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Abstract. A problem of reflection of elastic wave in micropolar media with the void at non-
free surface is considered. The governing equations are formulated for a specific model. The 
equations so obtained are put in two dimensions and converted into dimensionless form and 
then solved with the help of the reflection technique. Non-free boundary conditions are taken 
to obtain the amplitude ratios of different reflected waves i.e. Longitudinal displacement wave 
(LD-wave), Longitudinal void volume fraction wave (LVVF-wave), Transverse wave (T-
wave), and Micro-rotational wave (MR-wave). These amplitude ratios are obtained 
numerically and also shown graphically for the non-free surface as well as for the free surface 
to depict the impact of stiffness and void. From the present study, certain cases are also 
deduced.   
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1. Introduction 
When a plane wave traveling through an elastic medium comes across a boundary surface of 
the medium, it gets reflected into the medium. This phenomenon occurs in many situations, 
e.g. seismology, engineering, optics, etc. The investigation of the reflection problem of plane 
waves is an important tool to analyze various properties of the medium. For example, such 
problems find applications in the field of seismology as a method for determining the 
characteristics of the earth's internal structure as well as for the exploration of valuable 
materials. Various authors have contributed to the field of elasticity and wave propagation, 
notable of them are [1-8]. 

An elastic material that consists of small pores is defined as linear elastic material with 
voids. In the classical theory of elasticity, the volume of such pores is neglected which plays 
an important role as the volume of such pores is to be taken as an independent kinematic 
variable.  Nunziato and Cowin [9] developed a theory that is based on non-linear elastic 
material having voids. Later on, Cowin and Nunziato [10] extended this to a linear elastic 
material having pores. Various authors have done different research on micropolar elastic 
material with void and notable them are [11-16]. 
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In the context of micropolar porous media Marin [17] formulated a heat-flux theory that 
includes the heat-flux vector and an evolution equation for it. Lianngenga [18] studied  
the problem of attenuations and phase velocities of plane body waves and their reflection from 
a stress-free surface in the micropolar material with voids and also computed amplitude  
as well as energy ratios of reflected waves. Kumari and Kaliraman [19] observed variation  
in modulus of amplitude ratios of various reflected and refracted waves against incident  
waves traveling at high frequency as well as at low frequency in micropolar elastic solid with 
a void. Marin et al. [20] showed that the solution of mixed IBVP (initial boundary value 
problem) for porous micropolar bodies depends continuously on coefficients that couple the 
micropolar deformation equations. With the help of normal mode analysis, Alharbi et al. [21] 
obtained the expression for the components of stress, displacement components, microrotation 
components, and temperature field and also studied the effect of heat source on these 
expressions in the micropolar medium with void under the theory of the three-phase-lag model 
of thermoelasticity. 

In the above-mentioned work, it is observed that the reflection of waves in micropolar 
elastic wave medium is usually taken over the free surface. However, In actual engineering 
problems due to accumulative damage, the interface may be imperfect and it will lead to a 
non-free surface with distributed elastic constraint or support. The study of the non-free 
surface is at the incubating stage. Zhang et al. [22] calculated energy flux ratios of reflected 
waves at the non-free surface of a micropolar elastic half-space. Singh [23] calculated 
reflection coefficients of thermoelastic waves by assuming different boundary conditions at 
the non-free surface. 

The concept of a non-free surface is also used in various fields of Physics such as 
acoustics and electromagnetism therefore a problem on the boundary surface is considered as 
non-free with a micropolar elastic constraint with the void, where each mass point is 
subjected to the normal, tangential and rotational stiffnesses. The amplitude ratios of reflected 
waves are calculated for the desired boundary conditions at a non-free surface. The impact of 
voids and the influence of the non-free surface on amplitude ratios are shown graphically 
against the angle of incidence. 

