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The present investigation is concerned with the response of heat sources in porous thermoelastic material 
with one relaxation time. The problem is solved subjected to thermomechanical boundary conditions by 

the use of Laplace and Fourier transforms. A concentrated or continuous source at the boundary surface has been taken to 
illustrate the utility of the approach. The transformed components of displacement, stress, change in volume fraction eld and 
temperature distribution are inverted by using a numerical inversion technique. The numerical results of normal displacement, 
normal stress, change in volume fraction eld and temperature distribution are illustrated graphically for various heat sources 
namely (i) distributed heat source(ii) continuous heat source (iii) heat source varying with depth. Some particular cases are also 
deduced from the present formulation.
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1. INTRODUCTION
Biot [1] formulated the theory of coupled thermoelasticity to 
eliminate the paradox inherent in the classical uncoupled 
theory that elastic changes have no effect on the temperature. 
The heat equations for uncoupled and coupled theories of 
thermoelasticity, however, are of the diffusion type, predicting 
innite speeds of propagation for heat waves contrary to 
physical observations.At present, there are various theories of 
general ized thermoelast ic i ty.  The rst  important 
generalization to the coupled theory is due to Lord and 
Shulman[2], who obtained a wave type heat equation by 
postulating a new law of heat conduction (the Maxwell-
Cattaneo equation)to replace the classical Fourier law. 
Because the heat equation of this theory is of wave type, it 
automatically ensure nite speeds of propagation for heat 
and elastic waves. The remaining governing equations for this 
theory, namely, the equations of motion and constitutive 
relations, remain the same as those for the coupled and 
uncoupled theories.Joseph and Preziosi[3,4]state the 
Maxwell-Cattaneo equation is the most obvious and simple 
generalization of the Fourier law that give rise to a nite 
propagation speed. The comprehensive work has been done 
in coupled theory(CT) and generalized theories of 
thermoelasticity with heat sources.

We consider a theory for the behavior of porous solids such 
that the matrix material is elastic and the interstices are void of 
material; it is a generalization of the classical theory of 
elasticity. The theory of porous elastic material has been 
established by Cowin and Nunziato [5,6,7]. In this theory the 
bulk density is the product of two scalar elds, the matrix 
material density and the volume fraction eld; it is studied in 
the book of Ciarletta and Iesan [8,9]. This theory has practical 
use for investigating various types of geological and 
biological materials for which elastic theory is inadequate. 
This theory is concerned with elastic materials consisting of a 
distribution of small pores (voids), in which the voids volume 
isincluded among the kinematics variables and in the limiting 
case of volume tending to zero, the theory reduces to the 
classical theory of elasticity. The rst investigation in the 
theory of thermoelastic materials with voids are due to 
Nunziato and Cowin [4] and Iesan [9]. The linear theory of 
thermoelastic maerials with voids was presented in [9](see 
also [10]). Different authors has been discussed different 
types of problem in linear thermoelastic materials with voids 
[11,12,13,14,15,16,17,18].

In the present investigation the response of heat sources in 
porous thermoelastic material with one relaxation time is 
studied by the use of application of integral transforms. At the 
half-space surface the tractions and temperature are 
prescribed. The transformed components of displacement, 

stress, change in volume fraction eld and temperature 
distribution are obtained due to various heat sources 
subjected to thermomechanical loads. The results of papers 
may be applied to a wide class of geophysical problems 
involving temperature change. Application of the paper may 
be found in mechanics viz. in designing highways and airport 
runaways. The problem has practical applications in the eld 
of geomechanics , engineering, bre-wound composites and 
laminated composite materials.

2. Basic Equations
Following Cowin and Nunziato [6]and Lord and Shulman [2], 
the eld equations and constitutive relations in porous 
thermoelastic material with one relaxation time, without body 
forces and extrinsic equilibrated body force can be written as:

3. Formulation And Solution of The Problem
We consider a homogeneous, isotropic, porous thermoelastic 
half space with one relaxation time in theundeformed 
temperature . The rectangular Cartesian coordinate system (  T0 

surface x, y, z ) having origin on the z = 0 with z - axis pointing 
normally in to the medium is introduced. For two dimensional 
problem, we assume

