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Abstract 

The purpose of this paper is to study the thermo-mechan-
ics of magneto-micropolar thermoelastic half-space consid-
ering the effect of Hall current, input heat source and rota-
tion subjected to input ultra-laser heat source. The micro-
polar 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-dimen-
sional coupled field equations to obtain displacement, 
stress components and temperature distribution. 

Ključne reči 
• mikropolarna termoelastičnost 
• Holov efekat 
• izvor toplote termalnog lasera 
• rotacija 

Izvod 

U radu je predstavljeno istraživanje termomehanike 
magnetno mikropolarnog termoelastičnog poluprostora, 
uzimajući u obzir Holov efekat, toplote unetog izvora i 
rotacije, izloženo izvoru toplote lasera. Mikropolarna teori-
ja termoelastičnosti (Eringen, 1966) je primenjena u istra-
živanju. Metoda analize u normalnom režimu je upotreblje-
na za rešavanje jednačina rezultujućeg bezdimenzionog 
spregnutog polja, iz kojih se dobija pomeranje, komponente 
napona i raspodela temperature. 

INTRODUCTION 

The problems involving the investigation of the 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 is 
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 fibres, 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 micropolar generalized thermoelasticity including 
the boundary condition with a source of ramp type heating. 
Scruby et al. /3/ investigated a mathematical model of point 
source to study the ultrasonic evolution by lasers. He stud-
ied the physics of heated plate by laser heat loading in the 
thermoelastic system as a surface centre of expansion 
(SCOE). Also, for one-point laser heat input, Rose /4/ 

provided more accurate mathematical basis. Later McDonald 
/5/ and Spicer /6/ gave a mathematical model known as 
laser-generated ultrasound model by introducing thermo-
diffusion concept. Dubois /7/ verified by experimental 
results that penetration depth plays an important role in the 
generation of laser-ultrasound. Abo-Dahab and Abbas /8/ 
investigated LS model on thermal shock problem of gener-
alized 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 behaviour of laser heat in context 
of different theories of thermoelasticity is presented by 
Youssef and Al-Bary, /11/. A 2-dimensional problem in 
generalized thermoelastic medium with thermo-diffusion is 
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/, the basic equations are given by: 
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The current density vector J can be expressed as: 
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Here F = µ0(J×H) is the Lorentz force; H is the magnetic 
field vector; E is the intensity of electric field; m is the Hall 
parameter; σ0 is the electrical conductivity; e is the charge 
of an electron; ne is the number density of electrons. Further 
the plate surface is illuminated by input heat given by the 
heat input: 
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where: I0 is the energy absorbed; t0 is the pulse rising time; 
r is the beam radius. Equation (7) with the substitution of 
Eqs.(8-10) takes the form: 
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FORMULATION OF THE PROBLEM 

We consider plane strain problem with all the field varia-
bles depending on (x1, x3, t). For two dimensional problems, 
we take: 
  1 3 2( ,0, ),    (0, ,0)u u φ= =u φ . (12) 

For further consideration, it is convenient to introduce in 
Eqs.(1)-(3) the dimensionless quantities defined as: 
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Making use of Eqs.(12)-(13), the system of Eqs.(1)-(3) 
reduces to: 
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Using Helmholtz’s theorem, the displacement compo-
nents u1 and u3 are related to the non-dimensional potential 
functions φ and ψ by the relation mentioned below: 
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Substituting the values of u1 and u3 from Eq.(18) in 
Eqs.(14)-(17), we obtain: 
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SOLUTION OF THE PROBLEM 

The solution of the considered physical variables can be 
decomposed in terms of the normal modes as in the follow-
ing form: 
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Making use of Eq.(23) in Eqs.(19)-(22) and after some 
simplifications, yields: 
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The solutions are given as follows: 
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Here mi
2 (i = 1,2,3,4) are the roots of the characteristic 

equation Eq.(24). 
Substituting the values of 2,  ,  ,  Tφ φ ψ  from Eqs.(28)-

(31) into the Eqs.(4)-(5), and using Eqs.(12)-(13), (18) and 
solving the resulting equations, we obtain: 
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where: Gmi = gmiCi, i = 1, 2, …, 4. 

