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Abstract. A general model of equations of the two-temperature theory of generalized thermoelasticity is
applied to study the wave propagation in a fiber-reinforced magneto-thermoelastic medium in the context of
the three-phase-lag model and Green-Naghdi theory without energy dissipation. The material is a
homogeneous isotropic elastic half-space. The exact expression of the displacement components, force
stresses, thermodynamic temperature and conductive temperature is obtained by using normal mode
analysis. The variations of the considered variables with the horizontal distance are illustrated graphically.
Comparisons are made with the results of the two theories in the absence and presence of a magnetic field as
well as a two-temperature parameter. A comparison is also made between the results of the two theories in
the absence and presence of reinforcement.
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1. Introduction

Fiber-reinforced composites are widely used in engineering structures, due to their superiority
over the structural materials in applications requiring high strength and stiffness in lightweight
components. A continuum model is used to explain the mechanical properties of such materials. A
reinforced concrete member should be designed for all conditions of stresses that may occur and in
accordance with the principles of mechanics. The characteristic property of a reinforced concrete
member is that its components, namely concrete and steel, act together as a single unit as long as
they remain in the elastic condition, i.e., the two components are bound together so that there can
be no relative displacement between them. In the case of an elastic solid reinforced by a series of
parallel fibers, it is usual to assume transverse isotropy. In the linear case, the associated
constitutive relations, relating infinitesimal stress and strain components have five material
constants. In the last three decades, the analysis of stress and deformation of fiber-reinforced
composite materials has been an important research area of solid mechanics. The wave
propagation in a reinforced medium plays a very interesting role in civil engineering and
geophysics. The studies of propagation, reflection, and transmission of waves are of great interest
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to seismologists. Such studies help them to obtain knowledge about the rock structures as well as
their elastic properties and at the same time information regarding minerals and fluids present
inside the earth. Belfield er al. (1983) introduced the idea of a continuous self-reinforcement at
every point of an elastic solid. One can find some studies on transversely isotropic elasticity in the
literature by, Singh and Singh (2004), Singh (2006), Abbas et al. (2011, 2012, 2014), Othman et
al. (2012a, b, 2013, 2015), Abd-Alla et al. (2015).

A theory of heat conduction in deformable bodies which depends upon two distinct
temperatures, the conductive temperature and the thermodynamic temperature, has been
established by Chen and Gurtin (1968), Chen et al. (1968, 1969). In time-independent problems,
the difference between these two distinct temperatures is proportional to the heat supply and in the
absence of any heat supply; these two temperatures are identical as Chen et al. (1968). In time-
dependent situations and of the wave propagation problems, in particular, the two-temperatures are
in general different, regardless of the presence of a heat supply. Warren and Chen (1973) have
studied the wave propagation in the two-temperature theory of thermoelasticity. Youssef (2005)
has proposed a theory in the context of the generalized theory of thermoelasticity with two-
temperature. The propagation of harmonic plane waves in the media described by the two-
temperature theory of thermoelasticity is investigated by Puri and Jordan (2005). Several problems
have been solved by Kumar and Mukhopadhyay (2010), Das and Kanoria (2012), Othman et al.
(2014), Zenkour and Abouelregal (2015) applying the two-temperature theory of thermoelasticity.

It is well known that the usual theory of heat conduction based on Fourier’s law predicts an
infinite heat propagation speed. It is also known that heat transmission at low temperature
propagates by means of waves. These aspects have caused intense activity in the field of heat
propagation. Extensive reviews on the second sound theories (hyperbolic heat conduction) are
given in Hetnarski and Ignaczak (1999, 2000). A two-phase-lag to both the heat flux vector and
the temperature gradient was introduced by Tzou (1995). According to this model, classical
Fourier’s law g=—KVT has been replaced by q (P, t+1q)=—KVT(P, t+t7), where the temperature
gradient VT at a point P of the material at time #+7r corresponds to the heat flux vector g at the
same point at time t+7g. Here K is the thermal conductivity of the material. The delay time 77 is
interpreted as that caused by the micro-structural interactions and is called the phase-lag of the
temperature gradient. The other delay time 7¢q is interpreted as the relaxation time due to the fast
transient effects of thermal inertia and is called the phase-lag of the heat flux. Recently, Roy
Choudhuri (2007) has proposed a theory with three-phase lag (3PHL) which is able to contain all
the previous theories at the same time. In this case Fourier’s law q=—KVT has been replaced by g
(P, t+7,)=—[KVT(P, t+17)+K VWP, t+1,)], where V(v =T) is the thermal displacement gradient, K~
is the additional material constant and 7z, is the phase-lag for the thermal displacement gradient.
The purpose of the work of Roy Choudhuri (2007) was to establish a mathematical model that
includes (3PHL) in the heat flux vector, the temperature gradient and in the thermal displacement
gradient. For this model, we can consider several kinds of Taylor approximations to recover the
previously cited theories. In particular the thermoelasticity without energy dissipation (TEWOED)
and thermoelasticity with energy dissipation (TEWED) introduced by Green and Naghdi (1991,
1992, 1993) are recovered. A three-phase-lag model is very useful in the problems of nuclear
boiling, exothermic catalytic reactions, phonon-electron interactions, phonon-scattering etc.
Quintanilla and Racke (2008), Quintanilla (2009), Kumar ef al. (2012), Abbas (2014), Kumar and
Kumar (2015) have solved different problems applying the (3PHL) model.

