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Abstract. The theory of generalized thermoelasticity based on the heat conduction equation with 
the Caputo time-fractional derivative is used to study magneto-thermoelastic response of a 
homogeneous isotropic two-dimensional rotating elastic half-space solid. The solution for the 
physical variables is obtained using the normal mode analysis together with an eigenvalue 
approach technique. Numerical computations are carried out for a hypothetical copper like 
material the numerical results are illustrated graphically. Some comparisons have been made in 
the graphical results to show the effect of fractional parameter, magnetic field and the rotation on 
the field variables. 
Keywords: non-Fourier heat conduction, Caputo time-fractional derivative, rotating media, 
normal mode analysis, eigenvalue approach. 

Nomenclature ߣ, = ௜ components of the displacement vector ݁௞௞ݑ ௜௝ components of the stress tensor ݁௜௝ components of the strain tensorߪ ா specific heat of the solid at constant strainܥ constant mass density of the medium ߩ Lame’s constant ߤ ݁, cubical dilatation ݐ time variable ݔ, ି்)space variables ΩሬሬԦ angular velocity of the rotating media ܶ absolute temperature ଴ܶ the temperature of the medium in it’s natural state, assumed to be such that ቚ ݕ బ்)బ் ቚ << 1 ݇ thermal conductivity ߥ fractional parameter ߬଴ the relaxation time parameters Γ(ߥ) the well-known Gamma function ߛ = ߣ3) + = ଴ electric permeability ܽ଴ߝ ଴ magnetic permeabilityߤ Ԧ current density vectorܬ ሬԦ induced electric field vector ℎሬԦ induced magnetic field vectorܧ ሬሬԦ଴ initial magnetic field vectorܪ coefficient of linear thermal expansion ்ߙ a material constant characteristic of the theory ,்ߙ(ߤ2 ටఓబுబమఘ , Alfen velocity ܿ଴ = ඥܿଵଶ + ܽ଴ଶ  ܿଵ = ටఒାଶఓఘ   
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ܿଶ = ටఓఘ  ܿ = ට ଵఌబఓబ, speed of light ߝ = ఊమ బ்ఘ஼ಶ(ఒାଶఓ)  ܯ = 1 + ௔బమ௖మ  ߚ = ට௖బమ௖మమ  ߚ଴ = ටఒାଶఓఓ ≡ ଶߘ ௜௝ Kronecker deltaߜ   ቀ డమడ௫మ + డమడ௬మቁ  

1. Introduction 

Fractional calculus has been used successfully to modify many existing models of physical 
processes e.g., chemistry, wave propagation, visco-elasticity, electronics and biology. One can 
state that the whole theory of fractional derivatives and integrals was established in the second 
half of the nineteenth century. Various definitions and approaches of fractional derivatives have 
become the main purpose of many studies. There are some materials (e.g. porous materials, 
biological materials/polymers and colloids, glassy etc.) and physical situations (like 
low-temperature, amorphous media and transient loading etc.) where the conventional coupled 
dynamical theory (CD) [1] based on the classical Fourier’s law is unsuitable (see [2] for details). 
In such cases, one needs to use a generalized thermoelastic (and more generally 
thermos-viscoelastic) model based on an anomalous heat conduction theory involving fractional 
time-derivatives, see Ignaczak and Ostoja-Starzewski [3]. 

Fractional order derivatives have been employed for the description of visco-elastic materials 
by Caputo and Mainardi [4, 5] and Caputo [6] and they have successfully established the 
connection between the fractional order derivatives and the linear theory of visco-elasticity. They 
also have obtained a very good agreement with the experimental results successfully. Some 
applications of fractional calculus to various problems of mechanics of solids are reviewed in the 
literatures Rabotnov [7] and Mainardi [8]. A considerable research effort has been extended to 
study anomalous diffusion that is characterized by the time-fractional diffusion wave equation 
introduced by Kimmich [9]. 

Fractional calculus has also been employed in the theory of thermoelasticity. Povstenko [10] 
has constructed a quasi-static uncoupled thermoelasticity model based on the heat conduction 
equation with fractional order time derivatives. He has used the Caputo fractional derivative (see 
[11] for details) and obtained the stress components corresponding to the fundamental solution of 
a Cauchy problem for the fractional order heat conduction equation in both the one-dimensional 
and two-dimensional cases. In 2010, a new theory of generalized thermoelasticity in the context 
of a new consideration of the heat conduction equation with fractional order time derivatives has 
been proposed by Youssef [12]. The uniqueness of the solution has also been proved in the same 
work. Youssef and Al-Lehaibi [13] have studied a problem on an elastic half space using this 
theory. Sherief et al. [14], Ezzat and Fayik [15], Ezzat and El-Karamany [16, 17] and Bachher 
et al. [18, 19] have also constructed some model in generalized thermoelasticity by using 
fractional calculus. 

Investigation of the interaction between magnetic field and stress and strain in a thermoelastic 
solid is very important due to its many applications in the field of geophysics, plasma physics and 
related topics. Especially in nuclear fields, the extremely high temperatures and temperature 
gradients, as well as the magnetic fields originating inside nuclear reactors, influence their design 
and operations. 
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During the second half of 20th century, great attention has been devoted to the study of 
electromagneto-thermoelastic coupled problems based on the generalized thermoelasticity. The 
magneto-thermoelastic disturbances generated by a thermal shock in an elastic half-space having 
a finite conductivity has been investigated by Kaliski and Nowacki [20]. Later Massalas and 
Dalamangas [21] considered the same problem by taking into account the coupling between the 
temperature and the strain field. Paria [22, 23] also solved some problems in magneto-elasticity 
and magneto-thermoelasticity. One can find in [24-34] some other works in generalized 
magneto-thermoelasticity. 

