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1. Introduction 

 

The property of materials that possess both viscous and 

elastic properties when deformed is viscoelastic. Linear 

viscoelastic materials are rheological materials that show 

load time-temperature dependence. If their response is not 

only a function of the present input but also of the current 

and past input history, the characterization of the 

viscoelastic response can be expressed using integral 

(hereditary) convolution (Gross 1953, Meyers and Chawla 

1999). The works of Gurtin and Sternberg (1962), Sternberg 

(1963) and Ilioushin (1968) are of special importance to 

these books. A model theory of thermal viscoelasticity has 

been proposed in the book of Ilioushin and Pobedria (1970). 

In the analysis of solids, heat transfer is very important. 

About any impact on a solid would be followed by a heat 

and mass transportation transition and vice versa. The 

difference in the warmth conduction condition from 

diffusive to a wave type may moreover be influenced both 

through a minute thought of the warmness transport marvel 

or in a phenomenological route by methods for altering the 

traditional Fourier law of heat conduction proposed by Biot 

(1956). The first is expected to Cattaneo (1958), who 

determined a wave-type warmth condition through 

proposing another law of heat conduction to change the 
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traditional Fourier law. Lord and Shulman (1967) were the 

first to construct a model of thermoelasticity ensuring that 

the velocity of waves is not infinite. For a summary, a 

presentation of generalized theories, one can refer to 

Ignaczak (1989) and Chandrasekharaiah (1998). Ezzat 

(2006) introduced a new model of generalized thermo-

viscoelasticity equations for an electrically conductive 

isotropic medium permeated by a primary uniform 

magnetic field, taking into account the volume’s rheological 

properties. As such, a handful of examinations: Sherief and 

Ezzat (1994), Ezzat (2001), Abbas (2006, 2014), 

Mukhopadhyay and Kumar (2009), Yu et al. (2013, 2014), 

Sharma and Sharma (2014), Sharma et al. (2013), Kumar 

and Abbas (2013), Abbas and Abo-Dahab (2014), Alzahrani 

and Abbas (2016), Lata et al. (2016), Lata (2018), Kumar et 

al. (2016a, b, 2018), Abbas and Kumar (2016), Itu et al. 

(2019), Sherief and Abd El-Latief (2016), Kumar and Devi 

(2017), Abbas and Marin (2017) and Othman et al. (2020), 

subject to these generalized hypotheses were inquired 

about. 

The differential conditions including Riemann – 

Liouville differential administrators of partial request 0 < α 

< 1 appear to be critical in demonstrating numerous 

physical wonders (Kiriyakova 1994, Bagley and Torvik 

1983, Adolfsson et al. 2005) and in this manner appear to 

justify a free investigation of their hypothesis parallel to the 

outstanding hypothesis of customary differential conditions. 

Caputo (1974) agreed with experimental outcomes when 

the usage of fractional derivatives to describe viscoelastic 

materials and mounted the link between fractional 

derivatives and linear viscoelasticity theory. For a survey of 
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fractional calculus applications, one can refer to Podlubny 

(1999). 

The study of anomalous diffusion, which is 

characterized by Kimmich’s time-fractional diffusion-wave 

equation established by Kimmich (2002), has been spent a 

considerable amount of work recently 

 

𝜌𝐶 = 𝜆𝐼𝛽𝛻2𝐶,    0 < 𝛽 ≤ 2 (1) 

 

where C is the concentration and the concept 𝐼𝛽 is the 

Riemann–Liouville fractional integral, added as a herbal 

generalization of the popular n-fold repetitive integral 

𝐼𝑛 written in a convolution-type structure (Mainardi and 

Gorenflo 2000) 
 

𝐼𝛽𝑓(𝑦, 𝑡) =

1

𝛤(𝛽)
∫ (𝑡 − 𝜉)𝛽−1𝑓(𝜉) 𝑑 𝜉

𝑡

0

𝐼0𝑓(𝑡) = 𝑓(𝑡)

} , 

 

0 < 𝛽 ≤ 2. 
 

In Kimmich’s view, Eq. (1) defines various diffusion 

cases where 0 < β < 1 corresponds to weak diffusion 

(subdiffusion), β = 1 corresponds to regular diffusion, 0 < β 

< 2 corresponds to high diffusion (superdiffusion), and β = 

2 corresponds to ballistic diffusion. It should be noted that 

the term diffusion is often used in a wider sense, including 

different transport phenomena. Condition (1) is the 

scientific model of a wide scope of basic physical marvels; 

for instance, subdiffusive vehicle happens in a wide scope 

of sorts of frameworks going from dielectrics and 

semiconductors through polymers to fractals, plates, 

permeable and arbitrary materials. Superdiffusion is 

similarly unprecedented and has been found in permeable 

glasses, polymer chains, natural frameworks, and transport 

of natural particles and nuclear bunches on the surface. One 

would perhaps depend on the abnormal warmth conduction 

in media where the bizarre dispersion is watched. 

Fujita (1999) considered the heat flux equation in the 

form 
 

𝑞𝑖 = − 𝑘 𝐼𝛽−1𝛻𝑇,    1 < 𝛽 ≤ 2. (2) 

 

The Caputo heat wave formula was used by Povstenko 

(2005) to describe the fractional 

 

𝑞𝑖 = −𝑘 𝐼𝛽−1𝛻𝑇,     0 < 𝛽 ≤ 2. (3) 

 

Sherief et al. (2010) presented a heat conduction 

equation in the form 

 

𝑞𝑖 + 𝜏𝑜

𝜕𝛼𝑞𝑖

𝜕𝑡𝛼
= −𝑘𝛻𝑇,    0 < 𝛼 ≤ 1 (4) 

 

Youssef (2010) developed a further heat conduction 

equation and took into account (2)-(4) 

 

𝑞𝑖 +  𝜏𝑜

𝜕𝛼𝑞𝑖

𝜕𝑡𝛼
= −𝑘𝐼𝛽−1𝛻𝑇,    0 < 𝛼, 𝛽 ≤ 2. (5) 

 

Ezzat and El-Bary (2016) introduced a heat conduction 

equation in the form 
 

𝑞𝑖 + 
𝜏𝑜

𝛼

𝛼!

𝜕𝛼𝑞𝑖

𝜕𝑡𝛼
= −𝑘𝛻𝑇,    0 < 𝛼 ≤ 1, (6) 

 

and established a unified mathematical model of the 

equations of generalized magneto-thermoelasticity based on 

fractional derivative heat transfer for isotropic perfect 

conducting media using the Taylor-Riemann series. 

Ezzat and El-bary (2012) combined the results in Eqs. 

(5) and (6) and supposed that the heat conduction law takes 

the form 
 

𝑞𝑖 + 
𝜏𝑜

𝛼

𝛼!

