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Abstract 
 
The equations of generalized thermoelastic diffusion, based on the theory of Lord and Shulman with one relaxation time, are derived 

for anisotropic media with rotation. The variational principle and reciprocity theorem for the governing equations are derived. The propa-
gation of leaky Rayleigh waves in a viscous fluid layer overlying a homogeneous isotropic, generalized thermoelastic diffusive half-
space with rotating frame of reference is studied. 
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1. Introduction 

The study of the interaction of elastic waves with fluid-
loaded solids has been recognized as a viable means for non-
destructive evaluation of solid structures. Qi [1] studied the 
influence of viscous fluid loading on the propagation of leaky 
Rayleigh wave in the presence of heat conduction effects. The 
spontaneous movement of the particles from high concentra-
tion region to the low concentration region is defined as diffu-
sion and it occurs in response to a concentration gradient ex-
pressed as the change in the concentration due to change in 
position. The thermo diffusion in elastic solids is due to cou-
pling of fields of temperature, mass diffusion and that of strain 
in addition to heat and mass exchange with environment.  

This article deals with the generalized thermoelastic diffu-
sion problem with one relaxation time for anisotropic media in 
rotating frame of reference. The propagation of leaky 
Rayleigh waves in a viscous fluid layer overlying a homoge-
neous isotropic, thermoelastic diffusive half-space with rotat-
ing frame of reference in the context of generalized theoryies 
of thermoelastic diffusion is investigated. The phase velocity 
and attenuation coefficient of these waves are presented 
graphically to depict the effect of viscosity.  
 

2. Basic Equations 

The basic governing equations for an anisotropic, homoge-
neous elastic solid with generalized thermoelastic diffusion in 

rotating frame of reference are: 
 

, [ { ( )} (2 ) ],ij j i i i iF uσ ρ ρ+ = + × × + ×Ω Ω u Ω u  
,ij ijkl kl ij ijc e a T b Cσ = + + , 0 ,i iq T Sρ− =  

, 0 ,ij j i iK T q qτ− = + ,000 aCTTeaTCST ijijE +−= ρρ  
*
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τ
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, ij ijP b e bC aT= + − ,  (1) 

 
Here, the medium is rotating with angular velocity, 

ŷ= ΩΩ where ŷ  is the unit vector along the axis of rotation 
and the equations of motion include two additional terms: the 
centripetal acceleration ( )× ×Ω Ω u  due to time-varying 
motion, and the Coriolis acceleration 2 ×Ω u . The remaining 
symbols have their usual similar meanings as in Aouadi [2]. 
For a coupled thermoelastic diffusion problem, 0

0 0.τ τ= =  
Equations (ii), (v) and (vii) of (1) can be rewritten as: 
 

,ij ijkl kl ij ijd e s T Pσ ς= + + ij ijS T s e nPρ κ= − + , 

kl klC P e nTε ς= − + ,  (2) 
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3. Variational principle 

The principle of virtual work with variation of displace-
ments (the virtual work of body forces iF , inertial forces iuρ , 
centripetal forces { ( )}iρ × ×Ω Ω u , Coriolis forces (2 )iρ ×Ω u , 
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surface forces i ji jh nσ= and the virtual work of internal 
forces) for the elastic deformable body is written as 

 

,][ , dVudAuhdVuuX ji
V

jii
V A

iiii δσδδρ ∫∫ ∫ =+−

 
{ ( )} (2 )i i i iX F= − × × − ×Ω Ω u Ω u   (3) 

 
We define a vector J connected with the entropy through 

the relation ,i iS Jρ = − . Using this relation and from eqns. (iii-
iv) of (1) , we obtain 

 
2

0
0 ,2( ) 0i j

ij

T d d J T
K dt dt

τ+ + =   (4) 

 
Multiplying (4) by iJδ and integrating over the region of 

the body and using the divergence theorem with the aid of (ii) 
of eqn. (2) and above relation, we get 

 

( ) 0j j ij ij
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Now we introduce the vector function N defined as 

,i iC N= − . Using this relation and from eqns. (vi) of (1) , we 
obtain 
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τ
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Multiplying (5) by iNδ and integrating over the region of 

the body and using the divergence theorem with the aid of (iii) 
of eqn. (2) and above relation, we get 
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Using above two derived equations, eqns. (2) and (3), we 

obtain the variational principle in the final form 
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where 1
2 ijkl ij kl

V

W d e e dV= ∫ . 

