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Abstract The model of the equations of generalized thermoelasticity in
a semi-conducting medium with two-temperature is established. The entire
elastic medium is rotated with a uniform angular velocity. The formula-
tion is applied under Lord-Schulman theory with one relaxation time. The
normal mode analysis is used to obtain the expressions for the considered
variables. Also some particular cases are discussed in the context of the
problem. Numerical results for the considered variables are obtained and
illustrated graphically. Comparisons are also made with the results pre-
dicted in the absence and presence of rotation as well as two-temperature
parameter.
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Nomenclature
a”* — two temperature parameter
Ce — specific heat at constant strain
Dg — carrier diffusion coefficient
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E, — energy gap of semiconductor

K —  coefficient of thermal conductivity

N —  carrier density

No — carrier concentration at temperature T’

T — thermodynamic temperature above the reference temperature Ty
u,v — displacement vector components

Greek symbols

«@ —  thermal expansion coefficient
v =3\ + 2u)c
0ij — thermal expansion coefficient
On — difference of deformation potential of conduction and
valence band such that §, = (3\ + 2u)dn
€ij — strain components
0 —  conductive temperature
= ONo 1
aT
A, b — Lame’ constants
T — photo-generated carrier lifetime
To —  thermal relaxation time
p — mass density
oy —  stress components

1 Introduction

Thermoelasticity theories, which admit a finite speed for thermal signals,
have received a lot of attention for the past four decades. In contrast to
the coupled thermo-elasticity theory based on a parabolic heat equation [1],
which predicts an infinite speed of the propagation of heat, these theories
involve a hyperbolic heat equation and are referred to as generalized ther-
moelasticity theories. The theory of thermoelasticity with one relaxation
time proposed by Lord and Shulman [2] arose as a result of the modification
of equation of heat conduction in [1], originally proposed by Maxwell [3] in
the context of theory of gases, and later by Cattaneo [4] and Vernotte [5] in
the context of heat conduction in rigid bodies. Resulting from that theory
heat equation of the wave type ensures the finite speed of wave propaga-
tion of heat and the displacement distributions. This theory was extended
by Dhaliwal and Sherief [6] to include the anisotropic case. Othman and
Said [7] used the normal mode analysis to study the effect of rotation on
the two-dimensional problem of a fibre-reinforced thermoelastic with one
relaxation time.

The first photothermal method was discovered by Gordon et al. [§]
when they found the intracavity sample where a laser-based apparatus gave
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rise to photothermal blooming, namely the photothermal lens. Sometime
later, Kreuzer [9] showed that photoacoustic spectroscopy could be used for
sensitive analysis when laser light sources were used. The photo-thermal
generation during a photothermal process was studied by many authors.
For semiconductor materials, the mechanism of this process includes two
parts: two parts: part one: the propagation of a thermal wave causing
elastic vibration in the medium; this is the thermoelastic (TE) mechanism
of photothermal generation (Todorovic et al. [10]). Part two: the photoex-
cite free carriers produce directly a periodic elastic deformation that is, the
electronic deformation (ED) in the sample (Todorovic et al. [10]). A gen-
eral theoretical analysis of the (TE) and (ED) effects in a semi-conductor
medium during a photo-thermal process consists in modeling the complex
systems by simultaneous analysis of the coupled plasma, thermal, and elas-
tic wave equations (Song et al. [11]). System of partially coupled plasma,
thermal and elastic wave equations and conditions for neglecting the cou-
pling between them is analyzed (Todorovic [12]). The treatment considers
a semiconductor elastic medium for isotropic and homogeneous, thermal
and elastic properties. Song et al. [13] used the coupled generalized ther-
moelastic with thermal relaxation time and plasma theories to study the
reflection problem at the surface of a semi-infinite semiconducting medium
during a photothermal process.

Some research in the past investigated different problems of rotating
media. In a paper by Schoenberg and Censor [14], the propagation of
plane harmonic waves in a rotating elastic medium without a thermal field
has been studied. It was shown there that the rotation causes the elastic
medium to be depressive and anisotropic. Many authors [15-25] studied
the effect of rotation on elastic waves. These problems are based on the
more realistic elastic model since earth, the moon and other planets have
angular velocity.

