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Abstract. A two-dimensional problem of generalized thermoelasticity is formulated us-
ing state space approach. In this formulation, the governing equations are transformed into a
matrix differential equation whose solution enables to write the solution of two-dimensional
problem in terms of the boundary conditions. The resulting formulation is applied to an
isotropic half-space problem within three-phase-lag model of thermoelasticity. The bound-
ing surface is traction free and subjected to a time dependent thermal shock. The solution for
temperature distribution, displacements and stress components are obtained and presented
graphically as well as a comparison with other thermoelastic models is made.
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1. Introduction.

The classical theory of thermoelasticity [1] suffers from so called ‘paradox of heat con-
duction’ i.e. the heat equations for both theories of a mixed parabolic-hyperbolic type, pre-
dicting infinite speeds of propagation for heat waves contrary to physical observations. To
remove this paradox, the conventional theories of thermoelasticity has been generalized,
where the generalization is in the sense that these theories involve a hyperbolic type heat
transport equation supported by experiments, which exhibit the actual occurrence of wave
type heat transport in solids, called second sound effect. To eliminate the second sound par-
adox of classical thermoelasticity theory, Lord and Shulman [2] established a generalized
thermoelasticity theory which is often referred to as LS model and widely used in the case
of heat flux and low temperature. Green and Lindsay [3] introduced one more theory, called
GL theory, which involves two relaxation times. Later Green and Naghdi [4, 5, 6] developed
three models for generalized thermoelasticity of homogeneous isotropic materials, which are
labeled as G-N models I, II, III. Detailed information regarding these theories can be found
in 7, 8].

The next generalization to the thermoelasticity is known as the dual-phase-lag model
(DPL) developed by Tzou [9]. Tzou [9] considered micro-structural effects into the delayed
response in time in macroscopic formulation by taking into account that increase of the lat-
tice temperature is delayed due to phonon-electron interactions on the macroscopic level.
Tzou [9] introduced two-phase lags to both the heat flux vector and the temperature gradient
and considered as constitutive equation to describe the lagging behavior in the heat conduc-
tion in solids. Recently, Roychoudhuri [10] has established a generalized mathematical
model of a coupled thermoelasticity theory that includes three-phase-lags in the heat flux
vector, the temperature gradient and in the thermal displacement gradient. The more general
model (TPL) established reduces to the previous models as special cases.

In three-phase-lag heat conduction equation the Fourier law of heat conduction is re-
placed by an approximation of three phase lags for the heat flux vector (7, ), the temperature
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gradient () and the thermal displacement gradient(z,). The previous established models

can be obtained as special cases from this more general model. Three-phase-lag (TPL)
model is very much useful in the problems of nuclear boiling, exothermic catalytic reac-
tions, phonon-electron interactions, phonon scattering etc., where the delay time 7, captures

the thermal wave behavior (a small scale response in time), the phase lag 7, captures the

effect of phonon-electron interactions (a microscopic response in space), the other delay
time 7, is effective since in the three-phase-lag model , the thermal displacement gradient is

considered as a constitutive variable.

State space methods are the cornerstone of modern control theory. The necessity of state
space method is the characterization of the processes of interest by differential equations
instead of transfer functions. In the earlier period the processes were simple enough to be
characterized by a single differential equation of fairly low order. In the modern approach
the processes are characterized by systems of coupled, first order differential equations. In
principle, there is no limit to the order (i.e. the number of independent first order differential
equations) and in practice the only limit to the order is the availability of computer software
capable of performing the required calculations reliably.

A method for solving coupled thermoelastic problems by state space approach has been
developed by Bahar and Hetnarski[11] . The state space formulation for the problems that
do not contain heat sources have been done by Anwar and Sherief [12]. Ezzat et al. [13]
considered state space approach to two-dimensional generalized thermoviscoelasticity with
one relaxation time. Youssef and Al-Lehaibi [14] discussed two temperature generalized
thermoelasticity using state space approach. El-Karamany and Ezzat [15] considered ther-
mal shock problem in generalized thermoelasticity under four theories. Sherief et al. [16]
discussed stochastic thermal shock in generalized thermoelasticity. Ezzat and Youssef [17]
investigated three dimensional thermal shock problem of generalized thermoelastic medium.
Wang et al. [18] considered thermoelastic behavior of elastic media with temperature-
dependent properties under thermal shock. Baksi et al. [19] studied magneto-thermoelastic
problem with thermal relaxation and heat sources in a three dimensional infinite rotating
elastic medium. Biswas and Mukhopadhyay[20] proposed eigenfunction expansion method
to analyze thermal shock behavior in magneto-thermoelastic orthotropic medium with three-
phase-lag model. Biswas and S. M. Abo-Dahab [21] considered the effect of phase-lags on
Rayleigh wave propagation in initially stressed magneto-thermoelastic orthotropic medium.
Biswas [22] proposed modeling of memory-dependent derivatives in orthotropic medium
with three phase lag model under the effect of magnetic field. Said [23] investigated the
influence of gravity on generalized magneto-thermoelastic medium for three-phase -lag
model. Kalkal and Deswal [24] examined the effects of phase lags on three dimensional
wave propagation with temperature dependent properties.

