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Abstract

The present research article aims to investigate wave
propagation in thermo-viscoelastic semiconducting medium
with hydrostatic initial stress. The coupled wave equations
in terms of displacement, temperature, and carrier density
are solved analytically. The values of the penetration depth
of different waves are obtained and depicted graphically
against frequency to show the effect of viscosity and hydro-
static initial stress. As a special case, the authors have also
discussed deformation in the medium caused due to a mechan-
ical force along the free surface of semiconducting medium
with hydrostatic initial stress. The components of displace-
ment, mechanical stresses, carrier density, and temperature
distribution in the medium are obtained and presented ana-
lytically. Graphical results of the variations of these quanti-
ties are also presented to show the effects of viscosity and
hydrostatic initial stress.

INTRODUCTION

Studies related to generalised thermoelasticity have
dragged considerable attention during last few decades due
to its application in various practical aspects of life pro-
cesses such as earthquake prediction, exploration of minerals,
soil dynamics, etc. Many researchers investigated wave prop-
agation in elastic medium neglecting interaction between
thermal effects and coupled plasma effects. Firstly, uncou-
pled classical theory of thermoelasticity which assumes infi-
nite speed of heat propagation is replaced by Biot /1/ by
considering theory of coupled thermoelasticity. Later, gener-
alised theories of thermoelasticity were developed by Lord
and Shulman /2/, Green and Lindsay /3/, which were further
reviewed by Green and Nagdhi /4/, Hetnarski and Ignaczak
/5/, and Ignaczak and Ostoja-Starzewski /6/.

Variation in temperature has considerable impact on me-
chanical and thermal properties of a material. Therefore, the
effect of temperature gradient which was over-looked in
various studies related to generalised theory of thermoelas-
ticity have been taken into consideration by many researchers
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Kljuéne reci

* termoviskoelasti¢nost

* hidrostaticki pocetni napon
* gustina prenosilaca

* prostiranje talasa

« dubina penetracije

lzvod

Cilj predstavijenih istraZivanja je u izucavanju prostira-
nja talasa u termoviskoelasticnoj poluprovodnickoj sredini
sa pocetnim hidrostatickim naponom. Spregnute talasne
jednacine sa velicinama: pomeranje, temperatura i gustina
prenosioca su reSene analiticki. Dobijeni su rezultati dubi-
ne penetracije razlicitih talasa i predstavijeni graficki u
odnosu na frekvenciju kako bi se pokazao uticaj viskoznosti
i pocetnog hidrostatickog napona. Kao specijalan slucaj,
autori diskutuju o deformaciji sredine, izazvana mehanic-
kom silom duz slobodne povrsine poluprovodnicke sredine
sa pocetnim hidrostatickim naponom. Komponente pomera-
nja, mehanicki naponi, gustina prenosioca, kao i raspodela
temperature u sredini su dobijeni i predstavijeni analiticki.
Promene ovih veli¢ina su predstavijene i graficki kako bi se
pokazali uticaji viskoznosti i pocetnog hidrostatickog napo-
na.

[7-11/. Properties of a material can not be taken as having
constant values under the effect of temperature variation
thereby making it essential for consideration of temperature
dependence of material properties. A model showing depend-
ence of thermal conductivity and modulus of elasticity on
temperature is developed and the problem of an infinite
material with spherical cavity is solved by Youssef /12/.
Some other authors working in this field are listed /13-16/.
Various theories of generalised thermoelasticity are being
developed by researchers resulting in addition of different
outer fields to equations governing motion and heat.