 
2. Governing equations 
The field equations and constitutive relations in absence of body forces, body couples, and 
heat source (Eringen [24] and Iesan [25]) are as follows: 
(λ + µ)∇(∇. u�⃗ ) + (µ + K)∇2u�⃗ + K�∇ × ϕ��⃗ � + β∗∇q = ρ ∂

2u��⃗
∂t2

, (1) 

(α + β)∇�∇.ϕ��⃗ � + γ∇2ϕ��⃗ + K(∇ × u�⃗ ) − 2Kϕ��⃗ = ρȷ̂ ∂
2ϕ��⃗

∂t2
, (2) 

α∗∇2q −ω∗q
•
− ξ∗q − β∗(∇. u�⃗ ) = ρκ∗ ∂

2q
∂t2

, (3) 
tij = λur,rδij + µ�ui,j + uj,i� + K�uj,i − εijrϕr� + β∗qδij, (4) 
mij = αϕr,rδij + βϕi,j + γϕj,i , (5)

 where λ, µ  are Lame's constants, t is time, tij are stress components, q denotes volume 
fraction field, δij is Kronecker delta, ρ is density, u�⃗  is displacement vector, ϕ��⃗  denotes 
microrotation vector, εijr is an alternating tensor, α,β, γ, K  are micropolar constants, ȷ̂ denotes 
micro-inertia, mij denotes component of couple stress tensor, ω∗,β∗,α∗, ξ∗, κ∗ are material 
constants due to presence of voids, ∇2  represents Laplacian operator. 
 

3. Solution procedure 
We consider a homogeneous, isotropic micropolar elastic half-space with the void at a non-
free surface. The rectangular cartesian coordinate system (x1, x2, x3) having an origin at 
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interface x3 = 0 is considered along with x3-axis pointing normally into the medium as 
shown in Fig. 1. Plane waves in x1-x3 plane are considered such that the wave-front is 
parallel to x2-axis, therefore all the fields variable depend only on x1, x3, and t. Thus, the 
problem is considered two dimensional, so we take 
u�⃗ = (u1, 0, u3), ϕ��⃗ = (0, ϕ2, 0). (6) 
 

 
Fig. 1. Geometry of the problem 

 
Dimensionless quantities are taken as 

(xi′, ui′) = ω1
c1

(xi, ui), t3i′ = 1
µ

t3i, q′ = Kω1
2

c12
q, t′ = ω1t, ϕ2

′ = ȷ̂ω1
2

c12
ϕ2,  

 m3
′
2 = ȷ̂ω1

γc1
m32, (i = 1,3)   (7) 

where 
c12 = λ+2µ+K

ρ
 and ω1

2 = K
ρȷ̂

. 
Making use of equations (6)-(7) in equations (1)-(5), we obtain 

a1
∂
∂x1

�∂u1
∂x1

+ ∂u3
∂x3
� + a2∇2u1 − a3

∂ϕ2
∂x3

+ a4
∂q
∂x1

= ∂2u1
∂t2

, (8) 

a1
∂
∂x3

�∂u1
∂x1

+ ∂u3
∂x3
� + a2∇2u3 + a3

∂ϕ2
∂x1

+ a4
∂q
∂x3

= ∂2u3
∂t2

, (9) 

a5∇2ϕ2 + a6 �
∂u1
∂x3

− ∂u3
∂x1
� − a7ϕ2 = ∂2ϕ2

∂t2
,       (10) 

a13∇2q − a14q − a15
∂q
∂t
− a16 �

∂u1
∂x1

+ ∂u3
∂x3
� = ∂2q

∂t2
, (11) 

t33 = a8
∂u1
∂x1

+ a9
∂u3
∂x3

+ a10q, (12) 
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t31 = a11
∂u1
∂x3

+ ∂u3
∂x1

− a12ϕ2, (13) 

m32 = ∂ϕ2
∂x3

, (14) 
where 
a1 = λ+µ

ρc12
, a2 = µ+K

ρc12
, a3 = K

ȷ̂ρω1
2,  a4 = β∗

ω1ȷ̂ρ
, a5 = γ

ρc12ȷ̂
, a6 = K

ρc12
, a7 = 2K

ȷ̂ρω1
2, a8 = λ

µ
, a9 = λ+2µ+K

µ
,  

a10 = β∗c12

µȷ̂ω1
2, a11 = µ+K

µ
, a12 = Kc12

µȷ̂ω1
2, a13 = α∗

κ∗ρc12
, a14 = ξ∗

κ∗ρω1
2, a15 = ω∗

κ∗ρω1
2, a16 = β∗ȷ̂

κ∗ρc12
. 

