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Abstract—This short report acquaints the reader with the
developed software that can work with piezoelectrics,
piezomagnetics, and piezoelectromagnetics (PEMs) with
incorporation of gravitational phenomena, ie.
piezogravitotorsionoelectromagnetic (PGTEM) materials. This
software can calculate the material properties and wave
characteristics in all the aforementioned continuous media.
Also, it allows the PEM and PGTEM composite creation from
the material parameters of both piezoelectrics and
piezomagnetics that present in the software database or can be
loaded from a file. The software interface and sample
calculations are demonstrated.
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I. INTRODUCTION

The theory on the acoustic wave propagation coupled with
the electrical, magnetic, gravitational, and torsional (i.e.
cogravitational) potentials was developed in 2016 [1] and
2017 [2]. Some mathematical problems were resolved in 2018
[3]. It was found that these four-potential shear-horizontal
(4P-SH) acoustic waves can propagate along the surface of the
suitable solid [1], along the common interface between two
dissimilar solids [4], and in plates [5].

All the obtained speeds of the different 4P-SH acoustic
waves depend on the material parameter called the coefficient
of the electromagnetogravitotorsionomechanical coupling
(CEMGTMOC) discussed in [6]. In the solids, these acoustic
wave speeds can also depend on the speeds of the
electromagnetic and gravitational (namely gravitotorsional)
waves, and two faster speeds. These two fast speeds can exist
in solids and a vacuum. Therefore, these fast waves can be
used for instant interplanetary (interstellar and even
intergalactic) communications. Review [7] has combined
evaluations of propagation speeds of gravitational phenomena
in continuous media that was done from Newton’s time to this
century because Newton’s theory of gravitation assumes an
instant speed for gravitational phenomena. Some suggestions
concerning the instant interplanetary communication were
introduced in [8]. For this purpose, the development of proper
infrastructure on the Earth is necessary. It is obvious that the
successful development can be based on resolving many
theoretical, mathematics, experimental, and engineering
problems.

First of all, it is necessary to investigate these problems for
solid continua. Then, it is possible to use obtained experience
for a vacuum. However, acoustic waves cannot propagate in a
vacuum. To study the acoustic wave propagation in the
piezoelectromagnetic (i.e. magnetoelectric) materials with
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taking into account the gravitational phenomena, i.e. the
piezogravitotorsionoelectromagnetic (PGTEM) materials, is
significantly more complicated in comparison with the purely
piezoelectromagnetic case. As a result, many material
parameters must be taken into account for calculation of wave
parameters. To put forward investigations of these PGTEM
(composite) materials, the interactive software was created at
the International Institute of Zakharenko Waves (IIZWs,
WWW.1iZW.ru).

The following section introduces the developed software.
This software deals with all the aforementioned materials
because the study of the PGTEM materials requires this
peculiarity. For this aim, it is necessary to use existing or
created piezoelectrics, piezomagnetics, and
piezoelectromagnetics, as well as auxiliary piezogravitics,
piezotorsionics, and piezogravitotorsionics in order to create a
PGTEM material with desired properties.

II. DESCRIPTION

The created software (first version) written with the free
Lazarus tools can be downloaded here:
https://www.researchgate.net/publication/338517269 On_ev
aluations of fast speeds of propagation of gravitational p
henomena A review as a file.zip that contains the single
file.exe (~ 10 MB) for installation on a Windows 7/8/10
computer. For installation, it requires only ~ 60 MB of the
hard disk space and can be uninstalled similar to any other
software. After installation, the main form shown in figure 1
starts. This form has two TabSheets shown in figures 1 and 2,
respectively.

For user reference, the first TabSheet provides the vacuum
parameters just below the main title. The electric, magnetic,
gravitic constants and the speed of light can be found in the
reference book on physics [9]. Using the gravitic constant and
the speed of light, the torsionic constant can be calculated. The
other vacuum parameters in figure 1 have the evaluated values
borrowed from [3, 4, 6]. For convenience, all the vacuum
parameters have their physical dimensions. These vacuum
parameters are used in suitable calculations of speeds of the
acoustic waves propagating in the solids when there is a
coupling with a vacuum. Below the vacuum parameters there
are dialogs for selection of suitable materials. First of all, it is
necessary to choose the crystal symmetry, hexagonal or cubic.
Each crystal symmetry loads its own default list of material
parameters for piezoelectrics, piezomagnetics,
piezoelectromagnetics, piezogravitics, piezotorsionics, and
piezogravitotorsionics. As soon as the user has chosen any of
the aforementioned materials the results of the calculations are
shown in two output areas located at bottom-right of the main
form shown in figure 1.
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Main Input Window | Created PGTEM Composites

