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Abstract

In this paper, the reflection of plane waves at a free surface of a nonlocal
microstretch thermoelastic medium is investigated within the framework of the
three-phase-lag (TPL) heat conduction theory. The model incorporates the
combined effects of nonlocal elasticity, voids, magnetic field, and initial stress. The
governing equations are formulated and solved to obtain analytical expressions for
the amplitude ratios and energy ratios of reflected longitudinal and coupled
transverse waves propagating with distinct phase velocities. Numerical
computations are performed to examine the graphical influence of key physical
parameters on wave characteristics. The results indicate that the void parameter
generally reduces the amplitude ratios, whereas the nonlocal parameter significantly
influences transverse wave components. The magnetic field predominantly affects
longitudinal wave reflection, while initial stress produces contrasting variations in
amplitude ratios. It is further observed that transverse wave amplitudes vanish at
limiting angles of incidence, and the primary longitudinal wave remains dominant.
Energy analysis confirms that the sum of energy ratios is unity for all angles of
incidence, ensuring conservation of energy. The present study provides useful
insights into wave propagation phenomena in complex thermoelastic materials with
microstructural effects and external fields.
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1. Introduction

The nonlocal elasticity model provides a unique perspective on material behavior. According to this
approach, the strain at a given location across an elastic material is not the only factor that determines the
stress there. Rather, the strains are found throughout the entire substance at every other location. Because of
this unique characteristic, the nonlocal continuum approach takes into account data regarding interactions
between atoms or molecules inside the material. Edelen et al. [1] gave the idea of continuum nonlocal
mechanics. Eringen extended the idea of nonlocality to elasticity in a series of articles [2-4]. Later on, McCay
and Narsimhan [5] came up with a theory about materials that can conduct electricity but also have special
properties when you consider long-distance effects. Some important researchers have made significant
contributions to nonlocal elasticity, including Altan [6] and Craciun [7]. Lebon and Grmela [8] also worked on
how heat spreads in solid materials but in cases where these effects are not forceful. Narendr [9] studied how
waves twist through tiny rods using a special mathematical approach called spectral finite element and ideas
from nonlocal continuum mechanics. Khurana and Tomar [10] also examined how waves travel in materials
that have tiny spaces (voids) in them. By using a temperature-dependent elastic model in a nonlocal rotating
micropolar medium.

Advanced technologies such as particle accelerators, rapid-burst nuclear reactors, and pulsating laser have
led to increased interest in generalized models of thermoelasticity among researchers and engineers. These
models are important because they deal with materials that respond to changes in temperature and mechanical
stress, and they involve equations that describe how these responses happen over time. Several well-known
generalized thermoelastic theories have got the attention of researchers. Lord and Shulman [11] proposed
Fourier’s law with a thermal relaxation time parameter, called the single-phase-lag theory. Later on Green and
Lindsay [12] proposed a new model with two relaxation times. These relaxation times describe how stress and
temperature interact over time. These models are vital for analyzing and designing systems involving extreme
conditions like those originating in nuclear reactors and lasers. In addition to the previously mentioned models,
Tzou [13] and Chandrasekharaiah [14] developed an gltemative theory about thermoelasticity. They

introduced two-phase lags Ty and T, for heat flux vector q. Ty and T are used to explain how temperature

changes and how heat moves in a material. He explained how temperature and heat changes occur in materials
with these three different time delays. These improvements help us understand more intricate situations of how

materials respond to heat flow and temperature changes in numerous real-world problems. Along with Ty and
T4, phase lag T, is introduced in the thermal displacement gradient V2. Quintanilla and Racke [15] examined
the heat equation with three different phase-lag parameters, satisfying the conditiond = T, < Ty < T;.

Eringen established a theory called microstretch elastic bodies [16], which is an extension of micropolar
theory. The simplified version of the micromorphic theory is also introduced by Eringen [17]. Micropolar
theory is widely acknowledged and has several applications. Microstretch theory is simpler than micromorphic
theory but not as versatile as micropolar theory. It's like a basic mathematical model that can describe certain
materials but doesn't cover as many different situations as micropolar theory does. So, it's used for materials
that don't quite fit into the micropolar framework. Microstretch solids are materials where the tiny particles can
not only move around (translate) and rotate but also expand and contract. So, the movement of these particles
is divided into seven different ways: three for moving around, three for translation and rotation, and one for
stretching. These seven degrees of freedom help us to understand how these materials behave and respond to
forces. In a microstretch medium, Khan and Zafar [18] investigated the behavior of laser on plane waves.
Alhejaili [19] discussed the nonlocal wave propagation in photo-thermally excited magneto-microstretch
semiconductors. Few core studies on three phase leg theory, thermoelastic media and MHD flow can be seen
in [20-27].