The study of initially stressed bodies has always been an
interesting problem for researchers. Initial stresses in a
medium can develop due to many factors such as slow
process of crawling, variations in gravity, temperature differ-
ence, etc. Our Earth can also be considered to be under
initial stresses. So significance of these initial stresses on
surface wave propagation can not be overlooked. Formula-
tion of isotropic thermoelasticity was designed by Montanaro
/17/ under influence of hydrostatic initial stress. The above
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formulation was used for studying plane harmonic waves
under generalised thermoelasticity by many authors /18-20/.
Ailawalia and Budhiraja /21/ demonstrated the effect of
internal heat source under influence of hydrostatic initial
stress in temperature rate dependent thermoelastic medium.
In the current era, wave propagation problems in semicon-
ducting medium are gaining importance by serving the base
for various fields such as plasma physics, oil extraction,
mechanical engineering, etc. When light falls on a semicon-
ducting material, a change in physical properties and temper-
ature of material is caused by light energy. Due to this tem-
perature gradient, elastic deformation, free carrier density
appears. Gordan et al. /22/ discovered electronic defor-
mations to photothermal spectroscopy. Photothermal
methods are being applied for measuring physical quantities
such as temperature, electric effects of semiconducting mate-
rial /23-25/. Besides this, many researchers have explored
semiconducting medium /26-31/. In above studies, relation
between thermoelasticity and photothermal theory is not
taken into account. In recent years, interaction between the
thermal wave, elastic wave, and plasma wave motion during
the photo-excitation process in dual-phase-lag thermoelastic
model with moving internal heat source under effect of grav-
itational field was described by Lotfy /32/. A new model of
two-temperature theory under photothermal theory for semi-
conducting elastic medium is demonstrated by Abo-Dahab
and Lotfy /33/. Memory-dependent derivatives in the context
of the two-temperature theory are used in generalised ther-
moelasticity under photothermal theory by Lotfy and Sarkar
/34/. A novel mathematical model under hydrostatic initial
stress is developed by Lotfy /35/ for explaining the effect of
the magnetic field for polymer photothermal diffusion semi-
conductor medium. Photothermal waves in an unbounded
semiconductor medium with cylindrical cavity are investi-
gated by Hobiny and Abbas /36/. Lotfy /37/ investigated
problem for photothermal semiconducting medium for two
temperature with hydrostatic initial stress under dual phase
lag model. Under the exposure of strong magnetic field,
effect of Hall current of elastic semiconductor medium is
studied by Lotfy et al. /38/. Lotfy along with his co-workers
/39-45/ investigated different types of problems in semicon-
ducting medium. In the recent years authors /46-50/ have
explored some interesting problems for the semiconducting
medium.

In the present article, propagation of waves in thermo-
viscoelastic semiconducting medium under hydrostatic initial
stress are studied. The penetration depths of four waves
propagating in the medium are evaluated to show the effect
of viscosity and hydrostatic initial stress. A mechanical force
of constant magnitude is applied along the free surface of
semiconducting medium. As a special case, the components
of displacement, stresses, carrier density, and temperature
distribution are also evaluated, and the variations of these
quantities are depicted graphically.

BASIC EQUATION

Following Mandelis et al. /29/ and Todorovi¢ /30/, the
coupled plasma, thermal, and elastic transport equations can
be written as
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The governing equations and constitutive relations for a
semiconducting thermoviscoelastic medium under hydro-
static initial stress with isotropic and homogenous properties
are given
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where: €ij = (Uj,i + Ui,j)/2; wij = (Uj,i — Ui,j); Y™ = (31* + 2/1*)0&;
&= B+ 2u)dn; AT = AL + Ru(0/01)); 1" = (1 + Ro(0I01));
Y= AL+ p0I0N); &= a1+ &°(@lan); y°= (3AR:+
2uR) el y; nf = (B3AR1 + 2uR2) A/ dn; and A, u are Lame’s
constants; aj; is stress tensor; p density; vo and n are thermal
relaxation times; N carrier density; Eq energy gap of semi-
conductor; C” specific heat at constant strain; & difference
of deformation potential of conduction and valence band;
De carrier diffusion coefficient; K* coefficient of thermal
conductivity; « coefficient of linear thermal expansion; x =
(ONo/ot)(T/7); No is equilibrium carrier concentration at tem-
perature T; 7 photogenerated carrier lifetime; T thermody-
namic temperature; y= (34 + 2w a; o= (34 + 2)dn; R:
and R; are viscoelastic relaxation times; and P is hydrostatic
initial stress.

FORMULATION OF THE PROBLEM

We consider a rectangular coordinate system (x,y,z) with
z-axis pointing vertically downward. For a two-dimensional
problem it is assumed that the waves propagate in x-z plane.
Hence, in two-dimensional space i.e. x-z plane, the displace-
ment vector in semiconducting visco-thermoelastic medium
is considered as u; = ui(x,zt), us = us(x,z,t), which further
reduces the equations of motion and coupled generalised
equations of heat conduction and carrier density Egs.(1)-(3)
and constitutive relations Eq.(4) in two-dimensional in the
absence of body forces as follows,
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For the convenience of numerical calculations, following
dimensionless quantities are introduced:
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where: t* = K*/pci2C"; ¢1? = (A + 2u)l p.

Using Eq.(12) in Egs.(5)-(8), we get the following non-
dimensional equations in the thermo-viscous semiconducting
medium (after dropping the primes),
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Here, & represents the thermoelastic coupling parameter,
and & is the thermoelectric coupling parameter.
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We introduce potential functions i and g which are
related to displacement components u; and uz by following
relation (Helmholtz’s representation),
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Equations (13)-(16) are the field equations of generalised

thermoelasticity for the isotropic solid, applicable to the three
different theories given by:

(i) for Coupled Theory (C-T), vy =0, ;=1
(i) for Lord-Shulman theory (L-S), vg =0, 75 >0, ng =1 n =1

(iii) for Green-Lindsay theory (G-L),
Vo >0, 70 >0, Ny =0, nl=1

(23)

=0, 70 =0, N

SOLUTION OF THE PROBLEM

Assuming the wave solution of Eqs.(19)-(22) for waves
propagating in xz plane as,
[01,0o,T,N]=[A B,C,D]lexp{i&(x+mz—ct)}, (24)

where: ¢ = wl/& is phase velocity; w is frequency; and m is
unknown parameter representing the penetration depth of the
wave.