Calculation of propagation speeds of acoustic waves
for piezoelectromagnetic materials incorporating gravitational phenomena

Electric constant [F/m]:
0.088541878128E-10

Gravitic constant [kgF/m*2]:
1.4982878809675244334E+10

Parameters
for a vacuum:
(Refs. [vacuum])

Electromagnetic constant [s/m]: Gravitotorsionic constant [s/m]: Torsionomagnetic canstant [m/C]:
1.0E-14 2.0E-14 1.0E-35

Gravotomagnetic constant [WhF/m~2]:
1.0E-02

Iagnetic constant [N/A2]:
1.2566370614359172954E-6

Torsionic constant [m/kg]:
0.0742614333054188E-26

EM-exchange speed, Va0 [m/s]:
1.00000000000000E+14

GT-exchange speed, Vs0 [m/s]: Gravitoelectric constant [CF/m*2]:
5.00000000000000E+13 1.0e-07

Torsionoelectric constant [m/Wh]:
1.0E-40

Speed of light [m/s]:
2.99792458081606E+08

Speed of light (gravity) [m/s]:
2.99792458081606E+08

Speed of light with a0 [m/s]:
2.99792458082954E+08

Speed of light with 50 [m/s]:
2.99792458086995E+08

Speed of first fast wave [my/s]:
1.00000000000000E+21

Speed of second fast wave [m/s]:
1.00000000000000E+21

Crystal symmetry: Piezoelectromagnetics (PEMs): Piezogravitics (PGs): Piezogravitotorsionics (PGTs): Output Material Parameters:

Hexogonal - I IS ERS O] +| <PGs11 PZT-7A (6 mm) v  cPGTs 11 PZT-TA (6 mm)_Terfenol-D (Th27l v  bl0= -0.003225461975880 -
bl1= 0.058169331304731
Piezoelectrics (PEs): Parameter: Value: Parameter: Value: Parameter: Value: bl2= 0.339930140004014
Ro = 8.28000000000E+03 Ro= 7.500E+03 Ro = 8.28000000000E+03 bl3= -0.040250124208736
PZT-7A (6 mm) v |cad = co6 = 1.69500000000E+10 C44 = C66 = 2540E+10 C44 = CB6 = 1.69500000000E+10 b14= 0.010520740207861
6= e = 6.50538238631624 g16=g¥ = 1.85080783719E+10 gl6 = g34 = 13794294504.6881 b15= -0.351878691022860
Parameter: Value: hi6 = h34 = 79.5495128834866 pll=p33= 1.49828788097E+11 6 =34 = 1.776544656 2003659 bl6= 0.376452507504370 B
Ro= 7.500E+03 dil = d33 = 4250E-10 nll=n33= 0 pll =p33 = 1.49828788097E+11 b17= 0.397350024155837 |=
Sg =§f = SZ{‘,EE%E mil = m33= 3.080E-06 nll = n33= 7.42614333054E-27 i
SeM= | 200E-+ Ca3 - z ; . S = X
e 80 all =833 = 1.14411537880E-08 Piezotorsionics (PTs): 11 =33 = 3.33564095108E-09
Qutput Waves' Speeds:
mil = m33 = 0 PTs_1_1_Terfenol- D (Th27Dy73Fel85, 6 mm) = Utput Waves' speeds:
VnewB= 1579.9141546170 -
i i . Parameter: Value: Vnewd= 1722.5204202296
Piezomagnetics (PMs):
Ro = 9.060E+03 Vnewl0= 1844 4822076995
Terfenol-D (Tb27Dy73Fel95, 6 mm) ~ | Create PEMs, PGs, PTs, PGTs | |c44 = c66 = 0850E+10 @ Show References | vnewi=1susasaiss
Fym—— Valve = - = | me=mu= 2.51241354686E-09 Vnewl2= 1734 6535878758
I 9060603 pll=p3i= ] Vnewl3= 1842.9970915544
ks nll=n3l= 742614333054E-27 Vnewl4= 1844.3897198953
C44 = CB6 = 0.850E+10
e Vnewl5= 1726 5284570860 7
h16 = h34 = 112.50E+00
11 - o3 o 0 Vnewl6= 1708 8034556417 E
il = m33 = 3.080E-06 Input/Compare/Save/Delete of PEs, PMs, PEMs, PGs, PTs, PGTs Vnewl7=1692.6294854280

Fig. 1. The main form that starts as soon as this software is installed on a Windows 7/8/10 computer.