The phenomenon of wave reflection in a nonlocal microstretch thermoelastic medium is examined in this
work using the three-phase-lag theory. The effects of magnetic fields, voids, and initial strains are also
included. In the specified medium, longitudinal and coupled transverse waves are reflected at different
velocities. The amplitude ratios and energy ratios of several reflected waves are computed numerically. The
amplitude ratios are also presented graphically.
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2. Governing Equations

For a nonlocal microstretch thermoelastic media, the governing equations are taken from Eringen [28] and
Khurana and Tomar [29].

2.1: Constitutive Relations:

;%% = (1 - €’V = (Au,, + 299" — B0 — P+ b®)6,; +p(u,; +u;;) +

K[u’})i - Ez'_;l';l"qb;") - Pmi_;l" (1j
rni}_Locﬂ: — (1 — E: F:)Tni}' = agb?‘,?‘ﬁij +-|qui..}' + }J(,‘b}.ﬂ. + bl}E?ﬂji ("b;n’ (2)
mz'mmz =(1- E:F:)mz' = agp,, + bugfjkfibj,kr (3)

where ; components of nonlocal microstretch vector, &g, Ay, By microstretch constants, 4, it are lame’s
constant, ¢ micro-rotation vector, &; ; components of nonlocal stress tensor, 1 displacement vector, ¢* scalar
microstretch, P initial stress, O; ; Kronecker delta function, ¢;; rotation vector, and &;;. is an alternating

tensor, &, 3, K,y are micropolar constants. §; = (34 4+ 2u+ K)a, , @, linear thermal expansion

coefficient, the quantities o; }-L”“:,mi _J-L““:,mil'”“: represent the local microstretch thermoelastic solid,
8 =T — Ty where Ty, T shows reference and absolute temperature are explain as | T;_T':' | « 1, € = ega,
o
the nonlocal parameter, @.; €y a material constant.
2.2: Stress equation of motion:
= " - - a4

V(V.u)(A+p) — BVT+ (K + )V + A,V + KV x ¢ = (1 — €°V )p f (4)

where 2 density.
2.3: Couple stress equation of motion:

- -3 - - - ] aﬁg
—yWWx(Vx@)+VxXuK+ (a+B+yV(V.¢) — 2K¢ = (1 — €*7?)pj —= (5)
where j the microinertia.

2.4: Equation of balance stress moments:
2w = ¥ o 272 P}'na:‘?z"-
@V @' —AgV.u+ Bl —A,¢" = (1 - eV7) = 3e2 " (6)

where jg is the microstretch inertia, 44 is the microstretch constant.
2.5: Heat equation:

The nonlocal generalization heat conduction equation is specified as [30]:
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(1- €73 (1 +rq£+r;£jc}’ =—(147,2) vk -k (1 4+, 2)vT, (7)

For nonlocal thermoelastic media’s linear theory, heat conduction equation is given as:

pTy = —V.q, (8)
(1- E:V:)PTD?F = ef Ty + pCel + BTy ", (9)
where specific entropy is 77 and heat flux vector is C_}" Using Egs. (7) — (9), one can obtain:

[k (1400 L) + 81 (r 2 +1)| 72T = (r, 241+ 22 2) (BT, + pCaT + BoTod" +
mTy®), (10)

where Cg specific heat, K] = Cg(Ad + 2u) /4 material characteristic, K* thermal conductivity, € cubical
dilatation and By = (344 2u + K)a,_, @, linear thermal coefficient.

2.6: Volume fractional field equation:
The voids equation (see ref [35]) is given by

a8

h:‘,:‘"'gzﬂzl’[l—fjvzjary (11)
where h; = a® ,andg = — (be,, + &P —mT), a,&, b the void and, M the thermo-void parameter.
3. Formulation of the Problem

For two-dimensional space, a homogeneous, nonlocal, thermoelastic microstretch medium is considered under three-
phase lag model. Cartesian system is presented with Z-axis directed vertically downward. The wave is propagating
along X-axis so that the particles are equally displaced parallel to ¥-axis as shown in Fig. 1.