Now we assume that the virtual displacements iuδ , the vir-

tual increment of the temperature Tδ , etc. correspond to the 
increments occurring really in the body in question. Then  
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and the above equation is reduced to the following relation 
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The uniqueness theorem can be proved on the basis of 

Aouadi [2]. 
 

4. Reciprocity theorem 

We shall consider a homogeneous anisotropic generalized 
thermoelastic diffusive body occupying the region V  and 
bounded by the surface A . We assume that the stresses 

ijσ and the strains ije are continuous together with their first 
derivatives whereas , , ,iu T C P  are continuous and have con-
tinuous derivatives up to the second order, for x ε  

, 0V A t+ > . 
The components of surface traction, the normal component 

of the heat flux and the normal component of the chemical 
flux at regular points of V∂ , are given by  

 
*

, ,, ,i ji j ij j i ij j jh n q K T n p P nσ α= = =   (6) 

 
respectively. We denote by jn the outward unit normal of V∂ . 
To the system of field equation, we must adjoin boundary 
conditions and initial conditions. We consider boundary con-
ditions as: 
 

( , ) ( , ), ( , ) ( , ), ( , ) ( , ),i iu t U t T t t P t tφ ψ= = =x x x x x x for all x ε  
, 0A t >  and homogeneous initial conditions: 

( ,0) ( ,0) ( ,0) ( ,0)i iu u T T= = = =x x x x ( ,0) ( ,0) 0,P P= =x x f
or all x ε , 0V t =  

 
We derive the dynamic reciprocity relationship for a gener-

alized thermodiffusion bounded body V , which satisfies eqs. 
(1) and (2), the boundary conditions and the homogeneous 
initial conditions, and subjected to the action of body forces 

( , )iF tx , surface traction ( , )ih tx , centrifugal forces ( )× ×Ω Ω u  
and Coriolis forces 2 ×Ω u , the heat flux ( , )q tx and the 
chemical flux ( , )p tx . 

The Laplace integral transform is defined as 
 

0

( , ) ( ( , )) ( , ) stf s L f t f t e dt
∞

−= = ∫x x x   (7) 
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We now consider two problems where applied body forces, 
chemical potential and the surface temperature are specified 
differently. Let the variables involved in these two problems 
be distinguished by superscripts in parentheses. Thus, we have 

(1)
iu , (1)

ije , (1)
ijσ , (1)T , (1).....P  for the first problem and (2)

iu , 
(2)
ije , (2)

ijσ , (2)T , (2).....P  for the second problem. Each set 
of variables satisfies the system of Eqs. (1), (2), the boundary 
conditions and the homogeneous initial conditions. Using the 
strain-displacement relation, the assumption ij jiσ σ=  and 
the divergence theorem with the aid of (i) of (1), (6) and (7), 
we obtain 

 
(1) (2) (1) (2) 2 (1) (2)
ij ij i i i i

V A V

e dV h u dA s u u dVσ ρ= − +∫ ∫ ∫
 

(1) (1) (1) (2)[ { ( )} (2 ) ]i i i i

V

F s u dVρ − × × − ×∫ Ω Ω u Ω u  

 
A similar expression is obtained for the integral 

(2) (1) ,ij ij

V

e dVσ∫ from which together with the above equation, it 

follows that  
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( ) ( ) ( ) ( ){ ( )} (2 ) , 1,2g g g g
i i i iY F s g= − × × − × =Ω Ω u Ω u  

 
Now multiplying (2)

ije  by the corresponding equation (i) of 
(2) for the first problem, (1)

ije  by the analogous equation for 
the second problem, subtracting and integrating over the re-
gion V  and using the symmetry properties of ijkld , we obtain 

 
(1) (2) (2) (1) (1) (2) (2) (1)[ ] [ ]ij ij ij ij ij ij ij

V V

e e dV s T e T e dVσ σ− = −∫ ∫ + 

(1) (2) (2) (1)[ ]ij ij ij

V

P e P e dVς −∫  

 
From above two equations, we get the first part of the recip-

rocity theorem. Following Aouadi [2],we can obtain the sec-
ond part of reciprocity theorem. 