Study of plane thermoelastic and magneto-thermoelastic wave propagation in a non-rotating 
medium is receiving considerable attention in recent years. It appears that little attention has been 
paid to the study of propagation of plane thermoelastic waves in a rotating medium using the linear 
models (L-S, G-L and G-N models) of generalized thermoelasticity. Since most large bodies, like 
the earth, the moon, and other planets, have an angular velocity, it appears more realistic to study 
the propagation of plane thermoelastic or magneto-thermoelastic waves in a rotating medium with 
thermal relaxation. One can see the references [27-31, 35-37] for various study for generalized 
thermoelastic rotating medium. 

In the present paper, the model of the equations of fractional order generalized 
magneto-thermoelasticity with one relaxation time in a homogeneous isotropic rotating elastic 
medium is established by using the Caputo time-fractional derivative [14]. The surface of the 
half-space is taken to be traction free and subjected to a thermal shock. There acts an initial 
magnetic field parallel to the plane boundary of the half-space. The normal mode analysis [38, 39] 
technique is applied to obtain the exact expressions for the considered field quantities. The 
distributions of the considered field variables are represented graphically for a hypothetical 
material. From the distributions, the wave type heat propagation is found in the medium. 

2. Formulation of the problem and governing equations 

We shall consider the problem of a homogeneous, isotropic, thermally and electrically 
conducting elastic half-space (ݔ ≥ 0) in two-dimensional space. The ݔ-axis is taken as vertically 
inwards. The whole body is initially at a uniform temperature ଴ܶ. The surface of the half-space is 
subjected to a thermal shock that is a function of ݕ and ݐ. Thus, all the field variables considered 
will be functions of the time variable ݐ and of the coordinates ݔ and ݕ. Also the considered field 
quantities are assumed to be vanished as ݔ → +∞. The medium is placed in a magnetic field with 
constant intensity ܪሬሬԦ଴ acting in the ݖ-direction so that ܪሬሬԦ଴ = (0,0,  ଴ is a constant. Dueܪ ଴), whereܪ
to the application of this initial magnetic field, there results an induced magnetic field ℎሬԦ and an 
induced electric field ܧሬԦ. We assume that both ℎሬԦ and ܧሬԦ are small in magnitude in accordance with 
the assumptions of the linear theory of thermoelasticity. 

The elastic medium is rotating uniformly with an angular velocity ΩሬሬԦ = Ωሬ݊Ԧ, where ሬ݊Ԧ is a unit 
vector representing the direction of the axis of rotation. The displacement equation of motion in 
the rotating frame of reference has two additional terms [36, 37]: 

i) Centripetal acceleration, ΩሬሬԦ × (ΩሬሬԦ ×  ሬԦ) due to time-varying motion only andݑ
ii) Corioli's acceleration 2ΩሬሬԦ ×  ሬԦ is the displacement vector. These terms don't appearݑ ሶሬԦ whereݑ

in non-rotating media. 
The simplified linearized Maxwell’s equations of electrodynamics for a homogeneous 

isotropic perfectly conducting slowly moving elastic medium are:  ∇ሬሬԦ × ℎሬԦ = Ԧܬ + ሬԦሶܧ଴ߝ , (1)∇ሬሬԦ × ሬԦܧ = ଴ℎሬԦሶߤ− ሬԦܧ(2) , = ሬԦሶݑ)଴ߤ− × ሬሬԦ), (3)∇ሬሬԦܪ ⋅ ℎሬԦ = 0, ∇ሬሬԦ ⋅ ሬԦܧ = 0, (4)
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where ܪሬሬԦ = ሬሬԦ଴ܪ + ℎሬԦ. 
All the considered field quantities will depend on spatial coordinate ݔ,  so that for ,ݐ and time ݕ

two-dimensional deformation in the ݕݔ-plane: ݑ௜ = ,ݔ)ݑ] ,ݕ ,(ݐ ,ݔ)ݒ ,ݕ ,(ݐ 0], ܶ = ,ݔ)ܶ ,ݕ ,(ݐ ݁ = ௫,ݑ + .௬,ݒ
The electric intensity vector ܧሬԦ  is normal to both the magnetic intensity filed and the 

displacement vector. Thus for ܪሬሬԦ଴ = (0,0, ௫ܧ :ሬԦ has the componentsܧ ,(଴ܪ = ,ଵܧ ௬ܧ = ,ଶܧ ௭ܧ = 0. (5)

Since the current density vector ܬԦ is parallel to the electric intensity vector ܧሬԦ , it has the 
components: ܬ௫ = ,ଵܬ ௬ܬ = ,ଶܬ ௭ܬ = 0. (6)

From Eq. (3), we get after linearization: ܧଵ = ሶݒ଴ܪ଴ߤ− , ଶܧ = ሶݑ଴ܪ଴ߤ , ଷܧ = 0. (7)

Now, Eqs. (2) and (5) gives: ℎଵ = 0, ℎଶ = 0, ℎଷ = .଴݁ܪ− (8)

