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The aim of the present investigation is to examine the memory-dependent derivatives (MDD) in 2D transversely
isotropic homogeneous magneto thermoelastic medium with two temperatures. The problem is solved using
Laplace transforms and Fourier transform technique. In order to estimate the nature of the displacements, stresses
and temperature distributions in the physical domain, an efficient approximate numerical inverse Fourier and
Laplace transform technique is adopted. The distribution of displacements, temperature and stresses in the
homogeneous medium in the context of generalized thermoelasticity using LS (Lord-Shulman) theory is discussed
and obtained in analytical form. The effect of memory-dependent derivatives is represented graphically.
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Introduction

Magneto-thermoelasticity deals with the relations of the
magnetic field, strain and temperature. It has wide appli-
cations such as geophysics, examining the effects of the
earth's magnetic field on seismic waves, emission of elec-
tromagnetic radiations from nuclear devices and damp-
ing of acoustic waves in a magnetic field. In recent years,
inspired by the successful applications of fractional cal-
culus in diverse areas of engineering and physics, gener-
alized thermoelasticity (GTE) models have been further
comprehensive into temporal fractional ones to express
memory dependence in heat conductive sense.

The MDD is defined in an integral form of a common
derivative with a kernel function. The kernels in physical
laws are important in many models that describe phys-
ical phenomena including the memory effect. Wang and
Li (2011) introduced the concept of a MDD. Yu et al.
(2014) introduced the MDD as an alternative of
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fractional calculus into the rate of the heat flux in the
Lord-Shulman (LS) theory of generalized thermoelasti-
city to represent memory dependence and recognized as
a memory-dependent LS model. This innovative model
might be useful to the fractional models owing to the
following arguments. First, the new model is unique in
its form, while the fractional-order models have different
modifications (Riemann-Liouville, Caputo and other
models). Second, the physical meaning of the new model
is clearer due to the essence of the MDD definition.
Third, the new model is depicted by integer-order differ-
entials and integrals, which is more convenient in nu-
merical calculation as compared to the fractional
models. Finally, the kernel function and time delay of
the MDD can be arbitrarily chosen; thus, the model is
more flexible in applications than the fractional models,
in which the significant variable is the fractional-order
parameter (2016). Ezzat et al. (2014, 2015, 2016) dis-
cussed some solutions of one-dimensional problems ob-
tained with the use of the memory-dependent LS model
of generalized thermoelasticity.
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Ezzat et al. (2016) discussed a generalized model of
two-temperature thermoelasticity theory with time delay
and Kernel function and Taylor theorem with memory-
dependent derivatives involving two temperatures. Ezzat
and El-Bary (2017) applied the magneto-thermoelastic
model to a one-dimensional thermal shock problem of
functionally graded half space based on the MDD. Ezzat
et al. (2017) proposed a mathematical model of electro-
thermoelasticity for heat conduction with a MDD.
Aldawody et al. (2018) proposed a new mathematical
model of generalized magneto-thermo-viscoelasticity
theories with MDD of dual-phase-lag heat conduction
law. Despite this, several researchers worked on different
theory of thermoelasticity such as Marin (1995, 2010),
Mahmoud (2012), Riaz et al. (2019), Marin et al. (2013,
2016), Kumar and Chawla (2013), Sharma and Marin
(2014), Kumar and Devi (2016), Bijarnia and Singh
(2016), Othman et al. (2017), Ezzat and El-Barrry (2017),
Bhatti et al. (2019a, b, 2020), Youssef (2013, 2016), Lata
et al. (2016), Othman and Marin (2017), Lata and Kaur
(2019c¢, d, e) and Zhang et al. (2020).

In spite of these, not much work has been carried out
in memory-dependent derivative approach for trans-
versely isotropic magneto-thermoelastic medium with
two temperatures. In this article, the memory-dependent
derivatives (MDD) theory is revisited and it is adopted
to analyse the effect of MDD in a homogeneous trans-
versely isotropic magneto-thermoelastic solid. The prob-
lem is solved using Laplace transforms and Fourier
transform technique. The components of displacement,
conductive temperature and stress components in the
homogeneous medium in the context of generalized
thermoelasticity using LS (Lord-Shulman) theory is dis-
cussed and obtained in analytical form. The effect of
memory-dependent  derivatives  is represented
graphically.

