)
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The corresponding probabilities
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Taking into account that the Hamiltonian is the Hermi-
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Realistic experiment on the Earth’s orbit by
using spacecraft or satellite
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The corresponding probabilities
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Inside the spacecraft
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More details of the experiment

Avogadro law: for 1 mole (T=0C,P=1bar),V =224,
R=17cm

N =10°

R
@ 1 mole of pressured H2: (T=0C,P=1kbar), R=1.7cm
/@
o

1M
R N =10
1 kmole of pressured H,: (T=0C, P =1kbar), R =17 cm
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Summary

1) The Einstein equation, E = m%c? , is established for the expectation
values of passive gravitational mass and energy;

2) It is shown to be broken with probability P oc107

3) The corresponding experiment to observe such seldom events is
suggested, which corresponds to detection of a macroscopic number of
photons, N «c10° .

4) This experiment can be the first one that would test some combination
of general relativity and quantum mechanics on the Earth’s orbit.

5) So far, only combinations of the Newton gravitation and Quantum
Mechanics have been tested in the famous ILL and COW experiments.

Widely advertised in the Internet:

http://phys.org/news/2013-01-einstein-emc2-outer-space.html
http://dailygalaxy.com/my_weblog/2013/01/-einsteins-emc2-may-breakdown-in-outer-space.html
http://uanews.org/story/testing-einsteins-emc2-outer-space
http://missiontomorrow.tv/testing-einsteins-emc2-in-outer-space-phys-org/
http://www.sciencedaily.com/releases/2013/01/130108162227.htm
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Metric theories of gravity




The equivalence for superpositions of
stationary quantum states survives only after
averaging over time
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Active gravitational mass of a photon
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Energy momentum tensor

For particle
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E. Fischbach, B.S. Freeman, W.-K. Cheng,

Phys. Rev. D, v. 23, p. 2157 (1981): gravitational Stark effect
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From Schwarzschild solution
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Classical Post-Newtonian Lagrangian
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K. Nordtvedt, Class. Quantum Grav., 11, A119 (1994)