The investigation of interaction between a magnetic field, stress, and strain in a thermoelastic
solid is very important due to its many applications in diverse field such as geophysics (for
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understanding the effect of the Earth’s magnetic field on seismic waves), damping of acoustic
waves in a magnetic field, designing machine elements like heat exchangers, boiler tubes (where
the temperature induced elastic deformation occurs), biomedical engineering (problems involving
thermal stress), emissions of the electromagnetic radiations from nuclear devices, development of
a highly sensitive super conducting magnetometer, electrical power engineering, plasma physics,
etc. Many studies in a generalized magneto-thermoelasticity can be found in the literatures by
Abbas and Youssef (2009), Othman et al. (2008, 2009, 2011, 2015).

Our main object in writing this paper is to present a two-temperature fiber-reinforced magneto-
thermoelastic medium due to the thermal shock in the context of the three-phase-lag (3PHL)
model and the thermoelasticity without energy dissipation (G-N II) theory. The governing
equations of the problem are solved by using normal mode analysis. The effect of a magnetic field,
a two-temperature parameter and reinforcement on the physical quantities is also studied.

2. Formulation of the problem and basic equations

We consider the problem of a thermoelastic half-space (x>0). A magnetic field with a constant
intensity H=(0,0,H,), is acting parallel to the boundary plane (taken as the direction of the z-axis).
The surface of a half-space is subjected to a thermal shock which is a function of y and z. We are
interested in a plane strain in the xy-plane with displacement vector u=(u,v,0). We begin our
consideration with linearized electromagnetism equations as Othman and Said (2015)

szAh—gOa; (1)
V/\E:—,uo% 2)
E=-puy(UuanH) (3)

V.h =0 4

where u, is the magnetic permeability, g, is the electric permeability, J is the current density

vector, U is the particle velocity of the medium, and the small effect of the temperature gradient

on J is also ignored. These equations, supplemented by the field equations and constitutive

relations for a fiber-reinforced linearly thermoelastic isotropic medium with respect to the

reinforcement direction a in the (3PHL) model without body forces, body couples and heat sources
(1) The stress-strain relation may be written as Belfield ez al. (1983)

0 = Oy + 2ty € + 0y 01,0 +6i €0) + 21ty — i) @ayer; +a,ae) + By, ema; —y 79, Q)
where O’,‘j,S are the components of stress, e,«j,s are the components of strain, ey is the dilatation, A,
urs are the elastic constants, a, f, y, (uz—ur) are reinforcement parameters, J; is the Kronecker
delta, T =T-T, o where T is the temperature above the reference temperature 7y, and a=(a,, a,, a3),
al +a? +a? =1. We choose the fiber direction as a=(1, 0, 0). The strains can be expressed in
terms of the displacement u; as

1 0
— u aV
€jj __(ui,j+uj,i)a ey =e=—+—
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Eq. (5) then yields

Oxx :Allu,x+A12V,y—Yf (7
O'yy = Alzlzl’x + Azzv,y - 'YT (8)
O'xy:,uL(u,y"'v,x)’ O-xz :O-yz :Oa (9)

Where A] 1:/1+2(a+,uT)+4(ﬂL_,uT)+ﬁa A12=/1+a, A22:/1+2,UT~
(i1) The equation of motion, taking into consideration the Lorentz force, is given by

pi, =0, +ue(d AH ), i,j =123 (10)

