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Abstract

Regarding solid materials of symmetry class 6 mm, it is natural to deal with
mechanical, electrical, magnetic, gravitational, and cogravitational properties. In
addition to the electromagnetic a and gravitocogravitic 3 constants, the incorporation of
gravitational phenomena for these smart magnetoelectroelastics adds the gravitoelectric
¢, cogravitoelectric £, gravitomagnetic f, and cogravitomagnetic A constants. All of them
contribute to the value of the coefficient of the
electromagnetogravitocogravitomechanical coupling (CEMGCMC). The CEMGCMC
represents one of very important material characteristics because the dynamic
characteristics such as the bulk and surface acoustic wave speeds depend on it.
Therefore, it requires experimental determinations of the a, 4, {, &, 8, and A. In addition
to the well-known relative parameters az and ay, this report introduces the relative
material parameters g, 97, &k, &r, B, fe, (&, {6, An, and Ar, where the subscripts “E”,
“H”, “G”, “F” relate to the electrical, magnetic, gravitational, and cogravitational
subsystems, respectively. It is expected that their measurements can be preferable due
to the successful measurements of ar and ax during the last six decades. The knowledge
of the complete set of the material parameters for different magnetoelectroelastics can
provide a class of commercially fitting materials to constitute various technical devices
with suitable characteristics. This can actually contribute to the development of
infrastructure for signal processing based on the new fast waves that can propagate in
the solids at the speeds A; = ((A)* — ~ 10"C; and Az = (&8) ' — ~ 10"*Cy, where C;
is the light speed in a vacuum. Also, the new fast waves can propagate in a vacuum at
the speeds Aoi = ({odo) ' — ~ 10°°C, and Ag2 = (&gfo) 2 — ~ 10"Cy. These speeds Aol
and Ao are already apt for development of the instant interplanetary communication.

Keywords: Continuous media; Magnetoelectric and gravitational effects; Four
potential coupling problem; Exchange material parameters.

Copyright © 2020 by Hadronic Press, Inc., Palm Harbor, FL. 34684, USA
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1 Introduction

The recently developed theory [1, 2] of the acoustic wave propagation
coupled with the electrical, magnetic, gravitational, and cogravitational
potentials (i.e. the four-potential acoustic wave) has provided some theoretical,
mathematical, experimental, and engineering problems. Successful
developments towards resolving all these problems can result in appearance of
infrastructure, with which it will be possible to have the instant interplanetary
communication based on some gravitational phenomena. This communication is
possible because theory [1] has introduced two new fast waves that can
propagate in both solids and a vacuum at speeds thirteen orders faster than the
speed of light in a vacuum, Cr, = (gou0) ™ ~ (yoo) ™2 ~ 3 x 10® [m/s]. Here it is
worth noting that Abbott et al. [3] have found in 2016 that the gravitational
waves can also propagate in a vacuum with the speed of light Cr ~ (yoro) .
Therefore, both the electromagnetic and gravitational waves are unsuitable for
the instant interplanetary communication. These new fast speeds Ao = ({odo) ™
— 10'3Cz and Aoz = (&Bo) 2 — 10'3C;, for signal processing are already enough
for the instant interplanetary (interstellar and even intergalactic) communication.
For this purpose, it is necessary to know measured values of the following
parameters for a vacuum: the electric constant o, magnetic constant uo, gravitic
constant yo, cogravitic constant 7o, gravitoelectric constant (o, cogravitoelectric
constant &, gravitomagnetic constant o, and cogravitomagnetic constant Ao.

The measurement tools are currently well-developed for determination of the
vacuum parameters eo and uo. For a vacuum [4], the magnetic permeability
constant (magnetic constant) uo = 4n x 107 [H/m] = 1.25663706144 x 107
[H/m] and the dielectric permittivity constant (electric constant) e = 10~
7/(4nCr?) = 8.854187817 x 1072 [F/m] because Cr = 2.99782458 x 10° [m/s].
For solids, the electrical properties are known for many materials [5] and the
experimental tools [6] for determination of magnetic properties are also well-
developed. There are magnetoelectric solids [7, 8, 9] that possess the
magnetoelectric effect characterized by the electromagnetic constant a. The
magnetoelectric materials are suitable candidates for spintronics. For the
magnetoelectric materials there is the following condition of thermodynamic
stability: o® < gu [7, 8], where ¢ and y are the electric and magnetic constants for
solids, respectively. To enhance the value of the electromagnetic constant a,
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composite materials are created [7, 8]. However there are hexagonal
monocrystals [9] that can commercially compete with the composites. For the
solids there is always o << gu that can be readily rewritten as follows: Vo >>
Vey, where Ve = 1/a and Veum = (eu)™'* stand for the exchange speed and the
speed of the electromagnetic wave, respectively. For the solids, the
magnetoelectric effect is so small that there is even ¥, >> Cy. This is an evidence
that the exchange speed can be significantly faster than the speed of the
electromagnetic wave propagating in a solid or a vacuum.