Thermoelasticity with two temperatures is one of the nonclassical the-
ories of thermoelasticity of elastic solids. The thermal dependence is the
main difference of this theory with respect to the classical one. Chen and
Gurtin [26], Chen et al. [27,28] have formulated a theory of heat con-
duction in deformable bodies, which depend on two distinct temperatures,
the conductive temperature and thermodynamic temperature. For time
independent situations, the difference between these two temperatures is
proportional to the heat supply. For time dependent problems and with
respect to wave propagation problem in particular, the two-temperatures
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are in general different, regardless of the presence of heat supply. The two
temperatures, T', and @, and the strain are found to have representations in
the form of a traveling wave plus a response, which occurs instantaneously
throughout the body [29]. Warren and Chen [30] investigated the wave
propagation in the two-temperature theory of thermoelasticity. Recently,
Youssef [31,32], Abbas and Youssef [33] and Bijarnia and Singh [34] studied
different problems under two temperature generalized thermoelastic theory.

This paper investigates the effect of two-temperature parameter and ro-
tation in a semiconducting medium into the context of the two-temperature
generalized thermoelasticity theory with one relaxation time.

2 Formulation of the problem and basic equations

Generally, theoretical analyses of the transport process in a semiconduc-
tor involve in the consideration of coupled plasma waves, thermal waves
and elastic waves simultaneously. For a medium with isotropic and ho-
mogeneous properties, when the body forces are neglected, the governing
equations are; Fig. 1:

1. Strain-displacement relations:

1

eij = 5(uij +uje), 45 =12, (1)

where the components of the displacement vector are u = (u, v, 0).
2. Constitutive relations:

aij:2,uz—:ij—|—[)\e—7T—5nN]5ij . (2)
3. Heat conduction equation (hyperbolic equation [35]):

Kv29—|—&N—7T0<1—|—T02>é:pce<1+Tog>T, (3)
T ot ot
such that

T=60-a"V?0. (4)

4. Equation of motion:
Since the medium is rotating uniformly with an angular velocity Q =
On = (0, 0, Q) where n is a unit vector representing the direction of
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the axis of the rotation, the equation of motion in the rotating frame
of reference has two additional terms (Schoenberg and Censor [14]):
centripetal acceleration € x (€2 x u) due to time-varying motion only
and Corioli’s acceleration 2€2 x 1, then the equation of motion in
a rotating frame of reference is

1wV + A+ p)Ve—y VT —6, VN = p [ii;+[Qx Q x u]; +2(2 x0);] .
(5)

5. Coupled plasma transport equation (parabolic equation [35]):

N ON
2 _— — = —
DpVPN — — +rT = > (6)

where N is the carrier density, T is the thermodynamic temperature
above the reference temperature Tj, 0;; are the stress components,
ei; are the strain components, A, p are Lame’ constants, v = (3\ +
2u)ay, oy is the thermal expansion coefficient, 6, is the difference
of deformation potential of conduction and valence band such that
0 = (BA 4+ 2u)d,,, 6;; is the Kronecker delta, K is the coefficient of
thermal conductivity, € is the conductive temperature, a* is the two
temperature parameter, p is the mass density, c. is the specific heat
at constant strain, F, is the energy gap of semiconductor, Dg is the
carrier diffusion coefficient, 7 is the photo-generated carrier lifetime,
7o is the thermal relaxation time and kK = %%, Ny is the carrier
concentration at temperature 7.

The governing equations can be put into a more convenient form by using
the following non-dimensional variables:

1 / 1
(‘Tlay/7u,7v/) = CTt* (‘Tayauuv)a (tluTO) = t_*(t7T0)7
1)
T =T (T N =—" N
{ } ()\+2u){ } (A +2u)
o= o, =1, =T e B g
J L J T P) pcecr% ( )

Introducing the displacement potentials ®(z,y,t) and ¥(z,y,t), which re-
lated to displacement components by the relations

u=®,+v, v=>0, -V, . (8)
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Figure 1: Schematic diagram of the problem.