With the help of the expression given by Helmholtz decomposition, u1 and u3 can be 
expressed as  
u1 = ∂φ

∂x1
− ∂ψ

∂x3
, u3 = ∂φ

∂x3
+ ∂ψ

∂x1
. (15) 

By applying equation (15) in equations (8)-(11), we get  
�∇2 − ∂2

∂t2
�φ + a4q = 0, (16) 

�a2∇2 −
∂2

∂t2
�ψ + a3ϕ2 = 0, (17) 

�a5∇2 −
∂2

∂t2
− a7�ϕ2−a6∇2ψ = 0, (18) 

�a13∇2 −
∂2

∂t2
− a14 − a15

∂
∂t
� q − a16∇2φ = 0. (19) 

Assuming the motion to be harmonic and for solving the equations (16)-(19), we 
assume the solutions as 
( φ, q,ψ,ϕ2) = (φο, qο,ψο,ϕ2

ο)eικ(x1 sinθ0−x3 cosθ0+νt), (20) 
where κ  denotes as a wave number, ι is known as iota, θ0 is the angle of inclination, and 
quantities such as φο, qο,ψο and ϕ2

ο are arbitrary constants. Using the values of  φ, q,ψ,
and  ϕ2, we obtained the following equations  
(ν4 + A01ν2 + A02)(φ, q) = 0, (21)

 (ν4 + A03ν2 + A04)(ψ,ϕ2) = 0, (22) 
where ν = �𝜔𝜔

κ
� denotes the velocity of waves, νi (i = 1 − 4) are velocities of the LD-wave, 

LVVF-wave, T-wave, and MR-wave respectively and  
A01 = −�a4a16−a14+(a13+1)ω2+𝜄𝜄ωa15�

ω2−a14+𝜄𝜄ωa15
,  A02 = a13ω2

ω2−a14+𝜄𝜄ωa15
,  A03 = a2a7−a3a6−(a5+a2)ω2

ω2−a7
,   

A04 = a2a5ω2

ω2−a7
.  

 
4. Boundary conditions 
For the free surface, the component of stresses is zero but for the non-free surface, some finite 
values may exist and they are proportionate to the components of displacement as well as 
rotational components, and appropriate conditions at 𝑥𝑥3 = 0  are 
(i) t33 = −ιS1u3, (ii)t31 = −ιS2u1, (iii)m32 = −ιS3ϕ2, (iv) ∂q

∂x3
= 0. (23) 

In equation (23) S1, S2, and S3 represent the stiffness along the normal component, 
tangential component, and rotational component. The stress field and displacement field are 
expressed in terms of complex quantities as it is observed that there is a phase shift between 
the stress field and displacement field due to the mathematical relation uij = 𝜄𝜄κjui but 
actually, extra phase shift does not exist so to overcome this extra phase shift effect, we 
introduced a negative unit, −ι into the right side of equation (23). 

 
5. Reflection at the non-free surface 
To obtain amplitude ratio at non-free surface we consider φ, q,ψ, and  ϕ2 as follows: 
φ = ∑A0i eικ0(x1 sin θ0−x3 cosθ0)+ιωt + Aieικi(x1 sin θi +x3 cosθi)+ιωt, (24) 
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q = ∑di�A0ieικ0(x1 sin θ0−x3 cosθ0)+ιωt + Aieικi(x1 sin θi +x3 cosθi)+ιωt�, (25) 
ψ = ∑B0i eικ0(x1 sin θ0 −x3 cosθ0)+ιωt + Bieικj(x1 sin θj +x3 cosθj)+ιωt, (26) 
ϕ2 = ∑ fi�B0ieικ0(x1 sin θ0−x3 cosθ0)+ιωt + Bieικj(x1 sin θj +x3 cosθj)+ιωt�, (27) 
where 