P ional Institute of Waves (IZWs, ru)
Main Input Window | Created PGTEM Composites
| . . .
Calculation of propagation speeds of acoustic waves
for piezoelectromagnetic materials incorporating gravitational phenomena
Created Crystal Symmetry: Crystal Symmetry: Crystal symmetry: dil = d33 [10+(-10), F/m] =
PGTEM Hexagonal ~  Hexagonal - Hexagonal o] (1319610
Composite " ag] - m1l = m33 [10~(-6), N/A~2] =
P. List of PGTEM Composites: List of PGTEM Composites: Ro (1073, kg/m*3] 3.080E-06
Material T o 3.40500000000E+03 .
Parameters: CPGTEMs 11 PZT-5H (6 mm)_Terfenol-D (Tt + | MM B N e Ca] - ’ pll = p33 [10410, kg * F/m*2]] =
’ ) ) €44 = C66 [10710, N/m~2] = 1.49828788007E+11
Created PGTEM Composite: Created PGTEM Compaosite: 219000000000E+10 11 = n33 [104(=28), m/kg] =
Parameter: Valug: Parameter: Value: 216 = e34 [(/m*~2] =
Ro = 8.40500000000E--03 Ro = 8.40500000000E+03 PGTEML [ = | | |5 hong152801713 TA614333054E-27
C44 = C66 = 2.19000000000E +10 C44 = C66 = 219000000000E+10 B B all = a33 [10~(-12), s/m] =
el = e34 = 120208152801713 <16 = e34 = 12.0208152801713 hi6 = h3d [] = 2.15657135287E-08
hi6 = h34 = 79.5495128334866 hi6 = h34 = 79.5495128834866 79.5495128834866 S11 = 833 [104(12), 5/m] =
gl6 = g34 = 16261851401.0777 gl6 = g34 = 22997730800.7315 16 = 034 (10710, kg/m~2] = = =12). =
fl6=f4= 1.77654465620036E-9 116 = 34 = 251241354695949E-9 K 9341 . kg/m*2] 3.33564095108E-09
dllll = d3333 = ésuzgéég :11111 = d3§3 = ;sggggég 5142448930,85918 L11 = 133 [10~(-35), m/C] =
mil=m33= 0BOE- mil = m33 = 030E- _ _ .
bl = g3 = 149828788007 +11 il =p32 = 1.40878788007E+12 f16 = 134 [10*(-8), rads) = 151236640304 E-18
nll=n33= 7.42614333054E-27 nll=n33 = 7.42614333054E-26 1.77654465620036E-2 711 = 733 [104(-7), C * F/m*2] =
all =a33 = 2.15657135287E-08 all =a33 = 215657135287E-08 . ! 4.75648473167E-01
1l =533 = 3.33564005108E-09 s11 =533 = 3.33564005108E-08 Output Material Parameters:  Output Waves' Speedis: 511 < B33 HOA(-2) Wb - F/m2) <
=133 = 1.31236640504E 18 Hi=133= 478252240045 13 M54= 507005948464E-21  »  Clg= 2997924580B1606E+08 =~ =D 1003, mi2=
1 =733 = 4.75648473167E-0L Z =733 = 1.50413254079E+00 MB= 5.07005948464E-27 Vemgt- 1984.1757030602 6.79317795541E+00
Bll=B33= 6.79317795541E+00 Bll = B33 = 214819148899E+01 210 5573043116 23E17 Vfastl= 3.72845096300E08 K11 = K33 [10(-40), m/wh] =
Kil =K33 = 1.05803703444E-19 K11 = K33 = 3.34865202754E-10 1= 5673431 1623E-17 Vfastl- 3.72845006300E-08 105892703444E.10
£2= 111024302714E-16 Vfastd1= 1,0000000000E+21 o .
Kemgt2= 0 5109620068 Vfastd2= 1 0000000000E+21 Name of Piezogravitotorsioneelcctromagnetics:
Calculate PGTEM SH-SAW: l i Calculate PGTEM SH-SAW: bBGpe= 0.304088890759485 VEGpe= 1842.3457253410 | | . -
I alculate s alculate s BEGam 0.085770040850020 VEGame 1681 9850348257 cPGTEMs 1 2 PZT-5H (6 mm)_Terfenal-D (Tb27L
bBGpg= 0.015862029703875 VEGpg= 1626.9371504257
N - N - bBGpt= 0.003866272458486 || VEGpt= 1617302024203 L
lcalcu\ate PGTEM SH Acoustic Waves in Plate I [Ca\culate PGTEM SH Acoustic Waves in P\ate] bBG;Em: 0331211026180611 VBG:'Iem: 1862.4158251617 £ e Add PGTEMs I Q Open PGTEMs
bBGMgt= 0.018264325269341 |=| VEGMgt= 1628 8532097677
- - — - bnewl = 0.338170467472602 Vnewl= 1867.2777360267
I B | Calculate Interfacial PGTEM SH Acoustic Waves for Two Dissimilar Materials I . i Save PGTEMs to a File
Fig. 2. The second TabSheet of the main form that contains all the input and output data of the created PGTEMs materials.