BOUNDARY CONDITIONS 

We consider normal and tangential forces acting at the 
surface x3 = 0 along with vanishing of couple stress at x3 = 
0 and I0 = 0. Mathematically this can be written as: 

1 1( ) ( )
33 1 31 2 32

3
,   ,   0,   0kx t kx t Tt F e t F e m

x
ω ω− − − − ∂

= − = − = =
∂
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where: F1 and F2 are the magnitudes of the applied forces. 
Substituting the expression of the variables considered 

into these boundary conditions, we can obtain the following 
equations: 
 4

1 2 3 4 1 21( , , , ) ( , ,0,0)i i i i ii g g g g c F F= = − −∑ . (37) 

NUMERICAL RESULTS AND DISCUSSION 

The analysis is conducted for a magneto-micropolar mate-
rial. For numerical computations, following Eringen /15/, 
the values of physical constants are: λ = 9.4·1010 Nm–2, µ = 
4.0·1010 Nm–2, K = 1.0·1016 Nm–2, ρ = 1.74·103 kgm–3, j = 
0.2·10–19 m2, γ = 0.779·10–9 N. 

Following Dhaliwal, /16/, thermal parameters are given 
by: c* = 1.04·103 Jkg–1K–1, K* = 1.7·106 Jm–1s–1K–1, αt1 = 
2.33·10–5 K–1, T0 = 298 K, τ0 = 0.02, τ1 = 0.01, αc1 = 2.65· 
10–4 m3kg–1, a = 2.9·104 m2s–2K–1, b = 32·105 kg–1m5s–2, 
τ1 = 0.04, τ0 = 0.03, D = 0.85·10–8 kgm–3s. 

Figure 1 shows the variation of normal stress t33 with the 
distance x3. It is noticed that for MPHCLSR and MPTH, the 
normal stress t33 shows opposite behaviour initially. 
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Figure 1. Variation of t33 with respect to x3. 

Figure 2 shows the variation of tangential stress t31 with 
distance x3. It is noticed that initially the behaviour of t31 for 
MPHCLSR and MPTH is opposite. 
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Figure 2. Variation of t31 with respect to x3. 
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Figure 3. Variation of m31 with respect to x3. 
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Figure 3 clears the variation of couple stress m32 with 
distance x3 for MPHCLSR and MPTH. The m32 approaches 
to zero away from the point of application of source. It is 
clear from Fig. 3 that the Hall current has a significant 
effect on the value of m32 and causes significant oscillatory 
behaviour in MPHCLSR. 

Figure 4 clears the variation of temperature with distance 
x3 for MPHCLSR and MPTH. 
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Figure 4. Variation of temperature with respect to x3. 

CONCLUSIONS 

The new model is employed in the magneto-micropolar 
thermoelastic medium as a new improvement in the field of 
thermoelasticity. The subject becomes more interesting due 
to the Hall current involving rotation and irradiation of an 
ultra-laser pulse with an extensive short duration or a very 
high heat flux. This type of problem has found numerous 
applications. The method used in this article is applicable to 
a wide range of problems in thermodynamics. According to 
the obtained results, it is expected that the present model of 
equations will serve as more realistic and will provide 
motivation to investigate micropolar thermoelasticity prob-
lems. 

CONFLICT OF INTEREST 

The authors declare that there is no conflict of interest 
regarding the publication of this paper. 