 

Eliminating integrals (1) (2) (2) (1)[ ]ij ij ij

V

s T e T e dV−∫ ,  

(1) (2) (2) (1) (2) (1) (1) (2)[ ] , [ ]ij ij ij

V V

P e P e dV n P T P T dVς − −∫ ∫  

 
from first and second parts of the reciprocity theorems, we 
obtain the generalized parts of the reciprocity theorem in the 
Laplace transform domain. 

To invert the Laplace transform in first, second and general-

ized parts of the reciprocity theorem, we shall use the convo-
lution theorem 

 

1

0 0

{ ( ) ( )} ( ) ( ) ( ) ( )
t t

L F s G s f t g d g t f dξ ξ ξ ξ ξ ξ− = − = −∫ ∫  

 
Applying inverse Laplace transform in first, second and 

generalized parts of the reciprocity theorem, we obtain these 
parts in final form. 
 

5. Isotropic case 

By setting  
 

*
1 2

( ), ,

, , ,
ijkm ij km ik jm jk im ij ij

ij ij ij ij ij ij

c K K

D a b

λδ δ µ δ δ δ δ δ

α δ β δ β δ

= + + =

= = − = −
 

 
where λ  and µ  are Lame's constants, K  is the coefficient 
of thermal conductivity, D  is the diffusion coefficient, 

1 2( , ) (3 2 )( , ),t cβ β λ µ α α= + tα and cα  are the coefficients of 
linear thermal and diffusion expansion, in the Eqs. (1), we 
obtain the basic equations for isotropic, homogeneous elastic 
solid with generalized thermoelastic diffusion and from which 
the equations of motion in the rotating frame of reference, 
equation of heat conduction and equation of mass diffusion 
can be obtained as given in Kumar et al. [3] based upon Lord-
Shulman (L-S) and Coupled (CT) theories of thermoelasticity. 

Following Felher [4], the basic equations in a viscous me-
dium are  

 

, , ,

4( ) ( . ) ( )
3

2( ) ( )
3

o o o o o

o o o o
ij k k ij i j j i

K
t t

K u u
t t

η η ρ

π η δ η

∂ ∂
+ ∇ ∇ − ∇× ∇× =

∂ ∂
∂ ∂

= − + +
∂ ∂

u u u

u
 

 
Where oρ is the fluid density at rest. ijπ are the components 

of force stress tensor in the viscous medium, 1 2 3( , , )o o o ou u u=u  
is the displacement vector in the viscous medium, 

oo
o

Kc
ρ

= is the sound velocity, oK and η  are respec-

tively bulk modulus and fluid viscosity.  
 

6. Formulation and solution of the problem 

We consider a viscous compressible fluid layer of thickness 
H  overlying a homogeneous isotropic, generalized thermoe-
lastic diffusive half-space in rotating frame of reference. The 
origin of the Cartesian coordinate system 1 2 3( , , )x x x  is taken 
at any point on the plane surface (interface) and 3x -axis 
points vertically downwards into the solid half-space which is 
thus represented by 3 0x ≥ . In this paper, the problem of sym-
metric with respect to 3x -axis is considered, so that, all vari-
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ables are independent of 2x . 
We define the following dimensional quantities: 

*
* * * '1

2
1 0 1 0 1 01

*2
* ' ' * * *1 3 11

1 3 1
1 0 1

, , , ,

( , ),( , ) , ,

ij
ij

f

o oo
o o o o

T T Tc

u u wc u u
T c

πµ ηω λµ η λ π
β β βρ

ρρ η η ρ
β

= = = =

= = =

  

Where *
1w  and 1c are the characteristic frequency and the 

longitudinal wave velocity respectively.  
For viscous fluid, we have  

1 3
1 3 3 1

,
o o o o

o ou u
x x x x
φ ψ φ ψ∂ ∂ ∂ ∂

= − = +
∂ ∂ ∂ ∂

  (8) 

Where, oφ and oψ are scalar velocity potential and vector 
velocity potential components along the 2x -axis. 