The dynamic displacement vector is actually measured from a steady-state deformed position
and the deformations are assumed to be small. Due to the application of the initial magnetic field
H, there are an induced magnetic field h=(0,0,%) and an induced electric field E, as well as the
simplified equations of electrodynamics of a slowly moving medium for a homogeneous, thermal
and electrically conducting, elastic solid. Expressing the components of the vector J=(J;, J,, J5) in
terms of displacement by eliminating the quantities h and E, from Eq. (1), thus yields

0 . Oe .. -
J1=H0(—7e+ﬂ0801})’ J2:HO(77/UO£OM)’ J3_0 (11)
dy Ox

where h=—He.

By substituting from Egs. (7)-( 9) and (11) in Eq. (10) and using the summation convection: we
note that the third equation of motion in Eq. (10) is identically satisfied and the first two equations
become

o%u o%u 0% o*u  oT oh , . 0%

Ty Sy L By H, e P H L 12
P o Tioxay o Lo Mg St (12)

0%y 0%y ou o  of oh L, o, 0%

A B LBy H e p HE S 13
paﬁ 2 ayz 2 oxdy 18x2 Ve oy Holl, By oMo 11 o ( )

where B\=u;, Bo=A .
(iii)) The generalized heat conduction equation in the context of the (3PHL) model with two-
temperature is given by Youssef (2005), Roy Choudhuri (2007)

* 2 * 2 2 2 3 6 1 262
K"V® +7) VP + K1, V2 = (1+7, —

qat+ETqat—2)(pCET +yToe) (14)

The relation between the conductive temperature and the thermodynamic temperature is
O-T=65d,, (15)

where K~ is the additional material constant, K is the coefficient of thermal conductivity, p is the
mass density, Cg is the specific heat at constant strain, @ is the conductive temperature, 6>0 a
constant called two-temperature parameter, 77 and 7, are the phase-lag of temperature gradient and

the phase-lag of heat flux respectively. Also r:j =K+1,K°, where 7, is the phase-lag of thermal
displacement gradient. Eqs. (12)-(14), when K=t,=7,=1,=0, reduce to the equations of the (GN-II)
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theory. In the above equations a dot denotes partial derivative with respect to time, and a comma
followed by a suffix denotes partial derivative with respect to the corresponding coordinates.
Introducing the following non-dimensions quantities

(x"y’7u’9v'):Cln(‘x7y9u7v)5 (l"f'q’f:/’T'T):Clzn(t,rq,TV,TT), h/: h 2 9= yT 2
H, (A+2u7)
o, , DT C A+2
o 200 g1 @T0), , PCp 2 (AH2ur) (16)

Yo (A+2ur) K p

Using the above non-dimension variables defined in Eq. (16) then employing 4A'=—Hge, the
above governing equations takes the following form (dropping the primes for convenience)

o%u 0%u o o'u 00
Qg —=L——+Ly ———t hy —— —,
0 6t2 11 axz 2 8x6y 18}/2 Ox (17)
o ox 0%u oy o0
Oy—=Lyp —+L, ——+ ) — ——,
057 Laga g art ey (18)
Cy®, +C, D, +C, & .. =(+7 i+lﬁi)(9’+gé) (19)
K *ii v i T Nl q 6t 2 q at2 ’
P-0=pyP;, (20)
2 *
where, Ly =hy+hoHy, Ly =hy+hyH,, Ly =hy+hoH,, p = HHo C - K ¢ LSS
0 2 K~ PR T >
P PCEq PCk
e 1PH?
Chy hy g, hyy) =B Boiedn) = K o oo T py=sin’. g oty
pCi PCe PCe(A+24) P

3. Normal mode analysis
The solution of the considered physical variable can be decomposed in terms of normal mode
as the following form
[uv,0,0.,0,10x,y.t)=[u" " ,0",0", 0, 1(x)exp(wt +imy), (1)

where w is a complex constant, j=./—1, m is the wave number in the y-direction, and u (x), v (x),

0" (x), ®(x), a;- (x) are the amplitudes of the field quantities.
Introducing from Eq. (21) in Egs. (17)-( 20), we get

[L;D? —~ N Ju" +imL,Dv =D@", (22)
imL,Du” + D2 - N,]v' =im6", (23)
£N3Du" +iemN;v' + N3 0" =[N,D? - Ns1o", 24)

