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Abstract: The purpose of this paper is to study the thermo-mechanics of magneto-

micropolarthermoelastic half-space considering the effect of hallcurrent, input heat source and 

rotation subjected to inputultra-laser heat source.The micropolar theory of Thermoelasticity by 

Eringen (1966) has been used to investigate the problem. Normal mode analysis technique has been 

used to solve the resulting non–dimensional coupled field equations toobtain displacement, stress 

components and temperature distribution. 

Keywords: Micropolar thermoelastic, Hall Current, Thermal laser heat source, rotation. 

Introduction: 

 

The problems involving the investigation of effect of magnetic field (that may be earth’s magnetic 

field or other human generated high intensity magnetic field) and thermal loading by lasers on various 

type of materials are of great importance in seismological research and in engineering applications. 

The linear theory of micropolar elasticity was developed by Eringen [1]. A micropolar continuum is a 

collection of interconnected particles in the form of small rigid bodies undergoing both translational 

and rotational motions. Rigid chopped fibers, elastic solids with rigid granular inclusions and other 

industrial materials such as liquid crystals are examples of such materials. Zakaria [2]investigated the 

effects of Hall current and rotation on magneto micropolargeneralized Thermoelasticityincluding the 

boundary condition with a source of ramp type heating. Scruby et al. [3]investigateda mathematical 

model of point source to study the ultrasonic evolution by lasers. He studied the physics of heated 

plate by laserheat loading in the thermoelastic system as a surface center of expansion (SCOE). Also 

forone-pointlaser heat inputRose [4]provided more accurate mathematical basis. Later McDonald [5] 

and Spicer [6]gave a mathematical model known as laser-generated ultrasound modelby introducing 

thermo-diffusion concept. Dubois [7]verified by experimental results that penetration depth playsan 

important role in the generation of laser-ultrasound. Abo-Dahab and Abbas [8] investigated LS model 

on thermal shock problem of generalized magneto-thermoelasticity for an infinitely long annular cylinder 

with variable thermal conductivity.Chen et al. [9] and Kim et al. [10]investigated some other such type 

of research. Thermoelastic behavior of laser heatin context of different theories of thermoelasticity 

was presented by Youssef and Al-Bary [11]. A 2- dimensional problem in generalized thermoelastic 
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medium with thermo-diffusion was investigated by Elhagary[12]. Kumar et al.[13] studied the 

elastodynamical interactions of input heat source with microstretch thermoelastic medium. 

Basic equations 

Following Eringen [1], Al Qahtani and Dutta [14]and Zakaria [2] are given by: 

,(1) 

, (2) 

(3) 

(4) 

 

    (5) 

The current density vector  can be expressed as: 

.          (6) 

Here  is the Lorentz force, is the magnetic field vector, is the intensity of 

electric field,  is the Hall parameter,  is the electrical conductivity,  is the charge of an electron, 

is the number density of electrons. Further the plate surface is illuminated by input heat given by 

the heat input 

(7) 

(8) 

      (9) 
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          (10) 

energy absorbed,  is the pulse rising time,  is the beam radius. 

Equation (7) with substitution of (8- 10) takes the form 

        (11)   

Formulation of the problem: 

We consider plane strain problem with all the field variables depending on . For two 

dimensional problems, we take  

 

, ,  (12) 

For further consideration, it is convenient to introduce in equations (1)-(3) the dimensionless 

quantities defined as: 

 

(13) 

 

Making use of equation (12)-(13) the system of equations (1)-(3) reduces to: 

,   (14)  

,   (15) 

,       (16) 

,(17) 

Using Helmholtz’s theorem, the displacement components  and  are related to the non- 

dimensional potential functions  and by the relation mentioned below: 



 

191 | P a g e  
 

,          (18)                   

Substituting the values of  from (18) in (14)-(17), we obtain:  

,      (19) 

,       (20) 

,       (21) 

        (22)  

Solution of the problem 

 The solution of the considered physical variables can be decomposed in terms of the normal 

modes as in the following form: 

.      (23) 

Making use of (23) in equations (19)-(22) and after some simplifications, yield: 

(24) 

(25) 

(26) 

(27) 

The solution are given as following: 
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(28) 

(29) 

,  (30) 

   (31) 

Here  are the roots of characteristic equation of equation (24). 

Substituting the values of from the equations (28)-(31) in the (4)-(5), and using 

(12)-(13), (18) and solving the resulting equations, we obtain: 

,      (32) 

      (33) 

,    (34) 

      (35)  

 

. and  are mentioned in appendix A. 

Boundary Conditions: 

We consider normal and tangential forces actingat the surface  along with vanishing of 

couple stressat  . Mathematically this can be written as: 

, , ,     (36) 

where  and  are the magnitude of the applied forces. 

Substituting the expression of the variables considered into these boundary conditions, we can 

obtain the following equations: 
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.  (37) 

Conclusions: 

The new model is employed in magneto-micropolar thermoelastic medium as a new 

improvementin the field of Thermoelasticity. The subject becomes more interesting due to Hall 

current involving rotation and irradiation of an ultra-laser pulsewith an extensive short duration or a 

very high heat flux. This type of problems has found numerous applications. The methodused in this 

article is applicable to a wide range of problems in thermodynamics. By the obtained results,it is 

expected that the present model of equations will serve as more realistic and will provide motivationto 

investigate micropolar Thermoelasticity problems. 
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