El-Karamany and Ezzat [25] discussed linear micropolar thermoelasticity theory with
three-phase-lag model. Sherief and Al-Sayed [26] proposed state space approach to two-
dimensional generalized micropolar thermoelasticity. Ezzat et al. [27] employed state space
approach to study two-dimensional electro-magnetic thermoelastic problem with two relaxa-
tion times.

In this problem we have considered two dimensional generalized thermoelasticity with
three-phase-lag model of thermoelasticity. Normal mode analysis is employed to the gov-
erning equations and then the problem is solved using state space approach. Stress, dis-
placements and temperature with respect to time and distance for different thermoelastic
models are presented graphically.

2. Formulation of the problem.

We consider a two-dimensional problem and assume that the thermoelastic medium is
governed by the equations of generalized thermoelasticity whose state depends on the space
variables x', )" and the time variablez'.

The displacement vector has components [u(x, z, t), 0, w(x, z, 1)].

The displacement equations are given by
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A+, + pu; =y T, = pii; . (D

The constitutive equation is

T, = Aey, S, +2ue;, —yTo, 2)
and the strain-displacement relations are as follows:
1
€; =E(u[’j+u"‘[). (©))

In the above equations, a superposed dot denotes differentiation with respect to time,
while a comma denotes spatial derivatives.
The heat conduction equation of three-phase-lag model (Roychoudhuri [10]) is given by

K(1+r EJVZT-FK*[I-FT észT— l+7 2+£6—2 ( CT+ Té) 4)
"ot "ot vor 2o |\ T

where 7,7, and 7, are the phase lags for heat flux, temperature gradient and thermal dis-

placement gradient respectively.
We use the following non-dimensional variables:

r:}/T, r_TI'j

(x, 2" u', W) = ey (x,2,u,w); (t',r(;,r},r;):clzryo (t,rq,z'r,rv); T = T, =—,
PC M
where the dashed quantities denote non-dimensional variables.

In terms of these non-dimensional variables, the equations of motion has the form

(dropping primes).

Pou,, +u_ +(B=Dw, ~fT, =, )
(B =Du+fw.+w, - BT =B (6)
and the components of the stress are:
T, = clzu,x + (012 -2)w, - B°T; (7a)
T U W, (7b)
2 2 2
. =(c —2u,+qw_—pBT. (7¢)

The equation (4) in non-dimensional form is obtained as

2
T 2

0 )/ . = 0 0 0 ..
I+, — (T +T_)+K|1+7,— (T +T_.)=|1+7, —+—L— |(T+¢¢&), (8
( TT atj( XX ,:z) ( TV (3tj( LXX ,zz) { Tq 8t 2 atzJ( ge) ( )

*

where K =

Kel'n,
These equations will be supplemented with appropriate boundary conditions.

3. Normal mode analysis.

Generally, Laplace transformation and Fourier transformation are employed to solve a
two- dimensional generalized thermoelastic problem. In the application of this method, the
partial differential equations can be converted into ordinary differential equations. By solv-
ing differential equations in the transformed domain and adopting inverse Fourier transfor-
mation and inverse Laplace transformation in the time domain, the solutions of the problem
can be attained. But this method entails a tiresome process. The key problem is that it intro-
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duces a discrete error and truncation error in the process of numerical inverse integrated

transformation, so the second sound of heat conduction cannot be fully demonstrated. To

compensate for the defects of the above mentioned method, we solve the problem of gener-

alized thermoelasticity by employing normal mode analysis to the considered equations.
Now we seek the solution of equations (5), (6) and (8) in the following form:

(w,w,e,T)(x,z,t)= (L_t,v_v,E,T)(z)exp[ik(x—ct)} , 9

where £ is wave number and c¢ is the phase velocity.
Applying normal mode analysis to both sides of the equations (5), (6) and (8), we obtain