 di =
ω2 − κi2

a4
,  fi =

a5κj2 + a7 − ω2

a6κj2
, (i = 1,2), (j = 3,4), 

where  A0i (i = 1,2)  are the amplitude of incident LD-wave, LVVF-wave, and B0i(i = 1,2) 
are the amplitude of incident T-wave and MR-wave.  Ai are the amplitude of the reflected LD-
wave and LVVF-wave. Bi are the amplitude of the reflected T-wave and reflected MR-wave. 
Snell's Law is given by 
sin θ0
𝜐𝜐0

= sin θi
𝜐𝜐i

, (28) 
where 
κiυi = ω, at x3 = 0 (i = 1 − 4), (29) 

𝜐𝜐0 = �

υ1, incident LD− wave
υ2,       incident  LVVF − wave
υ3,
υ4,

incident T − wave
 incident MR− wave

 

Considering the phase of the reflected waves and using the equations (28)-(29),  
we can write, 

cos θj
υj

= ��υ0
υj
�
2
− sin2θ0�

1
2

.  (30) 

As given by Schoenberg [26], we can write, 
cos θj
υj

=
cos θȷ�

υȷ�
+ ι

cj
2πυ0

, (j = 1 − 4), 

cos θȷ�

υȷ�
=

1
υ0

Re ���
υ0
υj
�
2

− sin2θ0�

1
2

� ,    cj =  2πIm ��
υ0
υj
�
2

− sin2θ0�

1
2

 ,      

where υȷ�   and  θȷ�  denote the real phase speed and the angle of reflection respectively. cj 
represent the attenuation in a depth and it is assumed to be equal to the wavelength of the 
incident wave i.e. (2πυ0)/ω, 

υȷ�
υ0

= sin θȷ�

sinθ0
�sin2θ0 + �Re �[(υ0υ4)2 − sin2θ0]

1
2��

2
�
−1
2

.  
Invoking the boundary conditions (23) along the equations (12)-(14), (15) and using the 

values of φ, q,ψ, and  ϕ2 from equations (24)-(27) along with equation (30), we obtained 
following system of equations as 
∑ bij Rj = Yj,                                (i, j = 1 − 4), (31) 

b1p = −dp ��a8 �
υp
υ0
�
2

sin2θ0 + a9 �
υp
υ0
�
2
��υ0
υp
�
2
− sin2θ0�� κp2 + a10 − κpdpS1 ��

υ0
υp
�
2
−

sin2θ0�

1
2

�,  
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b1q = fpsin θ0 �κq2(a8 − a9) �
υq
υ0
�
2
��
υ0
υq
�
2

− sin2θ0�

1
2

− κqS1
υq
υ0
�, 

b2p = −dpκp2sin θ0(a11 + 1) �
υp
υ0
�
2
��
υ0
υp
�
2

− sin2θ0�

1
2

− dpκpS2
υp
υ0

sin θ0, 

b2q = fpκq2 �a11 �
υq
υ0
�
2
��υ0
υq
�
2
− sin2θ0� − �υq

υ0
�
2

sin2θ0� − a12 + fpκqS2
υq
υ0
��υ0
υq
�
2
−

sin2θ0�

1
2

,   

b3p = ικq
υq
υ0
��υ0
υq
�
2
− sin2θ0�

1
2

+ ιS3, b3q = 0,  

b4p = ικp
υp
υ0
��υ0
υp
�
2
− sin2θ0�

1
2

, b4q = 0,  (p = 1,2), (q = 3,4), 

where R1, R2, R3, and R4 are the amplitude ratios of reflected LD-wave, LVVF-wave, T-
wave, and MR-wave making an angle θ1, θ2, θ3, and θ4 respectively as shown in Fig. 1 and 
are given by  

