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 ABSTRACT 

 The present investigation is concerned with the reflection of plane waves from a free surface of a 
micropolar thermoelastic diffusion half space in the context of coupled theory of thermoelastic 
diffusion. The amplitude ratios of various reflected waves are obtained in a closed form. The 
dependence of these amplitude ratios with an angle of propagation as well as other material 
parameter are shown graphically. Effects of micropolarity and diffusion are observed on these 
amplitude ratios. Some special cases of interest are also deduced from the present investigation.  
                                                                                            2012 IAU, Arak Branch. All rights 
reserved. 
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1    INTRODUCTION 

 OME important differences between the classical theory and experiment are found in those problems where 
considerable stress gradient occurs. One should mention here the stress concentration in the neighborhood of 

holes, notches, cracks, which is very important from the point of view of safety problems in engineering structures.  
As a result, the linear theory of micropolar thermoelasticity was developed by extending the theory of micropolar 

continua to include thermal effects by Eringen [1,2] and Nowacki [3], and is known as micropolar coupled 
thermoelasticity.Touchert et. al [4] also derived the basic equations of linear theory of micropolar coupled 
thermoelasticity.  

The study of phenomenon of diffusion  is of great interest due to its various applications in geophysics and 
industrial application. Also these days, oil companies are interested in the process of thermoelastic diffusion for 
more efficient extraction of oil from deposits. Thermoelastic diffusion in an elastic solid is due to coupling of the 
fields of temperature, mass diffusion and that of strain. Thermodiffusion in an elastic solid is due to coupling of the 
fields of temperature, mass diffusion and that of strain. 

 Nowacki [5-8] developed the theory of thermoelastic diffusion. In this theory, the coupled thermoelastic model 
is used. This implies infinite speeds of propagation of thermoelastic waves. Sherief et.al [9] developed the theory of 
generalized thermoelastic diffusion with one relaxation time , which allows the finite speed of propagation of waves. 
Singh [10, 11] investigated the reflection of P and SV waves from free surface of an elastic solid on generalized 
thermodiffusion elastic medium.  

Aouadi [12,13] investigated the different types of problems in thermoelastic diffusion. Sharma et.al [14],  Sherief 
and El Maghraby [15] discussed various types of problems in thermoelastic diffusion. Othman et.al [16] studied 
source problem in generalized thermoelastic diffusion under the dependence of the modulus of elasticity on the 
reference temperature. Othman et. al [17] investigated disturbance in elastic medium with the help of normal mode 
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analysis and studied the effect of diffusion in the context of Green and Naghdi thermoelasticity. Recently Kumar 
et.al [18] discussed source problem in micropolar thermoelastic diffusion medium. 

Till now, reflection from free plane boundary in micropolar and thermodiffusion medium are obtained seprately 
by other researchers, but in this research paper reflection from free surface in micropolar thermodiffusion medium is 
considered to analyze the effect of micropolarity and diffusion on the amplitude ratio's of various reflected waves 
for a particular model.  

2  BASIC EQUATIONS 

Following Eringen [1] and Nowaki [3], the governing Eqns. for isotropic, homogeneous micropolar thermodiffusion 
elastic solid in absence of body forces, body couples, heat sources and diffusive mass sources are:  

The constitutive relations:  
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Stress eqns of motion:  
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Couple stress eqns of motion:  
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Equation of mass diffusion:  
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where  
 

1,2,3)=()(
2
1= ,, iuue ijjiij    

 
 ,  - Lame's constants, t - coefficient of linear thermal expansion, c  - coefficient of diffusion expansion, 

 - density, K  - thermal conductivity, EC - specific heat, ijt  -components of stress tensor, ijm -components of 

couple stress tensor, ije - components of strain tensor, = kke e , ij -kronecker delta, iu -displacement components, 

i -microrotational components, C -concentration, j -microrotation interia, , , , , ,K a b   -material constant, t -time, 

T -absolute temperature, 0T -temperature of medium in its natural state assumed to be such that 
0 < 1T T , D -

thermoelastic diffusion constant, P -chemical potential per unit mass. 
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3    FORMULATION AND SOLUTION THE PROBLEM 

We consider a homogeneous, isotropic micropolar thermodiffusion elastic solid in undeformed state at temperature 

0T , which we designate as the plane 3 0x   of rectangular cartesian co-ordinate 1 2 3Ox x x . We consider 

thermoelastic plane wave in 1 3x x -plane with wave front parallel to 2x -axis and all the fields variables depends only 

on 1 3,x x  and t. 
For two dimensional problem, we take  
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To facilitate the solution, following dimensionless quantities are introduced:  
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The expression relating displacement components 1 1 3( , , )u x x t  and 3 1 3( , , )u x x t  to the scalar potential functions 