From Eqs. (1) and (8) we obtain: ܬଵ = ଴൫ܪ− ,݁௬ − ,ሷ൯ݒ଴ߤ଴ߝ ଶܬ = ଴൫ܪ ,݁௫ − ሷݑ଴ߤ଴ߝ ൯, ଷܬ = 0. (9)

Using Eqs. (8) and (9), we get the components of Lorentz force as: ܨԦ = Ԧܬ଴൫ߤ × ሬሬԦ൯ܪ = ଴ଶ൫ܪ଴ߤ ,݁௫ − ሷݑ଴ߤ଴ߝ , ,݁௬ − ሷݒ଴ߤ଴ߝ , 0൯. (10)

For a homogeneous isotropic rotating elastic medium placed in a magnetic field with constant 
intensity ܪሬሬԦ଴, the displacement equation of motion is: ߪ௜௝,௝ + ௜ܨ = ሷݑൣߩ ௜ + {ΩሬሬԦ × (ΩሬሬԦ × ሬԦ)}௜ݑ + {2ΩሬሬԦ × ሶሬԦ}௜൧. (11)ݑ

The heat conduction equation with Caputo time-fractional derivative [14]: 

݇∇ଶܶ = ൬1 + ߬଴ ∂ఔ∂ݐఔ൰ ൫ܥߩா ሶܶ + ߛ ଴ܶ ሶ݁൯, 0 < ߥ ≤ 1. (12)

The constitutive equations are given by: ߪ௜௝ = ௜௝݁ߤ2 + ௞௞݁ߣ] − ܶ)ߛ − ଴ܶ)]ߜ௜௝, (13)

where:  

∂ఔ∂ݐఔ ,ݔ)݂ :(ݐ = ۔ۖەۖ
,ݔ)݂ۓ (ݐ − ,ݔ)݂ 0), ℎ݁݊ݓ ߥ → ଵିఔܫ,0 ,ݔ)݂∂ ݐ∂(ݐ , ℎ݁݊ݓ 0 < ߥ < ,ݔ)݂∂,1 ݐ∂(ݐ , ℎ݁݊ݓ ߥ = 1,  
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the Riemann-Liouville fractional integral operator ܫఔ is defined as: 

:[(ݐ)݂]ఔܫ = 1Γ(ߥ) න௧
଴ ݐ) − ,ݏ݀(ݏ)ఔିଵ݂(ݏ

and ܨ௜  are the components of the Lorentz force vector ܨԦ . In the above equations, a comma 
followed by a suffix denotes material derivative and a superposed dot denotes the derivative with 
respect to time ݐ. 

The strain tensor ݁௜௝ has the components: 

݁௫௫ = ,௫,ݑ ݁௬௬ = ,௬,ݒ ݁௫௬ = 12 ൫ݑ,௬ + ,௫൯,ݒ ݁௫௭ = ݁௬௭ = ݁௭௭ = 0. (14)

For two-dimensional deformation in the ݕݔ-plane, we have: (ߣ + ߤ2 + ௫௫,ݑ(଴ଶܪ଴ߤ + ௬௬,ݑߤ + ߣ) + ߤ + ௫௬,ݒ(଴ଶܪ଴ߤ − ߛ ,ܶ௫       = ߩ) + ሷݑ(଴ଶܪ଴ଶߤ଴ߝ − ݑΩଶߩ − ሶݒΩߩ2 , ߣ)(15) + ߤ2 + ௬௬,ݒ(଴ଶܪ଴ߤ + ௫௫,ݒߤ + ߣ) + ߤ + ௫௬,ݑ(଴ଶܪ଴ߤ − ߛ ,ܶ௬      = ߩ) + ሷݒ(଴ଶܪ଴ଶߤ଴ߝ − ݒΩଶߩ − ሶݑΩߩ2 , (16)݇൫ ,ܶ௫௫ + ,ܶ௬௬൯ = ൬1 + ߬଴ ∂ఔ∂ݐఔ൰ ൫ܥߩா ሶܶ + ߛ ଴ܶ ሶ݁൯, ௫௫ߪ(17) = ݁ߣ + −௫,ݑߤ2 ܶ)ߛ − ଴ܶ), ௬௬ߪ(18) = ݁ߣ + −௬,ݒߤ2 ܶ)ߛ − ଴ܶ), ௫௬ߪ(19) = +௬,ݑ)ߤ ௫,ݒ ). (20)

In order to make the Eqs. (15)-(20) dimensionless, the following non-dimension quantities are 
introduced: (ݔᇱ, ,ᇱݕ ,ᇱݑ (ᇱݒ = ܿ଴ݔ)ߟ, ,ݕ ,ݑ ,(ݒ ,ᇱݐ) ߬ᇱ) = ܿ଴ଶݐ)ߟ, ߠ ,(߬ = ܶ)ߛ − ଴ܶ)ܿߩ଴ଶ , ௜௝ᇱߪ = ߤ௜௝ߪ , Ωᇱ = Ωܿ଴ଶߟ , ߟ = ா݇ܥߩ . (21)