R1 =
A1

A∗ ,       R2 =
A2

A∗ ,      R3 =
B1
A∗ ,       R1 =

B2

A∗ . 
For incident LD-wave, A∗ = A01, 
Y1 = −b11, Y2 = b21, Y3 = b31, Y4 = b41. 
For incident LVVF-wave, A∗ = A02, 
Y1 = −b12, Y2 = b22, Y3 = b32, Y4 = b42. 
For incident T-wave, A∗ = B01, 
Y1 = b13, Y2 = −b23, Y3 = b33, Y4 = b43. 
For incident MR-wave, A∗ = B02, 
Y1 = b14, Y2 = −b24, Y3 = b34, Y4 = b44. 
 
6. Particular cases 
Elastic medium with the void. If 𝛂𝛂 = 𝛃𝛃 = 𝛄𝛄 = 𝐊𝐊 = 𝟎𝟎, then the above results reduce to 
elastic media with void having the following changes: 
(ν4 + A01ν2 + A02)(φ, q) = 0,        
(ν2 − a2)ψ = 0,

 where  
A01 = −�a4a16−a14+(a13+1)ω2+ιωa15�

ω2−a14+ιωa15
,              A02 = a13ω2

ω2−a14+ιωa15
, a2 = µ

ρc12
, a9 = λ+2µ

µ
. 

Micropolar elastic media. If 𝛂𝛂∗ = 𝛃𝛃∗ = 𝛏𝛏∗ = 𝛚𝛚∗ = 𝛋𝛋∗ = 𝟎𝟎, then results for reflected 
waves deduce for micropolar elastic media and following changes are observed, 
(ν2 − 1)φ = 0, 
(ν4 + A03ν2 + A04)(ψ,ϕ2) = 0, 
where 
A03 = a2a7−a3a6−(a5+a2)ω2

ω2−a7
,  A04 = a2a5ω2

ω2−a7
. 

The above results tally with those obtained by Zhang et al. [22] after substituting 
appropriate values of the parameters. 
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7. Numerical result and discussion 
Following are values of micropolar parameters for numerical computation given by Eringen 
[27], physical constants are given by [16], 
λ = 9.4 × 1010Nm−2, µ = 4 × 1010Nm−2, K = 1.0 × 1010Nm−2,  
γ = 0.779 × 10−9N, ȷ̂ = 0.2 × 10−19m2, ρ = 1.74 × 103 Kgm−3.  

The values of the void parameters are taken as  
α∗ = 3.688 × 10−9 N,β∗ = 1.1384 × 1010 Nm−2, ξ∗ = 1.147 × 1010 Nm−2,  
κ∗ = 1.175 × 10−19m2, ω∗ = 0.0787 × 10−1 Nsm−2. 

A comparison of values of the amplitude ratios of different reflected waves against the 
angle of incidence θ0 is represented graphically for micropolar non-free surface i.e. 
 S1 = S2 = S3 = 0.5 (with the void and without void) and for free surface i.e.  S1 = S2 =
S3 = 0  (with the void and without void). The computation for micropolar non-free surface 
(MNFS) without void is represented by a small dashed line and for micropolar non-free 
surface (MVNFS) with the void is represented by a small dashed line with center symbols 
triangle (∆) respectively. The computation for micropolar free surface (MFS) without void is 
represented by a solid line and for micropolar free surface (MVFS) with the void is 
represented by solid with center symbols diamond (�) respectively. 

Longitudinal displacement (LD)-Wave. Figure 2 demonstrates the trend of |𝐑𝐑𝟏𝟏| vs. 
𝛉𝛉𝟎𝟎. It is noticed that the magnitude of |𝐑𝐑𝟏𝟏| shows steady state behavior for all the considered 
cases. It is also observed that in most of the intervals, the magnitude of the values of |𝐑𝐑𝟏𝟏| is 
slightly greater for MVFS & MVNFS in comparison to MFS & MVFS which depicts the 
impact of void parameters on amplitude ratios. 

