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Abstract: The current research deals with the Mathematical solutions for the thermo-mechanical response of surface waves on a

half-space with an inclined mechanical load on the corrugated-impedance surface influenced by magnetic field and thermal stress.

We utilized the harmonic approach for wave analysis in determining the solution of the model. Using Green and Lindsay theory of

thermoelasticity, the distribution fields of the system such as the thermal, normal and shear stresses, and the displacement components

were analytically derived. Also, the behavior of the two times relaxation constants, special angles of various inclinations and the effect

of magnetism, etc., on the distributions are graphically presented using MATHEMATICA 11 software. Our computational results show

that an increase in the inclined angles (special and non-special angles) produces a corresponding increase in the distribution profiles of

the surface wave. Also, increase in one of the thermal relaxation constants exhibited decreasing effects on the distribution profiles whilst

the temperature profile increases in modulation. Thus, our result holds true for the thermal assumptions of the temperature distribution

under the considered thermo-elasticity model. Also, researchers working in the area of non-destructive material testing and evaluation

would find this investigation useful; owing to the grooved-impedance coloration of the material surface and the model in its entirety.
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1 Introduction

The field of wave phenomena in solids is an ever old and still evolving field in solid mechanics especially as it con-
cerned with mathematics of waves in and on materials. These wave phenomena are utilized by old and recent devices cum
technologies for various scientific purposes such as in biomechanical fields, civil and structural engineering, geophysics
and geothermal engineering, amongst others, for information deciphering, decision making and futuristic inferences for
practical engagements. Over the years, however, Scientist in this area of specialty have devoted good front in producing
mathematical models to aid the understanding associated with phenomena of waves on materials and in particular on
surfaces of materials. These Mathematical models has not fall short in giving great insights to the behaviors of materi-
als via the utilization of fundamental laws of physics and modifications where necessary on structures cum composites.
Composite materials classed in the category of anisotropic materials such as the fibre-reinforced composite as posited
by Spencer[1], have good tensile strength, light weight and flexible mechanical properties and thus, giving them a robust
importance to the industries such as in Engineering, Architectural, Biomedical devices and material design industries.
However, in enumerating the propagation of surface waves on these composite materials, a theoretical model in mathe-
matical form are formulated while incorporating some fundamental physical effects of magnetic fields, Abd-Alla et al.
[3], rotation of the medium, Schoenberg et al. [2], etc. A magnetic field tend to result in a pull or push of the material
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depending on the model and its exhibitions since it’s a vector field that prescribes the magnetic influences on moving
charges and magnetic materials.

Be that as it may, impedance boundary conditions Singh [6], prescribes linear combination of unknown relations and
their rate of change or gradient on a given boundary of material. They are usually utilized in many fields of physics and
engineering and in particular during non-destructive testing or evaluation of materials. In addition, it is also a known
theory that boundary of some materials could be in grooved or corrugated, plane or of various configurations in practice.
Corrugated boundaries are seen as series of ridges or furrows that makes a difference across interfaces and results to a
change in physics of the modeled problem during mechanical interactions and wave phenomena, Asano [4]. These could
be represented and termed as a Trigonometric Fourier series in the mathematical sense of it. Consequently, a good number
of authors have posited or opined some models which cut across theories on these ideas of grooved surfaces and similar
wave propagation phenomena; Singh et al [9-11], Das et al [12], Abd-Alla et al. [13], Chattopadhyay et al. [14], Roy et
al. [16], Singh et al. [17], Gupta et al. [18-19] and Anya et al [20-21], as part considerations or individual case of the
interacting physical quantities especially of diverse non-homogeneous characterizations of the material other than as in
combined postulations and measures presented in this current examination. Also, some of these considerations and further
studies adduce the fact that the propagation of waves in thermoelasticity with two delay times (thermal relaxation times)
cum dual-phase-lag in practice, Chiriţă et al.[23-24], Othman et al. [25], Kumar et al. [26-28], and Abo-Dahab et al.
[29], play vital roles to studying heat flux on materials. This shows that a bulk of the work as opined in the the current
referenced literature as given above lies within the physical examination and mathematical modeling of wave phenomena
which underscores great importance in computational and Applied Mathematics.