0" =(Ng-pDHo", (25)
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2 2 2 2 1 - 2
where, N,=aw’+hm?, N,=ayw”+Ly,m", N3=w2(1+rqw+51'qzw2), N,=Cy +C 0+Cro°,

N,=N,m’s Ng =1+ fom>.
Introducing Eq. (25) in Egs. (22)-(24), thus we have

[L,;D? - N,Ju" +imL,Dv' =D(Ng - B,D3H)o", (26)
imL,Du” +[MD? = N,]v  =im(Ng- B,D2) d", (27)
£N3Du* +iemN; v =[N6D2 —N7]‘1"*, (28)

where Ny=N,+AN;, Ny=Ns+N;Ng, D = L.
dx

Eliminating v'(x) and @ (x) between Eqgs. (26)-(28), we obtain the sixth order-ordinary
differential equation satisfied with u" (x)

[D-4D*+BD*-C Ju"(x)=0, (29)

where A:d—', B:d—z, C =d—3,
d4 d4 d4

d2 :L11N2N7 +m2£N3N8L11+N1N2N6 +N1N7h1+€N3N1ﬂ0m2+8N3N8N2—2m28N3N8L2—m2L%N7,
dy=N\NyN;+m> e NyNgNy» dy =(Ly N g+&N380)h,.
Eq. (29) can be factored as
(D? = k) (D? = k7)(D?>—k)u'(x)=0, (30)

where k2 (n =1, 2,3) are the roots of the characteristic equation of Eq. (29).
The solution of Eq. (29), which is bound as x—0, is given by

3
u*(x):ZGnexp(—knx). (31)
n=l1
Similarly
3
v (x) = Ry,G exp(—k,x), (32)
n=l1
qﬁ*(x):Z;Rz”G”exp(—k”x), (33)

im (Nl - Ly - Lz)kr%)
bk, = (Ny = m*Ly)k,
Introducing Eq. (33) in Eq. (25), we have

where R, = 3
- NSkn + IBOkn

R

2n

3
0 (x)=Y Rs,G, exp(—k,x), (34)

n=1
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where, Ry, = (Ng - Bok; )R, .
Using Egs. (16) and (21) in Egs. (7) and (9), we obtain

* 1 . * *
UXX :/U—[AIIDM +lmA12V _(/I"'Z/JT )9 ]5 (35)
T
ML *
o,y ===[imu +Dv ]. (36)
Hr

Introducing Egs. (31), (32) and (34) in Egs. (35) and (36), this yields

3
O-;x (x):zR4nGneXp(_knx)’ (37)
n=1

3
0y = Rs, G, exp(—k,x), (38)

n=1

1 , 4y .
where R4n = 7[_A11kn +lmA12R1n _(/1+2/1T )RSn 1, RSn :i(lm_kann).
T T

4. Boundary conditions

We consider the problem of a two-temperature fiber-reinforced thermoelastic medium under
the effect of a magnetic field which fills the region Q defined as follows:

Q={(x,y,z):0£x<oo, —0<Y<0,—0< z< oo}.

In the physical problem, we should suppress the positive exponentials that are unbounded at
infinity. In order to determine the parameters G, (n=1,2,3), we need to consider the boundary
conditions at x=0 as follows:

(1) A thermal boundary condition that the surface of the half-space is subjected to an isothermal
boundary

6(0,y,t) =0, (39)

(i) A mechanical boundary condition that the surface of the half-space is subjected to
mechanical force

o =f 0y,1)=—f"exp(wt +imy), (40)
(iii) A mechanical boundary condition that the surface of the half-space is traction free
Oy (0,y,1)=0, (41)

fly,f) is an arbitrary function of y, r and f ~ is a constant. Substituting the expressions of the
variables considered into the above boundary conditions Egs. (39)-(41), we can obtain the
following equations satisfied by the parameters

3 . N
ZR3nGn =0, Z R4nGn :_f 5 ZRSnGn:O (42)
n=1 n=1
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Solving the above system of Eq. (42), we obtain a system of three equations. After applying the
inverse of matrix method, we have the values of the three constants G, (n=1,2,3). Hence, we obtain
the expressions of displacements, the thermodynamic temperature, the conductive temperature and
the stress components.

