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Abstract

One of major achievements in modern physics is investigations of complex
systems consisting of mechanical, electrical, magnetic, gravitational, and
cogravitational subsystems. The recently developed theory provides the
coupling coefficient among these subgystems. It is called the coefficient of the
electromagnetogravitocogravitomechanical coupling (CEMGCMC) K2,,..
This coupling coefficient is one of the very important characteristics of a studied
solid material and all the four-potential shear-horizontal acoustic waves depend
on this coefficient. This report analyncally studies the CEMGCMC concerning
separation of several exchange terms. It is also discussed the possible
propagation speeds such as the well-known speed of light in a vacuum for the
purely electromagnetic wave and purely gravitational wave. However, some
exchange mechanisms between the electromagnetic and gravitational

subsystems can result in the existence of the other exchange speeds, with which
generated signals representing neither purely electromagnetic nor purely
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grav1tatxona1 waves can propagate in a vacuum w1th speeds several orders larger
than the speed of light, The evaluated maximum value of this speed must be

below ~ 10%7 m/s representing the speed with which a signal can cross for one
second from one boundary of our Universe to the opposite. This can mean that
such signals once generated inside of our Universe can instantly reach any other
point in the Universe, It is also hoped that this theoretical work will contribute

tn tha Aavalanmiant AF s s waaanvrnh Aianinlina aa +tha oeravitatinnnl
WL uvvvxuyuxw.u OI suCd new reséarca UiSwipiile  av Wiy sxavu.auuual.

engineering.
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1 Introduction

Investigations of acoustic wave propagation coupled with the electrical,
magnetic, gravitational, and cogravitational potentials (i.e. four-potential
acoustic wave) represent a complicated problem. For this problem there are a lot
of material parameters that can contribute in the wave motions, However, it is a
pleasure to deal with a single material parameter that can significantly simplify
the studying subject. This single material parameter is called the coefficient of
the electromagnetogravitocogravitomechanical coupling (CEMGCMC) K&, ;..
This coupling coefficient represents a very important characteristic of a studied
solid material. It depends on all the material parameters, but the mass density p.
The CEMGCMC is an indicator of coupling among the mechanical, electrical,
magnetic, gravitational, and cogravitational subsystems. For instance, the four-
potential shear-horizontal (SH) surface [1], interfacial [2], and plate [3] acoustic
waves can depend on this material parameter.

The examination of propagation of four-potential acoustic waves has the
following peculiarity: the speed of any acoustic wave in a solid is five orders
smaller than the speed of the electromagnetic wave in the solid. Also, the speed
of the electromagnetic wave in any solid must be (slightly) smaller than the speed
of light in a vacuum, Therefore, the quasi-static approximation can be applied
for this case. In 2016, a large research group consisting of more than one
thousand of collaborators [4] has experimentally demonstrated that the speeds of
the gravitational and electromagnetic waves in a vacuum are equal. The
gravitational wave existence was predicted by Einstein [5] in 1916. Heaviside
[6] in 1893 has first focused an attention of researchers on an analogy between
the electromagnetic and gravitational phenomena. Therefore, the famous book
by Jefimenko [7] published in 2006 has further developed Newton's theory of
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gravitation assuming that Newton's gravitation coexists with cogravitation. The
coupling between the gravitation and cogravitation can result in the gravitational
wave propagation in a vacuum. In 2016, Fiizfa [8] has discussed some ideas of
evaluation of interactions between the electrical or magnetic subsystem with the
gravitational or cogravitational subsystem. This can allow researchers in the
future to control some changes in the gravitational or cogravitational subsystem
by created changes in the electrical or magnetic subsystem, i.e, some artificial
gravitational fields can be created in a laboratory at the Earth conditions. It is
necessary to state here that any type of energy and changes in energy actually
produce gravitation in the same way. And any type of wave motion carries some
energy over the way from the wave generator to the wave detector. It is obvious
that the CEMGCMC combines contributions from each of the mechanical,
electrical, magnetic, gravitational, and cogravitational subsystems. These
contributions for different solid materials can be different. And it is expected
that these contributions can show even a dramatic difference for some suitable
solids.

With the CEMGCMC, the theoretical investigations of this work obtain and
discuss several exchange terms. These terms couple the possible exchange
processes that can exist among the subsystems. The following section provides
the analytical expressions that can be usefiil for more complete understanding of
some aspects of the studied complex system consisting of the mechanical,
electrical, magnetic, gravitational, and cogravitational subsystems. The
following section also touches some questions concerning different wave
motions in both solids and a vacuum for discussion. The third section
mathematically obtains the exchange terms and some problems are discussed in
the last section.

