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Abstract

The purpose of this paper is to study the elastodynamical interactions in magneto-micropolar thermoelastic
half-space considering the effect of hall current, laser heat source and rotation subjected to input ultra-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 to obtain displacement, stress components and temperature distribution. Numerical computed results
of all the considered variables have been shown graphically to depict the combined effect of hall current, laser
heat source and rotation on the phenomena. Some particular cases of interest are also deduced from the present
study.
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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.

The theory of magneto thermoelasticity has a wide range of applications and possibilities of research in the field
of geology, earth sciences, plasma physics and engineering. When a particle is stationary under the effect of
magnetic field, the field has no effect on this particle. Also, consider a particle is moving in parallel direction of
the magnetic field, the particle will move undeflected. Now in case a particle is moving in path having a
component normal to magnetic field, the particle will be deflected due to a force acting on it. In addition to this
deflected motion this particle will experiences the electric field. The combined force is Lorentz force. There is a
consideration that mechanical and electromagnetic fields interactions take place due to Lorentz forces.
Conductivity perpendicular to the direction of magnetic field is decreased due to the free spiraling of negatively
charged electrons and other ions about the magnetic field lines before colliding and a current is induced
perpendicular to electric field and magnetic fields both. This phenomenon is called the Hall Effect. When the
magnetic field intensity is very high Hall Effect cannot be neglected. 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.

A thermal shock induces very rapid movement in the structural elements, giving the rise to very significant
inertial forces, and give rise to oscillations. The ultra-short lasers have pulse durations ranging from nanoseconds
to femto seconds. Also, in ultra-short laser pulse, the high energy flux and short duration result in a very large
thermal gradient. So, Fourier law of heating is no longer valid. Scruby et al. [3] investigated a mathematical
model of point source to study the ultrasonic evolution by lasers. He studied the physics of heated plate by laser
heat loading in the thermoelastic system as a surface center of expansion (SCOE). Also, for one-point laser heat
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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 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 heat in
context of different theories of thermoelasticity was presented by Youssef and Al-Bary [11]. A 2- dimensional
problem in generalized thermoelastic 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.
The aim of the present study is to investigate the interaction in magneto micropolar thermoelastic medium,
taking into consideration the effect of hall current, laser heat source and rotation. The components of
displacement, stress, current density and temperature distribution are obtained by using normal mode analysis.
The problem has become more interesting with the inclusion of thermal laser heat source, normal and tangential
forces. The resulting quantities are computed numerically and depicted graphically.

Basic equations

Let us consider a micropolar thermoelastic medium permeated by an initial strong magnetic field H = (0, Hy, 0)
and the considered medium is rotating. The angular velocity is assumed to be equal to Q. For magneto-
micropolar thermoelastic medium the basic equations and constitutive relation in absence of body forces, body
couples and stretch forces, following Eringen [1], Al Qahtani and Dutta [14] and Zakaria [2] are given by:

A+ WV + (1 + K)VPu + KV X ¢ — ﬁ1(1+rla )VT+uoem]r = (u+Q>< (Q X u) + 20 x ) @
2 e ¢
(YV2 = 2K) + (@ + BIV(V.9) + KV xu = pj ( + 2 x 22), 2)
2
K*V2T = pc* (5 + 14 atz) T+ (1+eto5) BuTo(Voit = Q) + v To (5 + eTo o) 7, 3)
a
ti]' = lur,r&-]- + H(ui’]‘ + u]-‘l-) + K(uj,i - Eijk¢k) - ‘81 (1 + Tq a) 6ijTl (4)
my; = ady, 6 + By +vdj; (5)

where 4, 1, @, B, v,and K are constants depending on the nature of material, p is density of the medium, u =
(uqg, uy,uz) and @ = (¢4, ¢, P3) are displacement and microrotation vectors respectively, T is temperature, Ty is
the reference temperature, K* is the coefficient of the thermal conductivity, ¢* is the specific heat at constant
strain, j is the microinertia, B; = 31+ 2u + K)ay; ,v; = BA+ 2u + K)a,, , a4 and a., are coefficients of linear
thermal expansion, t;; are components of stress, m;; are components of couple stress, §;; is Kroneker delta
function, t, and t, are thermal relaxation times with 7, = 7, = 0.

Let the microstretch thermoelastic medium is rotating with angular velocity Q. The equations of motion have
two extra terms,

(i) The centripetal acceleration Q@ x (Q x u) due to time varying motion.
(i) The Coriolis acceleration 2(Q x W).