Figure 3 depicts the variation of |R2| vs. θ0. It is observed that at the beginning, the 
value of |R2| for MVFS & MVNFS have greater magnitude as compared with MFS & MNFS 
respectively but with an increase in θ0, the trend reversed.  

Figure 4 exhibits the plot of |R3| vs. θ0. It is noticed that the behavior of |R3| for all the 
considered cases follows a similar trend with a significant difference in their magnitude but 
the magnitude of |R3| for MFS is higher as compared to other considered cases. 

From Figure 5, it is noticed that the value of |R4| for MVFS and MVNFS increases in 
the first half of the interval, and later on, the value decreases, and the magnitude of |R4| is 
more for MVFS as compared to MVNFS and this difference in magnitude shows the impact 
of stiffnesses on amplitude ratios. 
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Fig. 2. Variation of Amplitude ratio |R1| for 

LD wave 
Fig. 3. Variation of Amplitude ratio |R2| for 

LD wave 
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Fig. 4. Variation of Amplitude ratio |R3| for 

LD wave 
Fig. 5. Variation of Amplitude ratio |R4| for 

LD wave 
 

Longitudinal void volume fraction (LVVF)-Wave. The effect of the stiffnesses is 
notable on amplitude ratios from Fig. 6 in which the value of |R1| decreases for MVNFS and 
MVFS as θ0 increases. It is also noticed that magnitude of |R1| is greater for MVNFS in 
comparison to those observed for MVFS.  

Figure 7 depicts the variation of |R2| vs. θ0. It is noticed that |R2| follows a similar 
trend for MVFS and MVNFS i.e. first increases and attains its maximum value at θ0 = 24o, 
then starts decreasing as θ0 increases. The magnitude of |R2| is more for MVNFS when 
compared with MVFS which depicts that stiffnesses play a vital role in amplitude ratios. 
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Fig. 6. Variation of Amplitude ratio |R1| for 

LVVF wave 
Fig. 7. Variation of Amplitude ratio |R2| for 

LVVF wave 
 
Figure 8 shows the variation of amplitude ratio |R3| vs. θ0. It is seen that the value of 

|R3| for MVNFS & MVFS decreases in the entire range except when  0o ≤ θ0 ≤ 9o, the 
magnitude of the values of |R3| are greater for MVNFS in comparison to those obtained for 
MVFS. 
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From Figure 9 it is observed that the value of |R4| for MVNFS decreases for small 
values of θ0 and as θ0 increases, |R4| shows steady behavior for both MVFS & MVNFS. Due 
to the presence of stiffness the magnitude of the values of |R4| for MVNFS is smaller as 
compared to MVFS. 
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Fig. 9. Variation of Amplitude ratio |R4| for 

LVVF wave 
 

Transverse (T)-Wave. Figure 10 depicts the variation of |R1| vs. θ0. It is noticed that 
in absence of void effect i.e. for MFS & MNFS the value of |R1| shows a decreasing trend in 
the entire range whereas for MVFS and MVNFS, it shows a vice-versa trend in the entire 
interval except when  0o ≤ θ0 ≤ 10o. 

Figure 11 shows the variation of |R2| vs. θ0. It is seen that |R2| shows ascending trend 
for MFS in the first half of the interval and vice-versa trends are noticed in the left over the 
interval whereas due to the presence of stiffnesses, |R2| for MNFS shows an increasing trend 
in  0o ≤ θ0 ≤ 18o and descending behavior in the rest of the interval. It is also observed that 
|R2| shows steady state behaviour for MVFS & MVNFS and increases sharply as θ0 ≥  80o. 
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Fig. 10. Variation of Amplitude ratio |R1| for 

T wave 
Fig. 11. Variation of Amplitude ratio |R2| for 

T wave 
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Figure 12 depicts the variation of |R3| vs. θ0. The value of |R3| for MFS and MNFS 
shows descending behavior in the first half of the interval and then increases in the rest half of 
the interval, whereas |R3| follows a similar trend for MVFS and MVNFS i.e. increases near 
the boundary and decreases afterward, magnitude of |R3| is greater for MVFS. 