Making use of Eq. (21) into Eqs. (15)-(20), we get (after suppressing the primes): ߚଶݑ,௫௫ + ௬௬,ݑ + ଶߚ) − ௫௬,ݒ(1 − ௫,ߠଶߚ = ሷݑܯ)ଶߚ − Ωଶݑ − 2Ωݒሶ), ௬௬,ݒଶߚ(22) + ௫௫,ݒ + ଶߚ) − ௫௬,ݑ(1 − ௬,ߠଶߚ = ሷݒܯ)ଶߚ − Ωଶݒ + 2Ωݑሶ ), (23)∇ଶߠ = ൬1 + ߬଴ ∂ఔ∂ݐఔ൰ ൫ߠሶ + ߝ ሶ݁൯, ௫௫ߪ(24) = ଴ଶߚ) − 2)݁ + ௫,ݑ2 − ,ߠଶߚ ௬௬ߪ(25) = ଴ଶߚ) − 2)݁ + ௬,ݒ2 − ,ߠଶߚ ௫௬ߪ(26) = ௬,ݑ + ௫. (27),ݒ

Let us introduce the displacement potentials ߮ and ߰ by the relations function: ݑ = ,߮௫ + ,߰௬, ݒ = ,߮௬ − ,߰௫. (28)݁ = ௫,ݑ + ௬,ݒ = ∇ଶ߮. (29)

By differentiating Eq. (22) with respect to ݔ and Eq. (23) with respect to ݕ, then adding, we 
obtain: 
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ቈ∇ଶ − ܯ ∂ଶ∂ݐଶ + Ωଶ቉ ߮ = ߠ + 2Ω ሶ߰ , (30)

and by differentiating Eq. (22) with respect to ݕ and Eq. (23) with respect to ݔ and subtracting we 
obtain: 

ቈ∇ଶ − ଶߚܯ ∂ଶ∂ݐଶ + ଶΩଶ቉ߚ ߰ = ଶΩߚ2 ݐ߮∂∂ . (31)

Eq. (24) can be written as: 

൤∇ଶ − ݐ∂∂ ൬1 + ߬଴ ∂ఔ∂ݐఔ൰൨ ߠ = ߝ ݐ∂∂ ൬1 + ߬଴ ∂ఔ∂ݐఔ൰ ∇ଶ߮. (32)

3. Normal mode analysis 

The solution of the physical variables can be decomposed in terms of the normal modes [38, 39] 
in the following way:  [߮, ߰, ,ߠ ,ݑ ,ݒ ,ݔ)[௜௝ߪ ,ݕ (ݐ = [߮∗, ߰∗, ,∗ߠ ,∗ݑ ,∗ݒ ∗௜௝ߪ (ݔ)[ ݌ݔ݁ ݐ߱) + ,(ݕܽ݅ (33)

where (ݔ)∗ݑ  etc. is the amplitude of the function ݔ)ݑ, ,ݕ (ݐ  etc., ݅  is the imaginary unit, ߱ 
(complex) is the time constant and ܽ is the wave number in the ݕ-direction. 

Substituting from Eq. (33) into Eqs. (30)-(32), we arrive at a system of their homogeneous 
equations:  [(ܦଶ − ܽଶ) − ଶ߱ܯ + Ωଶ]߮∗(ݔ) = (ݔ)∗ߠ + 2߱Ω߰∗(ݔ), ଶܦ)](34) − ܽଶ) − ଶ߱ܯ)ଶߚ − Ωଶ)]߰∗(ݔ) = ,(ݔ)∗ଶ߱Ω߮ߚ2 ଶܦ)](35) − ܽଶ) − ߱߱଴](ݔ)∗ߠ = ଶܦ)଴߱߱ߝ − ܽଶ)߮∗(ݔ), (36)

where: 

߱଴ = (1 + ߬଴߱∗), ߱∗ = ݁ିఠ௧ିݐఔ ෍ஶ
௡ୀଵ

݊)௡Γ(ݐ߱) + 1 − .(ߥ (37)

Eliminating ߰∗(ݔ) and (ݔ)∗ߠ between Eqs. (34)-(36), we obtain the following sixth order 
differential equation satisfied by ߮∗(ݔ): [ܦ଺ − ݈ଵܦସ + ݈ଶܦଶ − ݈ଷ]߮∗(ݔ) = 0, (38)

Where: ݈ଵ = 3ܽଶ + ଵ݃, ݈ଶ = 3ܽସ + 2ܽଶ ଵ݃ + ݃ଶ, ݈ଷ = ܽ଺ + ܽସ ଵ݃ + ܽଶ݃ଶ + ݃ଷଵ݃ = ଶ߱ܯ) − Ωଶ)(1 + (ଶߚ + ߱߱଴(1 + ଶ݃,(ߝ = ଶ߱ܯ) − Ωଶ)[ߚଶ(߱ܯଶ − Ωଶ) + ߱߱଴(1 + (ଶߚ + [଴߱߱ߝଶߚ − ଶ߱ଶΩଶ,݃ଷߚ4 = ଶ߱ܯ)]ଶ߱߱଴ߚ − Ωଶ)ଶ − 4߱ଶΩଶ].
In a similar manner, we get the following equations: [ܦ଺ − ݈ଵܦସ + ݈ଶܦଶ − ݈ଷ]߰∗(ݔ) = 0, ଺ܦ](39) − ݈ଵܦସ + ݈ଶܦଶ − ݈ଷ](ݔ)∗ߠ = 0. (40)
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The general solution of the Eq. (38)-(40) can be obtained as: 

(ݔ)∗߮ = ෍ଷ
௝ୀଵ −)௝expܣ ௝݇ݔ), (41)