𝜕𝛼𝑞𝑖

𝜕𝑡𝛼
= −𝑘𝐼𝛽−1𝛻𝑇, 

 

0 < 𝛼 ≤ 1,   0 < 𝛽 ≤ 2, 

(7) 

 

Gordon et al. (1965) discovered the first photothermal 

method when they found a laser-based intracavity sample 

that gave rise to photothermal bloom, the photothermal lens. 

Sometime later Kreuzer (1971) demonstrated that when 

laser light sources were used, photoacoustic spectroscopy 

could be used for the sensitive study. Photothermal methods 

were then used to measure temperature, thermal diffusivity, 

sound frequency, the velocity of bulk flow, surface 

thickness, and direct heat by Tam (1983, 1989). Todorovic 

(2003) studied the effect of plasma fields on micro 

thermoelastic structures. Their study was both theoretical 

and experimental. Opsal and Rosencwaig (1985) studied 

heat and plasma waves in Silicon. Their study focused on 

finding the depth that these waves will penetrate. Song et al. 

(2010) investigated the thermoelastic vibrations of the 

micro cantilever that has been excited by photons. Song et 

al. (2012) studied the plane waves reflection in a 

semiconductor medium in the generalized theory of 

thermoelasticity. Among the contributions to the 

generalized theory are Alzahrani and Abbas (2018), Lotfy et 

al. (2018), and Hobiny and Abbas (2018). 

Organic semiconductors are solids with pi-bonded 

molecules or polymers made up of atoms of carbon and 

hydrogen and sometimes heteroatoms such as nitrogen, 

sulfur, and oxygen. Those exist in the form of amorphous 

thin films or molecular crystals. These are usually electrical 

insulators, but they become semiconducting when charges 

are either applied from suitable electrodes, after doping, or 

through photo excitation. Some organic semiconductors are 

what are called viscoelastic materials. For micromechanical 

structures, thermo-viscoelastic deformation and electronic 

deformation are prominent organic semiconductor 

deformations and the main guided mechanisms. 

In the present work, we employ the state space approach 

to fractional two-dimensional problems of thermo-

viscoelasticity. The resulting formulation together with the 

Laplace transform techniques is applied to a specific 

problem of a half-space subjected to a thermal shock 

loading which produces plane strain deformation inside the 

medium. The inversion of the Laplace transform is obtained 

numerically by using a method based on the Fourier 

expansion technique proposed by Honig and Hirdes (1984). 

The solutions are represented graphically for different 

values of fractional order. 
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2. Basic equations 
 

The governing coupled equations of the linear photo-

thermo-viscoelastic semiconductor with fractional order of 

heat transfer consist of the following: 
 

(1) The equation of motion 
 

𝜎𝑗𝑖,𝑗 = 𝜌𝑢𝑖,𝑡𝑡 . (8) 
 

(2) The constitutive equation (Ezzat et al. 2001) 
 

𝑆𝑖𝑗(𝑥, 𝑡) = ∫ 𝑅(𝑡 − 𝜉)
𝜕𝑒𝑖𝑗(𝑥, 𝜉)

𝜕𝜉
𝑑𝜉

𝑡

0

= 𝑅̑(𝑒𝑖𝑗), (9) 

 

where 
 

𝑆𝑖𝑗 = 𝜎𝑖𝑗 − 
𝜎𝑘𝑘

3
𝛿𝑖𝑗 ,          𝜀𝑖𝑗 =

1

2
(𝑢𝑖,𝑗 + 𝑢𝑗,𝑖), 

𝑒𝑖𝑗 = 𝜀𝑖𝑗 −
𝑒

3
𝛿𝑖𝑗 ,              𝑒 = 𝜀𝑘𝑘, 

𝑥 = (𝑥1, 𝑥2, 𝑥3), 

(10) 

 

and 𝑅̑(𝑡)  is the relaxation modulus function such that 

𝑅(∞) > 0 given by 
 

𝑅̑(𝑡) = 2𝜇 (1 − 𝐴 ∫ 𝑓(𝑡) 𝑑𝑡
𝑡

0

). (11) 

 

The function 𝑓(𝑡) is taken in the form 
 

𝑓(𝑡) = 𝑒−𝛽∗𝑡 𝑡𝑎∗−1, (12) 
 

where 
 

0 < 𝑎∗ < 1,  𝛽∗ > 0,   0 ≤ 𝐴 < 𝛤(𝑎∗). 
 

(3) The stress-strain relations are expressed as 
 

𝜎 = 𝐾[𝑒  − 3𝛼𝑁𝑁 − 3𝛼𝑇𝜗]. (13) 
 

Substituting from Eq. (10) into Eq. (9) and using Eq. 

(13), we obtain (Hobiny and Abbas 2018) 
 

𝜎𝑖𝑗 = 𝑅̑(𝜀𝑖𝑗 −
𝑒

3
𝛿𝑖𝑗) + [𝐾𝑒 − 𝛾𝑁𝑁 − 𝛾𝑇𝜗]𝛿𝑖𝑗 . (14) 

 

Eq. (8) together with Eq. (14) reduces to 
 

𝜌𝑢̈𝑖 = 𝑅̑  (
1

2
𝛻2𝑢𝑖  +

1

6
𝑒,𝑖) + 𝐾𝑒,𝑖 − 𝛾𝑁𝑁,𝑖 − 𝛾𝑇𝜗,𝑖. (15) 

 

(4) The fractional heat equation (Ezzat et al. 2014) 
 

𝒌𝝑,𝒊𝒊 =
𝝏

𝝏𝒕
(𝟏 +

𝝉𝜶

𝜶!

𝝏𝜶

𝝏𝒕𝜶
) (𝝆𝑪𝑬𝝑 + 𝜸𝑻𝑻𝒐𝒆) −

𝑬𝒈

𝝊
𝑵, 

𝟎 < 𝜶 ≤ 𝟏. 

(16) 

 

(5) The integral fractional plasma equation (Abbas et 

al. 2017) 
 

𝐷𝑒𝐼𝛽−1𝑁,𝑗𝑗 = 𝑁̇  + 
𝑁

𝜐
 −  𝜁

𝜗

𝜐
,    0 < 𝛽 ≤ 2. (17) 

 

In the above equations, a dot denotes differentiation 

with respect to time, while a comma denotes material 

derivatives. The summation notation is used. 
 

Limiting cases 
 

(1) Coupled thermoelasticity theory (DCT) 

The model of Eqs. (14)-(17) in the limiting case, 𝜏 =
0,  𝛼 = 0,  𝛽 = 1,  𝐴 = 0, transforms to the work of Biot 

(1956) (CTE). 
 