Introducing Eq.(24) in Egs.(19)-(22), we obtain one inde-
pendent wave equation and three coupled equations in terms
of qi, T, and N. On solving the coupled equations, we get

the following sixth degree equation,
[m® +7m* +7,m? +773](A,C,D) =0. (25)

The values of 1, 2, 773 are given in the Appendix.
The solution of Eq.(25) satisfying the radiation conditions
ug, us, T, N —> 0 as z — o can be expressed in the form

G =X2, Dy exp(—imz)exp{ié(x—ct)},  (26)
T =330 exp(-uymz)expfc(x—ct)},  (27)
N=33 D exp(—ymz)exp{i&(x—ct)}.  (28)

The solution of independent wave Eq.(20) may be writ-
ten as,
0p = Dy exp(-nmyz)expfin(x—cti},  (29)
where: the roots of Eq.(25) are obtained by Cardan’s method
and are represented by m? (i = 1,2,3), and
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Also, the coupling constants D", D;" (j = 1,2,3) can be
expressed in terms of D; as,

Dj=Hy;Dj, Dj =H;D;,
where: the values of Hyj, Hyj are given in the Appendix.
BOUNDARY CONDITIONS

(31)

To obtain the unknown parameters D; (j = 1...4), the
following boundary conditions are used along the free sur-
face z = 0 considering that a mechanical force of constant
magnitude Fo is acting along the free surface:

0 o5, =—Fyexp{&(x—ct)} (32)
(ii) Gy =0, (33)
(iii) aT o, (34)
oz
(iv) ON_s y-o. (35)
oz D,

Using Eq.(12) in EQgs.(32)-(35), the above boundary con-
ditions are reduced to dimensionless form. Inserting Eq. (18),
Egs.(26)-(29) in the non-dimensional boundary conditions,
we get the following non-homogeneous system of equations,

YaatDy)=F, (36)
>t (h,Dy)=0, (37)
Saea(rDr) =0, (38)
¥3.1(m;Hy, D) =0, (39)

where: values of Fi, t,, hy, Ir (n=1,..., 4; r=1273) are
given in the Appendix.

Using non-dimensional variables defined by Eq.(12) in
stress components Eqgs.(9)-(11), we obtain the stress compo-
nents in dimensionless form. Substituting the solutions of
variables qi, gz, T, and N from Eqgs.(26)-(29) in Eq.(18) and
the resulting dimensionless stress components, we obtain
the components of displacement and stresses in thermovis-
coelastic semiconducting medium under photothermal theory
with hydrostatic initial stress as,

W= 15[2?:1 D; exp{—&m j 2}+my Dy exp{—1&Em, 2} x
xexp{i£(x—ct)},
ug =—1£[>3_ym; D; exp{—&m; z}— Dy exp{—1&m, 2}]x

(40)

xexp{i&(x—ct)}, (41)
0y =[Xe_1ts Dg exp{—2ém, ¥]exp{e& (x—ct)}- P, (42)
02 =[ 41 Ds exp{—1Emg 2 exp{e& (x—ct)}, (43)

where: Di = AilA, (i = 1,2,3,4); Ai; A are determinant of the
order 4x4, whose values are given in the Appendix.

PARTICULAR CASES

Thermoviscoelastic semiconducting medium without hydro-
static initial stress

Taking P = 0, we obtain the corresponding values of pene-
tration depth and components of displacement, stresses, car-
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Penetration depth 1
)
»
X

Penetration depth m:

i Ca

rier density and temperature distribution in thermovisco-
elastic semiconducting medium without hydrostatic initial
stress.
Non-viscous semiconducting medium with hydrostatic initial
stress

Taking R1= Rz = 0, the corresponding expressions are
obtained for a non-viscous semiconducting medium with
hydrostatic initial stress.

Semiconducting medium without hydrostatic initial stress

Assuming the parameters P = R; = Ry = 0, the expres-
sions for penetration depths and other quantities reduce for
a semiconducting medium without hydrostatic initial stress.

NUMERICAL RESULTS

In order to verify the analytical results obtained in the
previous section, we present a numerical example by taking
silicon as a semiconducting material. Physical constants for
the material are given by Song et al. /28/: A = 3.64x10%° N/m?,
11=5.46x10' N/m?, p= 2330 kg/m?, To=800 K, 7=5x1075s,
De = 2.5x10°3 m%s, 6, = (2u+ 34)B, Eg= 111V, o = 4.14x
106 1/K, K" = 150 W/mK, dy = -9x1073 m?, C" = 695 J/kgK,
s=2mls,b=0.6, F=1.0.