According to theory [1], the taking into account some gravitational
phenomena in the theory of the acoustic wave propagation in the magnetoelectric
materials can result in interactions of extra two subsystems (gravitational and
cogravitational) with the electrical and magnetic subsystems. This theory uses
the centennial postulation by Einstein that any kind of energy (and any change
in energy) is coupled with gravitation. In 1916, Einstein [10] has used an analogy
between the gravitation and electromagnetism that was first mentioned by
Heaviside [11] in 1893. This analogy was studied by many theoreticians. For
instance, Jefimenko in his book [12] has studied the gravitation and cogravitation
that are also called the gravitoelectricity and gravitomagnetism in the theory of
the gravitoelectromagnetism representing the purely gravitational theory. So, it
is natural that theory [1] uses the gravitational and cogravitational subsystems.
As a result, developed theory [1] leads to the appearance of two new fast waves
propagating at the following speeds in the solids: 41 = ((1)™"% and 42 = (&B)™2,
where {, 4, & and 3 are the gravitoelectric, cogravitomagnetic, cogravitoelectric,
and gravitomagnetic constants for the solid, respectively. These two exchange
speeds can propagate thirteen orders faster than the speed of light, Cr. It is
possible to write the following thermodynamic stability condition: A1 >> ¥V, and
Ay >> V,. Therefore, A, >> Cr and A2 >> Ci. Also, it is natural to write down for
a vacuum: Ao1 >> Cr and Aoz >> Cr. These means that the parameters {o, o, fo,
Ao} for a vacuum and the corresponding material parameters {(, &, 3, A} for the
solids must be known in order to evaluate the corresponding exchange speeds.

This report offers for the reader to deal with relative material parameters
instead of {{, & B, A} for the solids. These relative material parameters will be
introduced in the following section. Each of them is relevant to one of the
following aforementioned material parameters for the solids: electric constant ¢,
magnetic constant y, gravitic constant y, cogravitic constant #. For the solids, the
constants ¢ and u are well-determinable in the corresponding experiments that
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was mentioned at the beginning of this section. Concerning the constants y and
n, Li and Torr [13] in 1991 have presented Maxwell's equations for gravitation
in a form, where the cogravitic constant 7 of a superconductor is different from
the parameter #o for a vacuum. One year later, Li and Torr [14] have discussed
the interrelationship between the magnetic and cogravitational fields in
superconductors and estimated the value of the relative cogravitic constant # of
a superconductor. In 1993, Torr and Li [15] have continued their analysis of
gravitational effects in superconductors and studied some coupling between the
gravitational and electric subsystems via superconductivity. In 2016, Fiizfa [16]
has studied weak interactions in solids between the electric or magnetic
subsystem on one side and the gravitational or cogravitational subsystem on the
other side. Therefore, it is necessary to state that the parameters &, u, y, and 5 can
be readily evaluated for various solids and naturally used for determination of
the material parameters {; &, 3, A}. These last four parameters can be obtained
with known values of the relative material parameters introduced in the
following section. The third section provides some discussions.