(2) Generalized thermoelasticity theory with one 

relaxation time (LS) 

The model of Eqs. (14)-(17) in the limiting case,𝜏 >
0,  𝛼 = 1,  𝛽 = 1,  𝐴 = 0, transforms to the work of Lord-

Shulman (1967) and Hobiny and Abbas (2018). 
 

 

3. Formulation of the problem 
 

We consider the rectangular Cartesian coordinate system 

(𝑥, 𝑦, 𝑧) having origin on the surface y = 0, with y - axis 

pointing vertically into the medium and a homogenous, 

isotropic, viscoelastic semiconductor occupying the semi-

space region. According to the assumption of two-

dimensional motion, the field variables components are 
 

𝑢 = (𝑢, 𝑤, 0),         𝑢 = 𝑢(𝑥, 𝑦, 0), 
𝑤 = 𝑤(𝑥, 𝑦, 0),     𝜗 = 𝜗(𝑥, 𝑦, 0),    𝑁 = 𝑁(𝑥, 𝑦, 0). 

 

Let us introduce the following non-dimensional 

variables 
 

(𝑥∗, 𝑦∗, 𝑢∗, 𝑤∗) = 𝑐𝑜𝜂𝑜(𝑥, 𝑦, 𝑢, 𝑤), 

(𝑡 ∗, 𝜐∗, 𝑡𝑝
∗) = 𝑐𝑜

2𝜂𝑜(𝑡, 𝜐, 𝑡𝑝), 

𝑐𝑜
2 =

𝐾

𝜌
,               𝜏∗ = 𝑐𝑜

2𝛼𝜂𝛼𝜏,       𝜗 ∗=
𝛾𝑇

𝜌𝑐𝑜
2

𝜗, 

𝑁 ∗=
𝛾𝑁

𝜌𝑐𝑜
2

𝑁,      𝜎𝑖𝑗
∗ =

𝜎𝑖𝑗

𝐾
,             𝑅̑ ∗=

2

3𝐾
𝑅̑. 

 

Using the above non-dimensional quantities, (dropping 

the asterisk for convenience), the governing Eqs. (11) and 

(14)-(17) can be written as 
 

𝜕2𝑢

𝜕𝑡2
= 𝑅̑ (

𝜕2𝑢

𝜕𝑥2
+

3

4

𝜕2𝑢

𝜕𝑦2
+

1

4

𝜕2𝑤

𝜕𝑥𝜕𝑦
) +

𝜕𝑒

𝜕𝑥
−

𝜕𝑁

𝜕𝑥
−

𝜕𝜗

𝜕𝑥
 (18) 

 

𝜕2𝑤

𝜕𝑡2
= 𝑅̑ (

𝜕2𝑤

𝜕𝑦2
+

3

4

𝜕2𝑤

𝜕𝑥2
+

1

4

𝜕2𝑢

𝜕𝑥𝜕𝑦
) +

𝜕𝑒

𝜕𝑦
−

𝜕𝑁

𝜕𝑦
−

𝜕𝜗

𝜕𝑦
, (19) 

 

𝜕2𝑒

𝜕𝑡2
= (1 + 𝑅̑)𝛻2𝑒 − 𝛻2𝑁 − 𝛻2𝜗, (20) 

 

𝛻2𝜗 =
𝜕

𝜕𝑡
(1 +

𝜏𝛼

𝛼!

𝜕𝛼

𝜕𝑡𝛼
) (𝜗 + 𝜀𝑒) − 𝜀1𝑁, 

 

0 < 𝛼 ≤ 1, 

(21) 

 

𝐼𝛽−1𝛻2𝑁 = 𝜉𝑁̇ + 𝜉
𝑁

𝜐
− 𝜀2

𝜗

𝜐
, 

 

0 < 𝛽 ≤ 2 

(22) 

 

𝜎𝑥𝑥 = 𝑅̑  (
𝜕𝑢

𝜕𝑥
−

1

2

𝜕𝑤

𝜕𝑦
) + 𝑒 − 𝑁 − 𝜗, (23) 
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𝜎𝑦𝑦 = 𝑅̑ (
𝜕𝑤

𝜕𝑦
−

1

2

𝜕𝑢

𝜕𝑥
) + 𝑒 − 𝑁 − 𝜗, (24) 

 

𝜎𝑧𝑧 = −
1

2
𝑅̑ (

𝜕𝑢

𝜕𝑥
+

𝜕𝑤

𝜕𝑦
) + 𝑒 − 𝑁 − 𝜗, (25) 

 

𝜎𝑥𝑦 =
3

4
𝑅̑ (

𝜕𝑢

𝜕𝑦
+

𝜕𝑤

𝜕𝑥
), (26) 

 

𝑅̑(𝑡) =
4𝜇

3𝐾
(1 − 𝐴 ∫ 𝑒−𝛽𝑡 𝑡𝑎∗−1𝑑𝑡

𝑡

0

), (27) 

 

where 
 

𝜀1 = 𝛾𝑇𝐸𝑔/(𝐾𝜐𝛾𝑁𝜂𝑜𝐶𝐸 , 𝜉 = 1/𝐷𝑒𝜂𝑜 and 

𝜀2 = 𝜉𝜁𝛼𝑁/𝛼𝑇. 
 

 

4. Laplace and Fourier transforms 
 
Taking Laplace transform defined by the relation 

 

𝑓̄(𝑥, 𝑦, 𝑠) = 𝐿{𝑓(𝑥, 𝑦, 𝑡)} = ∫ 𝑒−𝑠𝑡
∞

0

𝑓(𝑥, 𝑦, 𝑡)𝑑𝑡, (28) 

 

and the Fourier transform 

 

𝑓̄∗(𝑞, 𝑦, 𝑠) =
1

√2𝜋
∫ 𝑒−𝑖𝑞𝑥

∞

−∞

𝑓̄(𝑥, 𝑦, 𝑠)𝑑𝑥, (29) 

 

of both sides of Eqs. (18)- (27), denoting 𝑅̄ = 𝐿{𝑅(𝑡)}, we 

obtain 
 

𝑠2𝑢̄∗ = 𝑠𝑅̄ (−𝑞2𝑢̄∗ +
3

4
𝐷2𝑢̄∗ +

𝑖𝑞

4
𝐷𝑤̄∗) 

+ 𝑖𝑞(𝑒̄∗ − 𝑁̄∗ − 𝜗̄∗), 
(30) 

 

𝑠2𝑤̄∗ = 𝑠𝑅̄  (𝐷2𝑤̄∗ −
3

4
𝑞2𝑤̄∗ +

𝑖𝑞

4
𝐷𝑢̄∗) 

+ 𝐷(𝑒̄∗ − 𝑁̄∗ − 𝜗̄∗), 
(31) 

 