Basic equations

Following Kumar et al. (2016), the simplified Maxwell’s
linear equation of electrodynamics for a slowly moving
and perfectly conducting elastic solid are

oF
- —
Il h=j — 1
cur j +e€o 5 (1)
on
_

| E = —p,— 2
cur. o5, (2)
E= O g (3)

- /’lO at 0/
div i =0. (4)

Maxwell stress components following Kumar et al
(2016) are given by
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T;j = Uy (Hihj + Hjhi - Hkhk5,7). (5)

Equation of motion for a transversely isotropic ther-
moelastic medium and taking into account Lorentz force

(6)

- —
where F; = py(7 % Hy), are the components of Lorentz
force. The constitutive relations for a transversely iso-
tropic thermoelastic medium are given by

tyj+ Fi = pii;,

tij = Cyuen — ByT.

(7)

and
Bj = Cijnaatij, (8)
1 .
eijzi(u[7j+u,»_i),l,]:172,3. (9)
T'=¢- aijd i (10)

a’i]’ = aié‘i]', ﬁl} = ﬁiﬁij, I<l] = [(i§ij, iis not Summed.

Here, Cyx/(Cijts = Criij = Ciira = Cyjir) are elastic parame-
ters and having symmetry (Cjj = Ciyij = Ciig = Cyjir). The
basis of these symmetries of Cjy; is due to the following:

i. The stress tensor is symmetric, which is only
possible if (Cx; = Cjir)

ii. If a strain energy density exists for the material, the
elastic stiffness tensor must satisfy Cy; = Cryy

iii. From stress tensor and elastic stiffness tensor,
symmetries infer (Cyx; = Ci) and Cypy = Cry =
Ciixt = Cijix

Following Bachher (2019), heat conduction equation
for an anisotropic media is given by

K¢ = (1 +XD)() (PCET + /)’i/Toé,-j), (11)

For the differentiable function f{t), Wang and Li

(2011) introduced the first-order MDD with respect to
the time delay y > O for a fixed time #

t
Dfe) = [ K(e-0)f (©)de,
XJe-x

The choice of the kernel function K(¢t — &) and the
time delay parameter y is determined by the material
properties. The kernel function K(¢ — §) is differentiable
with respect to the variables ¢ and €. The motivation for
such a new definition is that it provides more insight
into the memory effect (the instantaneous change rate
depends on the past state) and also better physical
meaning, which might be superior to the fractional
models. This kind of the definition can reflect the mem-
ory effect on the delay interval [t — y, t], which varies
with time. They also suggested that the kernel form K{(z

(12)
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- &) can also be chosen freely, eg. as 1, § - ¢ + 1, [(§ -
H/x + 11> and [(€ - t)/x + 1]**. The kernel function can
be understood as the degree of the past effect on the
present. Therefore, the forms [(§ - t)/y + 1]* and [(£ -
t)/x + 1]"* may be more practical because they are
monotonic functions: K(¢ — &) = 0 for the past time ¢ - x
and K(¢t - §) = 1 for the present time ¢, i.e. it is easily
concluded that the kernel function K(¢ — §) is a mono-
tonic function increasing from zero to unity with time.
The right side of the MDD definition given above can be
understood as a mean value of f (£) on the past interval
[t — x t] with different weights. Generally, from the
viewpoint of applications, the function K(z - &) should
satisfy the inequality 0 < K(t - §) < 1 for { € [t - x, t].
Therefore, the magnitude of the MDD D, fi¢) is usually
smaller than that of the common derivative f (). It can
also be noted that the common derivative d/dt is the
limit of D, as x — 0. Following Ezzat et al. (2014, 2015,
2016), the kernel function K(¢ - &) is taken here in the
form

X
1 a=0,b=0
14+ (E-t)/x a=0,b=1/2
E-t+1 a=0,b=1/x
M+ (-0 a=1b-1

(13)

where a and b are constants. It should be also men-
tioned that the kernel in the fractional sense is singular,
while that in the MDD model is non-singular. The ker-
nel can be now simply considered a memory manager.
The comma is further used to indicate the derivative
with respect to the space variable, and the superimposed
dot represents the time derivative.