2 The material parameters

Consider a solid material, for which the wave motion accumulates nonzero
contributions from each of the mechanical, electrical, magnetic, gravitational,
and cogravitational subsystems. The reader must be familiar with the
cogravitational subsystem that can coexist with gravitational subsystem. This is
an analogy to the coexistence of electrical and magnetic subsystems, for
instance, in order to form an electromagnetic wave. This analogy was first stated
by Heaviside [6]. In this direction, Newton's theory of gravitation created in 1687
was then developed by many researchers, for instance, by Jefimenko [7]. In
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2016, both the gravitation and the cogravitation were taken into accou
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velocities of the anti-plane polarized bulk and surface acoustic waves can be

respectively calculated with the following formulae {1]:
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In definition (1), the velocity Vimg is called the four-potential shear-
horizontal bulk acoustic wave (4P-SH-BAW) because the acoustic wave
propagation is coupled with the electrical, magnetic, gravitational, and
cogravitational potentials. In definition (2), the velocity Vaiewsaw is analogically
called the four-potential shear-horizontal surface acoustic wave (4P-SH-SAW)
that was recently discovered in paper [1]. In general, an SH-SAW can be treated
as an instability of the SH-BAW. In definition (1), the material parameters p and
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intable 1. It is clear seen in expressions (1) and (2) that both the bulk and surface
acoustic waves depend on the nondimensional parameter KZ,,. called the
coefficient of the electromagnetogravitocogravitomechanical coupling
(CEMGCMC).

The coefficient K2 is the verv im
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represents a very comphcated material parameter dependmg on all the material
parameters listed in table I, but the mass density p. Therefore, this coefficient
can be calculated with the following formulae ([1],{2],[31,[9]):
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a?y —{2u) + 2eh(fn + EyA + 9%a — ayn — {49 — EBY) + 2eg(apn +
§0u + 120 — add — {un — §BA) + 2ef (ayA + {Bu + B2§ — afd — {BA ~
Eny) +2hg (X9 + {an + E2B — afd — (A& — enp) + 2hf (O + Eay +
(%A~ ald — L& —~ edy) + 2gf (€A + ud + a?9 — ald — afé — epd) (4)

B, = (eu— a®)(yn —9%) + (B — A)? — (§%uy + B2en + A%ey + {Pum) +
+2(yaéd + nafl + efAY + pléd — a9 — aféd) (5)

It is necessary here to mention useful physical dimensions of some
combinations of the material parameters. With table 1, one can find the following
equalities:

[p/C] = [eu] = [yn] = [a?] = [9%] = [ad] = [¢B] = [{A] = [s*/m?] (6)

Indeed, the speed of the electromagnetic wave propagating in a solid can be
calculated with the following well-known formula:

Ver, = —me (7)
L @ \'/

Analogically, the propagation speed of the gravitocogravitic wave
(gravitational wave) in a solid can be evaluated with the following expression:

1

Vec = ®

For a solid possessing the magnetoelectric (ME) effect, some exchange
between the electrical and 'magnetic subsystems can be characterized by the
electromagnetic constant a. Therefore, the following exchange speed between
the subsystems can be calculated:

v, =1 NG

It is necessary to state here that the exchange speed (9) should be faster than
the speed of the electromagnetic wave (7), i.e. Va > Ven because o < eu
([10],{11]) should occur. In general, for any ME solid, one can find that V, >>
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Vear due to o? << gu. The evaluation of these material parameters 1
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demonstrates that these inequalities occur.

Table 1: The material parameters, their estimated values and fundamental
physical dimensions. The propagation direction of the acoustic 4P-SH-wave is
perpendicular to the 6-forld symmetry axis of the transversely isotropic material

of symmetry class 6 mm.

Material parameter Symbol and [dimension] Estimated
values
Mmoo Ao clicr M a3 113
viads UCLsILy F RN | 1V
Elastic stiffness constant C = Cus = Ces [kg/(mxs?)]  10° to 10!
Piezoelectric constant e = ei6 = ey [kg'“/m>*] 0.1t0 10
Piezomagnetic coefficient h=he=hs 0.1to 10°
[kgl/2/(ml 2y S)]
Piezogravitic constant g = 216 = g4 [kg/m?] 10° to 1010
Plezocogravmc coefficient f=fi6=f [s‘l] 106 t0 107
™ia P = s Ta2/ea2] 1010 4~ 1N-8
uwwvu 1\4 PUIIIIILLLVIL)’ [ ] G33 |9 /1§ wiv
coefficient (electric constant)
Magnetic permeability 1= pi = a3 -] 107°to 10™
coefficient (magnetic constant)
Electromagnetic constant o = a11 = as3 [s/m] 1016 t0 1072
Gravitic constant (gravitoelectric  y = [kgxs?/m®]  10'9to 10"
permittivity coefficient)
Comrn ritem A atant 2 = 1 = 1na TmM/lral 1{\—28 t~n 10 ~27
slﬂvll—L\J \JUXLDL“[LL ’, ”11 33 Lllll 1\51 1V w i1v

(gravitomagnetic permeability
coefficient)
Gravitocogravitic constant.