The remaining dimensionless quantities can be taken from 
Kumar et al. [3]. Using dimensionless quantities and (8) in the 
basic equations of both isotropic thermoelastic diffusive half-
space and viscous fluid and assuming the solution 

1 3( )
1 3( , , , , , ) (1, , , , , ) x mx cto ou u T C L S R E F U eιξφ ψ + −= where 

,c ω
ξ

= is the dimensionless phase velocity, ω  is the fre-

quency and ξ  is the complex wave number; m  is still un-
known parameter. 1, , ,L S R are, respectively, the amplitude 
ratios of displacements 1 3,u u , T and C with respect to 1u , 

the expressions for 1 3, , , , ou u T C φ and oψ are obtained as 
4

1 3 1 3
1

5 5 3 6 5 3 1

7 6 3 8 6 3 1

( , , , ) (1, , , ) exp( ( )),

[ cos( ) sin( )]exp( ( )),

[ cos( ) sin( )]exp( ( )),

i i i i
i

o

o

u u T C n k f A x mx ct

A m x A m x x ct

A m x A m x x ct

ιξ

φ ξ ξ ιξ

ψ ξ ξ ιξ

=

= + −

= + −

= + −

∑
 (9) 

where 2 , 1,2,3,4im i = are the roots of the polynomial equation: 
 

8 * 6 * 4 * 2 * 0,m A m B m C m D+ + + + =  
 

Where the coefficients * * *, ,A B C and *D are given in the 
appendix. The roots 5 6,m m are also given in the appendix. 
 

7. Boundary conditions 

The boundary conditions at 3x H= − and at solid-fluid in-
terface 3 0x =  are as follows:  

 
33 31 0π π= =  at 3x H= −  

33 33,σ π=  31 31,σ π=  1 1 ,ou u= 3 3
ou u=  , 

,3 ,3 0T C= =  at 3 0x = . 
 

8. Derivation of secular equations 

Invoking the boundary conditions and using Eqs. (9), we 
obtain the secular equation for leaky Rayleigh waves propa-

gating in a viscous fluid layer overlying isotropic thermoelas-
tic diffusive half-space with rotation as 

 
1 1 2 2 3 3 4 4 0R M R M R M R M− − − = , 

 
Where ,iR , 1,2,3,4iM i = are given in appendix.  

Case-I: In absence of rotation effect, we obtain the disper-
sion equation for leaky Rayleigh waves propagating in a vis-
cous fluid layer overlying isotropic thermoelastic diffusive 
half-space. 

Case-II: For H→∞ , we obtain the secular equation for 
leaky Rayleigh waves at solid-fluid interface 3 0x = with rota-
tion.  

Case-III: For H 0→ , we obtain the secular equation for 
Rayleigh waves propagating in isotropic thermoelastic diffu-
sive half-space with rotation.  
 

9. Numerical results and discussion 

We now represent for numerical results for copper material 
(thermoelastic diffusive solid), the physical data is given be-
low: 

 
λ  = 7.76×1010 kg·m-1·s2, µ  = 3.86×1010 kg·m-1·s2,  

T0 = 0.293×103 K, CE = 0.3831×103 J·kg-1·K-1,  
tα = 1.78×10-5 K-1, cα  = 1.98×10-4 m3·kg-1,  

a = 1.2×104 m2·s-2·K-1, b = 9×105kg·m5·s-2, 
0τ = 0.25s, 0τ = 0.15s,D=0.85×10-8 g·m-3·s,  
ρ = 8.954×103 kg·m-3, K = 0.386×103 W·m-1·K-1 , Ω =12 rpm. 
 
For viscous fluid (kerosene and seawater), we take the nu-

merical data from White [5]. 
In Figs. 1 and 2, the solid and dash lines correspond to the 

CT theory of thermoelastic diffusion for first and second 
modes for the case of kerosene (CT1K and CT2K), respec-
tively. The diamond and square symbols, respectively, on 
these lines correspond to the CT theory of thermoelastic diffu-
sion for first and second modes for the case of seawater (CT1S 
and CT2S). Similarly, the star and lower triangles, respec-
tively, on these lines correspond to the L-S theory of thermoe-
lastic diffusion for first and second modes for the case of kero-
sene (LS1K and LS2K). The triangle and circle symbols, re-
spectively on solid and dash lines correspond to the L-S the-
ory of thermoelastic diffusion for first and second modes for 
the case of seawater (LS1S and LS2S).  

From Fig. 1, we observe that in both the cases of kerosene 
and seawater, the values of phase velocity corresponding to 
CT1K, CT2K, LS1K and LS2K increase. The values of phase 
velocity for the second mode are higher than that of first mode 
in both the cases of CT and L-S theories. The values of phase 
velocity for CT theory are more as compared to L-S theory for 
both modes. If we compare both the cases, we find that the 
increase in the phase velocity is more in the case of seawater 
than that of kerosene. Fig. 2 shows that the values of attenua- 
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Fig. 1. Variations of phase velocity w.r.t frequency. 