Method and solution of the problem

We consider a homogeneous transversely isotropic
magneto-thermoelastic medium initially at a uniform
temperature 7T, permeated by an initial magnetic field
Ho= (0,Hy,0) acting along the y-axis. The rectangular
Cartesian co-ordinate system (x,7,z) having origin on
the surface (z = 0) with z-axis pointing vertically into the
medium is introduced. From the generalized Ohm’s law

E = — poHo( - 1,0,ii) (14)
— oH" , oH" |
] = (_ a—zy - &k, 0, - a—xy - &) (15)
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— oe . oe .
F = (/"0 (ax ‘Soﬂo”)aoﬂoH% <a_z ‘50/40W>>

(16)

In addition, we consider the plane such that all parti-
cles on a line parallel to y-axis are equally displaced, so
that the equations of displacement vector (u,v,w) and
conductive temperature ¢ for transversely isotropic ther-

moelastic solid are given by
u=u(x,z1t),v=0w=

Now, using the transformation on Egs. (5)
following Slaughter (2002) with the aid of (16) and
yields

Pu . Pw Pu Pw P P
CuGa+ Cnggs, +C““<az2 axaz> ﬁlax{ (“lﬁ“’a@)}

de o u
Jrf‘oHo(a 50#0) =P

(19)
& e ou ow. . ¢ ¢
K Ti’ +K3T(f = (1+xDy) {TO <ﬁ1£ +‘83877,) +PCE{¢ —alaTg —asa?f}]
(20)
where from (7)
Ju Jw
B = (Ci1 + Ci2)ar + Cizas By = 2Ci13a1 + Cazaze = ™ +8_z

And stress strain relations given by (5) after using (9)
and (17) becomes

u > &
ti(x,z,t) = Cna +C13 ﬁl{ ( 7f+ 37;)}’
(21)

> o
(X, 2, t) —C12a +613 ﬁl{ (ma—x(f—i_@a_zf)}’

(22)

ou & >
t33(x,z,t) = Clsa +C33 ,33{ ( a—;+ﬂsa—;)}7
(23)

ou ow

t t C — 24
13(x,2,t) = 44<az+ E™ (24)
tlz(X7 Z, t) = tzg(X, Z, t) =0. (25)
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We assume that medium is initially at rest. The undis-
turbed state is maintained at reference temperature 7.
Then, we have the initial and regularity conditions given
by

u(x7 Z? 0) = 0 = I:t(x’ Z7 0)7 W(x7 Z7 0) = 0 = w(x7 Z7 0)7 (P(x’ Z'/ 0)
=0= (i)(x,Z,O)fOVZEO, —o0 < x < oo, ux,2z,t)

= w(x,z,t) = ¢(x,z,¢) = 0 for £ > 0 when z—co.

To simplify the solution, the following dimensionless
quantities are used:

S 1 pc1 .
(6,2) = [ (020, o w) = 50 (). (a1
1 L
L—(ﬂ1,tl3) pC =Cu¢ _io (ti1: tizst33)
, C;
= —— (11, 13, ¢ t =—1t.
ﬁlTO(ll; 13, 33)7 L

(26)

Making use of dimensionless quantities defined by
(26) in Eqgs. (18)—(20), after suppressing the primes,
yields

(1+6;)a (64+5;)aa + 8 (3;+§:;;)—%{¢ (mg%f+a3?;7f)}
eopaH2 Pu
- () G
(27)
’w Pw Bs 92¢ 82¢>
(01 + 35 )a P +6za 5+ (03 +85) = P _/?${¢ (a w+agazz)}
eopH} Pw
= ()
(28)
Po . P o _
KiggtKamg = = (1+xDy)
o (. ou ow ¢ ¢
) 0y — & —a3—
[at( o 8E)z> 075 {¢’ Nonr ~ B o7 H
(29)
where
Ci3 + Cy Cu Cs3 Ci3
0i=———— 0 =—,03=—",0, = , 05
! Cn C11 Tt Cn’
ﬁlTOIuO 0 6 L/)JITO Oa = L/)JlﬁBTO F)
- 4 - ;08 — s 07
Lp2C pC1 pCl
= pCEC1
Laplace transforms is defined by
ffwat) = [ *flnzod=fwzs). (0

0

with basic properties
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L(F) = oF 2 - f(2.2.0) 1)

L<a2—f) = s*f(x,2,s) - sf (x,2,0) - @{)to. (32)

ot?