1 3( , , )q x x s  and 1 3( , , )x x s  in dimensionless form are given by : 
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Making use of Eqs. (8)-(10) in Eqs (4)- (7) (suppressing the primes), we obtain:  
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4    REFLECTION AT THE FREE SURFACE 

We consider a plane wave (Longitudinal displacement (LD) wave, Thermal wave (T) and Mass diffusive wave(MD-
wave) propagating through the micropolar thermoelastic diffusion solid half space ( 3 > 0x ) and making an angle of 

incidence 0  with the 3x -axis, at the free surface ( 3 0x  ). Corresponding to each incident wave, we get waves as 
reflected Longitudinal displacement(LD)wave, Transverse (T) Wave, Mass diffusive (MD) wave, set of coupled 
transverse waves (CD-I and CD-II wave) as shown in Fig. 1.  
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 
Geometry of the Problem. 

 

 
 

Solutions of the Eqs (11)-(15) are sought in the form of harmonic traveling wave  
 

)cos3sin1(
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where   is the phase velocity, k  is the wave number.  

Making use of Eqs. (16) in Eqs .(11)-(15), we obtain two Eqs as follows:  
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where =
k


  is the velocity of the coupled waves; 1 2 3, ,    are the velocities of the coupled waves namely LD-

wave, T -Wave, MD-Wave and 4 5,   are the velocities of CD-I and CD-II waves given by Eqs .(17) and (18) 
respectively where  
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5    BOUNDARY CONDITIONS 

The boundary conditions at 3 0x   in this case are  
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In view of Eq.(19) , we assume the values of 2,,, CTq  and   satisfying the boundary conditions (19) as:  
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where 0iA  and iA  are the amplitude of the incident and  reflected LD-wave, T-wave, MD-wave, 0 jB and jB   are the 

amplitude of the incident(CD-I, CD-II) waves respectively. 
Snell's law is given as : 
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Making use of the potential given by Eqs.(20)-(21) in boundary conditions (19) and using Eq. (22), we get a 

system of homogeneous Eqs which can be written as: 
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For Incident LD-Wave, 01
* = AA  and 

 

515414313212111 =,=,=,=,= aYaYaYaYaY  , 
 

 

For Incident T-Wave, 02
* = AA   and 

 

525424323222121 =,=,=,=,= aYaYaYaYaY  , 
 

 

For Incident MD-Wave: 03
* = AA  

 

535434333232131 =,=,=,=,= aYaYaYaYaY  . 
 

6    PARTICULAR CASES 
6.1 Neglecting diffusion effect 2( = = = 0)b a   

we obtain the corresponding expression for micropolar thermoelastic half space with some of its changed values as: 
 

 1,2...,4),=(,= jYZa ijij  (24)
 
where 
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and the values of 21,  are obtained from Eq.  
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The above results tally with those obtain by Kumar and Singh [19]: 

6.2 Neglecting Micropolarity effect 

 we obtain the corresponding expression for thermodiffusion elastic solid half space with some of its changed values 
as : 
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and the values of 4  are obtained from Eq.  
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The above results are similar as obtained by Singh [10]: 

7    NUMERICAL RESULT AND DISCUSSION 

We now present some numerical results. The material parameter chosen for this purpose are Micropolar parameter 
Eringen [20]: 
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The variations of amplitude ratios for micropolar thermoelastic diffusion (MTD), thermoelastic diffusion (TD) 

and micropolar thermoelasticity (MT) medium are shown graphically in Figs. (2)-(16) with angle of incidence 
0 90   . The solid line corresponds for MTD, dashed line indicates TD and small dashed line represents MT.  

7.1 Incident LD-Wave  

Fig. 2, depicts the variation of amplitude ratio || 1Z . It is noticed that the values of || 1Z  for MTD increase initially 

in range 0 00 30   , then decrease in remaining range, whereas in case of MT values increase in whole range, but 

with small magnitude. Also it is evident that values of || 1Z  for TD shows small increase in range 0 00 30    and 

then converges towards origin. 
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Fig.2 
shows variation of amplitude ratio 1Z with angle of 

incidence for LD-wave. 

 
 
The variations of amplitude ratio || 2Z  is shown in Fig 3. It is noticed that, as angle of incidence increases, the 

values of || 2z  for MT decrease, whereas values of || 2Z  for MTD and MT increase in range 0 00 30   , which 

reveals the impact of diffusion, then with further increase in  , values for MT and MTD decrease abruptly.  

Fig. 4 shows the variation of || 3Z  with  . It is noticed that values of || 3Z  for MT increases with sharp 

magnitude, while values for MTD increases steadily in range 0 00 36   . In remaining range value of || 3Z  for 

MT decreases abruptly as compared to MTD, which shows the impact of diffusion.  
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Fig.3 
shows variation of amplitude ratio 2Z with angle of 

incidence for LD-wave. 
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Fig.4 
shows variation of amplitude ratio 3Z  with angle of 

incidence for LD-wave. 
 