Pursuant to the above given literatures, the current study tend to fill the gap in positing a mathematical model and
analysis that would aid the understanding of the theoretical and computational view of the dynamic response of surface
waves for a given fibre-reinforced material which incorporates two term thermal relaxation times and inclined angles
with corrugated-impedance boundary under magneto-thermo-elasticity theory. This entail that the Green-Lindsay theory
of thermo-elasticity is employed at this instance whilst utilizing the harmonic solution approach for wave analysis in
finding the analytical solution of the modeled problem. The distribution fields of the system are analytically derived
and graphically presented by considering the various effects of the contributing physical quantities of relaxation times,
magnetism, corrugation parameters and angles of inclinations of various degrees.

2 The Mathematical Formulations

The mathematical constitutive relations for a fibre–reinforcement, Spencer [1], magneto-thermo-elasticity fields, Abd-Alla
et al. [2] and Anya [22] are presented:

σi j = λ εkkδi j + 2µT εi j +α
(

sksmεkmδi j + εkksis j

)

+ 2(µL − µT )(siskεk j + s jskεki)+β (sksmεkmsis j)

−βi j

(

1+νo
∂
∂ t

)

(T −To) (2.1)

Fj = µ0H2
0

(

e,1 − ε0µ0ü1, e,2 − ε0µ0ü2, 0
)

(2.2)

In Eqs. (2.1)–(2.2), e = {u1,1 + u2,2} and εi j =
1
2
(ui, j + u j,i), i, j = 1,2,3. The quantities σi j , λ , ui, T − To and Fj

denote the stress tensor, displacement components, temperature difference and magnetic force, respectively. Moreover,
Fj gives the components (F1,F2,F3) acting on the material body. These component forces are derived from Maxwell’s
equations, Othman et al. [25]. Also, δi j is the Kronecker delta; α,β ,(µL−µT ) are fibre-reinforced parameters. We assume
Hi = H0δi3 +hi, where hi =−uk,kδi3. Here µ0 is magnetic permeability, ε0 electric permittivity, and Hi the magnetic field;
s = (1,0,0) is the fibre reinforcement directions. Thermal relaxation times satisfy νo ≥ τo ≥ 0. If τo > 0, Eq. (2.4) yields
finite thermal signal speed; for νo = τo = 0, we recover the classical theory. Under |T −To| ≪ To, denote T −To by T .
The conductivity tensor is κi j, cv the specific heat, and βi j the thermal moduli.

Sequel to these, balance laws with magnetic force Fj under Green–Lindsay theory are:

σi j,i +Fj = ρ (̈u j) (2.3)

∂

∂xi

(

κi j
∂T

∂x j

)

= ρcv

( ∂

∂ t
+ τo

∂ 2

∂ t2

)

T +Toβi j

∂Ei j

∂ t
(2.4)
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Assuming motion in the x1x2–plane, the components of Eqs. (2.3)–(2.4) reduce to:

B1 u1,11 +B2 u2,12 +B4 u1,22 −β1

(

1+νo
∂
∂ t

)

T,1 = ε0µ2
0 H2

0 ü1 +ρ ü1, (2.5)

B5 u2,11 +B2 u1,12 +B6 u2,22 −β1

(

1+νo
∂
∂ t

)

T,2 = ε0µ2
0 H2

0 ü2 +ρ ü2, (2.6)

K1 T,ii = ρ cv

(

Ṫ + τoT̈
)

+To β1 u̇i,i. (2.7)

Introducing dimensionless quantities

T ′ =
β1T

ρc2
0

, c2
0 =

B1

ρ
, η0 =

ρCv

K1

, σ ′
i j =

σi j

ρc2
0

, (x′k,u
′
k) = c0η0 (xk,uk), (t ′,τ ′o,ν

′
o) = c2

0η0 (t,τo,νo),

into Eqs. (2.5)–(2.7) and dropping primes gives:

u1,11 +B12 u2,12 +B13 u1,22 −
(

1+νo
∂
∂ t

)

T,1 =
(

η + 1
)

ü1, (2.8)

B14 u2,11 +B12 u1,12 +B15 u2,22 −
(

1+νo
∂
∂ t

)