Fourier transforms of a function f with respect to vari-
able x with ¢ as a Fourier transform variable is defined
by

f{]‘(x, z,s)} :f(f, z,8) = 7f(x, z,5)e*dx. (33)

With basic properties: if flx) and first (n — 1) deriva-
tives of flx) vanish identically as x— + oo, then

f{af(”)} (i€)"F (€. 2.5) (34)

ox"

Applying Laplace and Fourier transforms defined by
(31)—(34) on Eqs. (24)-(29) yields

— (14 85)&%1 + (84 + 85)ilDiv
+ 8, (Dt + i€Dv ) - i€{¢p - (- a1 &>¢ + asD*¢) }

2H
(e
p

(81 + 85)i€Dit — 5,
—+ (63 —+ 65)D2ﬁ/ — &D{(i) — (— ﬂlfz(i) =+ ngZ(i))}

= (80# oo + 1)32171/
p

-Ki§¢+K3D’¢ = (1+G)

[s(86iit + 65DW) + 875{p — (- 12 + asD*$) }],
(37)

(35)

(36)

d 1w . 2b 22’ ) 2%\
D—dZ,G—X[(lfe )(1—)(S+X282 -|a —2b—',—XS e .

These equations on further simplifications become

2
[_ (1+65)€ - <—s°”EH° n 1)52 + 62D2} i(€,2,5)
+[(84 + 85 + 82)i€D)W(E, z,5)

+(-i€)[1+ @& - asD?*|$(€,2,5) = 0,
(38)
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2772
[(81 + 85)i€D)ia(€, 2,8) + | — 8262 + (83 + 85)D* — (s"/i%HO + 1)52]

W&, z,s) - %D[l + @& - asD*|p(E,2,5) = 0,
(39)
(14 G)sdei€lir(€,z,s) + [(1 + G)sdsD)w(E, z, s)

+[- K& + K3D? + (1 + G)87s(1 + a1 € — asD?) | (€, 2,5) = 0,

(40)
The above equations can be written as

(€1 + 82D i(€,2.5) + [(2DI(E. 2,5) + [+ LD p(€,2.5) = 0,

(41)

[CsD)i(§,z,5) + [C6 + D2 |W(E, 2,5) + [(sD + {9D’] $(§, 2,5) =0,

(42)

[Clo]u 672 s)+ [(11} E,Z S) [(12 + (13D2}(i§(£727 S) = 07

(43)
Equations (41)—(43) will have a non-trivial solution if

determinant of coefficient matrix of (i, W, $) vanishes,
and thus we obtain the characteristic equation as

(AD® + BD* + CD? + E) (i1, v, ) = (44)

where

d
pat
B = 8206013 + &8183 + 8287812 = 82811 8s = Cilolun = L502813 + 0281080 + C11lals = Cr08r8as
C = 0130186 + 8286812 + GilrG1a = GGl + Lalglo — 8502812 = L0028 + Lalals — L8780,

E= (12(1(6 - (ml(u(s,

D=— A= -8l + {380,

G=-(1+85&- ( OM;H + 1)S G = (84 + 05 + 82)i€, {3 = —i€(1 +ﬂlfz)s
U = a3i€, G5 = (81 + 03)i€, Ly = - 02 - (8"";”“ + 1)s G = (85 + 85),
= -(1+a:6) 2 [33 2 G 7%“3 Go = [(1+ G)s6i€], (1y = (1 + G)sd,
(o= [-K &+ (1 +G)07s(1+ a1%)], L3 = K - (1 + G)J7sas

The roots of Eq. (44) are + A, (i = 1, 2, 3). The solu-
tion of Eqs. (41)—(43) satisfying the radiation condition
that (i, w, ¢)—0 as z—o can be written as

u(é, z,s) Z Aje 17 (45)
w(é, z,s) Z diAje” bz, (46)
Ezs) =D Lide 7, (47)
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where A; j=1, 2, 3 being undetermined constants and d;
and /; are given by