Free surfacez = 0

Nonlocal microstretch
thermoelastic medium

Figure 1: Geometry of the problem.
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For the current problem, 1 displacement vector, the microstretch parameter ¢* and micro-rotation vector ¢
are given as:

ul(x,z,t) =u=wu;, wix,z,t) =w =ugv=u,=0,(0,¢,,0) = $.¢° = ¢*(x,z,1), (12)

By using Egs. (1) — (3) along with Eq. (12), the stress components are given as:

ﬂ_xxj_-ocﬂl — [1 —_ E:F:]ﬂxx = A%""A’qu% _181'9 — P+ b+ [A—+ 2u+ K] Z_::r [13)
ﬂ_zzi-ocnl — [l — gl ]?3]0-33 = AZ—:+AD¢:* — ,[215' —P+be+ [J-'L +2u+ K:] %r [14)
ocal — 2l Bu
g% =(1—€e*V)o,, (_H—I- )——fi'fﬁ ‘|‘(.H‘|‘K__)§r (15)
ocal 272 — E'q.’s-: qus'
m ket = (1—e27)m,, = y 22 -, 2, (16)
ocal — 4 = E'q.’:__ aé
m, focal = (1— 27 Y)m,, = + by (17)
Local — Il aé“
m, =(1—€eV)m, —%a +b (18)
m % = (1 — e’V )m, = a, a; bu%r (19)

Using Eq. (12), the Egs. (4)—(6) and (10) are as follow:

se _
ax
(20)

(}I,-I-,u—i- )——ﬁla (K———i—_u)? w+ pHO* ( +:j:) K%—I—AD%—H;

art’

(A+u+2)E -+ (K —T+p) 72w+ K22+ 2, +b -I-_HEHIII( +“]—

dxdz
[l—E V- ]pﬁ (21]
u dw
(1-7D)pjle =k (2 -2%) +yv2, — 2K, (22)
2 g i na
@gV2¢" + By — Ay¢' — Ape = (1— 272)p2 2, (23)

[ (147, )—l-f{*(l—l-rra)]l?i" (147,23 +qard}[ﬁlna +mTﬁa+chard+
BT, 2%, (24)

2

The non-dimensional variables are introduced to facilitate the solution:
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R w’ — o~ = = T-T - o P
[E,x,z] = [ﬂs,:x,z] C—D, [:t,ry,rr,rq)= [t, T T T, )m*, g = rnn’ gy = .E_-_lg’ (¢:!¢e) =
v Al s g Gy (.'\-\.- o ) _ [ ) w' £ gl Cp zZ
(¢, 33.__{:', (it, w) = (u,w) R m; ;) = (m;m; TN w' == C;
(A+2u+E
e .

In the form of potential functions, 1 and W are:

_dg , 8y  _ dg @y

L= — W =—-——
dax az "’ 8z dx [26]

(25)

The potential functions § show the dilatational and 3’ show displacement vector’s transverse part. Using non-
dimensional variables in Eq. (25) and the potential functions (26), the stresses in Eq. (14), (15), (17) and (19) and

the governing Eq. (20) — (24), provide the following relations (for convenience neglecting the tildes)

I 22 a® a8* a*
0. = (1-€7%)a,, = C, 52 + 35+ (G- Dt +a¢' — 6 —P + b2,
] . 2 2 _ aﬂ aﬂ aﬂz‘b
Crleﬂcn =(1-eV)o, = Ca;azf -G a;i +(1- Cljm — (39,

8, 8"

L I — Zrr2 —
mz}_ oCal — (1 — £ F )mz}_ —_— CE Az + CE Ax »
Locel _ 22 — a¢’ _ By
m_ =(1—e"V)m_=C, — —Cepo

72— Ry —(1- V) ]y +ap —6-P+Aa,2=0,

F:_“Etl_E:F:];T;]q_“3¢: =0,

_F:——Ea4—-aEU;—E:F:]§%]¢34—a4F:q==&

F:——ae—-a?U;—E:F:];;]¢*4—a39——a9F:$==ﬂ,

£172 2 _ 22y 8%

a’'V®+mb — & — bV J,Lr—p,t'[l—fl?']ar:,

Where

_ 4 _ K _1 . _ve” _ bow” o _
CJ'_P ”CE_PE“C“_%’ 1= € o C7 ply’ C2 1

— —_ K — o —
Ay = aonsg? 2T F ﬂa—rg;ﬂ4—w—a;ﬂ5—_rﬂs— Q7

(27)
(28)
(29)
(30)
(31)
(32)
(33)
(34)

(35)
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cd _ Ayed K T T, b Ho®
:I':‘IEDD a _I:;lj\-l}: IE_:: 5]_ IEDIE — ,C :HE .