The current density vector J can be expressed as:

J =25 B+ o x ) - 2o g x )], (6)

1+2
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Here F = uy(J x H) is the Lorentz force, H is the magnetic field vector, E is the intensity of electric field, m is the
Hall parameter, g, is the electrical conductivity, e is the charge of an electron, n, is the number density of
electrons. Further the plate surface is illuminated by laser pulse given by the heat input

Q = Iof (g (x)h(xs), @

£(t) = %e_(%), (8)
glx) = —e (x_%) )
h(xz) = yTe™ ™ (10)

where, I, energy absorbed, ¢, is the pulse rising time,r is the beam radius.
Equation (7) with substitution of (8- 10) takes the form

t\ (X1
Q= 2;‘;’; te (fo)e ( 2>e"’ X3 (11)
t Xy Xq
Fig. 1. Temporal profile of f(t) Fig. 2. Profile of g(x;) Fig. 3. Profile of h(x3)

"

In the above equations symbol (",") followed by a suffix denotes differentiation with respect to spatial
coordinates and a superposed dot (* ") denotes the derivative with respect to time respectively.

Formulation of the problem:

We consider a magneto-micropolar thermoelastic medium with rectangular Cartesian coordinate system
0X1X,X5 having x3-axis pointing vertically downward the medium. A normal force/tangential force and ultra-
short laser pulse are assumed to acting at the origin of the rectangular Cartesian co-ordinate system. A
component of Hall current Hy is in x,-direction.

We consider plane strain problem with all the field variables depending on (x4, x3,t). For two dimensional
problems, we take

u= (ull O' u3)'¢ = (01 ¢2' 0)1 (12)

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

* *
, W , _ pwiCy pc? _ T
X; Xi, U = T e T¢“ =7 U =w't, 1] =0T, Ty = w‘ro,t” Tti]-,

1 Bl 0 .81 0 0 ﬁl 0

* 2 * 2 2

c*c A+2u+k w Q oougH,

(l.)*=p 1’ C12= U , := _ . Q1=_r M oMo 0, leﬁ_le (13)
K* p T Ty Y w* pw* pc?
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Fig. 4. Geometry of the problem.

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

4 ;—; + VP — {222 2 4 0%, — 20y 52 Lot (B2 emZ) - (141 %)8677; =i, (14)
G+ Vs + G S22 4 200 T2 400 "us — s (m 52 = 52) — (147, ) 77 = i, (15)
Vi, = 26; + G (52— 52) = G5 (16)
—VT + (% + 7o %) T+ (1 t et %) (6 = Q) = Qof *(x,, eV 3, 17)
M, =20, +m , ¢ = Ap‘ilzli G = Hp‘;ZK 3= 'DKle G = ;:1322 G5 = p];:f $e = pit*TIi*

Using Helmholtz's theorem the displacement components u; and u; are related to the non- dimensional
potential functions ¢ and i by the relation mentioned below:

9% L v =9 _9% (18)

u; = u
1 6x1 6x3 ! 3 6x3 ax1

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

(v2+92+1+”47%——)¢+(29 ) - (1+n )T =0, (19)
(67 + s - 5w - (20— 00) - awa =0, (20)
(1470 2) T +as (2 + e1 25) Ve — VT = Qof *(ay, D)™, 1)
(V2 - 20, + 43 25) ; + @, V24 = 0 (22)
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where
@ = Kcf _ __pjci s = u+K _ _ BiTo _ At Q0 = aizloy”
1 y(u*2 1z y ’ 3 pc% » 4 pc%' 5 pK*w* ’ 6 pc% Y 2m’2t§'

x2
flx,t) = [t + &1, (1 — é)] e‘(ﬁ%),
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:

{0, T, p}(x1,x3, 1) = (@, %, T, §*}(x) e kx1=w0), (23)
Here w is the angular frequency and k is wave number.