_ 52(13/1‘; + ((1384
(Q1slr - Clo)A} +

- Giola + 52(12)/1,? + 1812 = 1003
(€136 + (1287 - CI(S)Ai +1ls

(48)
[ A+ (8al + G - a5 + Gl
" (Gt~ QLA+ (Gsle + Cials — Gl + Cralls.
(49)

t11(€,z,8) = i€, z,5) + 6.DW(E, z,5) — ?3 [1+ a8 - asD?] (€, 2,5),

(50)
t33(€,2,8) = 84ii(€, z,8) + §3DW(E, z,5) — % [1 +a & -a3D*|$(£,z,3),
(51)
213(6; Z7S) = 62(D£t(£: Z7S) + ifﬁ/(f,z,s)). (52)

Thus, using (45)-(47) in Egs. (50)—(52) gives

~ , 3 iy 3 1.
(€ z,8) = lerzlA/e Az g 64Dijldefe Ajz
- [1 + 4162 - 613D2} ZlelJA,e 7)”2,
(53)
2-33(5’ z,8) = 641'52?7 Aje -Ajz 63D2j:1d1'A}ve - Ajz

-ijz
lleje ”,

AR o

1 (54)

~ 3 3
t13(€a sz) =4 (DijlAje -Ajz + iEijldeje 7/1‘Z).

(55)
which on further simplification gives
11(6,2,5) = ((i€ - ardy - ([1+ @€ - ashi?|1y) )e 174,
+(i - 8adady — ([1 + € - azdy?] ) e ™A,
+(i€ = 8adads - ([1 + @1” - azds®]ls))e ~*°4;3),
(56)

i’gg(f, Z,S) = ((64[6 63A dl - [ﬁi ([1 +ll1£2 —llgAl ]11)>6_MZA1
1

(6415 53/12612—"[81([ L+ m& - a3y’ ]lz))e

1

- Angz

(5415 03M3d3 - %([1 +aé® - azhs ]13))3%31143)7
1

(57)
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h3(€,2,5) = (=1 + idy)8rA1e ™M + (= Ay + i€dy)5rA0e V2
+( = s + i€ds)drAze T
(58)
which can be further simplified as
t11(€,2,8) = (S1A1 + S2A3 + S3A3) (59)
t33(€,2,8) = (M1A; + MyAy + M3A3) (60)
f13(€,2,8) = (N141 + N2A, + N3A3) (61)
where
= {ie-0ud; - 1] (14 &) - ash?| fe
(62)
N;=8( -4, +id;)e 7, (63)

- {&U{ = Osdh; - %ll’ [(1 +a:6%) - asxlﬂ }e Az
1
(64)
Boundary conditions

The appropriate boundary conditions for the thermally
insulated boundaries z = 0 are

t33(x7 z,t) = - Fl[/ll(x)H(t)v (65)
t31(x,2,t) = — Fay,(x)H(2), (66)
g—f(x, z,t) +hp = 0. (67)

where h — 0 corresponds to thermally insulated surface
and h — oo corresponds to isothermal surface, F; and F,
are the magnitude of the forces applied and y;(x) and
Y,(x) specify the vertical and horizontal load distribution
function along x-axis.

Applying dimensionless conditions (26) and suppress-
ing primes and then applying the Laplace and Fourier
transform defined by (30) and (33) on the boundary con-
ditions (65)—(67) and using (47), (60) and (61), the three
equations in three variables A;, A,, Az are

{ -F
£33(£,0,5) = MiA; + MyA; + MaAs = %‘/’1(5)
(68)
¢ -F
£13(£,0,5) = (N1A; + N2A; + N343) = %‘/’2(5),
(69)

D(I)(E, 0, S) + h(i)(f, O,S) = (R1A1 + RyAy + R3A3) =0,

(70)
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where Rj= - Ajlj+ hl, noteatz= 0, e “4% =1, in (62-64)

for values of §;, M;,N;and D = 2

Case I: Thermally insulated boundaries
When h = 0 solving (68)—(70), the values of A;, A,, Az
are obtained as