Numerical computations are carried out on the surface
z=10att=1.0for &=0.3, £= 2.0 and viscoelastic relax-
ation times Ry = 0.04, R, = 0.06. Graphical results of pene-
tration depth my, are shown in Figs. 1-4 for three values of P
(5.0; 2.0; 0) against frequency w.

:‘»5»—.’»&——’*_.——0"—“' -

1 2 3 i 5 6 7 1 9 10 1 ] 13 1" 15 16 1 18 19 20 2
Frequency ©

Figure 1. Penetration depth mz vs. frequency @ (CT theory).
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Figure 2. Penetration depth mz vs. frequency @ (CT theory).

In Figs. 5-8, the variations of penetration depths are shown
against frequency for a fixed value of hydrostatic initial stress
parameter P = 5.0 and three theories of thermoelasticity (C-
T, L-S, and G-L).
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Figure 6. Penetration depth mz vs. frequency @ (P = 5.0).
DISCUSSION

The values of penetration depth m; and my are quite close
to each other for viscoelastic semiconducting medium,
depicting that the effect of hydrostatic initial stress is less
significant. On the contrary, hydrostatic initial stress has a
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relevant effect on the values of penetration depths m; and
my for a non-viscous semiconducting medium. The variations
of penetration depth m; and m4 for a non-viscous semicon-
ducting medium are linear in nature and the slope of the
linear curve increases with increase in value of hydrostatic

STRUCTURAL INTEGRITY AND LIFE
Vol. 22, No 2 (2022), pp. 219-226



Wave propagation in thermo-viscoelastic semiconducting ...

Prostiranje talasa u termoviskoelasti¢noj poluprovodnickoj ...

Figure 11. Carrier density N vs. horizontal distance x (CT theory)
wmPTe —

P
xS

Temperature distribution 7

"oruout Idl tance x

initial stress parameter. The hydrostatic initial stress param-
eter has negligible effect on the penetration depth m; and ms
for a non-viscous semiconducting medium but this effect is
visible if the medium is viscoelastic in nature. The variations
of penetration depth m; (I = 1,2,3) are shown in Figs. 1-4,
respectively. Figures 5-8 show the variations of penetration
depth of the waves for different theories of thermoelasticity
(P =5.0). It is observed that the values of penetration depths
m; (1,2,3) for CT, L-S, and G-L theories are very close to
each other in the initial range. However, with increase in
value of frequency w, the difference between values of pene-
tration depths for the three theories of thermoelasticity are
observed. It is interesting to see that the different theories of
thermoelasticity do not effect the penetration depth of trans-
verse displacement wave.

Variations of normal displacement, normal force stress,
carrier density, and temperature are shown in Figs. 9-12,
respectively.

CONCLUSION

The penetration depth of displacement, thermal, and
plasma waves propagating in the medium and components
of displacement, stress, moisture concentration, and temper-
ature are obtained, and the results conclude that:

— the viscosity in the medium has appreciable effect on the
penetration depths of waves propagating in the medium;

— penetration depths m; and ms are not affected by the
hydrostatic initial stress parameter in viscoelastic semicon-
ducting medium, whereas this parameter has significant

effect on the penetration depth m,.
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Flgure 12. Temperature distribution T vs. horiz. distance x (CT theory).

224

#9 — the generalised theories of thermoelasticity do not effect
e A the penetration depth of transverse displacement wave;
S * — at a particular frequency, the values of displacement, stress,
i et carrier density, and temperature increase with hydrostatic
AR T e initial stress parameter.
2 mefiif:
£ :: T APPENDIX
g 31,8, — fyfg+ fofg— fafy
G ol s = ff !
it o 417
2 bk o NSO R Do e B o B D e R e K e X _ f7(3f4—2f3)+f9(2f2—fl)+f6(f3—2f4)+f4f5+f2f8
- f4 f? ’
P7+~0—0—0—0—f o oo o oo 0 ° ‘ ﬁ :(f4_f3)(f7_f6+fS)_(fl_fZ)(f8+f9) 1
! . g ) . . Horizo nuldnsu ce X - = ! N - f4 f7

fl:82dl’ f2 :52d2+d7a2, f3:aI82+a2d81 f4:a2d6,
fs=di(ds—Ay), fo=didg+dp(ds—A),

CV * *
al— 1|:1— ét :|, , dzzgz(/l +u —P)Y
d

= P
dy=p = d4:d_’
6

noTOa)J Hl o
t J

agHyj —d; +dy(mf +1)

f7 =dds

d = pcw?
ds =100, dg=¢%, dy =E2ydg,

f— fo(m? +1)
f3— fo(m?+1)

d8 = la)é’l(nl—

H,: =

, (i=123),

a
léC*VOJHlj-Fﬁsz —52 —(ﬂ +2ﬂ )mJZ‘Fl— )
t n H H
24 E%m mil( « P « P
f o 2K hj:_l{[ﬂ +_j§z+(ﬂ __ﬂ’
u u 2 2
§2 + P 2 * P S
hy ==— +— |mg + —— 1, li=| —=1&m; [H, .,
4 P H 2 g T H 2 j D, 173 jM2j