Gravitoelectric constant
(electrogravitic constant)

f‘nnfavifnnlnr\fﬂn conatant
5 SUWIWWRL AW WU LAO VALY

(electrocogravitic constant)
Gravitomagnetic constant
(magnetogravitic constant)
Cogravitomagnetic constant
(magnetocogravitic constant)

9 =911 = %33 [s/m]

(=11 =103
[kgm X S2 /m5/2]
=& =83
[S/(kgIIZXmIIZ)]
B =pBu = ps3
[kgllzx s /m3/2]
A= A1 = A3 [m'?/kg!?]

107160 10712

1078 t0 1072

104 to 107**
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Table 2: The vacuum parameters borrowed from Yavorsky ef al. [12], where the
value of the vacuum elastic constant was borrowed from work by Kiang and
Tong [13]. The other possible exchange parameters for the free space (vacuum)
such as ao, %o, o, %o, Po, Ao, were theoretically evaluated in the first
approximation. This means that the experimentally obtained values of the
evaluated vacuum parameters can be even significantly smaller,
Vacuum parameter Value

Elastic constant Co = 0.001 [N/m?]

Electric constant (dielectric permittivity o = 0.08854187817 x 107!% [F/m]

constant)

Magnetic constant (magnetic

permeability constant)

Gravitic constant (gravitoelectric

permittivity coefficient)

Cogravitic constant (gravitomagnetic

permeability coefficient)

Newtonian gravitational

Lo = 125663706144 x 10 [H/m]
yo = 1.498334 x 10! [kgxs¥/m’]
7o = 0.0742592 x 1072 [m/kg]

Go = l/yo = 0.667408 x 10710

(gravitoelectric) constant [m’/(kgxs?)]

Cogravitational (gravitomagnetic) Mo = 1o = 13.46635 x 10%¢
constant [kg/m]

Speed of light Cr = (GoMo)'” = (yoroy ™2

Electromagnetic exchange constant
Gravitocogravitic exchange constant
Gravitoelectric exchange constant
Cogravitoelectric exchange constant
Gravitomagnetic exchange constant

Cogravitomagnetic exchange constant

= (eou0)™* = 2.997924 x 108 [m/s]
ot ~ < 10716 [s/m]

Jo ~< 10716 [s/m]

CO ~ 10—8 [kgl/2x82/ /2]

1045 Ta/M1, o112y 1/2\1
«,u ~ 1y LYRE AL )]

/30 ~ 1076 [kgmxs/ 3/2]
Ao ~ 1040 [ml/2/kg1/2]

It is also possible to analogically treat the gravitational and cogravitational
subsystems. The exchange parameter between these two subsystems can be
evaluated by the gravitocogravitic constant 3 in tablel. Therefore, the exchange

amAan
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For the gravitocogravitic constant J, it is possible to require the following
inequality for speeds (8) and (10): Vs> Vgc because it is also necessary to require
that the following inequality should fulfill 9* < y#. Indeed, it is expected that Vs
>> Vac and § << yn must also occur for a real solid.

In a vacuum, it is well-known that an electromagnetic wave propagates with
the speed of light, C;. A gravitocogravitic wave (gravitational wave) also
propagates with the same speed in a vacuum. This statement was predicted by
Einstein [5] in 1916 and experimentally confirmed in 2016 [4]. Using subscript
“0” for all the vacuum material parameters listed in table 2 ([12],[13]), it is
possible to write down the following formula for the speed of light in a vacuum:

= e =
Cu= Jeoto  yYoTo D

These vacuum parameters o, Ho, Yo, #o can be also calculated with Planck’s
quantum parameters. This is shown in table 3. It is necessary to state that an
electromagnetic wave in a vacuum represents a two-potential wave because in
this case there are the electrical and magnetic subsystems characterized by the
electrical and magnetic potentials. It is also possible to assume that there is an
exchange between these two subsystems when an electromagnetic wave
propagates in the free space (vacuum), For this exchange between these two
subsystems, it is natural to use the exchange parameter such as the vacuum
electromagnetic constant ap. Concerning the gravitocogravitic wave
(gravitational wave) propagating in a vacuum, it also represents a two-potential
wave because there are the gravitational and cogravitational subsystems
characterized b oy the gr avitational and cogravtmtionat pOtﬁﬁtL&La Therefore, it is
natural to use the vacuum gravitocogravitic constant 9o for the exchange between
these two subsystems. These vacuum exchange parameters oo and Jo are
evaluated in the second table, However, they are not present in the third table
because nobody has demonstrated that these vacuum exchange parameters can
be derived with Planck’s quantum parameters. In a vacuum, the propagation of
an electromagnetic wave couples the electrical and magnetic subsystems. This
coupling determines the electromagnetic wave propagation due to an energy
exchange between two subsystems, Therefore, the vacuum exchange parameters
oo must exist even it is very small. The same can be stated for the coupling
between the gravitational and cogravitational subsystems resulting in the
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gravitocogravitic wave (gravitational wave) propagation in a vacuum, Therefore,
the vacuum exchange parameter $o must be also taken into account. It is also
naturally assumed that Vs > Cy and Ve > Cr because it is assumed that o? <
gouo and Jo? < yono, respectively.