- F1y (§)An + Fayy (§)An

A = 71
! As (71)
F Ay - F A
4, = Fnld) 12As 23(6) A (72)
F A3 - F A
Ay = 191 (§)A13 = F2y,(§) 3 (73)
As
where
A1 = = NyR3 + RyN3,
A1y = N1R3 - RiN3,
Az = = NiRy + RN,
Ao1 = MyR3 — RyM3,
Ay = - MR35 + R1 M3,
Aoz = MRy — RiMo,
A= —-MAy - MyAyp — M3zAg3,
Rj = —Al‘ll‘.
The components of displacement, conductive

temperature, normal stress and tangential stress are ob-
tained from (45) to (47) and (59) to (61) by putting the
values of A;, Ay, Az from (71) to (73) as

P Flwl(f)[z Au m] Fz% [Z Age~ ]

(74)

P1w1 [Zz e ] + Fz% [Z, (ditie ],
(75)

¢ = % [Z?leil\lie - ’1"2] Fzswf\(f) [Z?le,vA%e - A’Z] ,
(76)

EfFlwl >0 i ] + szz [Z, Siflase <]
(77)

= PO [0 e ]+ RO e
(78)

= P[0 e ] PO 5 e
(79)

Case lI: Isothermal boundaries
When h— oo ,solving (68)—(70), using Cramer’s rule, the
values of A;, A,, A; are obtained as
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- F1W1(£>AL + F2‘/’2(€)A§1

A = 80
: 1t , (50)
Ay — Fiy (§)AL, - Fay, (§) Ay ’ (81)
As
As — Fiy (§)A; - Fayry (§) Az , (82)
AN's
where
A} = —N2R; + R)Ns,
Al, = N1R; - RiN3,
A3 = =NiR; + R]N,,
Ay, = MR} - RyMs,
AL, = - MR, + RiMs,
N3 = MR - R{M,,
A" = = MiAy - MaAy, - MsAgs,
where R} = [;.
The components of displacement, conductive

temperature, normal stress and tangential stress are ob-
tained from (45) to (47) and (59) to (61) by putting the
values of Ay, A,, As from (80) to (82) as

—/1,‘2}

Fw(f) 3.
251\2* [Zi:lAZie

NG

_ Fiy,(§) [ ?ZIA»{ief)L,‘z]

sA*
(83)
= PO (97 e o] + PR (570 e,
(84)
b Fls?;\l*(f) {Z;lmite%ﬂ] Fzsl/;iff) [Zizlli[\%eﬂu}
(85)
=~ F151//A1* [Z, ISAZ'@_M] FZSWAZ* [Zz lsl\zie-)t,z]7
(86)
/1\3 = FISVIAI* [Z NA* —Az:| FZSI/IAZ*(E) [ ?leiA;ieillz}s
(87)
f = Fls'/;\‘* (>0 Midje =] + szlf* (>0 Midse ],
(88)

Applications

We consider a normal line load F per unit length acting
in the positive z-axis on the plane boundary z = 0 along
the y-axis and a tangential load F, per unit length, acting
at the origin in the positive x-axis. Suppose an inclined
load, F, per unit length is acting on the y-axis and its in-
clination with z-axis is 0 (see Fig. 1), we have

F; = Focosb and F, = Fysin. (89)
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Special cases

Concentrated force

The solution due to concentrated normal force on the
half space is obtained by setting

(%) = 8(x), Yo (x) = 8(x),

where &(x) is Dirac delta function.
Applying Fourier transform defined by (33) on (90)
yields

‘2’1(5) = 1>‘2’2(£) =

For case I, using (91) in Egs. (74)—(79) and for case IJ,
using (91) in Egs. (83)—(88), the components of displace-
ment, stress and conductive temperature are obtained
for case I and case II, respectively.

(90)

(91)

Uniformly distributed force
The solution due to uniformly distributed force applied
on the half space is obtained by setting

lif |x] <m

e = { o 1

The Fourier transforms of y;(x) and y,(x) with respect
to the pair (x, £) for the case of a uniform strip load of
non-dimensional width 2m applied at origin of co-
ordinate system x = z = 0 in the dimensionless form
after suppressing the primes becomes

2 o)

(92)

(€)= (&) = { (93)

F; = FycosB and F, = F;,sin®.

FO A F1

F2

Fig. 1 Inclined load over a transversely isotropic
magneto-thermoelastic solid
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For case I, using (93) in Egs. (74)—(79) and for case II,
using (93) in Egs. (83)—(88), the components of displace-
ment, stress and conductive temperature are obtained
for case I and case II.