For the piezogravitotorsionoelectromagnetic (PGTEM)
materials there is the second TabSheet of the main form shown
in figure 2. On the left it has two dialogs for comparison of the
material parameters of any pair of the PGTEM materials.
Also, the left and right PGTEM materials can be moved to the
right dialog for corrections of the values of the PGTEM
material by pushing the buttons called “PGTEM1” and
“PGTEM?2” with arrows, respectively. The calculated material
and wave parameters are shown in two output columns
situated between two groups of buttons.

The group of three buttons on the bottom-right allows the
user to add, load, and save any desired PGTEM material with
the material parameters located in the fields above these
buttons up to the crystal symmetry. So, the user can save the
PGTEM parameters to a text file, open a text file containing
the material parameters created by the user, and add the loaded
(created, corrected) PGTEM parameters to the common list of
the PGTEMs. The output form with figures and calculated
data shown in figure 3 is created as soon as the user pushes on
one of the left-group buttons.
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Parameters bl and b2
=

06

04

02

L 1 1 L 1 1 1 1
0 01 0.2 03 04 0.5 06 0.7 0.8 09 1
MNondimensional Parameter CEMGTMC Kemgt2

0 01 0.2 03 04 05 06 07 08 0.9 1
Mendimensional Parameter CEMGTMC Kemgt2

I B Save Output Data to a File

|

Piezogravitotorsionoelectromagnetics (PGTEMS)

Crystal Symmetry (PGTEMs): Hexagenal

Crystal Name (PGTEMs): cPGTEMSs_1_1_PZT-5H (6 mm)_Terfencl-D (Th27Dy73Feld5, & mm)
Ro= 8.40500000000E+03 C44= 2.19000000000E+10

el6=12.0208152801713 h16= 79.5495128334866 g16= 16261851401.0777 f16= 1.77654465620036E-3

d11=151.0E-10 m11= 3.080E-06 p11= 1.49828788097E+11 nll1= 7.42614333054E-27 all= 215657135287E-08 s11= 3.33564095108E-09

L11=1.51236640534E-18 Z11= 4.75648473167E-01 B11= 6.79317795541E+00 K11= 1.05893703444E-19

d0= 0.088541878128E-10 m0= 1.2566370614359172954E-6 p0= 1.4982878809675244334E+10 nl= 0.0742614332054188E-26
Vid= 1614.18459588042