[𝑠𝑅̄(𝐷2 − 𝑞2) − 𝑠2]𝑒̄∗ = −(𝐷2 − 𝑞2)(𝑒̄∗ − 𝑁̄∗ − 𝜗̄∗), (32) 

 

(𝐷2 − 𝑞2)𝜗̄∗ = 𝑠 (1 +
𝜏𝛼

𝛼!
𝑠𝛼) (𝜗̄∗ + 𝜀𝑒̄∗ ) − 𝜀1 𝑁̄∗, 

 

0 < 𝛼 ≤ 1, 

(33) 

 

(𝐷2 − 𝑞2 − 𝑠𝛽−1𝜉 (𝑠 +
1

𝜐
)) 𝑁̄∗ = −

𝜀2𝑠𝛽−1

𝜐
𝜗̄∗, 

 

0 < 𝛽 ≤ 2, 

(34) 

 

𝜎̄∗
𝑥𝑥 = 𝑠𝑅̄  (𝑖𝑞𝑢̄∗ −

1

2
𝐷𝑤̄∗) + 𝑒̄∗ − 𝑁̄∗ − 𝜗̄∗, (35) 

 

𝜎̄∗
𝑦𝑦 = 𝑠𝑅̄  (𝐷𝑤̄∗ −

𝑖𝑞

2
𝑢̄∗) + 𝑒̄∗ − 𝑁̄∗ − 𝜗̄∗, (36) 

 

𝜎̄∗
𝑧𝑧 = (1 −

1

2
𝑠𝑅̄) 𝑒̄∗ − 𝑁̄∗ − 𝜗̄∗, (37) 

 

𝜎̄∗
𝑥𝑦 =

3

4
𝑠𝑅̄ (𝐷𝑢̄∗ + 𝑖𝑞𝑤̄∗), (38) 

 

where 
 

𝑒̄∗ = 𝑖𝑞𝑢̄∗ + 𝐷𝑤̄∗, (39) 
 

and 
 

𝐷 =
𝜕

𝜕𝑦
,     𝑅̄(𝑠) = 𝐿{𝑅̑(𝑡)} =

4𝜇

3𝐾
(

1

𝑠
 − 

𝐴𝛤(𝑎∗)

𝑠(𝑠  +  𝛽)𝑎∗) , 

𝑠 > 0 
 

where all the initial state functions are equal to zero. 

Eliminating 𝑒̄∗  and 𝑁̄∗ between Eqs. (32), (33) and 

(34), we obtain 

 

(𝐷6 − 𝑎1𝐷4 + 𝑎2𝐷2 − 𝑎3)𝜗̄∗(𝑞, 𝑦, 𝑠) = 0, (40) 
 

where 
 

𝑎1 = 3𝑞2 + 𝑏, 
𝑎2 = 3𝑞4 + 2𝑏𝑞2 − 𝑎𝑠2(𝑏 + 𝑎𝑠2) + 𝑐, 
𝑎3 = 𝑞6 + 𝑏𝑞4 + 𝑐(𝑞2 + 𝑎𝑠2) 

𝑏 = 𝑠 (1 +
𝜏𝛼

𝛼!
𝑠𝛼) + 𝑠𝛽−1𝜉 (𝑠 +

1

𝜐
) − 𝑎𝑠2, 

𝑐 = 𝑠𝛽𝜉 (𝑠 +
1

𝜐
) (1   +  

𝜏𝛼

𝛼!
𝑠𝛼) , 

𝑎 =
1

1 + 𝑠𝑅̄
. 

 

In a similar manner, we can show that 𝑒̄∗  and 𝑁̄∗ 

satisfy the equations 

 
(𝐷6 − 𝑎1𝐷4 + 𝑎2𝐷2 − 𝑎3)𝑒̄∗(𝑞, 𝑦, 𝑠) = 0, (41) 

 

(𝐷6 − 𝑎1𝐷4 + 𝑎2𝐷2 − 𝑎3)𝑁̄∗(𝑞, 𝑦, 𝑠) = 0, (42) 

 

Eq. (40) can be factorized as 

 

(𝐷2 − 𝑘1
2)(𝐷2 − 𝑘2

2)(𝐷2 − 𝑘3
2)𝜃̄∗(𝑞, 𝑦, 𝑠) = 0, (43) 

 

where 𝑘𝑖
2 (𝑖 = 1, 2, 3)  are the roots of the following 

characteristic equation 

 

𝑘6 − 𝑎1𝑘4 + 𝑎2𝑘2 − 𝑎3 = 0. (44) 

 

The solution of Eq. (43) bounded for 𝑦 ≥ 0 has the 

form 
 

𝜃̄∗(𝑞, 𝑦, 𝑠) = ∑ 𝜁𝑖(𝑞, 𝑠)𝑒−𝑘𝑖𝑦

3

𝑖=1

, (45) 

 

where 𝜁𝑖 = 𝜁𝑖(𝑞, 𝑠), 𝑖 = 1, 2, 3 are parameters depending 

on s and q. Note that the roots with negative real parts are 

not included in Eq. (45) since they are unbounded as 𝑦 →
∞. It is worth mentioning here that the roots 𝑘1, 𝑘2 and 

𝑘3 are functions of q and s. 

Similarly, the solution of Eqs. (41) and (42) can be 

written as 
 

𝑒̄∗(𝑞, 𝑦, 𝑠) = ∑ 𝜁𝑖
’(𝑞, 𝑠)𝑒−𝑘𝑖𝑦

3

𝑖=1

 (46) 
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𝑁̄∗(𝑞, 𝑦, 𝑠) = ∑ 𝜁𝑖
’’(𝑞, 𝑠)𝑒−𝑘𝑖𝑦

3

𝑖=1

 (47) 

 

where 𝜁𝑖, 𝜁′ and 𝜁𝑖
″are parameters depending on q and s. 

By substituting from Eqs. (45)–(47) into Eqs. (32), (33) 

and (34), we get 
 

𝜁𝑖
′ = 𝐴𝑖 𝜁𝑖 , (48) 

 

𝜁𝑖
′′ = 𝐵𝑖 𝜁𝑖 , (49) 

 

where 
 

𝐴𝑖 =
[𝑘𝑖

2−𝑞2−𝑠(1  +  
𝜏𝛼

𝛼!
𝑠𝛼)][𝑘𝑖

2−𝑞2−𝑠𝛽−1𝜉(𝑠+
1

𝜐
)]−

𝜀1𝜀2
𝜐

𝑠𝛽−1

𝜀𝑠(1  +  
𝜏𝛼

𝛼!
𝑠𝛼)(𝑘𝑖

2−𝑞2−𝑠𝛽−1𝜉(𝑠+
1

𝜐
))

,  

and 

𝐵𝑖 = − 
𝜀1𝜀2𝑠𝛽−1

𝜐(𝑘𝑖
2−𝑞2−𝑠𝛽−1𝜉(𝑠+

1

𝜐
))

.  