Linearly distributed force
The solution due to linearly distributed force applied on
the half space is obtained by setting

{wl<x>,w2<x>}—{1‘|yﬁ—|if x| <m (94)
0if |x|>m

Here, 2 m is the width of the strip load, and applying
the transform defined by (33) on (94), we get

(95)

01(6) = 9(€) = {M}so

Em

For case I, using (95) in Eqgs. (74)—(79) and for case II,
using (95) in Egs. (83)—(88), the components of displace-
ment, stress and conductive temperature are obtained
for case I and case II, respectively.

Inversion of the transformation

To find the solution of the problem in physical domain
and to invert the transforms in Eqs (74)—(79) and for
case II in Egs. (83)—(88), here, the displacement compo-
nents, normal and tangential stresses and conductive
temperature are functions of z, the parameters of La-
place and Fourier transforms s and ¢ respectively and

hence are of the form f (£, z,s). To find the function f(
x,z,t) in the physical domain, we first invert the Fourier
transform using

f(x,z,8) = %/_Ze"‘fxf(f,z,s)df
[ leostenif, -isntenf,Jaz. ()

T
1
27
where f. and f, are respectively the odd and even parts
of f(€,z,5). We obtain Fourier inverse transform by re-
placing s by @ in (96). Following Honig and Hirdes

(1984), the Laplace transform function f(x,z,s) can be
inverted to flx, z, t) for problem I by

e+ie

flx,z,t) :% / f(x,2,5)e " *ds. (97)

The last step is to calculate the integral in Eq. (97).
The method for evaluating this integral is described in
Press (1986).
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Numerical results and discussion

To demonstrate the theoretical results and effect of
memory-dependent derivatives, the physical data for co-
balt material, which is transversely isotropic, is taken
from Kumar et al. (2016) given as

C11 =3.07 x 10""Nm =2, Cs33
=3.581 x 10"Nm =2, Cy3
=1.027 x 10'°Nm 2, Cy
=1.510 x 10""Nm 2, B,
=7.04 x 10°Nm ~2deg ', 5,
=6.90 x 10°Nm ~2deg !, p
= 8.836 x 10°Kgm ~3,Cg
=4.27 x 10*jKg ~'deg "', K,
=0.690 x 10*°Wm ~'Kdeg "', K3
=0.690 x 10*Wm 'K~ K}
= 1.313 x 10*Wsec, K3 = 1.54 x 10*Wsec, T
=298K,Hy = 1Jm ~'nb 1!, g
=8.838 x 10 " 2Fm~!,L=1.

The values of rotation 2 and magnetic effect H,
are taken as 0.5 and 10, respectively. The software
FORTRAN has been used to determine the compo-
nents of displacement, stress and conductive
temperature. A comparison has been made to show
the effect of kernel function of MDD on the various
quantities.

1. The solid line with square symbol represents a =
0.0, b=00, K(t- ¢ =1,

2. The dashed line with circle symbol represents a
=00,b=1,K(t-&) =1+ (E-1)/x,

3. The dotted line with triangle symbol represents a
=00,b=1 K(t-&)=§-t+1,

4. The dash-dotted line with diamond symbol repre-
sentsa=1,b=1, K(t-& =[1+(E-0)/y*

Figures 2, 3, 4, 5, 6 and 7 shows the variations of the
displacement components (# and w), conductive
temperature ¢ and stress components ( £1, £;3 and t33)
for a transversely isotropic magneto-thermoelastic
medium with concentrated force and with combined ef-
fects of rotation, two temperatures with different kernel
function K{(z - &), respectively. The displacement compo-
nents (# and w), conductive temperature ¢ and stress
components ( £;; and t3) illustrate the opposite behav-
iour for the kernel function a =0.0,b= )% K (=€)

= &~ t+ 1 but with other kernel functions shows the
same pattern. However, stress component £33 illustrate
the opposite behaviour for the kernel function [1 + (£
~-1)/x]* but with other kernel functions shows the
same pattern. These components vary (increases or
decreases) during the initial range of distance near
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i
0.6 -
0.5
0.4
0.3 1
0.2
0.1
0.0 -
0.1

Displacement Component u
SO oo
a b W N
| I T |

Distance x

Fig. 2 Variation of the displacement component u with distance x

the loading surface of the inclined load and follow a t33) for a transversely isotropic magneto-

small oscillatory pattern for the rest of the range of thermoelastic medium with concentrated force and

distance. with combined effects of two-temperature model of
thermoelasticity with different kernel functions of
MDD, respectively

e In order to estimate the nature of the displacements,
stresses and temperature distributions in the physical
domain, an efficient approximate numerical inverse
Fourier and Laplace transform technique is adopted.