A =Fhy(MmglyHy3 —mylgHp5), Ay =—Fhy (MgliHys —mylsHyq)
Az =FRhy(MoliHyp —myloHyq),
Ag=—Fy[ hy(MglyHyg —myl3Hyp) —hy (Mgl Hyg —mylgHy ) +

t :ﬂ+2,u(y_(l_
H /4

1 3
+hg(MahHip —mylHpg) |, A =F 2 (tAg),
1 j=1

F=Pexp{i&(x—ct)}-Fy.
REFERENCES

1. Biot, M.A. (1956), Thermoelasticity and irreversible thermody-
namics, J Appl. Phys. 27(3): 240-253. doi: 10.1063/1.1722351

2. Lord, H.W., Shulman, Y. (1967), A generalized dynamical
theory of thermoelasticity, J Mech. Phys. Solids, 15(5): 299-
309. doi: 10.1016/0022-5096(67)90024-5

3. Green, A.E., Lindsay, K.A. (1972), Thermoelasticity, J Elast.
2(1): 1-7. doi: 10.1007/BF00045689

4. Green, A.E., Naghdi, P.M. (1993), Thermoelasticity without
energy dissipation, J Elast. 31(3): 189-208. doi: 10.1007/BF00
044969

5. Hetnarski, R.B., Ignaczak, J. (1999), Generalized thermoelas-
ticity, Journal of Thermal Stresses, 22(4): 451-476. doi: 10.108
0/014957399280832

6. Ignaczak, J., Ostoja-Starzewski, M., Thermoelasticity with Finite
Wave Speeds, Oxford University Press, 2009.

STRUCTURAL INTEGRITY AND LIFE
Vol. 22, No 2 (2022), pp. 219-226



Wave propagation in thermo-viscoelastic semiconducting ...

Prostiranje talasa u termoviskoelasti¢noj poluprovodnickoj ...

7. Hasselman, D.P.H., Heller, R.A. (Eds.), Thermal Stresses in
Severe Environments, Plenum Press, New York, 1980.

8. Youssef, H.M. (2005), State-space approach on generalized ther-
moelasticity for an infinite material with a spherical cavity and
variable thermal conductivity subjected to ramp-type heating, J
Can. Appl. Math. Q. 13(4): 369-390.

9. Youssef, H.M., El-Bary, A.A. (2006), Thermal shock problem
of a generalized thermoelastic layered composite material with
variable thermal conductivity, Math. Probl. Eng. Art. ID 087940.
doi: 10.1155/MPE/2006/87940

10. Youssef, H.M., Abbas, I.A. (2007), Thermal shock problem of
generalized thermoelasticity for an infinitely long annular cyl-
inder with variable thermal conductivity, Comp. Meth. Sci. Tech-
nol. 13(2): 95-100. doi: 10.12921/cmst.2007.13.02.95-100

11. Lotfy, K., Hassan, W. (2013), Effect of rotation for two-temper-
ature generalized thermoelasticity of two-dimensional under ther-
mal shock problem, Math. Prob. Eng. Art. ID 297274. doi: 10.1
155/2013/297274

12. Youssef, H.M. (2005), Dependence of modulus of elasticity and
thermal conductivity on reference temperature in generalized
thermoelasticity for an infinite material with a spherical cavity,
Appl. Math. Mech. (Eng. Ed.), 26(4): 470-475.

13. Ezzat, M., Zakaria, M., Abdel-Bary, A. (2004), Generalized ther-
moelasticity with temperature dependent modulus of elasticity
under three theories, J Appl. Math. Comp. 14(1-2): 193-212. doi:
10.1007/BF02936108

14. He, T., Shi, S. (2014), Effect of temperature-dependent proper-
ties on thermoelastic problems with thermal relaxations, Acta
Mech. Solida Sin. 27(4): 412-419. doi: 10.1016/S0894-9166(1
4)60049-5

15. Singh, B., Gupta, M., Mukhopadhyay, S. (2020), On the funda-
mental solutions for the strain and temperature rate-dependent
generalized thermoelasticity theory, J Ther. Stresses, 43(5): 650-
664. doi: 10.1080/01495739.2020.1736967

16. Jangid, K., Mukhopadhyay, S. (2020), Variational and recip-
rocal principles on the temperature-rate dependent two-temper-
ature thermoelasticity theory. J Therm. Stresses, 43(7): 816-828.
doi: 10.1080/01495739.2020.1753607