 

Substituting from Eq. (48) into (46) and Eq. (49) into 

(47), we have 

 

𝑒̄∗(𝑞, 𝑦, 𝑠) = ∑ 𝐴𝑖 𝜁𝑖𝑒
−𝑘𝑖𝑦,

3

𝑖=1

 (50) 

 

𝑁̄∗(𝑞, 𝑦, 𝑠) =   ∑ 𝐵𝑖 𝜁𝑖𝑒
−𝑘𝑖𝑦

3

𝑖=1

. (51) 

 

Substituting Eq. (39) into Eq. (30), we obtain 

 

(𝐷2 − 𝜑)𝑢̄∗(𝑞, 𝑦, 𝑠) = 𝑖𝑞(𝛼𝑜𝜗̄∗ + 𝛼𝑜𝑁̄∗ − 𝛼1𝑒̄∗), (52) 
 

where 
 

𝛼𝑜 =
4

3𝑠𝑅̄
,      𝜑 = 𝑞2 + 𝛼𝑜𝑠2     and     𝛼1 = 𝛼𝑜 +

1

3
. 

 

Substituting Eqs. (45), (50) and (51) into the R.H.S of 

Eq. (52) and solving the resulting differential equation, we 

get 

 

𝑢̄∗(𝑞, 𝑦, 𝑠) 

= 𝐶𝑒−√𝜑𝑦 − 𝑖𝑞 ∑
𝜁𝑖

𝑘𝑖
2 − 𝜑

3

𝑖=1

[𝛼1𝐴𝑖 − 𝛼𝑜(1 + 𝐵𝑖)]𝑒−𝑘𝑖𝑦. 
(53) 

 

Substituting Eqs. (50) and (53) into Eq. (39) and 

integrating the resulting equation, we get 

 

𝑤̄∗(𝑞, 𝑦, 𝑠) =
𝑖𝑞

√𝜑
𝐶𝑒−√𝜑𝑦 

− ∑
𝜁𝑖

𝑘𝑖(𝑘𝑖
2 − 𝜑)

 

3

𝑖=1

[𝐴𝑖(𝑘𝑖
2 − 𝜑 − 𝛼1)

+ 𝛼𝑜𝑞2(1 + 𝐵𝑖)]𝑒−𝑘𝑖𝑦. 

(54) 

 

The stress components can be obtained by substituting 

from the above equations into Eqs. (35)-(38). Then 

𝜎̄∗
𝑥𝑥 =

2𝑞

𝛼𝑜
𝐶𝑒−√𝜑𝑦 

+ ∑ 𝜁𝑖 

3

𝑖=1

[(1 +
𝑠𝑅̄

2
(

3𝛼1

𝑘𝑖
2 − 𝜑

− 1)) 𝐴𝑖  

−  (1 +
𝑞2

𝑘𝑖
2 − 𝜑

) (1 + 𝐵𝑖)] 𝑒−𝑘𝑖𝑦, 

(55) 

 

𝜎̄∗
𝑦𝑦 = −

3𝑖𝑞

2
𝐶𝑒−√𝜑𝑦 

+ ∑ 𝜁𝑖 

3

𝑖=1

[(1 + 𝑠𝑅̄ +
3𝑞2𝛼1

2(𝑘𝑖
2 − 𝜑)

) 𝐴𝑖

− (1 +
3𝑞2𝛼𝑜

2(𝑘𝑖
2 − 𝜑)

) (1 + 𝐵𝑖)] 𝑒−𝑘𝑖𝑦, 

(56) 

 

𝜎̄𝑧𝑧
∗(𝑞, 𝑦, 𝑠) = ∑ [(1 −

𝑠𝑅̄

2
) 𝐴𝑖 − (1 + 𝐵𝑖)]

3

𝑖=1

 𝜁𝑖𝑒
−𝑘𝑖𝑦, (57) 

 

𝜎̄∗
𝑥𝑦(𝑞, 𝑦, 𝑠) = (

𝑞2 − 𝜑

√𝜑
) 𝐶𝑒−√𝜑𝑦 

+𝑖𝑞 ∑
𝜁𝑖

𝑘𝑖(𝑘𝑖
2 − 𝜑)

 

3

𝑖=1

[𝐴𝑖((1 + 𝛼1)𝑘𝑖
2 − 𝜑 − 𝛼1) 

          − 𝛼𝑜(𝑘𝑖
2 − 𝑞2)(1 + 𝐵𝑖)]𝑒−𝑘𝑖𝑦. 

(58) 

 

The above approach gives the solution of the problem in 

the transformed domain in terms of four constants 

𝜁𝑖 ,  𝑖 = 1, 2, 3  and C which can be obtained from the 

boundary conditions of the articulate problem under 

consideration. 

It is now possible to solve a broad class of two-

dimensional problems of organic semiconductors with 

fractional order of heat and carrier density transfer. 
 

 

5. Application 
 

We consider a viscoelastic semiconductor occupying the 

semi-space region: 
 

𝐺 = {(𝑥, 𝑦, 𝑧):  𝑦 ≥ 0, −∞ < 𝑥,  𝑧 < ∞} 

 

and the other semi-space 

 

𝐺 ∗= {(𝑥, 𝑦, 𝑧):  𝑦 ≤ 0, −∞ < 𝑥,  𝑧 < ∞} 

 

is a vacuum. Let the surface of G is traction free and 

subjected to a heat flux with an exponentially decaying 

pulse. 

The thermal and plasma boundary conditions at 𝑦 = 0, 

are 
 

−𝑘
𝜕𝜗(𝑥, 𝑦, 𝑡)

𝜕𝑦
= 𝑞𝑜

𝑡2𝑒
−

𝑡

𝑡𝑝

16 𝑡𝑝
2

 𝐻(𝑔 − |𝑦|) 

or      
𝜕𝜗̄∗(𝑞, 𝑦, 𝑠)

𝜕𝑦
= −

𝑞𝑜

8(𝑠𝑡𝑝 + 1)3
√

2

𝜋

𝑠𝑖𝑛 𝑞 𝑔

𝑞
 , 

(59) 
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𝐷𝑒

𝜕𝑁(𝑥, 𝑦, 𝑡)

𝜕𝑦
 − 𝑠𝑜𝑁 = 0 

or [
𝜕𝑁̄∗(𝑞, 𝑦, 𝑠)

𝜕𝑦
− 𝜔𝑁̄∗(𝑞, 𝑦, 𝑠)]

𝑦=0

= 0. 
(60) 

 

The mechanical boundary conditions at 𝑦 = 0, are 
 

𝜎𝑦𝑦(𝑥, 𝑦, 𝑡) = 𝜎𝑥𝑦(𝑥, 𝑦, 𝑡) = 0 

or   𝜎̄∗
𝑦𝑦(𝑞, 𝑦, 𝑠) = 𝜎̄∗

𝑥𝑦(𝑞, 𝑦, 𝑠), 
(61) 

 

where 𝑠𝑜  is the speed of surface recombination, 𝐻 is the 

step function of the Heaviside unit, 𝑞𝑜 is a constant, 𝑡𝑝 is 

a characteristic time of the pulsing heat flux and 𝜔 =
𝑠𝑜𝜉/𝑐𝑜. 