REFERENCES 
1. Eringen, A.C. (1966), Linear theory of micropolar elasticity, 

Indiana Univ. Math. J, 15(6): 909-923. doi: 10.1512/iumj.19 
66.15.15060 

2. Zakaria, M. (2012), Effects of Hall current and rotation on 
magneto-micropolar generalized thermoelasticity due to ramp-
type heating, Int. J Electrom. Appl., 2(3): 24-32. doi: 10.5923/ 
j.ijea.20120203.02 

3. Scruby, C.B., Drain, L.E., Laser ultrasonics: techniques and 
applications, Adam Hilger, Bristol, UK, 1990. 

4. Rose, L.R.F. (1984), Point-source representation for laser-
generated ultrasound, J Acoust. Soc. Amer., 75(3): 723-732. 
doi: 10.1121/1.390583 

5. McDonald, F.A. (1990), On the precursor in laser-generated 
ultrasound waveforms in metals, Appl. Phys. Lett., 56(3): 230-
232. doi: 10.1063/1.102839 

6. Spicer, J.B., et al. (1990), Quantitative theory for laser ultra-
sonic waves in a thin plate, Appl. Phys. Lett., 57(18): 1882-
1884. doi: 10.1063/1.103999 

7. Dubois, M., et al. (1994), Modelling of laser thermoelastic 
generation of ultrasound in an orthotropic medium, Appl. 
Phys. Lett., 64(5): 554. doi: 10.1063/1.111101 

8. Abo-Dahab, S.M. et al. (2011), LS model on thermal shock 
problem of generalized magneto-thermoelasticity for an infi-
nitely long annular cylinder with variable thermal conductivity, 
Appl. Math. Model. 35(8): 3759-3768. doi: 10.1016/j.apm.20 
11.02.028 

9. Chen, J.K., et al. (2002), Comparison of one-dimensional and 
two-dimensional axisymmetric approaches to the thermome-
chanical response caused by ultrashort laser heating, J Opt. A: 
Pure Appl. Opt., 4(6): 650-661. doi: 10.1088/1464-4258/4/6/ 
309 

10.  Kim, W.-S., et al. (1997), Thermoelastic stresses in a bonded 
layer due to repetitively pulsed laser heating, Acta Mech., 125 
(1-4): 107-128. doi: 10.1007/BF0117730 

11.  Youssef, H.M., et al. (2014), Thermoelastic material response 
due to laser pulse heating in context of four theorems of ther-
moelasticity, J Therm. Stress., 37(12): 1379-1389. doi: 10.108 
0/01495739.2014.937233 

12.  Elhagary, M.A. (2014), A two-dimensional generalized ther-
moelastic diffusion problem for a thick plate subjected to ther-
mal loading due to laser pulse, J Therm. Stress., 37(12): 1416-
1432. doi: 10.1080/01495739.2014.937256 

13.  Kumar, R., et al. (2015), Thermomechanical interactions due 
to laser pulse in microstretch thermoelastic medium, Arch. 
Mech., 67(6): 439-456. 

14.  Al-Qahtani, M.H., et al. (2008), Laser-generated thermo-
elastic waves in an anisotropic infinite plate: Exact analysis, J 
Therm. Stress., 31(6): 569-583. doi: 10.1080/01495730801978 
380 

15.  Eringen, A.C., Microcontinuum Field Theories, I. Foundations 
and Solids, New York: Springer-Verlag, 1999. doi: 10.1007/97 
8-1-4612-0555-5 

16.  Dhaliwal, R.S., Singh, A., Dynamic Coupled Thermoelastic-
ity, New Delhi: Hindustan Publication Corporation, 1980. doi: 
10.1137/1025029 

© 2018 The Author. Structural Integrity and Life, Published by DIVK 
(The Society for Structural Integrity and Life ‘Prof. Dr Stojan Sedmak’) 
(http://divk.inovacionicentar.rs/ivk/home.html). This is an open access 
article distributed under the terms and conditions of the Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 International License 
 

http://divk.inovacionicentar.rs/ivk/home.html
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

	A STUDY OF THERMO-MECHANICS OF MAGNETO-MICROPOLAR THERMOELASTIC HALF SPACE
	STUDIJA O TERMOMEHANICI MAGNETNO-MIKROPOLARNog TERMOELASTIČNog POLUPROSTORA
	INTRODUCTION
	BASIC EQUATIONS
	Formulation of the problem
	SOLUTION OF THE PROBLEM
	BOUNDARY CONDITIONS
	numerical results and discussion
	conclusions
	CONFLICT OF INTEREST
	REFERENCES