Using Egs. (2) and (8), in Egs. (3)—(6), we obtain (the dashed above
quantities have been removed for convenience):

d? ov
2 Qz——]CI)—2Q—— 1- Hg— N =
[v + 52 5 (1—agV*)6 0, (9)
od 0?
20 52— 2y - 2—]\112 1
P+ [Vt - g v —o, (10)
0\ 0]cn d\ 0 0\ w2
1 l+10= | = —(14+70= | = t0—e1( 1 — O+egN =
{|: +a0< +T08t) at]v ( +T08t) 8t} &‘1( +Toat>v +e92 0,
(11)
Kt* K 0
2 2
— — —|N 1— 0= 12
[V PCeTDE PCeDE 8t] +€3( aOV ) 0 ’ ( )
T= (1—apV?)6 . (13)
For the stress-tensor components, we have the following expressions:
Oxax = /BQU,x + (/82 - 2)v7y - /82T - /BzN ) (14)
oy = (82 = 2ug + oy — B°T — B°N | (15)
0.2 = (82 —2)V?® - °T — BN, (16)
Opy = Uy + Vg, Opz =0y, =0, (17)
Where:2 o Oz
Tp t* o Egt* Krdnt* _ (A2 _ _a*
&1 = . KOp , €2 = Pceﬁdn’ €3 = pceat[t)E’ 62 = k ; and ag = CTE 2

I
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3 Normal mode analysis

The solution of considered physical quantities can be decomposed in terms
of normal mode as follows:

[(1)7 v, T, 97 N, O-ij]($7yat) = [@*7 \I[*y T*a 0*7 N*7 O-;,k]](y) eXp(Wt + ’LCLZL‘) ’
(18)
where a is the wave number in the z-direction, i = /=1, w is a com-
plex constant, ®*, U* T* #* N*, and ajj are the amplitudes of the field
quantities ®, ¥, T, 6, N, and o;;.
Using Eq. (18), Eqgs.(9)—(12) become respectively:

(D? — b)) ®* — by¥* + (a9 D> — b3)0* — N* =0, (19)
by ®* 4+ (D? —b5) U* =0, (20)

— bg (D? — a®) ®*+(b; D*> —bg) 0" +e9 N* =0, (21)
(bg D? — byg) 0* — (D* — by ) N* =0, (22)

where:
b1:a2—|—w2—§22, by = 2w, b3:(1+a0a2), b4:b252,
bs =a?+ 2 (w?—02), bg=crw(l+ 1ow), br=14+aw(l+ Tow),

bs =a?br+w(1+ 1ow), by=apes, bio=c3(l+apa?), by =da’+a,
Kt* Kw D _d
T pceTDE pceDE? T dy-

Eliminating ®*(y), ¥*(y), 6*(y), and N*(y) between Eqgs. (19)-(22), the
following eighth order ordinary differential equation satisfied by ®*(y), ¥*(y),
0*(y), and N*(y) can be obtained:

(D®— AD®+ BD* - CD*+ E)[®*(y), ¥*(y), 0*(y), N*(y)] =0, (23)

where:
A= m[(bl + bs + b11) by + bs — (g2 — bg) by + ag bg (a? + b11)
+ bg (ag bs + b3)],

= @L()Tl-i-ln) [bg bs bg + bg b11 — €2 b1g + (bl + b5) (b7 b11 + bg — &9 bg)+
(blb5+bgb4) b7+a2 bﬁ(aobll + bg) + b(j(ao bs + bg)(a2 + b11) + bg (b5 bg + blo)],
C = Gorarrey (b1 +b5) (bsbir — e2b10) + (b1bs + baba) (brbiy + bs — e2by)
+a? bg b11(ag bs + b3) + b3 by be (a? + b11) + bs be bro + a® bs(bs by + b1o)],
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E = m [(bl bs + by b4) (bg b1 — &9 blo) + a? bs b@(bg b11 + blo)}.

Equation (23) can be factored as

(D? — kF)(D? = k3)(D? — k3)(D* — K){®" (), ¥*(y), 0*(y), N*(y)} =0,
(24)
where k‘f (j = 1,2,3,4) are the roots of the characteristic equation given
by Eq. (24). The limit of Eq. (24), solution as y — oo, reads:

4
O (y) =D Mye *nv, (25)
n=1
4
U (y) = > Hip Mye *nv, (26)
n=1
4
0" (y) = > Hop Mye *nv (27)
n=1
4
N*(y) = > Hgp Mype "V, (28)
n=1

here M,, (n =1,2,3,4) are some coefficients and Hy, = ﬁ )

bs (k2 — a2) (k2 — b1y) _ (bo k2 — big) Hon
2 5 2 o 2 , Hgn = n2 .
(K — b11) (b7 kj; — bg) + €2 (bg Ky, — b1o)] (kn — b11)
Using Egs. (8), (13), (18), and (25)—(28), the displacement components and
the thermo-dynamic temperature can be obtained in the following form:

H2n =

4
u*(y) = Z vin My, e kv ) (29)
n=1
4
v (y) = — Z von My, e kny ) (30)
n=1
4
T*(y) = Y vgn My e ¥ . (31)
n=1

Using Egs. (14)—(18) and (25)—(31), we obtain

4
O';:z: = Z Hyp M, e hny ) (32)

n=1
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4
* —k
oy =Y Hsy My e *n¥ (33)
n=1
4
—k,
0i. =Y Hen Mye ", (34)
n=1
4
_k'r J— J—
Oy == Hm Mye™™, 07, = 0. =0, (35)
n=1

where: v, =ia—ky Hip, Von = kntiaHy,, v3, = [1—ag(k2—a?)|Ha,,
H4n - (/82 - 2)kn Vop + /82(iavln — VU3n — H?m): H5n = ia(/82 - 2) Vip +
ﬁ2(k7n V2n — U3n — H3n)a Hgp = (62 - 2)(]{7% - CL2) - 62(U3n + H3TL)7

Hy7, =k, v1, +1__avoy,.

4 Boundary conditions

The coefficients M,, (n =1,2,3,4) have to be chosen such that the bound-
ary conditions on the surface y = 0, take the form

02z = —Plexp(wt +iazx), o049 =0,
T = Pjexplwt+iax), (36)
dN
TN
E dy S )

where P, Py, and s are constants.

Applying the boundary conditions (4) at the surface y = 0, we obtain
a system of four equations. After applying the following inverse of matrix
method

M,
My
Myl
My
Hy Hys Hys Hyy - —pi
Hny Hro Hzs Hry 0 (37)
V31 V32 U33 V34 D5
(k1+s1)Hz1  (ko+s1)Hsy (ks+s1)Hszs (ks+s1)Hsy 0

we obtain the values of coefficients M,, (n =1,2,3,4), where

S CT t*
Dg

S1 =
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5 Particular cases

1. The expressions for the displacement components, force stresses, car-
rier density and temperature distribution in a rotating generalized
semiconducting medium can be obtained from the above equations
by taking a* = 0 (a* = 0 indicates one type temperature).

2. Neglecting the angular velocity (i.e., € = 0) in the above equa-
tions, one can obtain the displacement components, carrier density,
stress components, conductive temperature and thermodynamic tem-
perature distribution in a non-rotating generalized semiconducting
medium with two-temperature.

After substituting 2 = 0 in Eq. (5), and use Egs. (2), (8), and (18), it
can be reached that

[D* = (a® + w?)]®* + (¢ D> — b3)0* — N* =0, (38)
(D? —m?)¥* =0, (39)

— bg (D* — a?) ®*+(b; D*> —bg) 0" + e N* =0, (40)
(bg D* —b1g) 0" — (D* — b)) N* = 0. (41)

Eliminating ®*(y), 0*(y), and N*(y) in Egs. (38), (40), and (41), the follow-
ing sixth order ordinary differential equations for ®*(y), 6*(y), and N*(y)
can be obtained

(D° = A1 D* + B1 D* — En) [®7(y), 0"(y), N*(y)] =0. (42
Equation (42) can be factored as
(D? = K))(D* = k3)(D* — k3)[®*(y), 0"(y), N* ()] =0,  (43)

where k2 (n = 1,2, 3) are the roots of the characteristic equation of Eq. (43),

m? = a? + B2w?,

A= (ao b;+b7) [(ao a? +agb11 + b3) bg + (a2 + w2 + b11) b7 + bg + (bﬁ — 52) b9]7

B1 = Goversy bé+b7) [b6 (a® ag bi1 + a® by + a? by + big + by bi1) + bg b1 — €2 b1g
+(a? + w?) (bg + b7 b1y — €2 by)],

Bi = gy [(a® +w?) (bs by — €2 b10) + a® b (bs biy + bio)].
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The solution of Egs. (43) and (39), take the form

3
(y) =D Gue ™V, (44)
n=1
3
0" (y) = Z Ry, Gy, e~y ) (45)
n=1
3
N*(y) = Z Ron G, ety ) (46)
n=1
U*(y) =Gae ™Y, (47)

where G,, (n =1,2,3,4) are some coefficients,

(ka — bi1) [k, — (a® +w?)] by ki — b1o) Rin
[(by k7 — b1o) — (ki — b)) (ag ky. — bs)] (k2 — b11)