€L —£ = LI a. <  a., =
8 g BT u"’ 10~ oot G

4.Solution of the Problem

The XZ-plane is experiencing positive propagation of the harmonic waves at a speed of 17, the potentials are
written as:

[f]": wr Er ¢, qbi-!qb::] = [Erarararqb%raj)exp{ik(ﬁ'F - Utj}: (36)

where ﬁ the unit vector, & is angular frequency, defined as & = kv, k wave number and I the position vector.
Using Eq. (36) into Egs. (31) — (35), we get set of equations:

(k%d, +d )P —6 +a,¢* +A4,2 =0, (37)

(k3d, +dy)¢* + 2a.k*P+a.f = 0, (38)
(k2dy + d,g)8 — k?dy, i + L' —mL,® = 0, (39)
(k*L, 4+ L.)#+ 2bk*p + mb =0, (40)
(k:d4+dajﬁ—ﬂaa=ﬂ: (41)

(k2dg +dg), —ak?g =0, (42)
where

2[a5m:£: 1), d, = a5m 2(14, d = E[a?m £’ 1], dy = 2(a,, — w1, — @1, 0, —

), dg = m:a? —ag, dyyg= (1 — T, — g), ,=28,d,, Ly = pyw-e® — 2a’, L,=

pxm® —¢.
The existence condition for non-trivial solutions of Egs. {37) — (40) are:

v®+ Fr® +Gv*+ HvP+ =0, (43)

oot (), m (@), et (8 -0 (5)
Q, =d,Lgv,gdg +d,Lym*dg — dyagL,Ls,

@, =
2mbl,n ag + dydglodg — 2magl, A, — 2agl.a,d,y + 2bmdgL, —mA,dgL, + 2bA,agl,
—2d A, bd,; +d,dgLod,; — 2agl,L; + d dgd L, — d Lagl, —d,L,agL.
—L.dgL, + 2azA,L,b+m*d,d,L; —a,L,a;L; + m*d,dgL, — 2m*ayL,a,
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+d,dgdgl; — 2agdqa, L, — 2bd,yd, A) + dgl od,pd, +d,d,pd,L, +d,L_dgd,
—agl,d,L, —2a,dpasl, +d,Lydsdy —aglya L,
Q. =d,dgdgd,y —d;LL,— 2bdA,d; +d,dgl,d, —2a,d;Ll,a, + d,Lodyd, +
dygLydyd;, Qs = dyL,d;ds.

—d, L L, + dod,dyg — dgl,L, — 2L,agL, + 2bd,mL, — 2bA, d,
QE B ( )’

Here, the four complex roots L‘E of the Eq. (43) gives the four sets of longitudinal waves. Eqgs. (41) and
(42) give a non-trivial solution only if the coefficient matrix's determinant equal to zero.

vi4+ Mvi 4+ N=0, (44)
M= @ (Ll +LyL.—aga,) N = @ (L,L.)
LL, ! Ll '

The roots of Eq. (44) can be found using

2 -M/MT=aN
Vi = (45)

which is related to the speed of the transverse waves. v5: and vE_: are real and positive. It is noticed that the

speeds ¥ and ¥z do not depend upon microstretch, thermal, and void factors and are impacted by the existence
of nonlocality and micropolarity.

5.Reflection Phenomenon

Consider the plane wave with amplitude A5 and velocity V propagating at an angle of &5 with the
perpendicular. Regarding the incident wave, we get longitudinal waves of amplitudes A4, A5, A5, A,
propagating with the speeds ¥}, V5, V5, V and making angles 8, &, , 85,8, respectively, with the normal. The
transverse waves are making angles 85, 8y with normal, having amplitudes Az, A¢ are propagating with speeds
1%, Vi, as displayed in Fig. 1.