T,2 =
(

η + 1
)

ü2, (2.9)

T,ii = Ṫ + τoT̈ +B9 ui,i. (2.10)

Note B1 = λ + 2α + 4µL − 2µT + β + µ0H2
0 , B2 = α + λ + µL + µ0H2

0 , B3 = µL, B4 = µL, B5 = λ + 2µT + µ0H2
0 ,

(B12,B13,B14,B15) = (B2,B3,B4,B5)/B1, B9 = Toβ 2
1 /(B1ρcv), η = ε0µ2

0 H2
0/ρ .

3 Analytical Solution

In this section, we adopt the normal mode analysis also being referred to as eigenvalue analysis approach of wave solution
such that the wave thermal and mechanical displacements are presented below. This is feasible because of its satisfaction
in the classical wave equation. This technique gives a feasible vibration shapes and associated frequencies that a material
body will be characterized.

{u j,T −T0 = ϑ}= {ū j(x2), ϑ̄ (x2)}eωt+ibx1 , j = 1,2. (3.1)

Introducing Eq. (3.1) into Eq. (2.5-2.7), we obtain the system of equations of homogeneous ODEs below:

(B13D2 − b2− (1+ ε0µ2
0 H2

0/ρ)ω2)ū1 +(iB12bD)ū2 + biqϑ̄ = 0, (3.2)

(iB12bD)ū1 +(B15D2 −B14b2 − (1+ ε0µ2
0 H2

0/ρ)ω2)ū2 + qDϑ̄ = 0, (3.3)

−B9 biω ū1 −B9 ωDū2 +(D2 −ω − τ0ω2 − b2)ϑ̄ = 0. (3.4)

Eqs (3.2-3.4) will produce the auxiliary equation below using the principle of non-trivial solution:

(C11(D
2)3 +C22(D

2)2 +C33D2 +C44)(ū1, ū2, ϑ̄) = 0. (3.5)

Here, C j j, j = 1,2,3,4 (C j j can be found in appendix) entails the complex coefficients of the material quantities.
Recall that the auxiliary Eq (3.5) could give positive real roots say νi, i = 1,2,3. This means that we have the solution
below by utilizing the normal mode analysis:

(ū1, ū2, ϑ̄) =
3

∑
n=1

(Nn,N1n,N2n)e
−νnx2 . (3.6)

The coefficients N1n and N2n depends on the wave number b associated with the grooved-impedance boundary and the
complex frequency ω of the wave. This holds true in the x1 direction. Substituting Eq (3.6) into Eqs (3.2-3.4), we obtain:

N1n = H1nNn, (3.7)

N2n = H2nNn, (3.8)

H1n =
(B13 ν2

n − b2 − p)νn − (iB12bνn)bi

(iB12bνn)νn − (B15 ν2
n −B14b2 − p)bi

(9)
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H1 = B9 ω
{

(iB12bνn)biνn +(B15 ν2
n −B14b2 − p)b2

−
[

(B13 ν2
n − b2 − p)ν2

n − (iB12bνn)biνn

]

}

(10)

H2 =
{

ν2
n − b1

}{

(iB12 bνn)νn −
(

B15 ν2
n −B14 b2 − p

)

bi
}

(11)

H2n =
H1

H2
(12)

The constants p,b1,q are given in the appendix section. Thus, the mechanical displacement components and stress distri-
butions on the fibre- reinforced material in non-dimensionalized forms are presented below:

u1 = Nne−νnx2+ωt+ibx1 ,

u2 = NnH1ne−νnx2+ωt+ibx1 ,

T = NnH2ne−νnx2+ωt+ibx1 +T0,

σ11 =
[

ib
(

1−
µ0H2

0

B1

)

−νnH1nB16 −H2n(1+νoω)
]

Nne−νnx2+ωt+ibx1 ,

σ12 =
[

ibH1nB31 −νnB13

]

Nne−νnx2+ωt+ibx1 ,

σ21 =
[

ibH1nB13 −νnB31

]

Nne−νnx2+ωt+ibx1 ,

σ22 =
[

ibB16 −νnH1nB17 −H2n(1+νoω)
]

Nne−νnx2+ωt+ibx1 ,

n = 1,2,3, B16 =
λ +α

B1

, B17 =
λ + 2µT

B1

, B31 =
µL

B1

.