17. Montanaro, A. (1999), On singular surfaces in isotropic linear
thermoelasticity with initial stress, J Acoust. Soc. Amer. 106
(3): 1586-1588. doi: 10.1121/1.427154

18. Singh, B., Kumar, A., Singh, J. (2006), Reflection of general-
ized thermoelastic waves from a solid half-space under hydro-
static initial stress, Appl. Math. Comp. 177(1): 170-177. doi:
10.1016/j.amc.2005.10.045

19. Othman, M.I.A., Song, Y. (2007), Reflection of plane waves
from an elastic solid half-space under hydrostatic initial stress
without energy dissipation, Int. J Solids Struct. 44(17): 5651-
5664. doi: 10.1016/j.ijsolstr.2007.01.022

20. Singh, B. (2008), Effect of hydrostatic initial stresses on waves
in a thermoelastic solid half-space, Appl. Math. Comput. 198
(2): 494-505. doi: 10.1016/j.amc.2007.08.072

21. Ailawalia, P., Budhiraja, S. (2016), Internal heat source in tem-
perature rate dependent thermoelastic medium with hydrostatic
initial stress, Mech. Mechan. Eng. 20(3): 263-277.

22. Gordon, J.P., Leite, R.C.C., Moore, R.S., et al. (1965), Long
transient effects in lasers with inserted liquid samples, J Appl.
Phys. 36(1): 3-8. doi: 10.1063/1.1713919

23. Kliger, D.S. (Ed.), Ultrasensitive Laser Spectroscopy, Aca-
demic Press, New York, 1983.

24. Tam, A.C. (1986), Applications of photoacoustic sensing tech-
niques, Rev. Mod. Phys. 58(2): 381-431. doi: 10.1103/RevMod
Phys.58.381

25. Tam, A.C. (1989), Overview of Photothermal Spectroscopy,
In: J.A. Sell (Ed.), Photothermal Investigations in Solids and
Fluids, Academic Press, Boston, 1989.

INTEGRITET | VEK KONSTRUKCIJA
Vol. 22, br. 2 (2022), str. 219-226

26. Todorovi¢, D.M., Nikoli¢, P.M., Boji¢i¢, A.l. (1999), Photo-
acoustic frequency transmission technique: Electronic defor-
mation mechanism in semiconductors, J Appl. Phys. 85(11):
7716-7726. doi: 10.1063/1.370576

27. Song, Y., Todorovi¢, D.M., Cretin, B., Vairac, P. (2010), Study
on the generalized thermoelastic vibration of the optically ex-
cited semiconducting microcantilevers, Int. J Solids Struct. 47
(14-15): 1871-1875. doi: 10.1016/j.ijsolstr.2010.03.020

28. Song, Y.Q., Bai, J.T., Ren, Z.Y. (2012), Reflection of plane
waves in a semiconducting medium under photothermal theory,
Int. J Thermophys. 33(7): 1270-1287. doi: 10.1007/s10765-012
-1239-4

29. Mandelis, A., Nestoros, M., Christofides, C. (1997), Thermo-
electronic-wave coupling in laser photothermal theory of semi-
conductors at elevated temperatures, Opt. Eng. 36(2): 469-472.
doi: 10.1117/1.601217

30. Todorovi¢, D.M. (2003), Plasma, thermal, and elastic waves
in semiconductors, Rev. Scient. Instrum. 74(1): 582-585. doi:
10.1063/1.1523133

31. Othman, M.1.A., Tantawi, R.S., Eraki, E.E.M. (2017), Effect of
initial stress on a semiconductor material with temperature
dependent properties under DPL model, Microsyst. Technol.
23(12): 5587-5598. doi: 10.1007/s00542-017-3326-8

32. Lotfy, K. (2016), The elastic wave motions for a photothermal
medium of a dual-phase-lag model with an internal heat source
and gravitational field, Can. J Phys. 94(4): 400-409. doi: 10.11
39/cjp-2015-0782

33. Abo-Dahab, S.M., Lotfy, Kh. (2017), Two-temperature plane
strain problem in a semiconducting medium under photothermal
theory, Waves Rand. Complex Media, 27(1): 67-91. doi: 10.10
80/17455030.2016.1203080

34. Lotfy, K., Sarkar, N. (2017), Memory-dependent derivatives for
photothermal semiconducting medium in generalized thermo-
elasticity with two-temperature, Mech. Time-Depend. Mater.
21(4): 519-534. doi: 10.1007/s11043-017-9340-5

35. Lotfy, Kh. (2019), A novel model of magneto photothermal dif-
fusion (MPD) on polymer nano-composite semiconductor with
initial stress, Waves Rand. Complex Media, 31(1): 83-100. doi:
10.1080/17455030.2019.1566680

36. Hobiny, A.D., Abbas, I.A. (2017), A study on photothermal
waves in an unbounded semiconductor medium with cylindrical
cavity, Mech. Time-Depend. Mater. 21: 61-72. doi: 10.1007/s1
1043-016-9318-8