Al= 6.45841574173€-19

A2=111034302714E-18

Kemgt2= 05816595038

Kemgt2= 0,000 b1= 10000000000 b2= 0.0000000000 Vtemgt= 1614184596 Vnewl = 1614184596 VUSZWpe= 1614.184596
Kemgt2= 0,010 bl= 10100000000 b2= 0.0099009901 Vtemgt= 1622.235442 Vnewl = 1622.155026 VUSZWpe= 1622.235442
Kemgt2= 0,020 bl= 10200000000 b2= 0.0196078431 Vtemgt= 1630.246530 Vnewl = 1629.933111 VUSZWpe= 1630.246530
Kemgt2= 0030 bl= 10300000000 b2= 0.0291262136 Vtemgt= 1638.218443 Vnewl = 1637.523415 VUSZWpe= 1638.218443
Kemgt2= 0.040 b1=1.0400000000 b2= 00384615385 Vtemgt= 1646151751 Vnewl= 1644933732 VUSZWpe= 1646151750
Kemgt2= 0,050 b1= 10500000000 b2= 0.0476190476 Vtemgt= 1654047008 Vnewl= 1652.170607 VUSZWpe= 1654.047007
060 b1= 10600000000 b2= 0.0566037736 Vtemgt= 1661.904758 Vnewl = 1659.240261 VUSZWpe= 1661.904757
070 bl1=1.0700000000 b2= 0.0654205607 Vtemgt= 1663.725529 Vnewl = 1666.148611 VUSZWpe= 1669.725528
Kemgt2= 0,080 bl= 10800000000 b2= 0.0740740741 Vtemgt= 1677.509840 Vnewl = 1672.901287 VUSZWpe= 1677.509838
Kemgt2= 0,090 bl= 1.0900000000 b2= 0.0825688073 Vtemgt= 1685.258194 Vnewl = 1679.503655 VUSZWpe= 1685.258192
Kemgt2= 0100 b1=1.1000000000 b2= 00909090909 Vtemgt= 1632971087 Vnewl= 1685960824 VUSZWpe= 1692.971084
Kemgt2= 0110 b1= 11100000000 b2= 0.0990990991 Vtemgt= 1700649000 Vnewl = 1692.277672 VUSZWpe= 1700.548997
Kemgt2= 0120 bl= 11200000000 b2= 0.1071428571 Vtemgt= 1708.292404 Vnewl = 1608.458852 VUSZWpe= 1708.292401
Kemgt2= 0130 bl= 11300000000 b2= 0.1150442478 Vtemgt= 1715901762 Vnewl = 1704508306 VUSZWpe= 1715.901758
Kemgt2= 0140 bl= 11400000000 b2= 0.1228070175 Vtemgt= 1723477524 Vnewl = 1710.431782 VUSZWpe= 1723477520
Kemgt2= 0150 bl= 11500000000 b2= 0.1304347826 Vtemgt= 1731020132 Vnewl = 1716.231839 VUSZWpe= 1731.020127
Kemgt2= 0160 bl= 11600000000 b2= 0.1379310345 Vtemgt= 1738530016 Vnewl= 1721912860 VUSZWpe= 1738.530010
Kemgt2= 0170 b1= 11700000000 b2= 0.1452991453 Vtemgt= 1746.007599 Vnewl = 1727478563 VUSZWpe= 1746.007592
Kemgt2= 0180 bl= 11800000000 b2= 0.1525423729 Vtemgt= 1753.453294 Vnewl = 1732.932509 VUSZWpe= 1753.453287
Kemgt2= 0190 bl= 11900000000 b2= 0.1536638655 Vtemgt= 1760867506 Vnewl = 1738.278109 VUSZWpe= 1760.867498
Kemg 200 b1= 1.2000000000 b2= 0.1666666667 Vterngt= 1768.250630 Vnewl = 1743.518634 VUSZWpe= 1768.250622
Kemg 210 b1=1.2100000000 b2= 0.1735537190 Vtermngt= 1775.603055 Vnewl= 1748657221 VUSZWpe= 1775.603045
Kemgt2= 0220 b1= 1.2200000000 b2= 0.1803278689 Vtemgt= 1762925161 Vnewl = 1753.696830 VUSZWpe= 1782.925151
Kemgt2= 0,230 b1=1.2300000000 b2= 0.1869918699 Vtemgt= 1790.217319 Vnewl = 1758.640501 VUSZWpe= 1790.217308
Kemgt2= 0,240 bl=1.2400000000 b2= 0.1935483871 Vtemgt= 1797 479894 Vnewl = 1763.490862 VUSZWpe= 1797.479882
Kemgt2= 0,250 bl= 1.2500000000 b2= 0.2000000000 Vtemgt= 1804.713242 Vnewl = 1768.250630 VUSZWpe= 1804.713230
Kemgt2= 0260 bl= 1.2600000000 b2= 0.2063492063 Vtemgt= 1811917715 Vnewl = 1772.922371 VUSZWpe= 1811.917702
Kemgt2= 0,270 bl= 12700000000 b2= 0.2125984252 Vtemgt= 1819093655 Vnewl= 1777.508550 VUSZWpe= 1819.093641
Kemgt2= 0,280 b1=1.2800000000 b2= 0.2187500000 Vtemgt= 1826.241398 Vnewl= 1782.011543 VUSZWpe= 1826.241383
Kemgt2= 0,290 bl=1.2900000000 b2= 0.2248062016 Vtemgt= 1833361275 Vnewl = 1786.433634 VUSZWpe= 1833.361259
Kemgt2= 0,300 bl= 1.3000000000 b2= 0.2307692308 Vtemgt= 1840.453608 Vnewl = 1790.777024 VUSZWpe= 1340.453591
Kemgt2= 0310 bl= 1.3100000000 b2= 0.2366412214 Vtemgt= 1847 518715 Vnewl = 1795.043833 VUSZWpe= 1347.518697
Kemgt2= 0320 b1=1.3200000000 b2= 02424242424 Vtemgt= 1854.556907 Vnewl= 1799.236103 VUSZWpe= 1854.556888
Kemgt2= 0330 bl= 1.3300000000 b2= 0.2481203008 Vtemgt= 1861.568489 Vnewl = 1803.355805 VUSZWpe= 1861.568469
Kemgt2= 0340 bl=1.3400000000 b2= 0.2537313423 Vtemgt= 1868.553761 Vnewl = 1807 404837 VUSZWpe= 1868.553741