Using Eqs. (45), (51), (56) and (58) the conditions (59)-

(61) reduce to 
 

∑ 𝑘𝑖𝜁𝑖 =
𝑞𝑜

8(𝑠𝑡𝑝 + 1)3
√

2

𝜋

𝑠𝑖𝑛 𝑞 𝑔

𝑞

3

𝑖=1

, (62) 

 

∑ 𝜁𝑖 

3

𝑖=1

[(1 + 𝑠𝑅̄ +
3𝑞2𝛼1

2(𝑘𝑖
2 − 𝜑)

) 𝐴𝑖

−  (1 +
3𝑞2𝛼𝑜

2(𝑘𝑖
2 − 𝜑)

) (1 + 𝐵𝑖)] 

=
3𝑖𝑞

2
𝐶, 

(63) 

 

∑
𝜁𝑖

𝑘𝑖(𝑘𝑖
2 − 𝜑)

 

3

𝑖=1

[𝐴𝑖((1 + 𝛼1)𝑘𝑖
2 − 𝜑 − 𝛼1) − 𝛼𝑜(𝑘𝑖

2

− 𝑞2)(1 + 𝐵𝑖)] = (
𝑞2 − 𝜑

𝑖𝑞√𝜑
) 𝐶, 

(64) 

 

∑ 𝐵𝑖𝜁𝑖

3

𝑖=1

(𝑘𝑖 − 𝜔) = 0. (65) 

 

By solving the four linear Eqs. (62)-(65), we can obtain 

the four constants 𝜁𝑖 ,  𝑖 = 1, 2, 3 and C. 

This completes the solution of the problem in the 

Laplace –Fourier transformed domain. 

We shall now outline the method used to invert the 

Laplace transforms in the above equations. Let 𝑓̄(𝑥, 𝑦, 𝑠) 

be the Laplace transform of a function 𝑓(𝑥, 𝑦, 𝑡) . The 

inversion formula for Laplace transforms can be written as 

Honig and Hirdes (1984) 
 

𝑓(𝑥, 𝑦, 𝑡) =  
𝑒𝑐𝑡

2𝜋
 ∫ 𝑒𝑖𝑡𝑦

∞

−∞

𝑓̄(𝑥, 𝑦, 𝑐 + 𝑖𝑦) 𝑑𝑦, 

 

where 𝑐 is an arbitrary real number greater than all the real 

parts of the singularities of 𝑓̄(𝑥, 𝑦, 𝑠). 

Expanding the function ℎ(𝑥, 𝑦, 𝑡) = 𝑒𝑥𝑝( −
𝑐𝑡)𝑓(𝑥, 𝑦, 𝑡) in a Fourier series in the interval [0, 2L], we 

obtain the approximate formula proposed by Honig and 

Hirdes (1984) 

𝑓(𝑥, 𝑦, 𝑡) ≈   𝑓𝑁(𝑥, 𝑦, 𝑡) =  
1

2
𝑐0  +  ∑ 𝑐𝑘

𝑁

𝑘=1

, 

0 ≤ 𝑡 ≤ 2𝐿, 

(66) 

 

where 
 

𝑐𝑘(𝑥, 𝑦, 𝑡) =  
𝑒𝑐𝑡

𝐿
𝑅𝑒   [𝑒

𝑖𝑘𝜋𝑡

𝐿  𝑓̄ (𝑥, 𝑦, 𝑐  + 
𝑖𝑘𝜋

𝐿
)] , 

𝑘 = 0, 1, 2, . .. 
(67) 

 

Two methods are used to reduce the total error. First, the 

‘Korrektur’ method is used to reduce the discretization 

error. Next, the ε-algorithm is used to reduce the truncation 

error and therefore to accelerate convergence. 

The Korrektur-method uses the following formula to 

evaluate the function 𝑓(𝑥, 𝑦, 𝑡) 

 

𝑓(𝑥, 𝑦, 𝑡) = 𝑓𝑁𝐾(𝑥, 𝑦, 𝑡)  
                  = 𝑓𝑁(𝑥, 𝑦, 𝑡)  − 𝑒−2𝑐𝐿𝑓𝑁′(𝑥, 𝑦, 2𝐿 + 𝑡). 

(68) 

 

We shall now describe the ε-algorithm that is used to 

accelerate the convergence of the series in (66). Let N be an 

odd natural number and let 𝑠𝑚 = ∑ 𝑐𝑘
𝑚
𝑘=1 , be the sequence 

of partial sums of (66). We define the ε-sequence by 
 

𝜀0,𝑚 = 0,      𝜀1,𝑚 = 𝑠𝑚,     𝑚 = 1, 2, 3, . .. 
 

and 

𝜀𝑛+1,𝑚 = 𝜀𝑛−1,𝑚+1 +
1

(𝜀𝑛,𝑚+1  − 𝜀𝑛,𝑚)
, 

𝑛, 𝑚 = 1,2,3, . . .. 
 

It can be shown from Ref. Honig and Hirdes (1984) that 

the sequence 𝜀1,1,  𝜀3,1,  . . . , 𝜀𝑁,1, . .. converges to 

𝑓(𝑥, 𝑦, 𝑡) − 𝑐0/2 faster than the sequence of partial sums. 

 

 

6. Numerical results and discussions 
 

We apply the above results to the Polymethyl 

Methacrylate (Plexiglas) material which has wide 

applications in industry and medicine. Following the values 

of physical constants are shown in Table 1. 

 

Table 1: The physical constants 

 

𝜌 = 1.18  × 103𝑔/𝑐𝑚3,     𝐶𝐸 = 1.4𝑥103 𝐽/𝑘𝑔. 𝐾, 
𝜂0 = 3.36 × 106𝑠/𝑚2,        𝑇𝑜 = 293 𝐾, 
𝛼𝑇 = 13 × 10−5 𝐾−1,         𝛼𝑁 = −9 × 10−31 𝑚3, 
𝑐𝑜 = 2200 𝑚/𝑠,                   𝜆 = 453.7 × 107𝑁/𝑚2, 
𝜇 = 194 × 107𝑁/𝑚2,         𝑘 = 0.55 𝐽/𝑚. 𝑠. 𝐾 , 
𝑠𝑜 = 2𝑚𝑠−1,                          𝐷𝑒 = 2.5 × 10−31 𝑚2𝑠−1, 
𝑛𝑜 = 1020𝑚−3,                     𝐴 = 0.106, 
𝛽∗ = 0.005,                           𝜀 = 0.12, 
𝐸𝑔 = 1.12 (𝑒𝑉),                  𝑡𝑝 = 1𝑠, 

𝜐 = 5 × 10−5𝑠,                    𝜏 = 2 × 10−3𝑠. 
 