Conclusion
From the above study, the following is observed:

e Displacement components (# and w), conductive
temperature ¢ and stress components ( t11, t13 and

0.1+
2 0.0+
ic
[}
c
8_ !
£ 0.1
o
@] i
2 4 —— a=0, b=0, K(t-£)=1
g 02- . -~ a=0, b=1/2, K(t-€)=1+(E-t)/y
% +, /R S weee =00, b=1/Xy K(t-§)=§-t+1
g |ir -=--a=1, b=1, K(t-§)=[1+(E-1))/x*
O -03!F
'04 T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10
Distance x
Fig. 3 Variation of the displacement component w with distance x
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_\_\_\o

K(t-¢)=1
=112 K(t-§)=1+(&-t)/x
IX: K(t-§)=¢-t+1
, K(EE)=[1+(E-0)x?

=3
(9]

-
o

©
w»

©
o

Conductive Temperature ¢

©
[¢)]
1

X
©

Distance x

Fig. 4 Variation of the conductive temperature ¢ with distance x

~ -

e Moreover, the magnetic effect of two temperatures,
rotation, and the angle of inclination of the applied
load plays a key part in the deformation of all the
physical quantities.

o Kt-6€=[1+(&- t)/)(]2 shows the more oscillatory
nature for the displacement components and stress
components.

The result gives the inspiration to study magneto-
thermoelastic materials with memory-dependent
derivatives as an innovative domain of applicable
thermoelastic solids.

The shape of curves shows the impact of Kernel
function on the body and fulfils the purpose of the
study.

c
(0]
o
o
Q.
E o
(@] 1 g
g 41t ¢ a=0, b=0, K(t-§)=1
& 51 7 --=--a=0, b=1/2, K(-§)=1+(&-t)/x
5 -6__ !! ..... dooeese a= O, b 1/X, K(t—g) §t+1
g - a=1, b=1, K(t-€)=[1+(E-t))/>
-l r
sl?
1t
‘9 " I I T I T I I 1 T 1
o 1 2 3 4 5 6 7 8 9 10
Distance x

Fig. 5 Variation of the stress component t;;with distance x
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3 4 5 6 7 8 9 10
Distance x

e The outcomes of this research are extremely helpful
in the 2-D problem with dynamic response of
memory-dependent derivatives in transversely
isotropic magneto-thermoelastic medium with two
temperatures which is advantageous to successful
applications of memory dependence in heat
conductive sense.

Nomenclature

;7 Kronecker delta

Cjjue Elastic parameters

B Thermal elastic coupling tensor
T Absolute temperature

T, Reference temperature

¢ conductive temperature

coo
ON D
| I

Stress Component {4,
=
P Y

1
-
o
|
~e
-~

S
-~

—— a=0, b=0, K(t-£)=1
--+--a=0, b=1/2, K(t-£)=1+(&-t)/y,
..... PR a:O, b:’]/X’ K(t_g):g-t-{-']

--—-a=1, b=1, K(t-€)=[1+(&-1)]/x>

Distance x

Fig. 7 Variation of the stress component t33with distance x
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L;; Stress tensors

e;; Strain tensors

u; Components of displacement
p Medium density

Cr Specific heat

a;; Two-temperature parameters
a;; Linear thermal expansion coefficient
K;; Thermal conductivity

T;; Maxwell stress tensor

x Time delay

Ho Magnetic permeability

K(t - ) Kernel function

u Displacement vector

Ho Magnetic field intensity vector

7 Current density vector

F; Components of Lorentz force
To Relaxation time

&o Electric permeability

4(t) Dirac’s delta function

7 Induced magnetic field vector

E Induced electric field vector
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