Using Eqgs. (8), (13)—(18), and (44)—(47), the expressions for the displace-
ment components, the thermodynamic temperature and the stress compo-
nents distribution in a non-rotating generalized semiconducting medium
with two temperature can be written as follows:

Ry, = s and Ry = (

3
u*(y) = ZiaGne_k"y—mG4e_my, (48)
n=1
3
v*(y) :—anGne_kny—z’aG46_my , (49)
n=1
3
T"(y) = Z Rs, G, e Fny ) (50)
n=1
3
o, = ZR4nGne_k"y—2iamG4e_my , (51)
n=1
3
oy = RsnGne ™Y +2iamGye ™ (52)
n=1

3
U:z = Z Re, G e_kn v, (53)
n=1
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3
Oy = — Z Rin Gre F¥ 4 (a2 4+ m?) Gype ™Y, o, = o,,=0, (54)
n=1

where Rz, = [l —ag(k2 —a?)] Rin, Ran = (8% —2)k2 —B%(a®+ Rop+ R3y),
R5n = /82(kEL_R2n_R3n)_a2(/82_2)7 R6n = (/82_2)(k%_a2)_/82(R2n+
R3n), R7n :2iakn.

Applying the boundary conditions (4) at the surface, y = 0, a system of
four equations is obtained. After solving this system, the coefficients G,
(n=1,2,3,4) can be defined as follows:

G1

Ga|

Gs|

Gy
Ry Ry Rys —%%am 7" —pi
Rz Ry Rr3 —(a® +m?) 0 (55)
R3 R3y Rs3 0 5

(k1 +s1)Ra1 (k24 s1)Rae (k3 + s1)Ras 0 0

6 Numerical results

Silicon, Si, is chosen as the material for numerical simulations. The param-
eters for silicon are taken as (Song et al. [11,13]):
A=3.64x109Nm™2 p =546 x 10" kgm~'s72, K =150 Wm 'K~ 1,

a;=3x10K!, p=233x103kgm3, Cp=1695JTkg ! K1,
To=300K, Q=045 a* =04, a=0.5, pi =ps =0.01, 79 = 0.01,
t=0.02, eg=—450, z=0.5, W=wWRe +Wrm, W= wpge = 0.6,
Wim =0, dy=—9x10"3" m3, Dp=25x10"3m?s7!,
E,=112ev, 7=5x107%s, s=2ms™ 1.

The thermophysical data, outlined above, were used for the determination
of the distribution of the real part of displacement components u, v, ther-
modynamic temperature 7', conductive temperature 6, carrier density IV,
stress components 0, 0yy, 0.2, and o,y in the presence and absence of the
rotation as well as the two temperature parameter. Here, all variables are
taken in the non-dimensional form. The results are shown in Figs. 2-10.
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In these figures, the solid lines represent the solution for Q = 0.4, a* = 0.4,
the dashed ones represent the solution derived for €2 = 0, a* = 0.4, and
the dot-dashed lines represent the solution for 2 = 0.4, a* = 0. Due to the
boundary conditions, the stress components 0, and o, always start from
negative values and zero, respectively, and terminate at a zero value.

Figure 2: Distribution of horizontal displacement w.

30 r :
a3 =0.4, C3=0.4
2s — - — g =0, =04 |
— — 3 =0.4, ;=0
20
1s |
=
10}
S F
[l
.s 1
o 1 2 E) a s 5 7 ) E) 10
¥

Figure 3: Distribution of vertical displacement v.

Figure 2 describes the variation of the horizontal displacement u against
the distance y. It is clear from Fig. 2 that the values of u decrease in
the range 0 < y < 2.5, then increase and go to zero in the range 2.5 <
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a'=0.4, (3=0.4
— - — a'=0 =04
— — a =04, C3=0

}. =
o 1 2 3 4 s 5 7 5 a 10
¥
Figure 4: Distribution of the thermodynamic temperature 7.
.3

1012 , :

i =04, 02=-04
sl — -~ 'a-0, =04 ||

. — — = -04,0-0
.
sF - e
N
D alr % .
5
e
2t R 4
e WS
o —_

" e
= . i

o 1 2 3 a & 7 = E} 10

< al

Figure 5: Distribution of the conductive temperature 6.

y < 10, for Q = 0.4, o* = 0.4, while, it increases in the range 0 < y <
0.9 then decrease in the range 0.9 < y < 5 and finally increase and go
to zero for Q = 0.4, a* = 0, while v is an increasing function in the
range 0 < y < 10 for Q = 0, a* = 0.4. Figure 3 shows the variation
of the vertical displacement v. In this figure, a significant difference in the
vertical displacement v is noticed for different values of the two temperature
parameter a* as well as rotation. It shows that the magnitude of v for
a* = 0.4 is higher than that of a* = 0. It is also observed from this figure
that the rotation acts to increase the magnitude of the real part of v.
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Figure 6: Distribution of the carrier density V.