Fig. 5 shows the variation for amplitude ratio || 4Z  with  . It is noticed that values of || 4Z  for MTD and MT 

shows similar behaviour in entire range i.e. their value increases in 0 00 30   , with further increase in  , values 
for both MTD and MT decrease and approaches to zero value. Also TD shows steady state initial range and with 
increase in  , values of TD decrease and converges towards zero value.  
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Fig.5 
shows variation of amplitude ratio 4Z with angle of 

incidence for LD-wave. 
 

 
Fig. 6 depicts the variation of amplitude ratio || 5Z  with  . It is evident that the values for MTD increase with 

greater magnitude as compared to TD in ranges 0 00 30   , which reveals the impact of micropolarity and in 
remaining range values for both MTD and TD decrease 
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Fig.6 
shows variation of amplitude ratio 5Z with angle of 

incidence for LD-wave. 

 

7.2 Incident T-Wave  

The variations of amplitude ratio || 1Z  is depicted in Fig 7. It is noticed that values for MTD show steady state, then 

with increase in angle, values decrease abruptly. Also values of || 1Z  for MTD and MT show small variations in 

first half of interval and in remaining range, values for TD and MT approaches towards origin.  
Fig. 8 depicts the values of || 2Z  with  . It is noticed that behaviour of variation of || 2Z  for MTD and TD are 

similar in entire range with different magnitude of variations i.e. their values decrease in range 0 036 90   , while 
for MT values shows opposite behaviour i.e. their value increases in entire range but magnitude of increment being 
very small, which is due to absence of diffusion effect.  
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Fig.7 
shows variation of amplitude ratio 1Z  with angle of 

incidence for T-wave.  
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Fig.8 
shows variation of amplitude ratio 2Z with angle of 

incidence for T-wave.    
 

 
As indicated by Fig. 9, which is plot of amplitude ratio || 3Z  for  . It is noticed that values for MT increase 

with greater magnitude as compared to MTD in range 0 00 36    and in succeeding interval, values for MT 
decrease abruptly as compared to MTD, which shows significant impact of diffusion.  

Fig. 10 depicts the variations of || 4Z  that the values of MTD and MT increases in first half of interval then 

decreases in remaining range, whereas values of TD shows steady state till  = 045  with small increase in values 
which is accounted as absence of micropolarity and then approaches towards origin as   increases.  
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Fig.9 
shows variation of amplitude ratio 3Z  with angle of 

incidence for T-wave.   
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Fig.10 
shows variation of amplitude ratio 4Z with angle of 

incidence for T-wave.   
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The behaviour of variation of || 5Z  is depicted in Fig. 11. It is noticed that values for MTD increase more 

sharply as compared to TD in range 0 00 30   , then values for MTD decrease with greater magnitude as 
compared to TD, which reveals the impact of micropolarity.  
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Fig.11 
shows variation of amplitude ratio 5Z with angle of 

incidence for T-wave. 
 

7.3 Incident MD-Wave  

Figs. 12-14 depicts the variation of || 1Z  and || 2Z  with  . It is noticed that values of || 1Z  and || 2Z  for MTD 

shows similar trends i.e. their values at 0 00 36   , increase and then decreases monotonically. Also variations of 

|| 2Z  for TD are similar as noticed for MTD, while values of || 1z  for TD shows steady state and approaches 
towards origin.  

It is noticed from plot 13, which shows the variation of || 3Z  with  . Th trends of || 3Z  for MTD is similar to 

that noticed for MTD in case of || 1Z  with significant difference in their magnitude.  

Fig. 15, shows the variation of || 4Z  with  . The values of || 4Z  for MTD increase with sharp magnitude in 

range 0 00 36    and then decrease abruptly. Also values of || 4Z  for TD increase steadily in range 0 00 30    
and then converges towards origin.  

Fig. 16 depicts the variation of || 5Z  with  . The trends of variation for MTD and TD are similar in entire 

range, magnitude of values for TD is greater as compared to MTD, which is due to absence of micropolarity effect. 
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Fig.12 
shows variation of amplitude ratio 1Z  with angle 

of incidence for MD-wave.  