Table 3: The expressions of the vacuum parameters &o, Lo, yo, #o in dependence
on Planck’s quantum parameters.

Parameter Value or formula
Planck’s force Frianek = 1.21027 x 10* [N]
Planck’s length Lptanck = 1,61623 x 107 [m]
Planck’s mass Mpianck = 2.17651 x 1078 [kg]
Planck’s charge Opianck = 1.875545 x 1078 [C]
Planck’s speed = Speed of light  Vpiance = Cr = 2.997924 x 108 [m/s]
Planck’s time Trianck = Lpianck/ Vetanck = 5.39116 x 107 [s]
Electric constant (dielectric 1 1 (Qplanc}‘:)z
permittivity constant) & = I Friamer \Lpianck
Magnetic constant (magnetic Trianck
permeability constant) Mo = 4T Fpianck (7\_‘_

/ \Cpianck/

Newtonian gravitational 1 F (Lplanck 2
(gravitoelectric) constant Go = Yo | Planck MPlanck>
Cogravitational y 1 1 (MPla'nck :
(gravitomagnetic) constant 0 e Faranck \ Tolunck )

Therefore, the corresponding vacuum exchange speeds can be evaluated as
follows:

Vao = — (12)

(4%]

1
Voo =5 (13)

Using (5) and (6), one can also find that there are additional two exchange
speeds. For a solid, these speeds can be denoted by 41 and 42 in formulae (14)
and (15) below. They can be also compared with the speed of light in a vacuum
(11) representing a two-potential system discussed above, However, these
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speeds are for propagations of two different four-potential systems. Each of two
four-potential systems already incorporates the electrical, magnetic,
gravitational, and cogravitational subsystems to demonstrate a wave motion
caused by a coupling of these four subsystems characterized by the following
four potentials: the electrical, magnetic, gravitational, and cogravitational
potentials. The exchange speed A; depends on the following exchange
parameters listed in table 1: the gravitoelectric constant ¢ and the
cogravitomagnetic constant 4. The gravitoelectric constant { represents an
exchange parameter between the electrical and gravitational subsystems. The
cogravitomagnetic constant A represents an exchange parameter between the
magnetic and cogravitational subsystems. This means that the exchange speed
Ay 18 for a system that incorporates all four subsystems such as the electrical,
magnetic, gravitational, and cogravitational subsystems. Analogically, the
exchange speed 42 depends on the following exchange parameters listed in table
1: the cogravitoelectric constant £ and the gravitomagnetic constant 8. The first
material parameter represents an exchange between the electrical and
cogravitational subsystems. And the second parameter represents an exchange
between the magnetic and gravitational subsystems. So, this is also a four-
potential wave.
These additional two exchange speeds read as follows:

A = J_% - (10 + 10%6)C, (14)
Ap = J-%}. - (102 + 10%7)C, (15)

For a vacuumy, it is also pessible to introduce the corresponding four-potential
waves propagating with speeds Ao1 and Aoz due to an exchange among the four
subsystems such as the electrical, magnetic, gravitational, and cogravitational
subsystems, Using the subscript “0” for the corresponding vacuum parameters,
it is possible to compare these speeds with the speed of light in a vacuum. These
speeds read:

Agy = 7’?%—15 - (10% + 1016) ¢, (16)
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Agy = 2= - (1012 + 10'7)C, a7

1
NELY:D)

The vacuum material parameters o, Ao, {0, and fo are listed and evaluated in

the second table, The values for the vacuum narameters are oiven in the first
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approximation because nobody has evaluated them before. It is expected that
their values can be precisely measured in space experiments and then their values
can be also calculated with Planck’s quantum parameters listed in the third table.