(ݔ)∗߰ = ෍ଷ
௝ୀଵ −)௝expܤ ௝݇ݔ), (42)

(ݔ)∗ߠ = ෍ଷ
௝ୀଵ −)௝expܥ ௝݇ݔ), (43)

where ௝݇ , ݆ = 1,2,3 is the root of the following characteristic equation: ݇଺ − ݈ଵ݇ସ + ݈ଶ݇ଶ − ݈ଷ = 0, (44)

and ܣ௝,  .߱ ௝ are some parameters depending on ܽ andܥ ௝ andܤ
Substituting from Eqs. (41)-(43) into Eqs. (34)-(36), we get: 

௝ܤ = ݀ଵ௝ܣ௝, ௝ܥ = ݀ଶ௝ܣ௝, ݀ଵ௝ = ଶ߱Ω௝݇ଶߚ2 − ܽଶ − ଶ߱ܯ)ଶߚ − Ωଶ) , ݀ଶ௝ = )଴߱߱ߝ ௝݇ଶ − ܽଶ)௝݇ଶ − ܽଶ − ߱߱଴. 
In order to obtain the displacement components ݑ and ݒ, Using Eqs. (33), (41) and (42) in 

Eq. (28), we obtain: 

(ݔ)∗ݑ = ෍ଷ
௝ୀଵ ൣ− ௝݇ + ݅ܽ݀ଵ௝൧ܣ௝exp(− ௝݇ݔ), (45)

(ݔ)∗ݒ = ෍ଷ
௝ୀଵ ൣ ௝݇݀ଵ௝ + ݅ܽ൧ܣ௝exp(− ௝݇ݔ). (46)

The stress components can be obtained as:  

∗௫௫ߪ (ݔ) = ෍ଷ
௝ୀଵ ௝ܲܣ௝exp(− ௝݇ݔ), (47)

∗௬௬ߪ (ݔ) = ෍ଷ
௝ୀଵ ܳ௝ܣ௝exp(− ௝݇ݔ), (48)

∗௫௬ߪ (ݔ) = ෍ଷ
௝ୀଵ ௝ܴܣ௝exp(− ௝݇ݔ), (49)

where: 

௝ܲ = ଴ଶߚ ௝݇ଶ − ܽଶ(ߚ଴ଶ − 2) − 2݅ܽ݀ଵ௝ ௝݇ − ଶ݀ଶ௝,ܳ௝ߚ = ௝݇ଶ(ߚ଴ଶ − 2) − ܽଶߚ଴ଶ + 2݅ܽ݀ଵ௝ ௝݇ − ଶ݀ଶ௝,௝ܴߚ = −݀ଵ௝( ௝݇ଶ + ܽଶ) − 2݅ܽ ௝݇, ݆ = 1,2,3.
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4. Application 

The normal mode analysis is, in fact, to look for the solution in the Fourier transformed domain. 
Assuming that all the relations are sufficiently smooth on the real line such that the normal mode 
analysis of these functions exist. The initial conditions of the problem are taken as homogeneous 
i.e., ߠ = ݑ = ݒ = 0  and ߠሶ = ሶݑ = ሶݒ = 0  at ݐ = 0 . In order to determine the parameters  ܣ௝(݆ = 1,2,3), we need to consider the boundary conditions at ݔ = 0 as following: 

i) Thermal boundary condition that the surface ݔ = 0 of the half-space ݔ ≥ 0 subjected to a 
thermal shock: ݔ)ߠ, ,ݕ (ݐ = ,ݕ)݂ ݊݋  (ݐ ݔ = 0; (50)

ii) Mechanical boundary condition that the surface ݔ = 0  of the half-space ݔ ≥ 0  is 
traction free: ߪ௫௫(ݔ, ,ݕ (ݐ = ,ݔ)௫௬ߪ(51) ,0 ,ݕ (ݐ = ݔ ݊݋  0 = 0. (52)

Substituting from the expressions of considered variables into the above boundary conditions, 
we can obtain the following system of equations satisfied by the parameters ܣ௝(݆ = 1,2,3): 

൭݀ଶଵ ݀ଶଶ ݀ଶଷଵܲ ଶܲ ଷܴܲଵ ܴଶ ܴଷ ൱ ൭ܣଵܣଶܣଷ൱ = ൭݂∗00 ൱. (53)

Solving (53), we obtain the constants ܣ௝ as follows:  

ଵܣ = ݂∗( ଶܴܲଷ − ଷܴܲଶ)Δ , ଶܣ = ݂∗( ଷܴܲଵ − ଵܴܲଷ)Δ , ଷܣ = ݂∗( ଵܴܲଶ − ଶܴܲଵ)Δ , 
where Δ = ݀ଶଵ( ଶܴܲଷ − ଷܴܲଶ) + ݀ଶଶ( ଷܴܲଵ − ଵܴܲଷ) + ݀ଶଷ( ଵܴܲଶ − ଶܴܲଵ). 
5. Numerical results and discussions 

With a view to illustrating the analytical procedure presented earlier, we consider now a 
numerical example. The results depict the variation of the amplitudes of displacements, 
temperature and thermal stresses. For this purpose, the following values of the different physical 
parameters of the copper like material were chosen [36]:  ߝ = 0.0168, ଶߚ = 3.5, ଴ଶߚ = 2.01, ߬଴ = 0.02.