2 The relative material parameters

In the transversely isotropic solid materials of symmetry class 6 mm, the
velocity of the anti-plane polarized bulk acoustic wave can be calculated with
the following expression [1]:

Vtemgc = \/E(l + Kezmgc)/p (1)

In definition (1), the material parameters C and p are listed in table 1. Also,
the nondimensional parameter K2,,c 1is called the coefficient of the
electromagnetogravitocogravitomechanical ~coupling (CEMGCMC). This
coefficient can be calculated with the following formulae [1, 17, 18, 19]:

Z
Kg'mgc = (2)
czZ,

where

Z, = e2(uyn + 2BA9 — A2y — B?n — %) + h?(eyn + 2089 — 9% -
7% — E2y) + g% (eun + 2aéA — A2e — a®n — §2p) + 2 (epy + 2aP{ —
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B2e — a?y — {Pu) + 2eh({Pn + §yA + 9%a — ayn — {29 — §BY) +
2eg(apn + &9u + A2 — ar9 — qun — §BA) + 2ef (ayAd + {9u + B¢ -
afd — {BA — Euy) + 2hg(eAd + {an + &2 — add — (A& — enp) +
2hf (B9 + Eay + {21 — ald — (EB — eAy) + 29f (eBA + Eul + a9 —
afd — af§ — eud) (3)

Z, = (ep — a?®)(yn — 92) + (B — AD? — (E2uy + B?en + ey +
22un) + 2(yaéA + napq + efA9 + piéd — afAd ~ ap§v) (4)

Table 1: The material parameters of the magnetoelectroelastic solid, their
fundamental physical dimensions, and estimated values.

Material parameter, symbol Dimension Estimated values
Mass density, p kg/m? 10°

Elastic stiffness constant, C kg/(mxs?) 10° to 10!
Piezoelectric constant, e kg!?/m*? 0.1to 10
Piezomagnetic coefficient, 4 kg!?/(m'2xs) 0.1 to 103
Piezogravitic constant, g kg/m? 10° to 10'°
Piezocogravitic coefficient, / s7! 101 te 107
Electric constant, & s2/m? 1679 o 107°
Magnetic constant, - 10%to 107
Electromagnetic constant, o s/m [0 o 107
Gravitic constant, y kgxs*/m? 101° to 10M
Cogravitic constant, m/kg 16 o 107%
Gravitocogravitic constant, 4 s/m 10 40 1071
Gravitoelectric constant, ¢ kg'?xs¥/m>? 10%to 1072
Cogravitoelectric constant, & s/(kg"*xm'?) 10~ 1o 1074
Gravitomagnetic constant, /3 kg!?xs/m*? 10°to 10
Cogravitomagnetic constant, A m'?/kg'? 1040 107%°

All the material parameters present in (3) and (4) are listed in table 1. This
form (4) can be naturally rewritten in the following forms [19]:

Z, = (en = &) (uy — B2) + (@9 — 20)? — (O%eu + a’yn + A2ey +
22um) + 2(yaéA + naPl + efAY + ugsd — (§fA — apsyd) (5)
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Z, = (ey = ) (un — 22) + (ad — BE)* — (9%eu + a?yn + §*uy +
B%en) + 2(yaéa + naPl + efAY + ug§d — (§fA —~ afAd) (6)

It is necessary to state that forms (4), (5), and (6) are equivalent. It is also
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] = [62] = [#*] = [a9] = [(A] = [£B] = [s*/m?]. These two parameters
(1) and (2) are very important. Indeed, the speeds of both the new interfacial
acoustic SH-wave [17] and the new dispersive acoustic SH-waves [18] in plates
(thin films) actually depend on them. In equivalent forms (4), (5), and (6), the
reader must focus on the first two terms on the right-hand side. It is clearly seen
that in each equivalent form there are two first terms that consist of two
cofactors. Using these two terms, it is possible to borrow the following
inequalities from work [19]:

2.92 2 2
gettled puet-asr el oy 7

Epyn Eu ¥n

2 2 2
0<E8 c1,0<E<1,0<E <1 )

Euyn en wy

272 2 2
it er nebcl ot <1 9)

euyn ey un

Using inequalities (7), it is possible to write down the following relative
magnetoelectric (ME) coefficients [20] listed in table 2:

0E
OH
Qy =E='Z' (11)

because it is convenient to deal with the following dimensionless parameter
listed in table 2:

0E 0H _ a?
Qplty = OH 0E U (12)



Table 2: The relative material parameters oz, on, 96, 9r, &, r, Pu, B, (&, 6, An,
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and Ar, their fundamental physical dimensions, and estimated values.