1t is also possible to discuss expression (5) representing the denominator in
formula (3) for the coupling coefficient CEMGCMC. The first term consisting
of two cofactors in (5) couples the material parameters €, u, p, # and their
corresponding exchange parameters o and 3. However, expression (5) can be
written in a regrouped form, the first term in which can already couple the
material parameters ¢, y, y, # with the exchange parameters £ and S instead of a
and 3. This form reads as follows:

By = (en — ) (uy — B2) + (a8 — A0)? — (B2ep + a®yn + A%ey + (Pun) +
2(yaéA + nafl + efAd + uf§d — (EPA ~ aféH) (18)

In addition, expression (5) can be anew regrouped to have the coupling of the
material parameters ¢, y, 9, # with the exchange parameters { and 4 instead of a
and 3. This form is

= (ey — {3 (un — 22) + (a9 — pE)? — (9%ep + aPyn + E2uy + B2en) +
2(yaéA +nafl + efAd + u¢&d — (§BA — alid) (19)

Three different forms (5), (18), and (19) manifest that exchange speeds (14)
and (15) are not less important than the exchange speeds (9) and (10). The
following section obtains the exchange terms to demonstrate that the
complicated coupling coefficient (3) can be decomposed into several already
known coupling coefficients that are more simply.

3 The exchange terms

The coupling coefficient CEMGCMC (3) can be introduced in the following
form:

Kezmgc = Kezm + ngc + Kexo (20)



-360 -

where
2 _ ue?+en?-2aeh __ e(eu—ha)—h(ea—he)
Kem = Cleu-a?) Clsp—a?) 3y
2 _ ng+yfi-209f _ g(gn—f9)-f(go~fy)
Koo = 2o crn=-9%) (22)

Definitions (21) and (22) stand for the coefficient of the
magnetoelectromechanical coupling (CMEMC) and the coefficient of the
gravitocogravitomechanical coupling (CGCMC), respectively. All the material
parameters present in (21) and (22) are listed in table 1. The coupling coefficient
CMEMC (21) was previously studied in paper [14]. It is clearly seen in (21) and
(22) that the coupling coefficients (21) and (22) have the same form and
therefore, they can be studied in the same way.

The last term in expression (20) represents an exchange term that can be
obtained with the following formula:

szyn = sz'mnr - szm - KI?I‘ =

By (eu—a?)(yn—92)-B,(pe? +eh?—2aeh)(yn-9%)-By(ng*+y f2-29gf)(eu-a?) (23)

Clep—aZ)(yn—9%)B;

Following results of paper [14], the coupling coefficients (21) and (22) can
be then decomposed into the following corresponding forms:

Kin = KZ + Kf + K 24)
K2 = K} + K} + K2,y - (25)
The first term in expression (24) is called the coefficient of the

electromechanical coupling K2 (CEMC). This is a very important characteristic
for a purely piezoelectric material, It is defined by

2 _ €
KZ =% (26)
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The second term in expression (24) is called the coefficient of the
magnetomechanical coupling K2 (CMMC). It represents a very important

characteristic for a purely piezomagnetic material and is defined by the following
form: '

Kn=7o @27)

The third term in expression (24) represents an exchange term defined by the
following expression [14]:

K2 2 K2 — K2 a?(ue?+eh?)-2aeueh 28
ex1 = Kem — Ke — K = Cep(eu—a?) (28)

The first term in (25) is called the coefficient of the gravitomechanical
coupling KZ (CGMC) and defined by

K=% | (29)

The second term in (25) is called the coefficient of the cogravitomechanical
coupling K# (CCMC) and defined by

™.

K} = o (30)
The third term (exchange term) in (25) is defined by
- . 92(ng?+yfE)-29yngf
Ké = ngq - Kj - K¢ = cyn(yn-92) D)

Therefore, the nondimensional parameter Kezmgc (3) called the coefficient of

the electromagnetogravitocogravitomechanical coupling (CEMGCMC) can be
written in the following final form:

KZnge = K2+ K2 + K2 + K + K&, (32)



where

K2 = K?2 - K2 - 1(2 I(?:I(Z + K2 1 K2 =
“emgc bl BIU ' “rexl ' *texs

Byspyn~ BzYﬂ(#e +5h2) BZEH(’?-Q +vf?) (33)

CeuynBg S

In expression (33), the complicated parameters B; and B; are defined by
expressions (4) and (5), respectively. However, the parameter B can be used in
equivalent form (18) or (19). It is possible to state that form (32) of the
CEMGCMC K2, ;. (3) is convenient for further analysis. It is clearly seen that
the nondimensional material parameters KZ (26), K% (27), KZ (29), and K# (30)
are quite simple and do not depend on any of the six exchange material
parameters a, 3, {; 4, &, and § listed in table 1. In contrast, the exchange parameter
KZ (33) in (32) is quite complicated and depends on all the exchange material
parameters, There is an interest in investigations of behavior of the CEMGCMC

ezmgc (32) in dependence on the exchange parameters a,$ LA and B 1t is
clearly seen in (32) that this problem reduces to the investigations of the
exchange parameter K2, (33) as the following function: K2,(e, 9, ¢, A, €, B). So,
it is useful to write down the following equalities:

K2(a=09=00=01=0=0=0)=0 (34)
KZngeo = Kingc (K2 K2 K2 KP KE = 0) = K2 + K& +KZ + K} (35)

It is possible to treat a solid, for which there are KZ # 0, K2 # 0, KZ # 0,
and I{, #0.In general K2 > 0 and K2 > 0 occur. It is also poss1ble to require
that KZ > 0 and K7 > 0. Therefore there is KZngco > 0 in (35). However there
can be the following interesting case:

Ki(a#0,9%0,{*01=%0,

v >~ i

§#0,p

\./
13
~

36)
7

....... §
For case (36) there can be “emgco > 0 in (35), too. It is natural that the

exchange parameters a, 3, {, 4, &, and f are very small. In comparison with the
other material parameters listed in table 1, these very small parameters will
change their values more dramatically for a solid under external perturbations
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and changes in some boundary conditions. Therefore, it is possible to utilize
three dimensionless variables (a2.92/epy77), (A% euyn), and (&% euyy) instead of

the following six variabhles nossessing nhvsical dimensions: . 8. £ 4. & and A
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Therefore, it is poss1ble to assume that when any of three dimensionless variables
is very slightly changed, the variable’s numerator has more significant
contribution than the variable’s denominator. As a result, it is more convenient
to deal with the following three functions depending on one of three
dimensionless variables instead of a function of the six variables:

Fe RN 74 /2192\

K2, 9,8,4,8,8) = K& (o) (37
{2

K2(2,8,8,1,,8) - K& (E5) (38)

- , _____ .o 17222\ PPN

K (0, 9,4,2,6,8) = K& (5 (39)

where

0 (40)

0<f“?<10< <1o< <1 (41)
ENYN wy

0<2 c1,0<E<1,0< < (42)
n &y un

- =
<

It is worth mentioning that functions (37), (38), and (39) correspond to
equivalent records (5), (18), and (19), respectively. It is expected that for a <0,
9<0,{<0,A<0,&<0, and B < 0 there is only case (34). However, for a >0, 9
>0,{>0,A>0,¢>0, and § > 0 there can be already both cases (34) and (36).
This can be similar to the significantly more simplified case of K2,,(a) -
KZ(a?/eu) (28) treated in paper [14] for a piezoeleciromagnetic solid.
Theoretical work [14] has demonstrated that the exchange parameter K2,
between two zero values K2, (@ = 0) = 0 and KZ,,(a > 0) = 0 can have only
a negative sign that can significantly decrease the value of the CMEMC K2,
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(21). The results of paper [14] can be readily applied for the dependence of the
CGCMC K2 (22) on the exchange parameter K, ezxz (31). For the case of function

2 (w2 1.. than AL B 9) _, 2 (92 / tlan ~f
n.gc\j\exzj that means the case of function l\gc\uj =3 ngc\u / yl”, the set ot

material parameters {p, C, e, &, ¢, u, a} in paper [14] must be replaced by the set
of the corresponding material parameters {p, C, g, /, 9, 11, 3}. For a concrete solid,
a complete set of all the material parameters listed and evaluated in table 1 is
absent because there are only evaluations of some of small parameters such as ¢
A, & and ﬂ Some reasons of this horrible absence are discussed in the Fnllnwmo
section.

4 Discussions

It is a pleasure to deal with a complete set of measured material parameters
listed in table 1 for a concrete solid but not with the evaluated values given in
the table that can correspond to a majority of corresponding solids. To have
measured material parameters {p, C, e, h, g, f, &, 14, v, n, @, 8, {; A, &, B} listed in
table 1 for several concrete solids can be useful for many engineering problems

Aanatin wrava
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the free surface of a solid, a common interface between two dissimilar solids, a

waveguide consisting of thin solid films (plates). For this purpose, it is
convenient that the material parameters must be measured and introduced in
Nye’s tensor notations [15]. This century is positioned as the century of gravity,
namely the century for development of gravitational phenomena and their
incorporation to electrical and magnetic phenomena. Therefore, gravitational

.
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last century representing the century for the electrical engineering,

In the last century, the piezoelectric effect was recognized as a weak effect
that can be neglected when acoustic wave propagation in solids are studied.
However, Bleustein [16] and Gulyaev [17] have simultaneously discovered to
the end of the 1960s that this weak affect can cause an instability of the shear-
horizontal bulk acoustic wave (SH-BAW) leading to the existence of the shear-

horizontal surface acoustic wave (SH-SAW) in pniezoelectrics, Today’

Sl al v Qv o vaw Yvis Y W \WAATRIERTY S P Ava WA

piezoelectrics are important materials in signal processing technologies because
various technical devices based on electroacoustic waves (i.e. piezoelectric
waves) [18, 191 are incorporated in the modern global communication industry
on this planet Earth, The wave properties of the piezoelectric materials are
extensively studied during the last half-century. The reader can read books [18]
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and [19] on the acoustic wave propagation in crystals. The properties of hundreds
of acoustic crystals are combined in book [20] that is convenient because the
book provides sets of measured material parameters {p, C, e, &} for piezoelectrics
with different crystal symmetries. Acoustic waves can also propagate in
piezomagnetic crystals. However there is no book that combined the
piezomagnetic material parameters {p, C, h, u} for crystals with different
symmetries. Papers [21] and [22] provide the material parameters {p, C, A, u}
for some interesting piezomagnetics.