The potentials of reflected waves are expressed as:

Eq! (’ffjﬂj ‘#’] = (lrﬂll‘gi’ iF'rijjilli!l‘:;lill_ +E?n=1(j"ﬂm’3m’ K:'J‘l:]'A:'J“I G:l:’ (46]
[:]1er quj = ?n=5(1!nm )AJHG:‘:’ (4?)
Where

G- = expliky(xsinf, —zcosfy) —iwyt], G = eirp[tkm (zcosB,, +xsinf, ) —iw,t],
the. 2., £, and K, are the coupling parameters among g, ¢, &, € and 17,;, the coupling parameters between
1 and gb, .The coupling parameters are defined by

_ IbAknag—24 kpas—2kmag(knl g L) —ag (kL L (k5L g )
@yagl ki Loy +Lyc (K Lo+ Ly (K3 L+ L, ) +md, (k3 L L,
(Rl +L )2y +2a k],

m ¥
g

]

m r

[1)
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_ mlkR L 4Ly )0+ 2agky —2bag ki, _
Km = - ag(kZ Ly +L,c ) , (m=1234), (48)
Ny = Ik'"iﬁﬂ, (m = 5,6). (49)

]

6. Boundary Conditions:
Atz = 0 boundary conditions are:

i. Neglecting of transverse and tangential component of stress

P = _JB'E’ (ED]
Towe — 'sz.r =0, (51]
ii. Neglecting of couple stress
mg, (x,0,t) =0, (52)
iii. Neglecting of microstress
m_.(x,0,t) =0, (53)
iv. No change in temperature
8(x,0,t) =0, (54)
v. Neglecting of equilibrated stress.
d&
2 (x,0,6) =0, (55)
The Egs. (50)-(55) are corresponding to local stress boundary conditions, are defined as:

Fl 1 1  d
P 4 glecal = glocal _pg, = m‘i’,ﬁ."“‘ = mLocal i ==§g=0. (56)

The above boundary conditions are trivially satisfied iff vy = @y = @, = @y = @Wg = @y, which gives

k.sin8. = k,sinfy; =k,;sinf, =k,sinf, =k,sinf, =k;sinf; = k_sinf,
This can further be written as:

ginf, _ sinf, sinf, =sinf; _ =inf, =sinf; _ =inf, [5?)
Wy v, Wy Vy v, Ve v,

Using Eqgs. (46,47) to boundary conditions and using extended Snell’s law in Eq. (57), we get six linear non-
homogeneous equations which are explained in matrix form as:

Z_?zl qm}'zj = X?n: (]‘?‘1 =12,.. rﬁ)r (58)

-

B
where Z; = —

K- ,(j=1.2,...,6) are the amplitude ratios. [qm }-] are the elements of the coefficient matrix are
o
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given below:

q1}-=(C1+(1— Jcos® 8, —I-Zf f)k},qn = (€, — 1)k; sin 6, cos 6,

qsj = C?T]}-k}- COS 6'}-, q3; = CE_E}-k}-sin E}-,qE_}- =10, q¢; = K}-kl COS 5'}-,

qy; = (€, — 1)k} cos@, sinf;, (j = 4.5,6),q,; = (C: sin” 6, — %* — C,cos” 5'}-) k?

¥ }.’
d
qe; = 0,q5; = Cgn;k;cos6;,q,; = —Cgkjn;sinb;,q5; = 0,

Xy = =910, X5 = g0 X5 = — Q51 X3 = G210 Xg = Ggpp K3 = —qay-
7. Energy Partition

The examination of harmonic wave propagation cannot be confirmed at the boundary surface without the balance
of energy. Split of energy between incident wave and six reflected waves at =2 = 0,

Per unit area, the instant rate of transfer of energy [31] is define as:

Y=0_w+o_ 1+ mz}_qﬁ +m_g¢", (59)
Let < ¥; = and< ¥; = (i = 1,2, ...,6) show the mean energy transmitted by incident and reflected waves,

respectively. E; ({ = 1,2,3,4) is the ratio of the incident wave's energy to reflected longitudinal waves. Also,

E'E-(I' = 5,6) for the ratios of incident wave energy to energy transferred by reflected transverse waves.

E; (i =1,2,...,6) are as follow:
=¥

E ==, (i=1234,56), (60)
=¥p=
— TP d g ::';lll."- 3 —
Y. [(l-I- R k?) aE ]Z klw.cosf;, (i=1,234),

"

Y, = Zk}w, [cns 8. (C: sin® 6, — :"r‘ — Cycos® 6, ) + sin 8, ( E“’r‘ — (€, — 1) cos*® 5‘5)], (i =
5,6)

Y, = [(1—|—%—“;;"—d;§") L C_]Z k3w, cos8,.