[

Fig. 3. The output form with figures and input and output data that is created when the user push the buton called “Calculate PGTEM SH-SAWs” located on

the second TabSheet of the main form.

In the appeared output form shown in figure 3 there are
two figures and several columns of output data. All these data
can be saved to a file by pushing the single button on the top-
right. The output form has two TabSheets with output data for
the PGTEM materials. The second TabSheet is not shown here
due to the page limitation for the conference proceedings. The
same output form, for instance, for a piezoelectrics is appeared
when the user pushes the button entitled “Calculate” situated
on the other form that is called when the user pushes the
longest button on the bottom of the main form shown in figure
1. For piezoelectrics, however, the output form contains only
the single TabSheet with the corresponding data shown in
figure 3. This is due to the fact that piezoelectrics possess a
small number of the input and output data in comparison with
the piezoelectromagnetics and the PGTEM materials.

Pushing the button entitled “Create PEMs, PGs, PTs,
PGTs” (figure 1) causes the creation of one
piezoelectromagnetics, four piezogravitics, four
piezotorsionics, sixteen piezogravitotorsionics, and sixteen
PGTEM composite materials. They are immediately available
in the corresponding listings for calculation for their
properties. This procedure if the composite materials’ creation
is useful because the difference in the values of some material
parameters can reach forty orders in this case. However, the
software was successfully tested on Windows 7 and 10
platforms in various countries. The software has demonstrated
its stability and correctness.

The button entitled “Show References” (figure 1) is for
loading of one extra form that contains the references for the
piezoelectrics, piezomagnetics, piezoelectromagnetics, etc.
This form also contains the other information and a short
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instruction for the user. For instance, for the piezoelectrics and
piezomagnetics present in the [IZWs software there are the
following default crystals: piezoelectrics PZT-7A (hexagonal
symmetry class 6 mm) [10, 11], PZT-5H (6 mm) [12], CdSe (6
mm) [13], ZnO (6 mm) [14], Bi12Si0y (cubic symmetry class
23) [15], Bi12GeO29 (23) [16], Bi,2TiOx0 (23) [17], T3 TaSes4
and TI3VSs (cubic Chalcogenides, 43m) [18], f-ZnS (43m)
[19], etc.; piezomagnetics CoFe,O4 (6 mm) [20, 21, 22, 23],
Terfenol-D (Tby7Dy73Fei9s, 6 mm) [24], CoFe;O4 (m3m) [25,
26], Alfenol (FegAlio, m3m) [27], Galfenol (Feg; Gajo, m3m)
[28], Metglas 2605 (FeBSiC, m3m) [29], YIG (Y3FesOn,
m3m) [30], NiFe,O4 and Ni (m3m) [31, 32], etc.

It is natural that the created software can be further
developed in the future concerning some improvements in the
design and creation of extra output data for PGTEM materials.
The theoretical developments in this research arena will also
result in extra calculations of the material and wave
parameters that can be added in the software.
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