37. Lotfy, Kh. (2017), Photothermal waves for two temperature
with a semiconducting medium under using a dual-phase-lag
model and hydrostatic initial stress, Waves Rand. Complex
Media, 27(3): 482-501. doi: 10.1080/17455030.2016.1267416

38. Lotfy, Kh., El-Bary, A.A., Hassan, W., Ahmed, M.H. (2020),
Hall current influence of microtemperature magneto-elastic
semiconductor material, Superlatt. Microstruct. 139, Art. ID 10
6428. doi: 10.1016/j.spmi.2020.106428

39. Lotfy, K., Hassan, W., Gabr, M.E. (2017), Thermomagnetic
effect with two temperature theory for photothermal process
under hydrostatic initial stress, Res. Phys. 7: 3918-3927. doi:
10.1016/j.rinp.2017.10.009

40. Lotfy, Kh., Gabr, M.E. (2017), Response of a semiconducting
infinite medium under two temperature theory with photother-
mal excitation due to laser pulses, Optics Laser Technol. 97:
198-208. doi: 10.1016/j.optlastec.2017.06.021

41. Lotfy, Kh., Kumar, R., Hassan, W., Gabr, M. (2018), Thermo-
magnetic effect with microtemperature in a semiconducting
photothermal excitation medium, Appl. Math. Mech.-Engl. Ed.
39(6): 783-796. doi: 10.1007/s10483-018-2339-9

42. Lotfy, Kh. (2020), Analytical solutions of photo-thermal-elastic
waves in a semiconductor material due to pulse heat flux with

STRUCTURAL INTEGRITY AND LIFE
Vol. 22, No 2 (2022), pp. 219-226



Wave propagation in thermo-viscoelastic semiconducting ...

Prostiranje talasa u termoviskoelasti¢noj poluprovodnickoj ...

thermal memory, Silicon, 12(2): 263-273. doi: 10.1007/s12633-
019-00120-w

43. Lotfy, Kh., El-Bary, A.A. (2019), A photothermal excitation for
a semiconductor medium due to pulse heat flux and volumetric
source of heat with thermal memory, Waves Rand. Complex
Media, 31(6): 1303-1321, doi: 10.1080/17455030.2019.1662511

44. Lotfy, Kh. (2019), Effect of variable thermal conductivity during
the photothermal diffusion process of semiconductor medium,
Silicon, 11: 1863-1873. doi: 10.1007/s12633-018-0005-z

45. Lotfy, Kh., Tantawi, R.S. Anwer, N. (2020), A magneto-photo-
thermal theory of a semiconductor media due to pulse heat flux
and volumetric heat source with initial stress, Silicon, 12: 963-
974. doi: 10.1007/s12633-019-00192-8

46. Hobiny, A., Abbas, I. (2018), Analytical solution of fractional
order photo-thermoelasticity in a non-homogenous semicon-
ductor medium, Multidisc. Model. Mater. Struct. 14(5): 1017-
1030. doi: 10.1108/MMMS-11-2017-0137

47. Hobiny, A., Abbas, I. (2020), Fractional order GN model on
photo-thermal interaction in a semiconductor plane, Silicon, 12:
1957-1964. doi: 10.1007/s12633-019-00292-5

48. Ailawalia, P., Kumar, A. (2020), Ramp type heating in a semi-
conductor medium under photothermal theory, Silicon, 12(2):
347-356. doi: 10.1007/s12633-019-00130-8

49. Ailawalia, P., Gupta, P., Yadav, A.K. (2022), Plane wave prop-
agation in a semiconducting medium under photothermal theory,
Mech. Adv. Mater. Struct. 29(10): 1395-1404. doi: 10.1080/15
376494.2020.1821138

50. Ailawalia, P. Marin, M. (2022), Response of a semiconducting
medium under photothermal theory due to moving load velocity,
Waves Rand. Complex Media, 32(4): 1644-1653. doi: 10.1080/
17455030.2020.1831709

© 2022 The Author. Structural Integrity and Life, Published by DIVK
(The Society for Structural Integrity and Life ‘Prof. Dr Stojan Sedmak’)
(http://divk.inovacionicentar.rs/ivk/nome.html). This is an open access
article distributed under the terms and conditions of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License

c 20Qao ¢

New Elsevier Book Titles — Woodhead Publishing — Academic Press — Butterworth-Heinemann — ...

RESERVOIR
DEVELOPMENT

Artificial Neural Networks for

Reservoir Development
1st Edition
M. Rafiqul Islam

Renewable Energy Systems and
Real-World Applications, 1st Edition

Gulf Professional Publishing, Dec 2021 A. Elsheikh, M.E. Abd Elaziz (Eds.)