4 Boundary Conditions

We assume that the relation associated with the grooved surface of the fibre-reinforced take the form

x2 = g(x1).

Here, g(x1) is a periodic function which is independent of x3. Asano [4], represented this Trigonometric Fourier series of
g(x1) in the form:

g(x1) =
∞

∑
n=1

(

gneinbx1 + g−ne−inbx1

)

, (4.1)

gn,g−n denotes Fourier expansion coefficients respectively whereas the series expansion order is n. This entails that the
grooved boundary surface can be denoted in cosine terms, i.e.

g(x1) = acosbx1,

as posited by Asano [4]. This is such that a denotes amplitude of the grooved boundary and b the wavenumber associated
with corrugated boundary surface with wavelength 2π/b.

Hence, the specified grooved-impedance boundary conditions with inclined mechanical loading for the modeled prob-
lem are:

The stress components w.r.t. x2 are continuous:

σ22 + σ̄22 − g′(x1)σ21 +ωZ2 u2 =−F1 eωt+ibx1 cosθ ,

σ12 − g′(x1)σ11 +ωZ1 u1 =−F1 eωt+ibx1 sin θ , at x2 = g(x1), x1 and t.
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We take thermal boundary conditions as:

T,2 = F3 eωt+ibx1 , at x2 = g(x1).

The given inclined load and grooved-impedance boundary are conditions in both vertical and shear stresses on the material
in conjunction with the thermal conditions such that F1 connotes the inclined mechanical loading quantity with angle θ
of inclination. While F3 denotes the thermal source parameter. Also, an additional loading σ̄22 due to Maxwell’s stresses
of electromagnetism Abd–Alla et al [2] and Anya et al [21–22] is applied. Zi, i = 1,2 are parameters of the impedance
boundary.

On Application of the boundary conditions, the results are presented for n = 1,2,3 as:

{

ibB16 −νnH1nB17 −H2n(1+νoω)+ absin(bx1)
(

ibB13H1n −νnB31

)

+
(

ωH1nZ2 + µ0H2
0 (ib−νnH1n)

)

}

Nne−νng(x1) =−F1 cosθ (4.2)

{

(ibH1n −νn)B
∗
13 + absin(bx1)

[

ib

(

1−
µ0H2

0

B1

)

−νnH1nB16 −H2n(1+νoω)
]

+ωZ1

}

×Nne−νng(x1) =−F1 sinθ (4.3)

(−νnH2n)Nne−νng(x1) = F3 (4.4)

Hence, solving for Nn, n = 1,2,3 simultaneously in Eqs. (4.2)–(4.4) produces the analytical solutions for the field distri-
butions of the model. Also, the Rayleigh-type surface wave can be obtained for traction-free boundary conditions only if
F1 = F3 = 0, yielding results for a plane surface with impedance boundary.

5 Computational Results and Discussion

This section gives us the room to make computational solution and analysis to the derived field distributions. The analysis
are made by presenting graphics depicting various effects of the contributing physical parameters of; inclined angles (spe-
cial and non-special angles), magnetic fields, thermal relaxation times and grooved-impedance surface characterizations
on the field distributions cum modulation of surface waves on the material. To achieve this, we have utilized the physical
constants [15] and other parameters below whilst presenting them in Fig. (1-9). µT = 2.46× 1010 kgm−1 s−2; µL =
5.66× 1010 kgm−1 s−2; ρ = 2660kgm−3; λ = 5.65× 1010 kgm−1 s−2; β = 220.9× 1010 kgm−1 s−2; α = −1.28×
1010 kgm−1 s−2; β1 = 220.9× 1010 kgm−1 s−2; ν0 = 0.15s; τ0 = 0.12s; θ = 60◦; t = 0.6s; b = 1.5; a = 0.9; F1 =
0.4; F3 = 0.1; x1 = 1.3; Z2 = 0.6; Z1 = 0.5; T0 = 293K; Cv = 0.787×103; K1 = 0.0963×103; ω =−0.03+ i0.1rad/s;
H0 = 100A/m;