Piezoelectrics together with piezomagnetics are frequently used to model
smart piezoelectromagnetic materials also called the magnetoelectroelastics.
These materials possess S average propeﬁies, i.e. have both the piezoelectric and
piezcmagneuc effects. This results in the existence of a weak Iﬁagrlt‘:toelcurlb
effect in the smart materials. There is no book that combines acoustic properties
of the piezoelectromagnetics, for instance, sets of the measured material
parameters {p, C, e, h, ¢, 4, a}. Moreover, only in 2007 Melkumyan [23] has
discovered several SH-SAWs that can propagate in the piezoelectromagnetics.
This is almost forty years after the discovery of the SH-SAW by Bleustein [16]
and Gulyaev [17]. Following work [23], book [24] has discovered additional
seven new SH-SAWs., Book [24] has demonstrated that the weak
magnetoelectric effect can also cause the acoustic wave propagation, see the fifth
new SH-SAW in equation (163) of the book results, And there is only single
review paper [25] on the wave propagation in the smart piezoelectromagnetic
materials. A study of wave propagation in some strong magnetoelectric materials
with the known material parameters {p, C, e, A, &, 4, a} can be found in paper
[26]. When a set of the corresponding material parameters {p, C, g, f v, n, 3} is

1aad ingtand Af tha aat AL mandanial mavnmmatara §a
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propagation can be also studied. However, nobody has still studied such
materials. The acoustic wave propagation transmits energy. Therefore, the
gravitational phenomena due to energy transmission must be also taken into
account when acoustic wave propagation in studied in the
piezoelectromagnetics. As a result, the studied system [1] has already the
mechanical, electrical, magnetic, gravitational, and cogravitational subsystems.

Ta dicrnha cnioh anmnlinatad avatarm tha dat nf matarial naramatara §o 7 L
1 O GISTOUC Sl COMP1ICaiCa 8ySsiCini, Ul SOt Ul fidwliidr PalalliCiCrs (0o, ©, e, 1,

afieuy.n 6,9 (A & B} listed in table 1 must be used. At the beginning of
the 1990s, Li’s research group ([27],[28],[29]) has evaluated the material
parameters {y, n} for a superconducting solid. In 2016, Fiizfa [8] has found how
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to evaluate some of the exchange material parameters {{, 4, &, S} at the earth
conditions and found them very weak. In this case, the exchange material
parameters {a, 9, {, 4, & B} are very small but it is necessary to demonstrate in
further work that they or some of them can cause the acoustic wave propagation

thavafrna Vol -2ateTa’ tan wmanlantad tn Anlanlatinng NMaranuar thaoa wraals
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material parameters must be precisely measured and for this purpose, the
corresponding measurement technique must be developed.

For new communication era based on some gravitational phenomena, the
measured vacuum material parameters {go, to, Y0, 0, %0, S0, o, Ao, &0, o} must
be also known. The vacuum material parameters {&o, to, Yo, 70} are well-known
and their values are listed in table 2. However, the rest vacuum parameters {ao,

Qn 7n dn Ko Bal roanracant avohanoa aanctante that are w\h‘nAnnnA n thie naner
v, u0, AG, S0, PO TOPTCSOI vnvu.uuév COISWAILS tial ai ceq 1 thus pepé

and evaluated in table 2. It is expected that their exact values can be obtained in
different space experiments. It is well-known that o? < gu ([10},[11]) should
occur for any piezoelectromagnetics for a system stability. In general, o? << gu
occurs. It is possible to assume that ag? << eguo must also occur because some
exchange between the electrical and magnetic subsystems must exist during the

propagation of an electromagnetic wave in a vacuum. Concerning the
omvﬁn(*nomvmt‘ constant S, the inequality Qn << vomo must algo be agssumed
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for a gravitocogravitic wave (grav1tat1onal wave) propagatlng with the speed of
light (11) in a vacuum. It is possible that the exchange parameters {ao, Jo} can
be too negligible to take into account. However, it is possible to write down the
following:

F_"—, : ,__._—n — (43)

N oMo~ &5 N

The other vacuum exchange parameters {(o, Ao, &, So} respectively
representing the gravitoelectric, cogravitomagnetic, cogravitoelectric, and
gravitomagnetic constants can be also extremely small similar to the parameters
{ao, 90} discussed above. It is well-known that a massive body can continuously
eject electromagnetic and gravitational waves into a vacuum. As a result, the free

vammm) g Fillad «with thaaa tvmae Af thae fact waves frr s hadis
ayavv \a vacuuily 1§ 111160 Wiln tnese LYPes O ul® iaSi wavias rom umu‘y 804Gics.