From Figure 13, it is noticed that the value of |R4| for MVNFS and MVFS decreases 
for  0o ≤ θ0 ≤ 10o, and the magnitude of |R4| for both the cases shows ascending trend for 
the rest of the interval. It is also noticed that the magnitude of |R4| for MVFS is more than 
that of MVNFS. 
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Fig. 12. Variation of Amplitude ratio |R3| for 

T wave 
Fig. 13. Variation of Amplitude ratio |R4| for 

T wave 
 

Micro-rotational (MR)-Wave. Figure 14 depicts the variation of |R1| vs. θ0. It is 
observed that the value of |R1| for MFS and MNFS shows small variations about the origin in 
the interval  0o ≤ θ0 ≤ 80o and then increases left over the interval whereas the trend of |R1| 
for MVFS and MVNFS is increasing in nature due to the presence of stiffness parameters.  

In Figure 15, it is noticed that the value of |R2| shows a steady state for all the 
considered cases in  0o ≤ θ0 ≤ 50o and as θ0 increases, |R2| for MVFS & MVNFS shows 
decreasing behavior while |R2| for MFS & MNFS shows the opposite trend as observed for 
MVFS & MVNFS. 

Figure 16 depicts the value of |R3| for MVNFS and MVFS increases in the 0o ≤ θ0 ≤
54o and decreases in the remaining range, the magnitude of MVNFS is more than MVFS 
which reveals the impact of the non-free surface on amplitude ratios. A similar impact of 
stiffnesses can be observed for the values of MNFS and MFS as the magnitude of |R3| for 
MNFS is more than MFS with ascending behavior. 

From Figure 17, it is noticed that initially the value of |R4| for MVFS and MVNFS 
increases and it reaches the maximum at θ0 = 54o and then decreases with an increase in θ0, 
the magnitude of amplitude ratio |R4| for MVFS is more than that of MVNFS.  
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MR wave 
Fig. 15. Variation of Amplitude ratio |R2| for 

MR wave 
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MR wave 
 
8. Conclusion 
In the present article, the phenomenon of reflection of the elastic wave at a non-free surface 
with a micropolar elastic constraint with void has been studied. The amplitude ratios of four 
reflected waves namely LD-wave, LVVF-wave, T-wave, and MR-wave are calculated 
numerically. The impact of stiffnesses and void parameters on these amplitude ratios are 
demonstrated graphically. From the numerically computed results following observations are 
made: 

(a) The results indicate that due to the presence of stiffnesses, the magnitude of |R1| and 
|R2| is smaller as compared to those obtained for free surface, whereas in the case of |R3| and 
|R4|, it shows similar oscillatory behaviour with a significant difference in their magnitude 
when LD-wave is incident. 

(b) It is observed that when LVVF-wave is incident, the magnitudes of |R1|, |R2|, and 
|R3| in the case of free surface are smaller while |R4| shows a vice-versa trend which depicts 
the significant impact of stiffnesses on amplitude ratios. 
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(c) In the case of incident T-wave, it is observed that void parameters play a vital role in 
amplitude ratios as |R1| and |R2| show opposite behaviour for MVFS & MVNFS as 
compared to MFS & MNFS, while in the case of |R3| and |R4| they show similar behavior in 
the entire range. 

(d) It is seen that when MR-wave is an incident, void and stiffness parameters play a 
major role as the magnitude of |R1|, |R2|, and |R4| for MVFS are greater as compared to 
MVNFS. It is also noticed that in absence of a void parameter trends are reversed i.e. values 
of |R2| and |R3| for the non-free surface are greater as compared to the free surface. 

The physical application of this model can be found in the area of seismology where the 
results are helpful for the exploration of valuable materials such as minerals, crystals, and 
metals. The results are also useful in geophysics and earthquake engineering. 
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