-1
Gy Ry, R3) Ry3 0
Gy |=| Ry Ry, Ry3 -f (43)
G; Rs, Rsy Rs3 0

5. Numerical calculation and discussion

In order to illustrate the theoretical results obtained in the preceding section and to compare
these in the context of the (3PHL) model and the (GN-II) theory, we now present some numerical
results for the physical constants as

2=959x10°N.m™2, u; =189x10° N.m ™2, y; =245x10° N.m 2, p=7800kg.m™>, m=12, f =0.1,
a=-128 x10°N.m™?, #=032x10°N.m™, €y =3831Jkg "K', r; =0.007s, 7, =0.009s,
K =386 Wm LK s, 4=1.86x10kgm™ s, K=800 Wm ' K™, w=ay+i& oy=-02,
5=12, a,=378x10° K™, 7, =0.006s, T, =293K, H,=100, £,=03, uy=19; £=09.

The computations were carried out for a value of time 7=0.03. The variations of the
thermodynamic temperature 6, the conductive temperature @, the displacement components u,v
and the stress components oy, and o, with distance x in the plane y=—0.9 for the problem under
consideration based on the (3PHL) model and the (G-N II) theory were considered. The results are
shown in Figs. 1-18. The graphs show four curves predicted by the two different theories of
thermoelasticity. In these figures, the solid lines represent the solution in the (3PHL) model and
the dashed lines represent the solution derived using the (G-N II) theory. Here all the variables are
taken in non-dimensional forms and we consider the five cases

(i) The corresponding equations for a two-temperature fiber-reinforced generalized
thermoelastic medium in the absence of the magnetic field from the above mentioned cases by
taking Hy=0.

(ii)) The corresponding equations for one-temperature fiber-reinforced generalized magneto
thermoelastic medium from the above mentioned cases by taking ¢ to vanish.

(ii1) The corresponding equations for a two-temperature generalized thermoelastic medium by
taking a, 5, (u;—ur) to vanish.

(iv) Equations of the (3PHL) model when, K, 77, 7,, 7,>0 and the solutions are always

%

(exponentially) stable if 21:4> 7, > K 'r, as in Quintanilla and Racke (2008).
q
(v) Equations of the (GN-II) theory when, K=7;=1,~7,=0
Figs. 1-6 show comparisons between the displacement components u,v the thermodynamic
temperature € the conductive temperature @, and the stress components o,,, o0, in the absence
(ap=1) and presence (ay=2.4) of a magnetic field with a two-temperature parameter 6=12.



Wave propagation in a two-temperature fiber-reinforced magneto-thermoelastic medium... 209

0.02

0.015F

0.01

0.0051

> -0.005¢

-0.01F

-0.0151

-0.02r 4

-0.025

-0.03
0

X

Fig. 2 Vertical displacement distribution v in the absence and presence of a magnetic field

Fig. 1 depicts that the distribution of the horizontal displacement u begins from positive values.
In the context of the two theories, u begins with decreasing to a minimum value in the range
0<x<2, then increases, and again decreases for 0p=2.4. However, in the context of the two theories,
u begins with decreasing to a minimum value in the range 0<x<4, and then increases for oy=1.
The magnetic field decreases the magnitude of u in the range 0<x<2.7, then increases it. Fig. 2
shows that the distribution of the vertical displacement v begins from negative values. In the
context of the two theories, v begins with increasing to a maximum value in the range 0<x<1.8.
then decreases, again increases, and in the last decreases for a;=2.4. However, in the context of the
two theories, v begins with increasing to a maximum value in the range 0<x<2.2, and then
decreases for ag=1. The magnetic field increases the magnitude of v in the range 0<x<2.2, then
decreases it. The displacements u and v show different behaviors, because of the elasticity of the
solid tends to resist a vertical displacement in the problem under the investigation. Fig. 3 exhibits
the distribution of the conductive temperature ® and demonstrates that it begins from negative
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Fig. 5 Distribution of the stress component o,, in the absence and presence of a magnetic field
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Fig. 6 Distribution of the stress component g,, in the absence and presence of a magnetic field