~B KU + D*u + ik(f> —1)Dw— ik B°T = —p*k*c’ui; (10)
ik(f* =)D + B> D*Ww—k*w— B> DT = —f*k*c*w, (an
(D*-k*)T = P(T +¢e), (12)
where DE%; Pzﬁ with 7, = . l—ikcrg 5 2; n=— l_ikCT;cz .
! 2 1 —iker, — z, 1 —iker, — p

4. State-space formulation.
We take the quantities e, 7', De, DT as state variables. Now

e = ikit + Dw. (13)

Eliminating # and w between equations (10), (11) and (12) with the help of equation
(13), we obtain the following equations:

D%e = (—k*¢* +k* + Pg)e + PT; (14)
DT = Pse + (k> + P)T. (15)
Equations (14) and (15) can be written in matrix differential equation form as follows:
dV(z) -~
—2 =4V (z), 16
dz ( ) (16)
where
0 0 10 e
- 0 o 01| . | T
A= 22 12 V=
—k“c” +k” + Peg P 0 0 De
Pe K+P 0 0 DT

The formal solution of system (16) can be written in the form
V(z)=exp(Az)V (z,), (17)

where z, denotes any arbitrarily chosen initial value for z.

The characteristic equation for the matrix A is
At —(=k*c® +2k* + P+ P)A* +k* +k*(—k*c* + €P+ P)— Pk*c* = 0. (18)

The roots of the equation (18) satisfy the relations
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k' +k; =-k*c’ + 2k’ + Pe + P; (19a)
K2k = k* + k> (—k>¢* + P + P) - Pk*c’. (19b)

The Mclaurin series expansion of exp (;12) is given by

n=0 n'

exp(;lz) =

Using Cayley — Hamilton theorem, the infinite series representing exp(;lz) can be truncat-
ed to the following form:

exp(Az) = L =b] +b A+b,A* +b A, (20)

where 1 is the unit matrix of order 4 and by, ..., b, are some parameters depending on z, k

and ¢.

We shall stress here that the above expressions for the matrix exponential is a formal
one. In the actual physical problem, the space is divided into two regions accordingly as
z20 or z<0.

By Cayley — Hamilton theorem, the characteristic roots *k, and +k, of the matrix A
must satisfy the equations

exp(k,z) = b, + bk, + bk} +bk’; exp(—k,z)=b, —bk, +bkl —bk;
exp(k,z) = b, + bk, +b,k; +bk; ; exp(—k,z) =b, — bk, +b,k; —b,k; .
The solution of the above system is given by

b, = ﬁ[kl2 cosh(k,z)—k; cosh(k,z)];
1~ M

b=t Esinh(k z)—ﬁsinh(k 2)|; @1
K-k kK el

1 1 1 1
b, =———[cosh(k,z)—cosh(k,z)]; b, = —sinh(k,z) ——sinh(k .
2 k]2 _k22 [ ( 12) ( 22)] 3 k]2 —k22 |:k1 ( IZ) kz ( 22):|

Substituting the expressions (21) into (20) and computing A>and 4>, we obtain after
repeated use of equations (19a) and (19b), the elements /; (i, j =1,2,3,4) of the matrix L as

I, = kz—ikz[(klz —k* = P)cosh(k;z) - (k; —k* = P) cosh(kzz)];
1 2

P
l, = m[cosh(klz) - COSh(kZZ)] ;

1 2

(k2 —k>-P)

Iy = sinh(k,z) —

1 2

272
! {(kl ]k( P) sinh(k,z) |;

ki =k

134



p smh(k z)} L, = ]{ZP—‘;[cosh(klz)—cosh(kzz)];

2

P 1
I, = [ERE {k sinh(k,z) —

1 2

L, = kzlsz[(kl2 —k* = P)cosh(k,z) - (k; —k* = P) cosh(klz)];
1 2

Pe |1
L, = PERE L{—lsmh(k z)— A —sinh(k, z)}

1 2

(K2 k> - P)

1 [k -k2-pP) | .
L, = 1 sinh(k,z) — h(k z) |;
2 klz —k22|: , (ky2) sinh(k,z)

I, = kf—ikj{[kl (k7 I = P) |sinh(k;2) =k, (k] = k* = P) ]sinh(k,2)} ;

[y, = = fk [k sinh(k,z) — k, sinh(k, z)]