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

[AD® + BDS + CD* + ED? + Fl¢ = f,(y*, x;, t)e ™V 3, (24)
[AD® 4+ BD® + CD* + ED? + F|T = f,(y*, x5, t)e™" 3, (25)
[AD® + BDS + CD* + ED? + Fl¢, = f5(y*, x;, t)e ™V %3, (26)
[AD® + BD® + CD* + ED? + F]{ = f,(y*, x,, t)e ™V ¥, (27)
Here, D = <
X3
mM M
=—k?+0%— 2k, = —i [zn——] = w? + 02 — iw—— — azk?
ky k* + 1_l_mz+a),k2 iw 1+m2'k3 w® + s ask?,

ky = k? + w?ay, + 2a, , ks = io(1 — iwty) — k? kg = as(io + w?ety), k; = as(ky + ks) + ks + azk,
kg = ajask? — ksk, — ks(ks — ajay + asky), ko = ks(arak? — k3ky), kin = kek?(ksk, — ajask?),
kio = ke¢(ask?® + ks + agk, — a1a,), kqq = ke(Ra,ask? — ksky — azk, k? — k3k?) , A = —as,

B =k, —ask, — t1a3ke,C = kg + kiky + Ty1kio — k2 E = kikg — ko + T11kyq + k3(ky + ks),

F = 1y,kyy — kyko — k2k,ks.

The solution of the above system of equations (24)-(27) satisfying the radiation conditions that (¢,9, T, ¢,) - 0
as x; — ooare given as following:

$ = Shaice™ + e (28)

5

T =Sk aicie™™ + 2o, (29)
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B2 = Th Breie ™ + e, (30)
5
¥ =Tk, Sice i 4 fe Vs, (31)
5

Herem? (i = 1,2,3,4) are the roots of characteristic equation of equation (24).

arkomi—aiky(ks+k?)m?+a; koksk?
—azm@+kym¥+kgm?—ko

—k6a3mi6+k10m‘i*+k11mi2+k12

a; = B =

—azm®+kymi+kgm?—kg ’

_ komi—ky(ks+ka)m?+kokyks
T —agm+komi+kgmi—kg

. 1=1,23,4,

5;

fi = Qof (xp, ) (—asy™® + kyy™* + kgy** — ko),

f2 = Qof (x1, t)(—k6a3y*6 + koYt 4 gy + k12)'

fs = Qof Cer, O)(arkoy™ — arky (ks + k2)y*? + ask,ksk?),
fa = Qof Gy, ) (kgy™* = kep (ks + ka)y™* + koksks),

fs = Ay + By*® + cy™* + Ey*? + F).

Substituting the values of ¢,T,$,,1 from the equations (28)-(31) in the (4)-(5), and using (12)-(13), (18) and
solving the resulting equations, we obtain:

fsg = Biey Ge ™% — Mye Vs, (32)

f31 = Nieqg Gyre ™% — M,e7v'%s, (33)

77132 = Z?’:l G3i€_mix3 - M3€_Y*x3, (34)
T =Y%,Ge ™ — MeV ' *s (35)

Gmi = GmiCi i =1,2,...,4. g and M; are mentioned in appendix A.
Boundary Conditions:

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

tyy = —Fre~ (k070D o, = —Fye~(km=oh m,, = O'aaTT =0 (36)
3
where F, and F, are the magnitude of the applied forces.

Substituting the expression of the variables considered into these boundary conditions, we can obtain the
following equations:

2?:1(91i 19215931, 94i)Ci = (=F1, —F,,0,0) . (37)

The system of equations (37) are solved by using the matrix method as follows:
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&1 911 912 913 G| ' [-F,

C2| _ 921 G2z Y923 Y24 —F, (38)
C3 931 932 Y33 UJ3a 0 [

Cq 9s1 Yaz Gaz YGaa 0

Special cases:
Micropolar Thermoelastic Solid

If we neglect the Hall current in Equations (37) and putl, = 0, we obtain the corresponding expressions of
stresses, displacements and temperature for micropolar thermoelastic half space.

Numerical Results and Discussions:

The analysis is conducted for a magneto-micropolar material. For numerical computations, following Eringen
[15], the values of physical constants are:

1 =9.4x10"Nm™2,u = 4.0 X 101°Nm™2, K = 1.0 x 10'°Nm™2,p = 1.74 x 103Kgm™3,j = 0.2 X 10~ °m?, y =
0.779 x 10™°N,

Following Dhaliwal [16] thermal parameters are given by:

¢* = 1.04 x 103Kg'K™%, K* = 1.7 x 105Jm~'s'K~%, @,; = 2.33 x 105K, a,; = 2.48 x 109K, T, =
298K, 1, =0.02, 7; = 0.01,a, = 2.65x 10™*m3Kg™?, a = 2.9 x 10*m?s 2K !, b = 32 X 10°Kg 'm°s~2,7! =
0.04, 7° = 0.03, D = 0.85 x 10~Kgm™3s

A comparison of the dimensionless form of the field variables for the cases of micropolar thermoelastic with
Hall current, rotation and input laser heat source (MPHCLSR) and micropolar thermoelastic (MPTH) is presented
in Figures 4-9. The values of all physical quantities for all cases are shown in the range 0 < x; < 5.