values except in the context of the (G-N II) theory for ay=1, it begins from a positive value. @
begins with increasing in the range 0<x<4, and then becomes nearly constant except in the context
of the (G-N II) theory for ap=1, ® begins with decreasing in the range 0<x<4, and then becomes
nearly constant . The magnetic field decreases the magnitude of ®. Fig. 4 depicts the distribution
of the thermodynamic temperature € and demonstrates that it reaches a zero value and satisfies the
boundary condition at x=0. In the context of the two theories, # begins with increasing to a
maximum value, and then decreases for ap=1, 2.4. The magnetic field increases the magnitude of
6. Fig. 5 explains that the distribution of the stress component o, begins from a negative value and
satisfies the boundary condition at x=0. In the context of the two theories, a,, begins with
decreasing to a minimum value in the range 0<x<I, then increases to a maximum value, and again
decreases for ay=1. However, in the context of the two theories, o,, decreases to a minimum value
in the range 0<x<0.8, then increases to a maximum value, and also moves in the wave propagation
for 0p=2.4. The magnetic field decreases the magnitude of o,, in the range 0<x<1, then increases,
and again decreases it. Fig. 6 depicts the distribution of the stress component o, and demonstrates
that it reaches a zero value and satisfies the boundary condition at x=0. The fluctuations of stress
component o, is x=0. In the context of the two theories, o, begins with increasing to a maximum
value, then decreases to a minimum value, and also moves in the wave propagation for 0,=2.4.
However, in the context of the two theories, o,, decreases to a minimum, and then increases to a
maximum value for ay=1. The magnetic field increases the magnitude of oy, in the range 0<x<5.7,
and then decreases it. Figs. 1-6 demonstrate that a magnetic field has a significant role on all the
physical quantities. The values of all the physical quantities converge to zero by increasing the
distance x; the behavior of two theories are similar. These trends obey elastic and thermoelastic
properties of the solid.

Figs. 7-12 show comparisons between the displacement components u, v, the thermo-dynamic
temperature 6, the conductive temperature @, and the stress components o,,, 0,, with (6=12) and
without (6=0) two-temperature parameter in the presence of a magnetic field (a;=2.4).

Fig. 7 explains that the distribution of the horizontal displacement u begins from positive
values in the context of two theories except in the context of the (3PHL) model for =0 it begins
from a negative value. In the context of the (3PHL) model, u begins with decreasing to a minimum
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Fig. 8 Vertical displacement distribution v with and without two-temperature

value, then increases to a maximum value, and again decreases for 6=0. However, in the context of
the (G-N II) theory, u begins with decreasing to a minimum value in the range 0<x<2, then
increases, again decreases, and in the last increases for 0=0. Fig. 8 exhibits that the distribution of
the vertical displacement v begins from negative values in the context of two theories except in the
context of the (3PHL) model for =0 it begins from a positive value. In the context of the (3PHL)
model, u begins with decreasing to a minimum value, and then increases for 6=0. However, in the
context of the (G-N II) theory, u begins with increasing to a maximum value, then decreases, again
increases, and in the last decreases for 0=0. Fig. 9 shows that the distribution of the conductive
temperature @ begins from negative values for =12, but it begins from a zero value for =0. In the
context of the (3PHL) model, @ begins with increasing to a maximum value, then decreases to a
minimum value, and again increases. However, in the context of the (G-N II) theory, ® is nearly
constant. Fig. 10 exhibits the distribution of the thermodynamic temperature 6 and demonstrates
that it reaches a zero value and satisfies the boundary condition at x=0. In the context of the
(3PHL) model for 0=0, & begins with increasing to a maximum value, then decreases to a
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minimum value, and again increases. However, in the context of the (G-N II) theory for 6=0, 6
begins with decreasing, and then becomes nearly constant. Fig. 11 explains that the distribution of
the stress component o,, begins from a negative value and satisfies the boundary condition at x=0.
In the context of the (3PHL) model, o,, begins with increases to a maximum value, and then
decreases. However, in the context of the (G-N II) theory for 6=0, a,, begins with decreasing to a
minimum value, then increases to a maximum value, and also moves in the wave propagation. Fig.
12 shows the distribution of the stress component o, and demonstrates that it reaches a zero value
and satisfies the boundary condition at x=0. In the context of the two theories for 0=0, o, begins
with increasing, then decreases to a minimum value, and also moves in the wave propagation.
Figs. 7-12 demonstrate that the two-temperature parameter has a significant role on all the physical
quantities. The values of all the physical quantities converge to zero by increasing the distance x;
the behavior of the (3PHL) model with one temperature is different.