 

 
 
Fig. 2. Variations of attenuation coefficient w.r.t. frequency. 
 
tion coefficient vibrate in all the cases. The values of attenua-
tion coefficient for the case of seawater increase more as com-
pared to the case of kerosene. For CT theory, the values in-
crease slightly higher than that of L-S theory in both the cases 
of kerosene and seawater. 
 

10. Conclusions 

The generalized model for thermoelastic diffusion equations 
for anisotropic media in the rotating frame of reference based 
on the theory of Lord and Shulman with one relaxation time is 
given. The propagation of leaky Rayleigh waves in a viscous 
fluid layer lying over a homogeneous isotropic thermoelastic 
diffusive half-space with rotating frame of reference has been 
considered. The phase velocity and attenuation coefficient of 
leaky Rayleigh waves are presented graphically. 
 

References 

[1] Qi,Q., Attenuated leaky Rayleigh waves. J. Acoust. Soc. 
America 95 (1994) 3222-3231. 

[2] M. Aouadi, Generalized theory of thermoelastic diffusion for 
anisotropic media, J. Thermal Stresses 31 (2008) 270-285. 

[3] R. Kumar and T. Kansal, Effect of rotation on Rayleigh 
waves in an isotropic generalized thermoelastic diffusive 
half-space, Archives of mechanics, 60 (5) (2008) 421-443, 
2008. 

[4] M.Fehler, Interactions of seismic waves with a viscous liq-
uid layer, Bull. Seismological Society of America, 72 (1982), 
55-72. 

[5] F. M.White, Fluid Mechanics-McGraw Hill Int., Eds., 1994. 
 
 

Appendix 

10 10 0 2
0 2

2 2 10
1 3 1 4 2 5

10 10 * 1 2 10 *
6 1 7 3 1 1

* * * * *
3 2 1 3 3 3 5 3 7 6 2 4

* * *
6 5 5 3 2 6 5 7 6 2 7 7

2

( , ) 1 ( , ), , 2 ,

( , ) (1, ) (1 ), ,

, , ,

, , ,

, , ,

t f

t

t t f

f c

f f c f c f

c f c f q c I q

q I q f q I f q f f q I

f f I q q I f f f q I f

q

τ τ ιω τ τ ι
ω

δ ζ τ ιξ

τ ζ τ ιω τ

ιξ

−

Ω
= − Γ = = Γ

= − + Γ = =

+ = = − = −

= − = + + =

− = + = + = +
* * * * *

8 1 2 3 9 4 10 4 3 1 6
* *

11 6 4 12 4 7 1 6 13 7 3 3
* * *
1 14 11 3 6 15 1 5 4 2 16

* * *
5 3 4 17 5 1 4 2 18 3 2

* * * *
1 1 2 3 1 4 4 5 2 3 3 6

, , , ,

, ,

, , ( ) ,

, , ( 1)

, ,

I q q I I I f q q f

I f f I f f q f I f q f

q I I f f I q f f q I

f f f I f q f q I f q

q d I I q I f I d f I I

δ ιξ

ιξ

ιξ

ιξ

= − = − = +

= + = + = + −

= + = + − =

+ + = − = +

+ = − − − = +

+ * * * *
1 4 4 7 3 1 9 2 3 4 5 4 2 6

* * * *
4 7 1 4 5 2 10 4 1 1 11 6

* * * *
2 12 4 13 1 14 7 1 2 8

* * * *
2 15 4 1 2 1 16 9 2 17

* * *
4 18 1 3 5 16 10 1 1 2 8 1 1

, ,

, ,

, ( 1),

( ) ( ),

( ), ( )