1 2

I, = ﬁ[(kf —k* = P)cosh(k,z) - (k; =k — P) cosh(kzz)J ;
1 2

L, = zikz[cosh(klz) - COSh(kzz)] ;

kl M
Pe . .
I, = ﬁ[k1 sinh(k,z) -k, smh(kzz)] ;
kl _kz
1 . .
I, = e {[kz (k) =k = P) |sinh(k,z) [ & (k; — &’ —P)]smh(klz)} : (22)
1 2
&
l;= PERE [cosh(k,z) —cosh(k,z)] ;
1 2
l, = e k2 ———[(k} —k* — P)cosh(k,z) — (k; —k* — P)cosh(k,z)] .

It should be noted that we have repeatedly used equations (19a) and (19b) in order to
write (29) in the simplest possible form.
Using equation (24), upon equating Matrices we obtain

E(Z) = ey +1,6, + 156 + 1,65 (23)
T(z)=bie, + 1,0, + Ly +1,,6;, 24)

where e, :E(zo), 0, ZT(ZO), e, ZDE(ZO), 6, :DT(ZO)
Using equation (22) into equation (23) and (24) we obtain

i=1 i

2 '
T = Z{M cosh (k,z) +%smh(kz)} (25)
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Ezzz:{N cosh (k, z)+]lj—,s1nh(k z)} (26)

()" 1)
M= k {8Pe0+(kf—k2—P)90}; M= k2 {5Pe(;+(kf—k2—P)t9(§};

Ni:i{(kg_kz_p)eﬁpeo}; N’ = (1)11{(1{ —k - )e(;+Pc90'}. (27)

k' —k; K-k
Substituting from equation (13) in equation (10), we obtain
2 1- + M|
(D*—k3 )i = Y ik [ (1- B*) N, + B*M, |cosh (k) + [0-7 )k a Jsinh(kl.z) :

i=l i

where k; =-B°k*c +k*.
Now solving the above equation, we get

i z{(1 BN, + M, (1- 2 )N+ p*M]

' si )L (28
k (k2 -k) sl )} o

Substituting (28) into (13) and integrating the resulting equation, we get

_ —ikC 2 I N, kz((l )N, + M,
w= A s1nh 22[21: _ kf(kiz_kzz)

sinh (k,z)+

(29)
N (=8N + pu])
RS (k2 -#2)

+ cosh(k,z) .

5. Boundary Conditions.

We consider the case where the surface of the half space is subjected to a time depend-
ent thermal shock and the surface is traction free.

(a) Thermal boundary condition that the surface of the half-space is subjected to a time
dependent thermal shock

T(x,0,0)=F(t)H(a-|x|); (30)
(b) Mechanical boundary condition that the surface to the half-space is traction free
7 (x,0,0)=0; 7_(x,0,7)=0, (€2))

where H denotes Heaviside function and a is constant.

6. Application.
We shall apply our results to solve a problem for a half-space (z > O) . Inside the region

0<z <, the positive exponential terms, not bounded at infinity, must be suppressed.
Thus, for z>0we should replace each sinh(kz)by —0,5exp(—kz)and each cosh(kz)by

O,Sexp(—kz).
The solution of the problem is given by equation (24) with z, chosen as zero for con-

venience. Thus, the two components of the initial vectors V, = V(O) are known, i.e.,
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-6, =0.

Now replacing each sinh(kz)by— 0,5exp(—kz) and each cosh(kz) byO0,5exp(—kz), we

obtain

2
:—ZM exp(—k,z); E:%ZNiexp(—kiz);
i=1

i=1

(— )N, + M,

= (K-K)

__ikC 1 &N, K-8 )N+ pM,]
w= EeXp(_kﬂ)_E;{k_[Jr f (kiz —kj) exp(—kz).

MN

u =%exp exp(—kz); (32)

Using (32) in equations (7a — 7c), the stress components are obtained as
S [—Clzk2 2 (1_ﬂ2)Ni +ﬂ2Mi
x 2

i=1 (k,-z _k32)
. (¢ -2) i{N . ©[(1-4)N, +,6’2M,~]}exp(_ksz)_ (33)

exp(—k,z)+ikCexp(—k,z)+

T

_%ziM exp(—k,z) }exp[zk x— ct)]

i=1

. {—k (¢-2) & (1- )N, + °M, oxp(ckz)

2 T (K-K)

i=

L@ Ni+k [(1-8*)N, + p*M, | exp(ok7)
1 (k7 ;)