This extremely fast exchange among the four subsystems (electrical, magnetic,
gravitational, and cogravitational subsystems) can be evaluated by formulae (16)
and (17) for speeds Ao1 and Aoz, respectively.
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The interaction between the electromagnetic waves and gravitation is well-
known for today. The most popular example of this interaction is the effect of
captivation of the electromagnetic waves by a black hole located at the center of
any galaxy It is well-known that a black hole can capture an electromagnetic
wave by the way that the electromagnetic wave cannot escape. It is assumed that
in order to capture any electromagnetic wave propagating with the speed of light
in a vacuum, the interaction between this electromagnetic wave and gravitation
must be very fast, i.e. significantly faster than any of speed of light. This can
mean both the electromagnetic wave and the gravitational wave (both
propagating with the speed of light in a vacuum) represent static systems for the
interaction processes existing among the electric, magnetic, gravitational and
cogravitational subsystems. This can mean that the exchange signals look like
nearly instant (i.e. very high-speed) processes.

It is necessary here to state that the size of our Universe is approximately 100
billion light years, ie. 100 Gly (Gigalight year). 1 meter is equal to
1.0570008340246 x 107'¢ light year, or 1.0577248071986 x 102 Gly. The
shape of a Universe is assumed to be a sphere like a bubble, It is possible to
estimate that the speeds Ao and Aoz for a vacuum cannot exceed the limit value

AF Mo 1027 -l T4 ala ad that tha anaada A. Y
Vi oy iV L . Al lb a‘nDU GAPV\ILCU Lllart Lll\l DP\IVUD £1] \1"’} allu 111 \lJ} lll a

solid can differ from the corresponding vacuum speeds Ao (16) and Aoz (17).

However, a liner size of any solid in our Universe in any direction is too
negligible in comparison with the size of our Universe. For instance, the size of
our Galaxy called Milky Way with a black hole at the galactic center is only by
about 100,000 light years, ie. six orders smaller than the linear size of our
Universe. So, it is expected that a linear size of any solid, solid planet, gas-like

nlanat atar and aven whala (lalavy sannnt ranrecant anv anraen far anch
puralict, stal, ailil VOl WilIv UJdidXy Calilivt I0pPivsvile ally SUICCN 10T Sulii

(artificially) generated signals travelling with the speeds 401 and 4o2. Such signal
can immediately and simultaneously reach any point inside of our Universe as
soon as it is generated at any spot of our Universe. Indeed, it is horrible to
communigate with the purely electromagnetic waves (two-potential waves)
propagating with speed Cp across the Solar System. For instance, a purely
electromagnetic signal can reach planet Mars from Earth in ~ 3 to 20 minutes.

. . .
Ganaratad fanr-natential eionale nranacating with the eneade Aa: 5> 7y and Ann
MIWVAIWA VWAL AU L yv»vubuu 01511“10 I.IL Uyusuv&xxa VY RUAR WiV U VWL LAUL 77 Nl GddNG Lays

>> Cp can give our civilization an opportunity of interplanetary, interstellar,
intergalactic communications without any significant delays.



5 Conclusion

This report has studied the coefficient of the

electromagnetogravitocogravitomechanical coupling (CEMGCMC) K2
tocogravitomechanica Kemge:

This coeff cient is qu1te comphcated because it couples the mechamcal,
elecirical, magnetic, gravitational, and cogravitational subsystems This
theoretical work has demonstrated that the CEMGCMC K2, .. (3) can be
introduced in a convenient form that combines four simplest coupling
coefficients (32) plus a complicated exchange term (33). This complicated
exchange term consists of several other exchange terms and combines all
dependence on the small exchange material parameters a, 3, {, A, &, and B listed
in table 1. It was discussed that the exchange term can significantly decrease the
value of the CEMGCMC K&, for small values of @, 9, {; 4, & and B. These
small material parameters for a solid and the possible corresponding parameters

ao, o, o, Ao, &, and o for a vacuum were also discussed. It was evaluated and
discussed that enppdq (16\ and (1 ’7\ for the nrnpnonhnn nffnnr-nnfpnhnl systems

can be 31gn1ﬁcant1y faster than the speed of light (11) in a vacuum, w1th which
both the two-potential electromagnetic wave and the two-potential
gravitocogravitic (gravitational) wave can propagate. Also, this theoretical work
can provoke some development of the gravitational engineering research arena
for new communication era based on some gravitational phenomena.
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