Material parameter Dimension Estimated values
aE m/s 1076 to 107
aH s/m 101%t0 107
6 m?/(kgxs) 10026 ¢ 1072
9 kgxs/m? 10! to 10%°
(e kg'2im'2 10% to 10°

CG ml/Z/kgl/Z 10718 to 10—12
¢e m>?/(kg!?xs) 1622 to 1072
&r kg!'?xs/m¥? 1071740 10712
P kg!?xs/m*? 1 to 10*

,BG m3/2/(kg1/2XS) 10716 to 10—10
Al ml/Z/kgI/Z 10734 to 10—32
AF kg!?/m!” 1072 t0 107
aeoH, 369F, PuPc, elc - % 10

Ceér - > 1072

AHAF - > 10746
asardcIF - > 107
Eelrfufc - =105
(elGAHAF - > 107

In (10) and (11) there are the partial first derivatives OE/OH and OH/OE,
respectively, where E and H stand for the electric and magnetic fields. Relative
parameter oz (10) is called the linear ME voltage coefficient that is the quantity
generally measured during experiments [7, 21, 22]. The ME coefficients az (10)
and ay (11) are for the direct and converse ME effects [20]. The ME voltage
coefficient az can be defined under the open electric circuit condition and
expressed as az = /e, where ¢ is the effective permittivity (electric constant) for
a solid. Similarly, the converse ME coefficient ay (11) can be determined under
the open magnetic circuit condition and expressed as follows: ay = a/u, where u
is the effective permeability (magnetic constant). The ME coefficient ax can be
easily found in experiments similarly to the ME voltage coefficient. For instance,
the dielectric constant ¢ = 11.9¢o for Cr203 [20] and therefore, the measured value
of a = 2.67 x 107'? [s/m]. This means that the exchange speed V. = 1/a for
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monocrystal Cr20; is equal to ¥, = 3.75 x 10! [m/s] > C; = 2.99782458 x 10°
[m/s] and even V, >> C;. With the effective permittivity & and the effective
permeability yu, the value of a can be measured for composites that can provide
significantly stronger ME coupling. For composites, the effective parameters ¢
and u can have very complicated forms [20].

Similar to the exchange between the electric and magnetic subsystems in the
treated solids, an exchange between the gravitational and cogravitational
subsystems can exist. Exploiting inequalities (7), it is therefore natural to

introduce the following relative cogravitogravitic (CG) coefficients listed in
table 2:

¢ _ 9
o0F _ 9
19):. = _aa = -1; (14)

Therefore there is the following dimensionless parameter:

_ 0GoF _ 9%
960r = 5o50 =" (15)

In (13) and (14) there are the partial first derivatives 0G/OF and OF/0G,
respectively, where G and F stand for the gravitational and cogravitational fields.
Expressions (13) and (14) for the direct and converse CG effects can be used for
experimental measurements of the gravitocogravitic constant § for both
monocrystals and composites. For composites however, the forms for the
effective gravitic constant y and the effective cogravitic constant # can be found
for an individual composite and can be very complicated.

Similarly, it is possible now to utilize inequalities (8). So, it is also natural to
introduce the following relative cogravitoelectric (CE) coefficients that are listed
in table 2:

(16)

fp=£=% (17)
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As a result, the following expression can be written:

dE OF &2
$eér k=i e (18)

Using inequalities (8), it is also possible to introduce the following relative
gravitomagnetic (GM) coefficients listed in table 2:

0H

Bu=3c=" (19)
aG

Be=3p=" (20)

Coefficients (19) and (20) as the cofactors represent the following
dimensionless form present in inequalities (8):

_oHaG _ B?
Bube ==L 1)

Finally, it is possible to employ inequalities (9). Therefore, to introduce the
following relative gravitoelectric (GE) coefficients listed in table 2 is natural:

0E

==t (22)
G

e=3p=1 (23)

These coefficients produce the following form present in inequalities (9):

dE 3G _ ¢*
Sl =53 =5 (24)

With inequalities (9), it is natural to introduce the following relative
cogravitomagnetic (CM) coefficients listed in table 2:
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d A

Ay = _a’; =2 (25)
oF A

/1;;- = 5;1_ = '1; (26)

These relative cogravitomagnetic coefficients provide the following form in
inequalities (9):

_OHOF _ 2%
Ayrp = P8R — my (27)