Solid lines, dash lines corresponds to micropolar thermoelastic with Hall current and input laser heat source
(MPHCLSR) and micropolar thermoelastic (MPTH), respectively fort = 0.1

The computations were carried out in the absence and presence of laser pulse (I, = 10°&I, = 0) and on the
surface of planex; = 1,t = 0.1.

MPHCLSR
—————— MPTH

MPHCLSR

t31

Xg X3

Fig. 5. Variation of t;3 w.r.t. x5 Fig. 6. Variation of t3; w.r.t. x5
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7 —  MPHCLSR

— — MPHCLSR

Temperature distribution

08
I I I I |

X5 X3

Fig. 7. Variation of m3, w.r.t. x3 Fig. 8. Variation of temperature w.r.t. x5

Fig. 5 shows the variation of normal stress t;; with the distance x;. It is noticed that for MPHCLSR and MPTH,
the normal stress t;5 show opposite behavior initially. The normal stress in MPHCLSR initially increases and then
show oscillatory trend. The value of t;3; approaches to boundary surface away from the source.

Fig. 6 displays the variation of tangential stress t3; with the distancexs. It is noticed that initially the behavior of
t3; for MPHCLSR and MPTH is opposite. Initially t;; increases monotonically for MPHCLSR and decreases
monotonically for MPTH but approaches to the boundary surface away from the point of application of normal
force.

Fig. 7 clears the variation of couple stress ms, with distance x; for MPHCLSR and MPTH. The variation of ms,
for (MPHCLSR and MPTH) is monotonically increasing in the region 0 < x; <1 and monotonically decreasing
thereafter. The m3, approaches to zero away from the point of application of source. It is clear from figure 3
that Hall current has a significant effect on the value ofms, and causes significant oscillatory behavior in
MPHCLSR.

MPHCLSR

MPHCLSR | /N |-

X3 X3

Fig. 9. Variation of u; w.r.t. x; Fig. 10. Variation of u; w.r.t. x5

Fig. 8 displays the variation of temperature T with distance x5. The values of temperature change for MPTH show
monotonically decreasing behavior in the range 0 < x; < 5. In case of MPHCLSR the temperature decreases by
exhibiting oscillatory trend due to the Hall Effect and input laser heat source.

Fig. 9 and Fig. 10 exhibit the behavior of displacement components u; and u; w.r.t. x;. Both the displacement
components approach to boundary surface away from the application of normal force which is in agreement to
the generalized theory of thermoelasticity.
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Conclusions:

The problem consists of investigating displacement components, temperature distribution, Hall current and
stress components in a homogeneous isotropic micropolar thermoelastic half space due to various sources
subjected to laser pulse. Normal mode analysis technique is employed to express the results mathematically.
The analysis of results permits some concluding remarks:

(1) It is clear from the figures that all the field variables have nonzero values only in the bounded region of space
indicating that all the results are in agreement with the generalized theory of thermoelasticity.

(2) The effect of the Hall current, rotation and ultra-laser is much pronounced in all the resulting quantities.
The new model is employed in magneto-micropolar thermoelastic medium as a new improvement in the field
of thermoelasticity. The subject becomes more interesting due to 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 problems has found
numerous applications. The method used 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 motivation to investigate micropolar thermoelasticity problems.
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Appendix A:
2 «2 )
A 2u+K u+K u K w7y w*“bg w 2 2
by = by = p K = K py =Y po =200y 20T = (m? — byk?) +
2 pcf » M3 pcf » U5 pcf » Y6 pcf » M7 pcf » U8 PC‘f Y9 pcf » P10 pcf'gll ( i 2 )
— 2 2 —
thskm;az; — T11@q; Goi = —thskm; + (bgm[ + bsk*)as; — byaz; , g3; = —bgam;
b1f2+(y*2—b2kz)f1—111f3+zb3ky*f4 (_Lb3ky*f1+(b6Y*2+b5k2)) bgy"f3 —v'f2
Gai = —Myay; , My = My = Mz = — i My = :
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