(34)
_ikCexp(—k3Z) —%ziMi exp(—k,z)} exp [ik(x—ct)];
_ik & (1=B*)N, + B°M, |k,
fe :[% i=1 |:( (3{2 —kz) :| exp(—k[z)—
k| N K(1=8)N+pM,]
25 {7,.+ k(2 —K2) exp(—k;z) - (35)

_2_2(k2+k32)exp(—kSZ)}exp[ik(x—Ct)]-

Now applying boundary conditions (37) and (38), we obtain
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1 2

E;M,. :F(t)H(a—|x|)exp[—ik(x—ct)]; (36)
-kz(cf—2)i(1—ﬂ2)Nf+ﬂsz+
2 = (k' —k7)
2 2 i (37)
SOy Lk (=) + o —ie-LS <o
23 (kiz—kf) 23
Ki[(l_ﬂz)Ni+ﬂ2MiJki+KZZ: &+k2[(1—ﬂz)N,»+ﬁ2M,] +£(k2+k32):0. (38)

25 (B-K) 25|k k(K - 2k,

From (27), we see that M, and N, are expressed in terms of ¢, and 6, . By solving the
equations (36), (37) and (38), ¢,, 6, and C can be obtained.
This completes the solution of the problem.

7. Special cases.
Now we discuss some special cases as follows:

(a) If we take K~ =0 then equation (4) becomes the heat conduction equation for dual-
phase lag (DPL) model.
(b) If we take 7, =7, =7, =0 then equation (4) will reduce to Green-Naghdi-III (GN-

IIT) model.
(c) If we take K =1, :rqz =0 and 7, #0 then equation (4) will reduce to Lord-

Shulman (LS) model.
(d) If we take 7, =7, =K " =0 then equation (4) will reduce to classical thermoelastici-

ty (CT).

8. Numerical discussion.
In order to illustrate the above results graphically the time dependent thermal shock

F(1)is taken in the following form:
F (1) =6, exp(-bt).
The copper material is chosen for purposes of numerical evaluations.
A=7.76-10"N/m*; u=3.86-10"N/m*; o, =1.78-10°K';
p=8954Kg/m’; C, =383.1m°/K , K =386W/mK; K =124 W/mKs; T, =293K;
7,=2-107s; 7, =1-107s; 7, =1-10"s.

Further for numerical purpose we take 6, =10, b=0.1, k =1.2.

The numerical applications will be carried out for the temperature 7, displacements
u, w and stress 7 at x=0. Fig. 1 — 4 represent the graphs forz_, u, w and T versus ¢ for
fixed values of z for stress free boundary. Keeping ¢ fixed, the graphs for z_,u,w and T

versus z are presented in fig. 5 - 9.

In fig. 1, a significant difference is noticed for the stress field predicted by different
models. It is observed that the value of stress for LS model is greater than TPL model and
less than CT model.
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CT

22 - — — LS b

XX

Fig. 1. Comparison of stress (z,, ) with respect to time.

In fig. 2 it is found that the value of u for three phase lag model is greater than the val-
ue of u for GN-III model but less than the value of u for LS model. It finally converges to
zero with the increase of time.

x<1073
T
TPL
12 R GN-IIl |
s LS
1.4+ B
-1.6 B
=

-1.8 B
2+ 4
22 B
1 1.5 2 2.5 3 3.5 4 4.5 5 55 6

t
Fig. 2. Comparison of u with respect to time.

In fig. 3 it is found that the value of w for three phase lag model is greater than the val-
ue of u for GN-III model but less than the value of w for LS model. It finally converges to
zero with the increase of time.

%1078
55 e
....... NIl
Ls
5 r A
45+ g
=
a4l |
35
3t A
1 15 2 25 3 35 4 45 5 55 6

t
Fig. 3. Comparison of w with respect to time.
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It is shown in fig. 4 that temperature for three phase lag model is greater than GN-III
model and less than LS model. The region of influence is much larger in case of LS model
as compared to other models. Temperature is decreasing with the increasing of time and
converging towards zero.

0.8

0.75 -

0.7

0.65

0.6

0.55

0.5

0'45 C 1 L 1 1 1 1 L 1 1 e
1 15 2 25 3 35 4 45 5 55 6
t

Fig. 4. Comparison of temperature with respect to time.