3 Discussion

The physical dimensions of all the relative material parameters are listed in
table 2. It is expected that all of them can be measured for both monocrystals
and composite materials. However, the experimental determination of the
introduced material parameters requires creation of proper experimental tools.
So, a lot of experimental setups must be combined in order to measure all the
material parameters of the smart magnetoelectric materials incorporating the
gravitational phenomena. This is suitable for a large research organization. All
the material parameters for the treated case, namely {p, C, e, h, g, 1, &, u, 9, 1, @,
3, §, A, & B} listed in table 1 are necessary to calculate propagation speeds of
various acoustic waves. It is expected that one, two, or several parameters of {a,
3, ¢, A, & B} can be crucial for the existence of some (surface) acoustic waves. It
is also expected that the experimental determination of the relative parameters
{96, 9, &, &, BH, Po, (&, (o, A, Ar} listed in table 2 is preferable because there
are successful measurements of relative magnetoelectric coefficients (10) and
(11) [20] during the last several decades. Indeed, Astrov [23] has experimentally
determined the electromagnetic constant o for the monocrystal Cr20O3 in 1960.
However, many composite materials show significantly stronger ME
interactions. This allows the manufacture of various magnetoelectric technical
devices such as the wireless powering systems [24, 25], energy harvesting [26],
tunable inductors [27], magnetic-field sensors [28-35], gyrators and transformers
[36, 37], dual electric-field- and magnetic-field-tunable microwave and
millimeter-wave devices [38-42], and miniature antennas [43-46]. It is expected
that using suitable monocrystals or created composites with the electric,
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magnetic, gravitational, and cogravitational effects, it also is possible to
constitute, for instance, gravitational-field and cogravitational-field sensors, etc.
It is also natural to utilize them for the energy harvesting instead of the
conventional piezoelectrics [47-50].

Concerning the infrastructure development for the instant interplanetary
communication, some schemes were discussed in paper [51]. It is assumed that
planetary colonists between each other can have conventional L-communication
at the speed of light on the guest planet. However, the 4-communication must
be used when there is a necessity to communicate with the home planet because
the 4-communication based on the new fast waves propagating at the speeds Ao:
= (Lodo)™? — 10C, and Ag = (&)™ — 1083C, can already provide the
instant interplanetary communication. This can be useful for the remote health
monitoring of the planetary colonists. For this new communication era based on
the symbiosis of the electromagnetic and gravitational phenomena, the
parameters {eo, Ko, Y0, 7o, @, Jo, {0, Ao, o, fo} for a vacuum must be also known.
Today, only the values of the parameters {eo, 0, Y0, #o} for a vacuum are well-
known. Therefore, the rest parameters {ao, %o, {o, Ao, <o, fo} representing the
exchange constants must be also determined in proper experiments. It is
expected that these parameters for a vacuum can be determined when the
experimental techniques will be successfully developed for measurements of the
material parameters for the solids. According to the evaluations done in table 2,
the values of azaw, 969r, fufc, and (s(c are larger than 1076, Therefore there
are possibilities to properly measure the values of the relative parameters 3¢, 9r,
Pu, Ba, (&, and (G because the values of ax and o are precisely measured for the
last several decades. For the proper measurements of the rest parameters &z, &r,
An, and Ar (Eeér > 10752 and Awdr > 107 in table 2) it is expected that more
sensitive experimental tools must be created.

4 Conclusion

Incorporating gravitational phenomena for the magnetoelectroelastic
materials, this report has introduced the relative material parameters 9, Ir, &z,
&k, P, P, Ce, {6, An, and Ar defined by formulas (13)~(27) and listed in table 2.
These parameters are natural implement to the well-known relative material
parameters ar and oas that are successfully measured during the last several
decades. Experimental determinations of all the aforementioned relative material
parameters lead to the utilization of the complete set of the material parameters
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p,C e h g feuynad i< B} listed in table 1. The complete set of the
material parameters will allow for the researchers and engineers to study the
acoustic wave propagation in the (composite) solids. Also, this will actually
contribute to the development of the instant interplanetary communication based
on the new fast waves propagating in both the solids and a vacuum at the speeds
thirteen orders faster than the speed of light in a vacuum. So, it is possible to
state that this work has touched some gravitational engineering research arenas
for new communication era based on gravitational phenomena.
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