14

a=0.4, Ca=0.4
—-— @=0,C=0.4 [
— — a'=0.4, ;=0

L
u] 1 2 3 4 S 5] 7 4 =] =] 10

Figure 7: Distribution of stress component o, .

Figure 4 is plotted to show the variation of the thermodynamic temperature
T. Tt is observed that the thermodynamic temperature, T, decreases in the
range 0 < y < 8 and finally goes to zero for the different cases. It is
also clear that the parameter a* of two-temperature and the rotation, (2,
act to decrease the values of 7. It is clear that the values of conductive
temperature, 0, as shown in Fig. 5, in the two-type temperature cases are
small compared to those for one-type temperature case. It is also noticed
that the conductive temperature 6 is inversely proportional to the rotation.
Figure 6 clarifies that the values of the carrier density N always begin
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10 .
fal -
a e e
-5 4
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from negative values and increase in the range 0 < y < 10, then go to
zero for the different cases. It is also seen that the carrier density N is
directly proportional to the rotation and the two-temperature parameter.
Figure 7 represents the change in the stress component o,, with distance
y. The values of o,, always start with increasing to a maximum value
then decrease and finally go to zero. It is noticed that o, is strongly
affected by the two temperature parameter as well as the rotation. It is
directly proportional to both of them. It is clear that the two-temperature
parameter a* and the rotation act to decrease the values of oy, as shown
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Figure 10: Distribution of stress component ogy.

Figure 11: Distribution of the displacement component u versus components of distance
at @ =0.4 and a* = 0.4.

in Fig. 8. Figure 9 depicts that the distribution of stress component o,
always begins from positive values. For different cases, the values of o,
start with increasing to a maximum value in the range 0 < y < 1.2, then
decrease in the range 1.2 < y < 10 and finally tend to zero. It is clear
that the two-temperature parameter a* as well as, the rotation acts to
decrease the values of o,,. Figure 9 explains that the distribution of the
stress component o, always starts with zero at the origin which agrees with
the boundary conditions. It is clear that the two-temperature parameter a*
acts to increase the values of o,,. It can be also observed from this figure
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Figure 12: Distribution of the thermodynamic temperature 7" versus components of dis-
tance at Q = 0.4 and a* = 0.4.

Figure 13: Distribution of the conductive temperature 6 versus components of distance
at @ =0.4 and a* = 0.4.

that the values of the stress component o, in the presence of rotation
are higher than those in the absence of rotation. Figures 10-15 depict the
3D curves which represent the relation between the physical quantities and
both components of distance in the context of the (L-S) theory for 2 = 0.4,
and a* = 0.4, these figures are very important to study the dependence of
these physical quantities on the vertical component of distance. The curves
obtained are highly depending on the vertical distance and all the physical
quantities are moving in the wave propagation.
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Figure 14: Distribution of carrier density N versus components of distance at 2 = 0.4
and a* = 0.4.

Figure 15: Distribution of stress component o4 versus components of distance at 2 = 0.4
and o* = 0.4.

7 Conclusion

According to the results of this work, one can see the effect of rotation as
well as of the two temperature parameter on the wave propagation of all
fields and how they play a vital role in increasing or decreasing the am-
plitude of different physical quantities. This work proves the importance
of distinguishing between the conductive temperature and the thermody-
namic temperature. Also, the figures show that the presence of either the
two temperature parameter or the rotation has the same effect on the dif-
ferent physical quantities. This work can serve for the analysis and design
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Figure 16: Distribution of stress component oy, versus components of distance at 2 = 0.4

and a* = 0.4.

of the thermal resistance coated materials. There are a lot of applications
on diverse field as semiconducting and the reactions during a photothermal
process and other fields in physical engineering, electronic devices, transis-
tors, also in physical chemistry and medical physics.

Received 2 November 2016
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