ISBN: 9780128200537
EISBN: 9780128204160

Academic Press, Aug 2021
ISBN: 9780128207932

TE =
]

THE COAL HANDBOOK:

TOWARDS CLEANER COAL SUPPLY CHAINS

THE COAL HANDBOOK:

TOWARDS CLEANER COAL UTILIZATION

VOLUME 1
SECOND EDITION

VOLUME 2
SECOND EDITION

b

o DAVE OSBORNE

o

DAVE OSEORNE

The Coal Handbook

Volume 1: Towards Cleaner Coal

The Coal Handbook

VOLUME v

SURFACE PROCESS,

TRANSPORTATION,
AND STORAGE

CORROSION
ATLAS CASE STUDIES

Soneky

Qe Worg

Corrosion Atlas Case Studies
1st Edition
Fuad Khoshnaw, Rolf Gubner (Eds.)
Elsevier Science, Nov 2021
ISBN: 9780323858496
EISBN: 9780323858502

Surface Process, Transportation,
and Storage, 1t Edition
Qiwei Wang (Ed.)

Gulf Professional Publ., Jan 2023
ISBN: 9780128238912

UNCONVENTIONAL
RESERVOIR
RATE-TRANSIENT
ANALYSIS

ABOVE GROUND
STORAGE TANK
OIL SPILLS

Applications and Case Studies

CHRISTOPHER R. CLARKSON ~ G|P
Plw

Above Ground Storage Tank Oil Spills  Unconventional Reservoir Rate-

Volume 2: Towards Cleaner Coal

Applications and Case Studies, Transient Analysis

Supply Chains, 2 Edition

Dave Osborne (Ed.)

Woodhead Publishing, Jan 2023

ISBN: 9780128243282

INTEGRITET | VEK KONSTRUKCIJA
Vol. 22, br. 2 (2022), str. 219-226

Utilization, 2" Edition
Dave Osborne (Ed.)

Woodhead Publishing, Jan 2023

ISBN: 9780128243275

1st Edition
Mervin Fingas (Ed.)
Gulf Professional Publishing, Aug 2022
ISBN: 9780323857284

1st Edition
C.R. Clarkson
Gulf Professional Publ., June 2021
ISBN: 9780323901161
EISBN: 9780323901178

226 STRUCTURAL INTEGRITY AND LIFE

Vol. 22, No 2 (2022), pp. 219-226


http://divk.inovacionicentar.rs/ivk/home.html
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.elsevier.com/books/reservoir-development/islam/978-0-12-820053-7
https://www.elsevier.com/books/reservoir-development/islam/978-0-12-820053-7
https://www.elsevier.com/books/artificial-neural-networks-for-renewable-energy-systems-and-real-world-applications/elsheikh/978-0-12-820793-2
https://www.elsevier.com/books/artificial-neural-networks-for-renewable-energy-systems-and-real-world-applications/elsheikh/978-0-12-820793-2
https://www.elsevier.com/books/artificial-neural-networks-for-renewable-energy-systems-and-real-world-applications/elsheikh/978-0-12-820793-2
https://www.elsevier.com/books/corrosion-atlas-case-studies/khoshnaw/978-0-323-85849-6
https://www.elsevier.com/books/corrosion-atlas-case-studies/khoshnaw/978-0-323-85849-6
https://www.elsevier.com/books/surface-process-transportation-and-storage/wang/978-0-12-823891-2
https://www.elsevier.com/books/surface-process-transportation-and-storage/wang/978-0-12-823891-2
https://www.elsevier.com/books/the-coal-handbook/osborne/978-0-12-824328-2
https://www.elsevier.com/books/the-coal-handbook/osborne/978-0-12-824328-2
https://www.elsevier.com/books/the-coal-handbook/osborne/978-0-12-824328-2
https://www.elsevier.com/books/the-coal-handbook/osborne/978-0-12-824328-2
https://www.elsevier.com/books/the-coal-handbook/osborne/978-0-12-824327-5
https://www.elsevier.com/books/the-coal-handbook/osborne/978-0-12-824327-5
https://www.elsevier.com/books/the-coal-handbook/osborne/978-0-12-824327-5
https://www.elsevier.com/books/the-coal-handbook/osborne/978-0-12-824327-5
https://www.elsevier.com/books/above-ground-storage-tank-oil-spills/fingas/978-0-323-85728-4
https://www.elsevier.com/books/above-ground-storage-tank-oil-spills/fingas/978-0-323-85728-4
https://www.elsevier.com/books/above-ground-storage-tank-oil-spills/fingas/978-0-323-85728-4
https://www.elsevier.com/books/unconventional-reservoir-rate-transient-analysis/cr/978-0-323-90116-1
https://www.elsevier.com/books/unconventional-reservoir-rate-transient-analysis/cr/978-0-323-90116-1
https://www.elsevier.com/books/unconventional-reservoir-rate-transient-analysis/cr/978-0-323-90116-1