207                   Wave Propagation in Micropolar Thermoelastic Diffusion Medium 

© 2012 IAU, Arak Branch 

0 18 36 54 72 90
Angle of incidence(in deg)

0

20

40

60

80

100

120

140

160

180
A
m

p
lit

u
d
e
 r
a
tio
Z

2


MTD

TD

 

 
 
 
 
 
 
 
 
 
Fig.13 
shows variation of amplitude ratio 2Z with angle 

of incidence for MD-wave. 
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Fig.14 
shows variation of amplitude ratio 3Z  with angle 

of incidence for MD-wave. 
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Fig.15 
shows variation of amplitude ratio 4Z with angle 

of incidence for MD-wave. 
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Fig.16 
shows variation of amplitude ratio 5Z with angle 

of incidence for MD-wave. 
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8    CONCLUSION 

The most significant conclusion which emerges out from the above numerical discussion is that reflection is 
influenced by the presence of micropolarity and thermodiffusion effects. It is observed from the Figs .2-16, that the 
impact of micropolarity on amplitude ratios is more as compared to thermodiffusion i.e. trends for thermodiffusion 
is similar to that noticed for micropolar thermoelastic diffusion in most of the figures with significant difference in 
their magnitude. The problem though is theoretical but it can provide useful information for experimental 
researchers working in the field of geophysics, earthquake engineering and seismologist working in the field of 
mining tremors and drilling into the crust of the earth. Also this theory has industrial utilities in improving the 
conditions for extraction of oil due to study of phenomenon of diffusion. 

REFERENCES 

[1] Eringen A.C., 1968, Theory of Micropolar Elasticity, In Fractuce,ed H.Lieboneitz Vol-5. Acamdemic press, Newyork. 
[2] Eringen A.C., 1999, Micro Continum Field Theories-I, Foundation and Solids, Springer- Verlag, Berlin. 
[3] Nowacki W., 1986, Theory of Asymmetric Elasticity, Pergamon, Oxford.  
[4] Touchert T. R., Claus W.D., Jr and Ariman T., 1968, The linear theory of micropolar thermoelasticity, International 

Journal of Engineering Science 6:37-47. 
[5] Nowacki W., 1974, Dynamical problems of thermo diffusion in solids-I, Bulletin de l'Académie Polonaise des Sciences, 

Série des Sciences Techniques 22: 55-64.  
[6] Nowacki W., 1974, Dynamical problems of thermo diffusion in solids II, Bulletin de l'Académie Polonaise des Sciences, 

Série des Sciences Techniques 22:129-135.  
[7] Nowacki W., 1974, Dynamical problems of thermo diffusion in solids III, Bulletin de l'Académie Polonaise des Sciences, 

Série des Sciences Techniques 22: 257-266. 
[8] Nowacki W., 1976, Dynamical problems of thermo diffusion in solids, Engineering Fracture Mechanics8: 261-266. 
[9] Sherief H.H., Saleh H., Hamza F., 2004, The theory of generalized thermoelastic diffusion, International Journal of 

Engineering Science 42:591-608. 
[10] Singh B., 2005, Reflection of P and SV waves from free surface of an elastic soild with generalized thermodiffusion, 

Journal of Earth Sciences 114 (2): 159-168.  
[11] Singh B., 2006, Reflection of SV waves from free surface of an elastic soild with generalized thermoelastic diffusion, 

Journal of Sound and Vibration 291(3-5):764-778. 
[12] Aouadi M., 2007, Uniqueness and recipocity theorem in the theory of generalized thermoelasic diffusion, Journal of 

Thermal streses 30:665-678.  
[13] Aouadi M., 2008, Generalized theory of thermoelasic diffusion for an anisotropic media, Journal of Thermal streses 

31:270-285.  
[14] Sharma N., Kumar R., Ram P., 2008, Plane strain deformation in generalized thermoelastic diffusion, International 

Journal of Thermophysics 29: 1503-1522. 
[15] Sherief H.H., El-Maghraby N.M., 2009, A thick plate problem in the theory of generalized thermoelastic diffusion, 

International Journal of Thermophysics  30:2044-2057. 
[16] Othman M.I.A., Farouk R. M., Hamied H., A. El., 2009,  The dependence of the modulus of elasticity on reference 

temperature in the theory of generalized thermoelastic diffusion with one relaxation time, International Journal 
Industrial  Mathematics 1(4): 277-289. 

[17] Othman M.I.A.,  Atwa S. Y., Farouk R.M., 2009, The effect of diffusion on two-dimensional problem of generalized 
thermoelasticity with Green–Naghdi theory 36(8): 857-864. 

[18] Kumar R., Kaushal S., Milani A., 2010, Analysis of deformation due to various sources in micropolar thermodiffusive 
elastic medium, International Journal for Computational Methods in Engineering Science and Mechanics 11: 196–210. 

[19] Kumar R., Singh B., 1998, Reflection of plane waves from the flat boundary of a micropolar generalized thermoelastic 
half-space with stretch, Indian journal of Pure and applied math 29(6): 657-669.  

[20] Eringen A.C., 1984, Plane waves in non-local micropolar elasticity, International Journal of Engineering Science 
22:1113-1121. 

[21] Thomas L., 1980, Fundamental of Heat Transfer, Prentice hall Inc-Englewmd Diffs, Newjersey. 