In fig. 5, a significant difference is observed for the stress field predicted by different
models. The value of stress for three-phase-lag model with and without magnetic field is
greater than GN-III model and lower than LS model. Initially stress has the maximum value
and then with the increase of distance it decreases.

0.1 015 02 025 03 03 04 045 05 055 06
z

Fig. 5. Comparison of stress (z,, ) with respect to distance.

In fig. 6, it is observed that the value of u for three phase lag model is greater than the
value of u for GN-III model but less than the value of u for LS model. The figure indicates
that ¥ has maximum value initially and it decreases with the increase of distance.

In fig. 7, it is observed that the value of w for three phase lag model is greater than the
value of w for GN-III model but less than the value of w for LS model. The figure indicates
that w has maximum value initially and it decreases with the increase of distance.

It is shown in fig. 8 that temperature for three phase lag model is greater than GN-III
model and less than LS model. The region of influence is much larger in case of LS model
as compared to other models. Temperature is decreasing with the increasing of distance and
converging towards zero.
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Fig. 6. Comparison of u with respect to distance.
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Fig. 7. Comparison of w with respect to distance.
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Fig. 8. Comparison of temperature with respect to distance.
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Fig. 9. Comparison of temperature with respect to distance.

It is shown in fig. 9 that temperature for three phase lag model is greater than CT model.
Temperature is decreasing with the increase of distance and converging towards zero. Tempera-
ture for TPL model is showing oscillatory behavior like wave with the increase of distance.

9. Conclusion.

The present article provides a detail analysis of propagation of thermoelastic disturb-
ances in presence of a time dependent thermal shock on traction free half-space. With the
view of theoretical analysis and numerical computation, we can conclude the following phe-
nomena:

(a) The importance of state space analysis is recognized in fields where the time behav-
ior of any physical process is of interest. The state space approach is more general than the
classical Laplace and Fourier transform theory. State space theory is applicable to all sys-
tems that can be analyzed by integral transforms in time and is applicable to many systems
for which transform theory breaks down. Furthermore, state space theory gives a somewhat
different insight into the time behavior of linear systems.

(b) The problem with three-phase-lag model is a more general one as the other thermoe-
lastic models can be obtained as special cases from it.

(c) The thermoelastic disturbances converge towards zero with the distances from the
application of the thermal shock.

(d) The influence of various thermal relaxation times is also observed from this investi-
gation. The Lord-Shulman model shows maximum thermoelastic deformation and GN-III
model of thermoelasticity experiences least amount of disturbances.

The results presented in this article may be useful for researchers who are working on
material science, mathematical physics and thermodynamics with low temperatures as well
as on the development of the hyperbolic thermoelasticity theory.
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PE3IOME. JIBoBumipHa 3amaua y3arajibHEHOI TEPMOIPYKHOCTI c(OpPMyIbOBaHA 3 BUKOPHCTAHHAM
MiAX0Y MPOCTOPY CTaHIB. Y 1Ll MOCTAHOBIII OCHOBHI PIBHSHHS IEPETBOPIOIOTHCS HA MaTpUYHE AU(EpPEHLi-
aJlbHEe PIBHSHHSI, PO3B’A3yBaHHSI SIKOTO J1a€ 3MOTY 3aIliCaTh PO3B’s30K ABOBUMIPHOI 3aj1ai Yyepe3 rpaHuyHi
ymoBu. Ocratoyne (OpMyYJTIOBAHHS 3aCTOCOBYETHCS 10 3aJadi MPO i30TPOINHHN HAIMIBIPOCTIP B pamKax
MO/IeNIi 3aMmi3HIOBaHHS TPHOX (pa3 TepMONpyKHOCTI. [ paHHYHA TOBEPXHS € BUIBHOO BiJl PO3TATY 1 MiIIA€Th-
csl 3aJIOKHOMY BiJ yacy TeruioBoMmy ynapy. OTprMaHi Ta mpezcraBiieHi rpadiuHo po3B’sI3KH AJIsl PO3MOILTY
TEMIIepPaTypH, MEPEeMIllleHb Ta HanpyKeHb. TakoX MPOBEJCHO MOPIBHSHHS 3 iHIIUMH TEPMOIPYKHUMH
MOJIEIISMH.
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Nomenclature:

A, 1 Lame' constants;
Yol density
C, specific heat at constant strain
t time
T temperature above reference temperature
T, reference temperature chosen so that |T / 7:)| <<1
7, components of stress tensor
e, components of strain tensor
u, w components of displacement vector
K thermal conductivity
K material constant characteristic of the theory
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