Figs. 13-18 show comparisons between the displacement components u,v, the thermo-dynamic
temperature 6, the conductive temperature @, and the stress components oy, oy, in the absence
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(WRF) and presence (NRF) of reinforcement for two-temperature parameter 6=12 and in the
presence of a magnetic field (ay=2.4).

Fig. 13 depicts that the distribution of the horizontal displacement u begins from positive
values. In the context of the (3PHL) model, u begins with decreasing, then increases to a
maximum value, and also moves in the wave propagation for (WRF). However, in the context of
the (G-N II) theory, u begins with decreasing, and then moves in the wave propagation for (WRF).
Fig. 14 exhibits that the distribution of the vertical displacement v begins from negative values for
(NRF), but it begins from positive values for (WRF). In the context of the two theories, for (WRF)
v decreases in the range 0<x<8. Fig. 15 shows the distribution of the conductive temperature ® and
demonstrates that it begins from negative values in the context of two theories, but it begins from a
positive value in the context of the (G-N II) theory for (WRF). In the context of the (3PHL) model,
@ begins with increasing, and then becomes nearly constant for (WRF). However, in the context of
the (G-N 1I) theory, ® begins with decreasing, and then becomes nearly constant for (WRF). Fig.
16 exhibits the distribution of the thermodynamic temperature § and demonstrates that it reaches a
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zero value and satisfies the boundary condition at x=0. In the context of the two theories, 8 begins
with increasing to a maximum value, then decreases, and also moves in the wave propagation for
(WRF). Fig. 17 shows that the distribution of the stress component o, begins from a negative
value and satisfies the boundary condition at x=0. In the context of the two theories, a,, begins
with decreasing and then increases for (WRF). Fig. 18 exhibits the distribution of the stress
component oy, and demonstrates that it reaches a zero value and satisfies the boundary condition at
x=0. In the context of the two theories, o,, begins with decreasing to a minimum value, then
increases, and also moves in the wave propagation for (WRF). Figs. 13-18 demonstrate that the
reinforcement has a significant role on all the physical quantities. All physical quantities begin to
coincide when the horizontal distance x increases reach the reference temperature of the solid.
These results obey physical reality of the behavior of fiber as a polycrystalline solid.

Figs. 19-21 are giving 3D surface curves for the physical quantities, i.e., the horizontal
displacement, the conductive temperature, and the stress components o, to study the effect of a
magnetic field on the wave propagation within a two-temperature fiber-reinforced thermoelastic
isotropic medium in the context of the (3PHL) model. These figures are very important to study
the dependence of these physical quantities on the vertical component of distance. The curves
obtained are highly depending on the vertical distance from origin, all the physical quantities
satisfy boundary condition and are moving in the wave propagation.

5. Conclusions

In the present study, normal mode analysis is applied to study the effect of a magnetic field on
the wave propagation in a two-temperature fiber reinforced thermoelastic medium based on the
(3PHL) model and the (GN-II) theory. We can obtain the following conclusions based on the
above analysis:

» Deformation of a body depends on the nature of the applied force as well as the type of
boundary conditions.

* Analytical solution based upon normal mode analysis of the thermoelastic problem in solids
have been developed and utilized. Normal mode analysis is, in fact, to look for the solution in
Fourier transformed domain, assuming that all the field quantities are sufficiently smooth on
the real line such that normal mode analysis of these functions exists.

* The curves in the context of the (3PHL) model and the (GN-II) theory decrease exponentially
with increasing this indicates that the thermoelastic waves are un-attenuated and non-
dispersive, while purely thermoelastic waves undergo both attenuation and dispersion.

» There are significant differences in the field quantities under the (GN-II) theory and the
(3PHL) model due to the phase-lag of temperature gradient and the phase-lag of heat flux.

* The (3PHL) model is useful in the problems of heat transfer, heat conduction, nuclear boiling,
exothermic catalytic reactions, phonon-electron interactions, phonon-scattering etc., where the
delay time captures the thermal wave behavior (a small scale response in time), the phase-lag
captures the effect of phonon-electron interactions (a micro-scopic response in space), the other
delay time is effective since, in the (3PHL) model, the thermal displacement gradient is
considered as a constitutive variable whereas in the conventional thermoelasticity theory
temperature gradient is considered as a constitutive variable.

» It is clear that the magnetic field, the reinforcement and the two-temperature parameter play
significant roles on all the physical quantities.
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* The vertical distance plays a significant role on all the physical quantities.
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