Let ߱ = ߞ + Then ݁ఠ௧ .ߟ݅ = ݁఍௧(cosݐߟ + ݅sinݐߟ). So for small values of ݐ, we can assume ߱ = ߞ :The other constants of the problem were taken as .ߞ = 2, ߟ = 0.3, ܽ = 1, ݂∗ = 50. 
The computations were carried out for a small value of time ݐ = 0.1. The real part of the 

non-dimensional field quantities ݔ)ߠ, ,ݕ ,ݔ)ݑ the horizontal displacement ,(ݐ ,ݕ  the vertical ,(ݐ
displacement ݔ)ݒ, ,ݕ (ݐ  and the stress components ߪ௫௫(ݔ, ,ݕ (ݐ  and ߪ௬௬(ݔ, ,ݕ (ݐ  on the plane  ݕ = 0 are computed for two different values of the fractional parameter ߥ = 0.1,1.0 and two 
different values of rotation Ω = 0.5,0.8  respectively for ܯ = 2.5 . The computed numerical 
results are presented graphically in Figs. 1–10 with respect to a wide range of values of the distance 0.0)ݔ ≤ ݔ ≤ 3.0). In Figs. 1–5, the dashed-dot line (-.-) when ߥ = 1.0 refer to the generalized 
magneto-thermoelsticity theory with one relaxation time (LS model) in the presence of rotation 
whereas the solid line (-) for ߥ = 0.1  refer to the fractional order theory of generalized 
magneto-thermoelsticity with one relaxation time with rotation. It is also noted that, in Figs. 6-10, 
the solid line (-) present the curve when Ω = 0.5 and the dashed-dot line (-.-) represent curve for 
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Ω = 0.8 for the fractional order theory of generalized thermoelsticity with one relaxation time in 
the presence rotation and magnetic field. 

 
Fig. 1. Temperature distribution  
for ݕ = 0.0, Ω = 0.5, ܯ = 2.5 

 
Fig. 2. Horizontal displacement (ݑ) distribution  

for ݕ = 0.0, Ω = 0.5, ܯ = 2.5 
  

 
Fig. 3. Vertical displacement (ݒ) distribution  

for ݕ = 0.0, Ω = 0.5, ܯ = 2.5 

 
Fig. 4. The distribution of stress ߪ௫௫  

for ݕ = 0.0, Ω = 0.5, ܯ = 2.5 
  

 
Fig. 5. The distribution of stress ߪ௬௬  

for ݕ = 0.0, Ω = 0.5, ܯ = 2.5 

 
Fig. 6. Temperature distribution  
for ݕ = 0.0, ߥ = 0.5, ܯ = 2.5 

  

 
Fig. 7. Horizontal displacement (ݑ) distribution 

for ݕ = 0.0, ߥ = 0.5, ܯ = 2.5 

 
Fig. 8. Vertical displacement (ݒ) distribution  

for ݕ = 0.0, ߥ = 0.5, ܯ = 2.5 
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Fig. 9. The distribution of stress ߪ௫௫  

for ݕ = 0.0, ߥ = 0.5, ܯ = 2.5 

 
Fig. 10. The distribution of stress ߪ௬௬  

for ݕ = 0.0, ߥ = 0.5, ܯ = 2.5 
  

 
Fig. 11. 3D temperature distribution  

for ݕ = 0.0, Ω = 0.5, ܯ = 2.5 

 
Fig. 12. 3D horizontal displacement (ݑ) distribution 

for ݕ = 0.0, Ω = 0.5, ܯ = 2.5 
  

 
Fig. 13. 3D vertical displacement (ݒ) distribution 

for ݕ = 0.0, Ω = 0.5, ܯ = 2.5 

 
Fig. 14. 3D stress(ߪ௫௫) distribution  

for ݕ = 0.0, Ω = 0.5, ܯ = 2.5  
  

Fig. 15. 3D stress(ߪ௬௬) distribution  
for ݕ = 0.0, Ω = 0.5, ܯ = 2.5 

 
Fig. 16. 3D stress(ߪ௫௬) distribution  

for ݕ = 0.0, Ω = 0.5, ܯ = 2.5 

From Fig. 1, it is noticed that the temperature decreases with the increase of value of the 
fractional order parameter ߥ. In all the cases, the temperature attains maximum value at beginning, 
and then continuously decreases to zero. Fig. 2 and 3 shows that the fractional order parameter 
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acts to decrease the magnitude of the displacement components ݑ and ݒ. Significant changes of 
the magnitude of ݑ and ݒ can only be noticed in the range 0.0)ݔ ≤ ݔ ≤ 0.7). From Fig. 4 and 5, 
it is exhibited that the magnitude of the stresses ߪ௫௫(ݔ, ,ݕ ,ݔ)௬௬ߪ and (ݐ ,ݕ  decrease with the (ݐ
increase of the fractional order parameter ߥ. All the curves in Figs. 1-5 converge to zero with the 
increase of ݔ. Figs. 1 and 3 show that the boundary conditions of the problem are satisfied. 