Figure 1 shows the impact of the inclined angle θ on the stresses τ22, τ12, τ21, the mechanical displacements ui

(i = 1,2), and the thermal distribution T as functions of the x2 coordinate in the fibre-reinforced medium. For these
results, the contributing physical quantities—thermal relaxation constants ν0, τ0, magnetic field H0, grooved boundary
parameters a and b, and impedance Zi (i = 1,2)—remain unchanged. Our observation reveals that an increase in the
inclined angle produces a corresponding increase in the distribution profiles of the wave on the medium, except for the
temperature profile, which shows a decreasing trend. All the distributions attain maximum values close to x2 = 0.1, except
for the normal displacement u2 and the temperature T profile: u2 reaches its maximum near x2 = 0.25, while T peaks near
the end of the x2 coordinate, especially for decreasing angle. However, uniform behavior near x2 = 0.2 is observed for the
shear stresses and the horizontal displacement component u1.
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Fig. 1: Variation of inclined angle θ (degrees) on the displacement components ui, i = 1,2, stresses τ22, τ12, τ21 and
thermal distribution T versus x2 coordinate in meters.

Furthermore, Fig. 2 demonstrates the effects of the wave number b on the stresses τ22, τ12, τ21, mechanical displace-
ments ui, i = 1,2, and the thermal distribution T versus x2 coordinate of the fibre-reinforced material, whilst the physical
quantities of inclined angle θ , thermal relaxation constants ν0, τ0, magnetic field H0, grooved amplitude a associated with
the boundary, and impedance Zi, i = 1,2, remain fixed on the medium. We deduce from Fig. 2 that the normal distribu-
tion profile of the displacement u2 and the temperature profile have mixed behaviors for an increase in the wave number
associated with the surface, whilst obtaining their maximum near the initial and final length of the material, respectively.
Also, all other distribution profiles possess increasing behavior when the value of the wave number increases. All other
distribution profiles tend to yield increasing behavior when the value of the wave number is increased, whilst having
maxima values similar to Fig. 1. Although, it is evident that all the distribution profiles’ modulation decreases along the
extended length of the material for the given change. This is due to the reinforced characteristics of the medium.
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Fig. 2: Variation of wave number b on the displacement components ui, i = 1,2, stresses τ22, τ12, τ21 and thermal distri-
bution T versus x2 coordinate in meters.

Consequently, Fig. 3 showcases the impact of the amplitude a on the stresses τ22, τ12, τ21, displacements ui, i = 1,2,
and the thermal distribution T as against x2 coordinate of the fibre-reinforced medium such that the contributing physical
quantities of thermal relaxation constants ν0, τ0, inclined angle θ , magnetic field H0, grooved parameter b associated with
the boundary, and impedance Zi, i = 1,2, are unaltered on the material. All the distribution profiles except the temperature
profile demonstrate mixed behaviors for increase in the amplitude. The temperature profile T yielded an increase in
modulation at this instance of increase in the amplitude a. It shows a clear sequential behavior at this increase and as
compared with other distribution profiles. The maximum value of each distribution profile is not far-fetched from the
analysis in Fig. 2.
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Fig. 3: Variation of amplitude a on the displacement components ui, i = 1,2, stresses τ22, τ12, τ21 and thermal distribution
T versus x2 coordinate in meters.

Subsequently, Fig. 4 stipulates effects of the relaxation constant ν0 on the thermal distribution T , stresses τ22, τ12, τ21,
and displacements ui, i = 1,2, versus x2 coordinate of the fibre-reinforced medium, following the fact that the contributing
physical quantities of inclined angle θ , relaxation constant τ0, magnetic field H0, grooved parameters a, b and impedance
Zi, i = 1,2, are kept in a fixed manner on the fibre-reinforced medium. Owing to this, we observe that the shear stresses
τ12, τ21, the mechanical displacements ui, i = 1,2, and the temperature T distributions are affected in increased behaviors
for increase in the thermal relaxation constant ν0. However, the normal stress profile displays a decreasing behavior for
increase in ν0. The profiles of the shear stresses have their maximum near x2 = 0.2, while the normal stress and thermal
distributions have their maximum near the origin, say x2 = 0.09, and near the end part of the material, say x2 = 9.99,
respectively. The modulations of τ22 and T are sequentially defined in behavior.
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Fig. 4: Variation of thermal relaxation constant ν0 on the displacement components ui, i = 1,2, stresses τ22, τ12, τ21 and
thermal distribution T versus x2 coordinate in meters.