To compute the values of the functions, a numerical 

procedure was used to invert the double transforms in 

theabove expressions. First, a numerical method based on 
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Fourier expansion was used to invert the Laplace transforms 

proposed by Honig and Hirdes (1984). Next, the integrals 

appearing in the formula for the inverse of the Hankel 

transform were evaluated numerically by a subroutine 

“qint” from the book of Press et al. (1992). We use the 

Fortran 90 programming language on a personal computer 

with an I7 processor. Multiple parameters within the 

software specify the sum of the measurement (and therefore 

the run time). There is a ‘nsig’ parameter that is the number 

of essential digits that describe the relative error as (10)-nsig, 

nsig = 5 is normal for us. Overall the program evaluates the 

temperature value in less than 2 min at 50 points (Sherief 

 

 

 

 

and Hussein 2018). 

In the context of the photo-thermal theory under the 

fractional calculus, the analysis of the influence of 

fractional orders 𝛼,  𝛽 on the behavior of an organic 

semiconductor plate was performed in the preceding pages. 

The computations were carried out for one value of time 

𝑡 = 0.1  and different values of fractional  order 

parameters𝛼 with wide range 0 < 𝛼 ≤ 1 and 𝛽 with 

wide range 0 < 𝛽 ≤ 2, where 𝛼 = 0,  𝛽 = 1 (corres-

ponding to DCT-theory), 𝛼 = 1.0,  𝛽 = 1 (corresponding 

to LS-theory) and 𝛼 = 0.5,  𝛽 = 0.5 (corresponding to the 

new fractional model). For these results, we have two 

 

 

 

 

 

Fig. 1 The variation of temperature in an organic semiconductor plate for different theories at x = 0.7 

 

Fig. 2 The variation of carrier density in an organic semiconductor plate for different theories at x = 0.7 
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classes of graphs in relation to the distances x and y on all 

field quantities. The first group (Figs. 1-6) shows the effects 

of the fractional orders 𝛼,  𝛽 on the temperature ϑ, the 

carrier density N, the horizontal displacement u and the 

vertical displacement component w, as well as the stress 

components 𝜎𝑦𝑦, 𝜎𝑥𝑦 with respect to the distances y when 

x = 0.7, while the second group (Figs. 7-12) defines field 

quantity behavior with respect to distances x as y = 0.2. In 

Figs. 1-6, dotted lines represent the solutions for DCT-

theory and dashed lines represent the solutions for LS–

theory, while solid lines represent the solutions for the new 

fractional model. Comparisons are made with the findings 

that some previous theories have expected. 
 

 

 

 

Fig. 1 shows the temperature distribution according to 

the new theory, which is compared with some previous 

theories. The temperature rises to the maximum value at the 

point y = 0, according to the values of 𝛼 ,𝛽 and it 

gradually decreases with the increasing the distance 𝑦( 0 ≤
𝑦 ≤ 4). The important phenomenon in this figure showed 

that in a bounded region the temperature distribution in the 

fractional model is limited. The variations of this 

distribution do not occur beyond this area. This clearly 

shows the difference between the solution leading to the 

traditional use of the Fourier heat equation (Biot model, 

𝛼 = 1,  𝛽 = 1) and the use of generalized theories (LS-

theory,𝛼 = 1,  𝛽 = 1) and the new fractional case (0 < 𝛼 ≤ 
 

 

 

 

Fig. 3 The variation of horizontal displacement in an organic semiconductor plate for different theories at x = 0.7 

 

Fig. 4 The variation of vertical displacement in an organic semiconductor plate for different theories at x = 0.7 
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1,  0 < 𝛽 ≤ 2). 

Fig. 2 represents the variation of carrier density along to 

the distance 𝑦( 0 ≤ 𝑦 ≤ 1.8) . The carrier density is 

observed to have maximum values on 𝑦 = 0, according to 

the values of 𝛼, 𝛽 and decreases as 𝑦 increases to near 

zero on 𝑦 = 1.8. 

Fig. 3 displays the difference of the horizontal 

displacement u of the distance y. It is noticed that the 

horizontal displacement attains maximum negative values 

and gradually increases until it attains a peak value at a 

particular location in close proximity to y = 0 and then 

continuously decreases to zero. It is noted that the 

horizontal displacement u approaches maximum negative 

values and increases slowly until it reaches a peak value in 

 

 

 

 

close proximity to y = 0 at a particular location and then 

eventually decreases to zero. Fig. 4 exhibits the space 

variation of the vertical displacement ω distribution. It is 

found that the vertical displacement ω has the same 

behavior as carrier density field except the wide range of 

𝑦 ( 0 ≤ 𝑦 ≤ 0.8). 
Figs. 5 and 6 are plotted to show the variation of stress 

components 𝜎𝑦𝑦, 𝜎𝑥𝑦 against y. It observed that that the 

magnitude of normal stress 𝜎𝑦𝑦  and shear stress 𝜎𝑥𝑦 ` 

always started from zero, which fulfilled the boundary 

condition and then increased by increasing the distance y to 

y = 0.72 and y = 0.19, respectively. After this increase, the 

gap y to close to zero decreases. 

Next, the functions were evaluated as functions of x on 
 

 

 

 

 

 

Fig. 5 The variation of stress component 𝜎𝑦𝑦 in an organic semiconductor plate for different theories at x = 0.7 

 

Fig. 6 The variation of stress component 𝜎𝑥𝑦 in an organic semiconductor plate for different theories at x = 0.7 
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the plane surface 𝑦 = 0. 
Figs. 7 and 8 display the temperature ϑ and carrier 

density N distributions for wide range of 𝑥(−1.6 ≤ 𝑥 ≤
1.6) at different values of the differential fractional order 

0 < 𝛼 ≤ 1 in the limiting value of the integral fractional 

order 1 < 𝛽 < 2 (superconductivity) and 𝛽 = 2 (ballistic 

conductivity)as in Ref. Kimmich (2002) . We have noticed 

that the increasing of the value of the parameter 𝛼 causes 

decreasing in the temperature and carrier density. The 

temperature increment and carrier density increment are 

 

 

 

 

continuous function, which means that the particles 

transport the heat and plasma to the other particles easily 

and this makes the decreasing rate of the temperature 

greater than the other ones. 