q I f I d q I I f I d I

f I q I d I f I q I d

I f I q I d q d

I f q q q I d I

f I q f f I d f I I d

δ δ

δ

δ ιξ δ

δ ιξ δ

ιξ δ δ

+ = − − =

+ + = + − =

− − = − =

+ + − + = +

− + = − + *
7

* * * * 2 * * * *
11 1 1 1 2 2 3 2 3 5 8 12

* 2 * * * *
2 4 2 3 1 3 6 1 2 6 9 13

2 *
3 12 1 6 17 2 6 14 1 1 1

5 * 4 * 3 2 *
8 3 2 3 2 3 4

* 4 3 * 2
2 6 2 5 2 10 6

,

,

,

( ) , ,

,

i

i i i i i

i i i i

d

d f d d d f q d d d

d f I f I f d d d d

f I f I I f I d I

I m q f m d m f I m d m

f I d m f I m d m

δ δ ιξ

δ δ

ιξδ

ξ ιξ ι ι

ι

−

= − − − + − =

− − − + − =

+ − + = ∆ =

+ + − + +

∆ = − − 2 12 3 12
* 6 * 5 * 4 3 * 2

3 7 1 2 8 2 15 9 2 17
6 * 4 * 2

3 17 4 1 1 2 3 6
* * * * * * * * * *

10 14 11 14 12 14
* *
13 14 1 4 2 4

3 4

,

, ,

/ , / , / ,

/ , / , / ,
/ , 1,2,

i

i i i i i i i

i i i i

i i i i i i

i i i

f I m f I

d m q f m d m f I m d m f I m

f I I m d m d m f I

A d d B d d C d d D

d d n k
f i

ι

ξ ι ι

ιξ

+ −

∆ = + − + + −

+ ∆ = − + + −

= = = =

− = ∆ ∆ = ∆ ∆

= ∆ ∆ = 3,4.
2 2
1

5 62 * 2 *
1

31 , 1
3 4f

c c cm m
c c

ι
ιωη ξη

= − + = − +
−

 



342 R. Kumar and T. Kansal / Journal of Mechanical Science and Technology 24 (2010) 337~342 
 

 

* * * 1

*

2
6 5

1
5

6 6 6 61
2 3 4

5 5 5
*

1 3 6 1 3

*
2 3 6 1 6 6

3

( 2 )( ( )),

( ), 1,2,3,4

( 1)cos( ), sin( ), 5,6, ,

2 2, , ,
tan( )

[ 0 0 1 0 0] ,

[ 2 0 0 0 0] ,

i i i i i i

i i

i i i i

Tr

Tr

d m n k f h

n m i

m sc m H s m H i R
c

m s m cRR R R
c m H c

R c R

R s m m

ιλ λ µ ξ

µ ι

ξ ξ

ι ι
ξ

η ξ

ιξη ι

−= − + + +

= − =

−
= = = =

= = =

∆ = − −

∆ = − − −

∆ = *
5 5 1 3

*
4 5 5 1 5 5

1 1 3 2 5 6 7 8

2 4 3 2 5 6 7 8

3 4 1 2 5 6 7 8

4 4 1 3 5 6 7 8

[2 0 1 0 0 0] ,

[2 0 2 0 0 0] ,

[0 ] , 5,6,7,8
det( ),
det( ),
det( ),
det( ),

Tr

Tr

Tr
i i i i i i i i

m s R

m c m m

d h c cn m k m f i
M
M
M
M

ι η ξ

ι ιξη ι

−

∆ = −

∆ = − − =

= ∆ ∆ ∆ ∆ ∆ ∆ ∆

= ∆ ∆ ∆ ∆ ∆ ∆ ∆

= ∆ ∆ ∆ ∆ ∆ ∆ ∆

= ∆ ∆ ∆ ∆ ∆ ∆ ∆

 

 
 

Prof. Rajneesh Kumar Born on 08-08-
1958, did M.Sc. (1980) from Guru 
Nanak Dev University, Amritsar (Pun-
jab, India), M. Phil. (1982) from Kuruk-
shetra University Kurukshetra (Haryana, 
India) and Ph. D. (1986) in Applied 
Mathematics from Guru Nanak Dev 
University, Amritsar (Punjab, India). 

Guided 52 M. Phil. students, 9 students awarded Ph.D. degree 
and 8 students are doing Ph.D. under my supervision. I have 
200 publications in Journals of international repute. My area 
of research work is Continuum Mechanics (micropolar elastic-
ity, thermoelasticity, poroelasticity, magnetoelasticity, mi-
cropolar porous couple stress theory, viscoelasticity, mechan-
ics of fluid).  

 

Mr. Tarun Kansal Born on 05-10-
1982, did M.Sc. (2004) from Kuru-
kshetra University, Kurukshetra (Har-
yana, India.). Presently doing research as 
a Senior Research Fellow (SRF-CSIR) 
in the Department of Mathematics, 
Kuru-kshetra University, Kurukshetra 
since Jan 8, 2007. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