The expressions relating displacement components u( x, z, t ) 
and w( x, z,t ) to the scalar potential functionsy1(x, z, t) and y2 
(x, z,t) in dimensionless form are given by
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Substituting the values of A1, A2, A3, and A4 from (42)-(45) in 
equations (30)-(33), (29) and (23) with the help of equation(46), 
we obtain the values of displacement components, stresses, 
change   in volume fraction eld and temperature distribution.
We shall take the heat sources of the form
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8.1 Thermomechanical source (concentrated/continuous)
Fig.1. shows the variations of normal displacement w   with 
distance x . The value of w   for (QIV) increases in the range 0 < 
x < 2.2   whereas for (QIW) decreases in the same range and 
oscillatory in the remaining range of x . The value of w for 
(QIIV) increases slowly in the range 0 < x < 2.2 whereas for 
(QIIW) increases sharply in the same range and oscillatory in 
the remaining range of x . Also the behavior of variations of w 
for (QIIIV,QIIIW)is oscillatory in the whole range of x . Fig.2. 
shows the variations oft33 with distance x. The trend of 
variations of t33 for (QIV,QIW) is same whereas the 
correspondingvalues are different in magnitude. Also the 
behavior of variations of t33 , for (QIIV,QIIW) is oscillatory in 
the whole range of x , but the magnitude of oscillation is large 
for (QIIV) in comparison to (QIIW). Nearthe point of 
application of source, the value of t33 for(QIIIV) increases 
sharply in the range 0 < x < 2.3whereas for (QIIIW) decreases 
in the same range and in the remaining range of x the 
behavior of variations of normal stress is opposite oscillatory 
for (QIIIV,QIIIW),respectively. The magnitude of oscillations 
decreases as x increases further. Fig.3. shows the variations of 
temperature distribution T. with distance x . The values of T for 
all type of heat sources is same i.e. near the point of 
application of boundary source the values of Tdecrease in the 
range 0 < x < 2 and oscillatory as away from the boundary 

source. Fig.4. shows thevariations of normal displacement w 
with distance x . The behavior of variations w for (QIV,QIW) is 
opposite oscillatory in the whole range of x . Also the behavior 
of variations of   w for (QIIV,QIIW) is same but magnitude of 
oscillation of w for (QIIV) is more in comparison to (QIIW). The 
trend of variations of w for (QIIIV,QIIIW) is same i.e. the values 
of w  rst decrease in the range 0 < x < 2.8 andas x increases 
further it oscillate around zero. Fig. 5. shows the variations of 

33normal stress t  withdistance x. The trend of variations of t   33

for(except QIV) is same, i.e. the values of t33 for(except 
QIV)rst increase in the range0 £ x £ 2 whereas for (QIV) 
decreases in the same range and then oppositeoscillatory in 
the remaining range of x . 

Fig 6. shows the variations of temperature distribution T 
withdistance  x .The values of T  for (except QIV) decreses in 
the range 0 <x < 2.2 and converge to zero valueas  x 
.increases further.Also the value of   T  for (QIV) decreases in 
the range 0 < x < 2.5 whereas for (QIW) decrease in the same 
range and oscillate with small magnitude value in the 
remaining range of x . Fig.7 and 8. shows the variations of 
change in volume fraction eld Φ due to concentrated/ 
continuous source with distance x. Near the point of 
application of source, the values of f for (QIV) is more 
ascompare for(QIIV,QIIIV). The value of f for (QIV) rst 
decreases sharply in the range 0 < x <2.4whereas for 
(QIIV,QIIIV) decrease gradually in the same range and as x . 
increases further the behavior ofvariations of Φ  is oscillatory. 
To compare the variations the values of demagnied by 

-1 multiplying 10 .

9 CONCLUSION
The comparison of theory of porous thermoelasticity i.e. Lord 
and Shulman theory(L-S) with one relaxation time due to 
thermomechanical(concentrated or continuous) source with 
various heat sources is carried out. It is observed that the 
behavior of variations of normal displacement, change in 
volume fraction eld and normal strees for (QI,QII,QIII) due to 
concentrated source is similar to those for the continuous 
source, with only difference in their magnitude value; with and 
without voids, respectively. 

Also it is noticed that the temperature distribution for 
(QIIV,QIIIV), with voids are more in comparison to without 
voids due to concentrated or continuous source, respectively. 
The behavior of normal stress for (QIV) due to concentrated 
source is opposite to that of the continuous source. It is 
observed that the magnitude of normal displacement, normal 
stress, change in volume fraction eld and temperature 
distribution follow an oscillatory pattern as x diverges from the 
point of application of source.
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