In addition, Fig. 5 gives the impact of the relaxation constant τ0 on the thermal distribution T , stresses τ22, τ12, τ21,
and displacements ui, i = 1,2, as against x2 coordinate of the fibre-reinforced medium whilst having the contributing
physical quantities of inclined angle θ , relaxation constant ν0, magnetic field H0, grooved parameters a, b and impedance
Zi, i = 1,2, fixed on the medium. Thus, the thermal relaxation constant τ0 caused a decrease to the distribution profiles
when varied in an increasing manner except for the thermal profile which produces increase behaviors. Hence, this entails
that the more relaxation time τ0 is given, the more we can tell how small in distribution of the fields on material could be,
and thus, the modulations of the wave on the material. All field distributions hold its maximum similar to the analysis in
Fig. 4 except the temperature profile which has its maximum near x2 = 0.25.
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Fig. 5: Variation of thermal relaxation constant τ0 on the displacement components ui, i = 1,2, stresses τ22, τ12, τ21 and
thermal distribution T versus x2 coordinate in meters.

Subsequently, Fig. 6 stipulates the effect of the magnetic field H0 on the thermal distribution T , stresses τ22, τ12,
τ21, and displacements ui, i = 1,2, as against x2 coordinate of the fibre-reinforced medium when the inclined angle θ ,
relaxation constants ν0, τ0, grooved parameters a, b and impedance Zi, i = 1,2 are unarguably unchanged on the medium.
The shear stresses τ12, τ21 and the horizontal displacement u1 profiles witnessed decrease in behaviors on the application of
higher magnetic fields while temperature T and normal stress experienced mixed behaviors, i.e., in decrease cum increase
exhibitions. The maximum value for the distributions could be understood from the analysis which adduces that all the
profiles’ maxima come close to x2 = 0.09 except for the temperature profile and normal displacement components which
are near x2 = 0.25. Physically, both phenomena of pull and push are exhibited depending on the distribution as considered.
Hence, higher application of effect of magnetism on the system would obviously yield smaller values of distribution and
modulation profiles as observed, generally.
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Fig. 6: Variation of magnetic field H0 on the displacement components ui, i = 1,2, stresses τ22, τ12, τ21 and thermal
distribution T versus x2 coordinate in meters.

Following the above, Fig. 7 demonstrate the effect of inclined special angles θ on the stresses τ22, τ12, τ21, mechanical
displacements ui, i = 1,2, and the thermal distribution T versus x2 coordinate of the fibre-reinforced material such that
the contributing physical quantities of magnetic field H0, thermal relaxation constants ν0, τ0, grooved parameters a, b

associated with the boundary, and the impedance Zi, i = 1,2, are sustained in fixed application on the material. Also,
the observation we can draw from this inclined special angles is that it is similar to the analysis performed in Fig. 1.
This entails that a high angle of inclination for the considered system will definitely yield corresponding high distribution
profiles and modulation of the waves on the given material. However, the behavior of both figures, that is, Fig. 1 and Fig. 7
differs within the domain 0 < x2 < 0.3 in terms of uniform and mixed exhibitions of modulations.
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Fig. 7: Variation of inclined special angles θ (degree) on the displacement components ui, i = 1,2, stresses τ22, τ12, τ21

and thermal distribution T versus x2 coordinate in meters.

Nevertheless, Fig. 8 demonstrate the effect of impedance Z2 on the stresses τ22, τ12, τ21, mechanical displacements
ui, i = 1,2, and the thermal distribution T versus x2 coordinate of the fibre-reinforced material. This is such that the
contributing physical quantities of magnetic field H0, thermal relaxation constants ν0, τ0, grooved parameters a, b, in-
clined angle θ associated with the boundary, and the impedance Z1 are unchanged on the material. Fig. 8, that is, the
vertical impedance Z2 shows very negligible behavior when increased. Thus, somewhat uniform behavior is recorded in
the modulation of the wave distribution profiles on the material.
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Fig. 8: Variation of impedance Z2 on the displacement components ui, i = 1,2, stresses τ22, τ12, τ21 and thermal distribu-
tion T versus x2 coordinate in meters.