Fig. 9 exhibits the space variation of the horizontal 

displacement u distribution against 𝑥 at different values of 

the differential fractional order 𝛼 (𝛼 = 1.0,0.7,0.3)  and 

𝛽 (1 < 𝛽 < 2).  It is observed that the horizontal 

displacement u has the same behavior as temperature field 

except the wide range of 𝑥(−4 ≤ 𝑥 ≤ 4). 

 

Fig. 7 The variation of temperature for different values of fractional order 𝛼 and 𝛽 at y = 0.2 

 

Fig. 8 The variation of carrier density for different values of fractional order 𝛼 and 𝛽 at y = 0.2 
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Fig. 10 predicts the variation of vertical displacement ω 

against x. It found that the vertical component of the 

displacement starts to decrease at the beginning and end of 

the heated surface (−5 ≤ 𝑥 ≤ 5) and has a minimum 

value in the center of the heated surface, after which it starts 

to increase and reaches a limit close to the edges 𝑥 = ±5 

and then decreases to zero. We noticed that vertical 

displacement ω field has been affected by the time-

fractional parameter 𝛼; where the increasing of the value of 

 

 

 

 

the parameter 𝛼 causes decreasing in the field. 

Figs. 11 and 12 are displayed to show the variation of 

stress components 𝜎𝑦𝑦, 𝜎𝑥𝑦 with respect to the distance x. 

From these figures we learned that thermal and mechanical 

waves are consistent capacities, smooth and enter 

unchanged state based on time-fractional parameters 

estimation. 

 

 

 

Fig. 9 The variation of horizontal displacement for different values of fractional order 𝛼 at y = 0.2 

 

Fig. 10 The variation of vertical displacement for different values of fractional order 𝛼 at y = 0.2 
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7. Conclusions 
 

(1) A field of materials science related to the design, 

synthesis, characterization, and application of small 

organic molecules or polymers that exhibit 

desirable electronic properties such as electrical 

conductivity. In contrast to conventional inorganic 

and semiconductor conductors, organic electronic 

materials are made from small (carbon-based) 

organic molecules or polymers using synthetic 

strategies developed in the context of organic 

 

 

 

 

chemistry and polymer chemistry. One of the 

promised benefits of organic electronics is its 

potentially lower cost compared to traditional 

inorganic electronics. 

(2) The attractive properties of organic semiconductors 

include the electrical conductivity that can vary 

with the concentrations of impurities. As for 

metals, they are characterized by mechanical 

flexibility. Some of them have high thermal 

stability. 

(3) Any organic semiconductors are called viscoelastic 

 

Fig. 11 The variation of stress component 𝜎𝑦𝑦 for different values of fractional order 𝛼 at y = 0.2 

 

Fig. 12 The variation of stress component 𝜎𝑥𝑦 for different values of fractional order 𝛼 at y = 0.2 
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compounds. The influential organic semi-

conductive deformations and the key driven 

mechanisms are the thermos-viscoelastic 

deformation and electronic deformation for 

micromechanical structures. 

(4) All previous studies of semiconductors in the 

coupled and generalized theories were based on the 

consideration of the elastic medium and did not 

deal with the viscous elastic medium. In this paper, 

we dealt with the study of fractional heat and 

plasma propagation in viscoelastic semiconductors 

that have not been shown in literature before. 

(5) Fractional calculus has been widely used to alter 

many existing models of physical systems. The use 

of fractional derivatives for viscoelastic materials 

and established the connections between fractional 

derivatives and the theory of linear viscoelasticity 

was good agreement with experimental findings 

from Caputo (1974) and Caputo and Mainardi 

(1971). The fractional model is used for a two-

dimensional organic problem half-space semi-

conductor. 

(6) The results of all the functions for the new 

fractional model are distinctly different from those 

obtained in coupled (Biot 1956) and generalized 

theory (Lord and Shulman 1967). 

(7) The fractional orders 𝛼 and 𝛽 have a significant 

effect on all fields in all figures. 

(8) The waves for all distributions are observed to 

enter a stable state depending on the value of 

fractional orders 𝛼 and 𝛽. 

(9) The speed of the wave propagation in fractional 

thermo-viscoelastic variable fields according to the 

new model is finite like in the generalized theories 

and coincides with the physical behaviors of 

viscoelastic materials. 

(10) The values of the distributions of all the physical 

quantities reach a steady state with an increase of 

the distance y and satisfy the boundary conditions. 

(11) The waves quickly cut the y-axis when 𝛼 = 𝛽 = 1 

than when 0 < 𝛼, 𝛽 < 1. 
(12) The particles transport the heat and plasma to the 

other particles easily and this makes the decreasing 

rate of the temperature and carrier density greater 

than the other ones. 
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Nomenclature 
 

𝑥  Cartesian coordinates (𝑥, 𝑦, 𝑧) 

𝝀, 𝝁  Lame’s constants 

𝜌  density 

t  time 

E  excitation energy 

𝐸𝑔  energy gap of the semiconductor 

N  = 𝑛 − 𝑛𝑜 ,  𝑛𝑜 is the equilibrium carrier concentration 

𝐶𝐸  specific heat at constant strain 

𝜁  = 
𝜕𝑛𝑜

𝜕𝜗
, coupling parameter of thermal activation 

𝐷𝑒  carrier diffusion coefficient 

𝐾  = 𝜆 + (2/3)𝜇, bulk modulus 

𝑘  thermal conductivity 

T  temperature 

𝑺𝒊𝒋  components of stress deviator tensor 

𝜎𝑖𝑗  components of stress tensor 

𝑒𝑖𝑗  components of strain deviator tensor 

𝜀𝑖𝑗  components of strain tensor 

𝑢𝑖  components of displacement vector 

𝛼𝑇  coefficient of linear thermal expansion 

𝛼𝑁  coefficient of electronic deformation 

𝑐𝑜  
= [(𝜆 + 2𝜇)/𝜌]1/2, speed of propagation of isothermal 

elastic waves 

𝜂𝑜  = 𝜌𝐶𝐸/𝑘 

𝛾𝑇  = 3𝐾𝛼𝑇 

𝛾𝑁  = 3𝐾𝛼𝑁 

𝜃  = 𝑇 − 𝑇0, such that |𝜃/𝑇0| << 1, 

e  = 𝜀𝑖𝑖, dilatation 

𝜏𝑜  thermal relaxation 

𝛼  fractional order 

𝑇𝑜  = 𝜌𝑐𝑜
2/𝛾𝑇, reference temperature 

𝜀  = 𝛾𝑇/𝜌𝐶𝐸 , thermoelastic coupling parameter 

R(t)  relaxation function 

𝐴, 𝛽, 𝑎∗  empirical constants 
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