By using the following numerical values, the amplitude and energy ratios are computed. Figs. (2)-(4) display
physical behavior of initial stress, void effect, magnetic field's effect and nonlocal parameter.

Cr=1.04x103Kg K™, A =94x10%kgm s %, a, =05x 103K 1p =174 x
103kgm™3 M= = 4.0 % 10¥%kgm 3, K* = 1.7 x 10°Jm™! lfrl, y = 0779 x

10~ Skgm s %1, =03s,1, =015,1, =025, = 0.195 X 107°m,K = 1.0 X

10°kgm 1572,/ = 0.2 X 107®*m*, a, =0.4X 103K, T, = 298K,e, = 0.39,a,, = 0.5 X
10™%m. j, = 0.196 X 10™*m?, 1, = 5.7702 X 10 %kgms 2, a, = 1.5947 X

10~ %kgms 2,4, = 3.4650 X 10 %kgms™>, b, = 0.9 X 10 kgms~%,m = 2 X 10°Nm™,

¥y =1753 x107"m?, § = 1475 x 10°Nm™2%, a* = 3.688 x 107°N,b = 1.13849 x
10Y°%Nm ™2
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Fig. (2) explored the behavior of non-local parameter on amplitude ratios. The amplitude ratio |Z:| decreases
as void parameter increases. The amplitude ratios |Z 3 lto |Z E,| rise as nonlocal parameter increases while Fig.

(2) demonstrates that | Z, | decreases from & = 30° to 60° as the nonlocal parameter € decreases. Fig. (3)
shows void effect on the amplitude ratios under three-phase lag theory. Fig. (3) deliberated that the amplitude
ratios decrease as void parameter values are increasing. The amplitude ratios show decreasing effect in all
profiles as increasing the value of void parameter b because voids in the medium are increasing as a result
waves faces more hurdles and displacement of particles in the medium decreases. Fig. (4) is portrayed to
observe the impact of magnetic field on amplitude ratios. It is examined that |z 1| to |Z 4| rises because

magnetic field is perpendicular to the wave's propagation in longitudinal waves while the |z 5| and | Z E,| trim
down by increasing magnetic field because the magnetic field in transverse waves is parallel to the wave's
propagation. The consequence of initial stress on amplitude ratios is depicted in Fig. (5). It shows variation of
|z i | on initial stress parameter against angle of incidence. It is investigated that the amplitude ratio |Z 1| to

|Z 4| decreases as the value of initial stress increases while the amplitude ratios |Z 5| and | Z E,| increases by
increasing initial stress.

Fig (6) illustrates the impact of | E; | (1=1,2,3,4,5,6) and sum of energy ratios against incidence P wave. It is
examined that | E 1| and total of energy ratios are almost equivalent and equals to one because amplitude ratio of
|E.'1| is greater as compared to others. The values of |EE_| and |E'?| are quite minimal. The energy carried by

|EE| |, |E.'4| and |E.'5| are greater as compared with |E'E_| and |E'?|. Furthermore, it is also observed that during
the reflection, there is no energy loss.

8. Conclusions

The reflection behavior of plane waves in a nonlocal microstretch thermoelastic medium under the
three-phase-lag theory has been analyzed by incorporating voids, magnetic field, and initial stress effects.
The analytical formulation and numerical results reveal that the physical parameters significantly alter the
amplitude and energy distribution of reflected waves. The void parameter leads to a reduction in most
amplitude ratios |z 1|, |z 2 |, 1z 3| and |Z 5|, due to increased discontinuities in the medium, while the
nonlocal parameter mainly governs the behavior of transverse waves. The magnetic field strongly
influences longitudinal wave amplitudes, whereas initial stress induces opposite trends in different wave
modes. The dominant contribution of the primary longitudinal wave is clearly observed, while transverse
wave amplitudes approach zero at specific angles of incidence. Moreover, the computed energy ratios
satisfy the energy balance condition, confirming that no energy loss occurs during the reflection process.
No energy is lost during the reflection phenomenon. As a result, the law of energy balance is satisfied for
each angle of incidence. These findings highlight the importance of nonlocal and microstructural effects in
accurately modeling wave propagation in advanced thermoelastic materials and may be useful in the design
of engineering systems involving coupled field interactions.
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