In a similar discussion above, Fig. 9 presents the impact of the impedance Z1 on the stresses τ22, τ12, τ21, mechanical
displacements ui, i = 1,2, and the thermal distribution T versus x2 coordinate of the fibre-reinforced material whilst
the contributing physical quantities of thermal relaxation constants ν0, τ0, grooved parameters a, b, magnetic field H0,
inclined angle θ associated with the boundary, and the impedance Z1 are held constant on the material. Fig. 9, i.e., the
horizontal impedance Z1 shows a very much negligible behavior as compared with the vertical impedance when increased
on the material. Thus, uniform behavior is recorded in the modulation of the wave distribution profiles on the material.
This entails a mechanical-like resistance towards the distribution fields and modulation of surface waves on the material.
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Fig. 9: Variation of impedance Z1 on the displacement components ui, i = 1,2, stresses τ22, τ12, τ21 and thermal distribu-
tion T versus x2 coordinate in meters.

6 Conclusion

This study has demonstrated a concise analysis to the Mathematical solution of surface waves and the effects of thermal
relaxation times constants on inclined loading of a fibre-reinforced medium with corrugated and impedance boundary
surfaces under the fields of magneto-themo-elasticity. The derivations of the analytical and numerical computation were
achieved via the use of the harmonic approach after the utilization of the dimensionless quantities to the dynamic equa-
tions. We observe that the effects of the contributing physical quantities to the modulation of the surface wave on the
material were such that:

–An increase in angle (special and non-special angles) of inclination for the considered system will yield corresponding
high distribution profiles and modulation of the waves on the given material whilst noting some behavioral change in
certain domains of the material.

–The wave number associated with the grooved surface produced an increase in behavior to the distribution profiles on
the material except for the vertical and thermal distributions which show mixed behaviors when increased.
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–The amplitude associated with the grooved surface displayed a decreasing behavior to the distribution fields with some
noticeable mixed behaviors to the normal displacement and normal stress distributions when increased on the material.

–The magnetic field yielded decreasing effects to the distribution profiles and thus modulation of the surface except for
the thermal distribution which shows mixed behavior when increased.

–The increase in one of the thermal relaxation constants exhibited decreasing effects on the distribution profiles whilst
the temperature profile increases in modulation.

–The impedance quantities showed somewhat negligible behavior to the distribution profiles, signaling a resistance-like
characteristic to the modulation of the surface wave especially when increased on the material.

Hence, we conclude that this study should be able to give more insights to Scientists working in the area of wave phe-
nomena, structural and material designers, new researchers in the field, amongst others. And aside academia, the research
area is continuously being sought after in the industries like the geophysical industries in order to ascertain behaviors
of vibrational media (solids or fluids) through mathematical models for proper insights, futuristic inferences and policy
decision making. Also, the industrial importance of the research with respect to the Material Scientists is not far-fetched.
This is such that it gives a guide in the formulation of new materials in terms of physical compositions of tensile strength,
ductility, flexibility, and also with Earth Sciences associated with Atmosphere and Ocean dynamics, etc. All these infor-
mation could support the UN’s sustainable development goals (SDGs) in applied and computational sciences especially
as it is linked to SDG 4, SDG 9, SDG 13, etc.
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Appendix

C11 = B13B15

C22 = (−b2i2B2
12 − (b2 + p)B15 −B13(p− qωB9+ b2B14 + b1B15))

C33 = (b2 p+ p2+ b2b1i2B2
12 + b1pB13+ b4B14 + b2 pB14 + b2b1B13B14 + b2b1B15 + b1pB15− qωB9(b

2 + p+

2b2i2B12 − b2i2B15))
C44 =−b2i2qωB9(p+ b2B14)− b1(b2p+ p2 + b2(b2 + p)B14)
p = (1+ ε0µ2

0 H2
0/ρ)ω2

b1 = ω + τ0ω2 + b2

q =−(1+νoω)
B∗

13 = µL/B1
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