Fig. 6 depicts that the rotation Ω has no significant effect on the temperature distribution at ݐ = 0.1, ݕ = 0, ߥ = 0.5, ܯ = 2.5. From Fig. 7 and 8, we can see that magnitude of the horizontal 
displacement ݑ and the vertical displacement ݒ increase with the increasing value of Ω and finally 
goes to zero after ݔ ≥ 1.0. Fig. 9 presents the variation of stress ߪ௫௫(ݔ, ,ݕ  in ݔ with respect to (ݐ
which we notice that the magnitude of the stress increases to maximum value within the range 0 ≤ ݔ ≤ 0.5, then decrease and finally converge to zero. The rotation has decreasing effect on the 
magnitude of ߪ௫௫(ݔ, ,ݕ (ݐ . Fig. 10 exhibit the variation of ߪ௬௬(ݔ, ,ݕ (ݐ  with respect to ݔ  for  Ω = 0.5,0.8 on the plane ݕ = 0. It is seen that the magnitude of the stress ߪ௬௬(ݔ, ,ݕ  starts with (ݐ
a maximum value and then decrease to zero with the increase of the distance ݔ. Rotation has a 
decreasing effect on the magnitude of ߪ௬௬(ݔ, ,ݕ  .(ݐ

Figs. 11-16 display three-dimensional distributions of the non-dimensional temperature ݔ)ߠ, ,ݕ (ݐ , horizontal displacement ݑ , vertical displacement ݒ  and the stresses ߪ௫௫(ݔ, ,ݕ ,ݔ)௬௬ߪ (ݐ ,ݕ (ݐ  and ߪ௫௬(ݔ, ,ݕ (ݐ  for wide range of 0.0)ݔ ≤ ݔ ≤ 3.0)  and 0.1)ߥ ≤ ߥ ≤ 1.0)  for  ݐ = 0.1, ݕ = 0, ܯ = 2.5. We have noticed that, the increasing of the value of the parameter ߥ 
causes increasing in the speed of the waves propagation of all the studied fields and it vanishes 
more rapidly. 

6. Concluding remarks 

The results of the present work present the fractional order generalized magneto-
thermoelasticity in a rotating elastic media as a new improvement and progress in the field of 
generalized thermoelasticity. According to this theory, we have to construct a new classification 
to all the materials according to its fractional parameter where this parameter becomes new 
indicator of its ability to conduct the thermal energy. We have seen that the fractional parameter 
has a decreasing effect on the magnitudes of all the considered physical variables. 

References 

[1] Biot M. Thermoelasticity and irreversible thermodynamics. Journal of Applied Physics. Vol. 27, 1956, 
p. 240-253. 

[2] Dreyer W., Struchtrup H. Heat pulse experiments revisited. Continuum Mechanics and 
Thermodynamics, Vol. 5, 1993, p. 3-50. 

[3] Ignaczak J., Ostoja-Starzewski M. Thermoelasticity with Finite Wave Speeds. Oxford University 
Press, New York, 2010.  

[4] Caputo M., Mainardi F. A. A new dissipation model based on memory mechanism. Pure and Applied 
Geophysics, Vol. 91, 1971, p. 134-147. 

[5] Caputo M., Mainardi F. A. Linear models of dissipation in anelastic solids. Rivis ta del Nuovo 
Cimento, Vol. 1, 1971, p. 161-198. 

[6] Caputo M. Vibrations of an infinite viscoelastic layer with a dissipative memory. The Journal of the 
Acoustical Society of America, Vol. 56, 1974, p. 897-904. 

[7] Rabotnov Yu N. Creep of Structural Elements. Nauka, Moscow, 1966, (in Russian). 
[8] Mainardi F. Applications of fractional calculus in mechanics. Transforms Method and Special 

Functions, Bulgarian Academy of Sciences, Sofia, 1998, p. 309-334. 
[9] Kimmich R. Strange kinetics, porous media and NMR. The Journal of Chemical Physics, Vol. 284, 

2002, p. 253-285. 
[10] Povstenko Y. Z. Fractional heat conduction equation and associated thermal stress. Journal of Thermal 

Stresses, Vol. 28, 2005, p. 83-102. 



21. FRACTIONAL ORDER MAGNETO-THERMOELASTICITY IN A ROTATING MEDIA WITH ONE RELAXATION TIME.  
M. BACHHER, N. SARKAR 

 © JVE INTERNATIONAL LTD. ISSN PRINT 2351-5279, ISSN ONLINE 2424-4627, KAUNAS, LITHUANIA 67 

[11] Caputo M. Linear model of dissipation whose Q is almost frequency independent – II Geophysical. 
Royal Astronomical Society, Vol. 13, 1967, p. 529-539. 

[12] Youssef H. Theory of fractional order generalized thermoelasticity. Journal of Heat Transfer, Vol. 132, 
2010, p. 1-7. 

[13] Youssef H., Al-Lehaibi E. Fractional order generalized thermoelastic half space subjected to ramp 
type heating. Mechanics Research Communications, Vol. 37, 2010, p. 448-452. 

[14] Sherief H. H., El-Sayed A., El-Latief A. Fractional order theory of thermoelasticity. International 
Journal of Solids and Structures, Vol. 47, 2010, p. 269-275. 

[15] Ezzat M. A., Fayik M. A. Fractional order theory of thermoelastic diffusion. Journal of Thermal 
Stresses, Vol. 34, 2011, p. 851-872. 

[16] Ezzat M. A., El-Karamany A. S. Fractional order theory of a perfect conducting thermoelastic 
medium. Canadian Journal of Physics, Vol. 89, 2011, p. 311-318. 

[17] Ezzat M. A., El-Karamany A. S. Theory of fractional order in electro-thermo-elasticity. European 
Journal of Mechanics – A/Solids, Vol. 30, 2011, p. 491-500. 

