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The fractional order theory of generalized thermoelastic diffusion with relaxation times, in the con-
text of Lord and Shulman theory, is used to investigate the thermoelastic diffusion problem in an
infinite medium with a cylindrical cavity. The surface of cavity is taken to be traction free and sub-
jected to heating. The chemical potential is assumed a known function of time on the surface of
cavity. The analytical solution in the Laplace transform domain is obtained by using the eigenvalue
approach. The numerical results of displacement, temperature, concentration and stress as well as
the chemical potential represented analytical and graphically.
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1. INTRODUCTION
The classical uncoupled theory of thermoelasticity was
modified by Ref. [1] to eliminate the paradox that elas-
tic changes have no effect on the temperature. Contrary
to physical observations, however, the heat equations for
both theories predict infinite speeds of propagation for
heat waves. The first of such modeling is the extended
thermoelasticity theory (LS) of Lord and Shulman,2 who
introduced the concept of thermal relaxation time into the
classical Fourier law of heat conduction. Subsequently,
modifying the stress versus strain relationship as well as
the entropy relationship with relaxation time, Green and
Lindsay3 proposed the temperature rate dependent ther-
moelasticity (GL) theory. The theory was extended for
anisotropic body by Dhaliwal and Sherief.4

Recently,5–35 have considered different problems by
using the generalized thermoelasticity theories. A survey
article of representative theories in the range of generalized
thermoelasticity is given by Hetnarski and Ignaczak.36

Diffusion can be defined as the random walk of an
ensemble of particles, from regions of high concentration
to regions of lower concentration. The studying of diffu-
sion became increasingly important. This is due mainly to
its many applications in geophysics and industrial applica-
tions. In integrated circuit fabrication, diffusion is used to
introduce “dopants” in controlled amounts into the semi-
conductor substrate. In particular, diffusion is used to form
the base and emitter in bipolar transistors, form integrated
resistors, and form the source/drain regions in MOS tran-
sistors and dope poly-silicon gates in MOS transistors.
The theory of thermoelastic diffusion is developed by

Refs. [37–39]. In this theory, the coupled thermoelastic
model is used. Reference [40] developed the theory of gen-
eralized thermoelastic diffusion that predicts finite speeds
of propagation for thermoelastic and diffusive waves. Ref-
erences [41, 42] studied the theory of generalized thermoe-
lastic diffusion in an infinite elastic body with a spherical
cavity while43!44 investigated the diffusion in a generalized
thermoelastic solid in an infinite body with a cylindrical
cavity. Reference [45] presented a new theory of thermod-
iffusion in elastic solids is derived using the methodology
of fractional calculus. Recently,46–48 variants problems in
waves are studied. Other forms are described for example
in the Refs. [49–51].
In this paper, based on the factional order theory, the

thermoelastic interaction with mass diffusion in an infinite
medium with a cylindrical cavity is investigated. Laplace
transform techniques and eigenvalue approach are used.
The physical explanations are given seriatim correspond-
ing to the distributions of the considered physical variables
obtained in this paper.

2. BASIC EQUATION AND PROBLEM
FORMULATION

Following Ezzat,45 the governing equations for an
isotropic, homogeneous elastic solid with the fractional
order theory of generalized thermoelastic diffusion at
uniform temperature T0 in the undisturbed state, in the
absence of body forces and heat sources are considered as
The equations of motion:
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