[18] Bachher M., Sarkar N., Lahiri A. Generalized thermoelastic infinite medium with voids subjected 
to an instantaneous heat sources with fractional derivative heat transfer. International Journal of 
Mechanical Sciences, Vol. 89, 2014, p. 84-91. 

[19] Bachher M., Sarkar N., Lahiri A. Fractional order thermoelastic interactions in an infinite voids 
material due to distributed time-dependent heat sources. Meccanica, Vol. 50, 2015, p. 2167-2178. 

[20] Kaliski S., Nowacki W. Combined elastic and electro-magnetic waves produced by thermal shock in 
the case of a medium of finite electric conductivity. International Journal of Engineering Science, 
Vol. 1, 1963, p. 163-175. 

[21] Massalas C., Dalamangas A. Coupled magneto-thermoelastic problem in elastic half-space having 
finite conductivity. International Journal of Engineering Science, Vol. 21, 1983, p. 991-999. 

[22] Paria G. On magneto-thermoelastic plane waves. Mathematical Proceedings of the Cambridge 
Philosophical Society, Vol. 58, 1962, p. 527-531. 

[23] Paria G. Magneto-elasticity and magneto-thermoelasticity. Advances in Applied Mechanics, Vol. 10, 
1967, p. 73-112. 

[24] Ezzat M. A., Youssef H. Generalized magneto-thermoelasticity in a perfectly conducting medium. 
International Journal of Solids and Structures, Vol. 42, 2005, p. 6319-6334. 

[25] Ezzat M. A., Youssef H. Generation of generalized magneto-thermoelastic waves by thermal shock 
in a half-space of finite conductivity. Italian Journal of Pure and Applied Mathematics, Vol. 19, 2005, 
p. 9-26. 

[26] Youssef H. Generalized magneto-thermoelasticity in a conducting medium with variable material 
properties. Applied Mathematics and Computation, Vol. 173, 2006, p. 822-833. 

[27] Baksi A., Bera R. K., Debnath L. A study of magneto-thermoelastic problems with thermal relaxation 
and heat sources in a three-dimensional infinite rotating elastic medium. International Journal of 
Engineering Science, Vol. 43, 2005, p. 1419-1434. 

[28] Choudhury Roy S. K., Debnath L. Magneto-thermoelastic plane waves in rotating media. 
International Journal of Engineering Science, Vol. 21, 1983, p. 155-163. 

[29] Choudhury Roy S. K., Debnath L. Magneto-thermoelastic plane waves in infinite rotating media. 
Journal of Applied Mechanics, Vol. 50, 1983, p. 283-287. 

[30] Choudhury Roy S. K., Chattopadhyay M. Magneto-viscoelastic plane waves in rotating media in 
the generalized thermoelasticity II. International Journal of Mathematics and Mathematical Sciences, 
Vol. 11, 2005, p. 1819-1834. 

[31] Choudhury Roy S. K., Chattopadhyay M. Magneto-elastic plane waves in rotating media in 
thermoelasticity of type II (G-N model). International Journal of Mathematics and Mathematical 
Sciences, Vol. 71, 2004, p. 3917-3929. 

[32] Akbarzadeh A. H., Babaei M. H., Chen Z. T. Thermopiezoelectric analysis of a functionally graded 
piezoelectric medium. International Journal of Applied Mechanics, Vol. 3, 2011, p. 47-68. 

[33] Brischetto S., Carrera E. Thermomechanical effect in vibration analysis of one-layered and 
two-layered plates. International Journal of Applied Mechanics, Vol. 3, 2011, p. 161-185. 

[34] Xiong Q. L., Tian X. G. Transient magneto-thermoelastic response for a semi-infinite body with voids 
and variable material properties during thermal shock. International Journal of Applied Mechanics, 
Vol. 3, 2011, p. 891-902. 

[35] Choudhury Roy S. K. Magneto-thermoelastic plane waves in infinite rotating media. International 
Journal of Engineering Science, Vol. 22, 1984, p. 519-530. 



21. FRACTIONAL ORDER MAGNETO-THERMOELASTICITY IN A ROTATING MEDIA WITH ONE RELAXATION TIME.  
M. BACHHER, N. SARKAR 

68 MATHEMATICAL MODELS IN ENGINEERING. JUNE 2016, VOLUME 2, ISSUE 1  

[36] Othman M. I. A., Zidan M. E. M., Hilal M. I. M. The influence of gravitational field and rotation 
on thermoelastic solid with voids under Green-Naghdi theory. Journal of Physics, Vol. 2, 2013, 
p. 22-34. 

[37] Othman M. I. A., Zidan M. E. M., Hilal M. I. M. Effect of rotation on thermoelastic material with 
voids and temperature dependent properties of type III. Journal of Thermoelasticity, Vol. 1, 2013, 
p. 1-11. 

[38] Sarkar N., Lahiri A. The effect of gravity field on the plane waves in a fiber-reinforced 
two-temperature magneto-thermoelastic medium under Lord-Shulman theory. Journal of Thermal 
Stresess, Vol. 36, 2013, p. 895-914. 

[39] Sarkar N. Analysis of magneto-thermoelastic response in a fiber-reinforced elastic solid due to 
hydrostatic initial stress and gravity field. Journal of Thermal Stresses, Vol. 37, 2014, p. 1-18. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


