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Abstract.  This study investigates the dynamic response of a nonlocal thermoelastic solid with diffusion subjected to 
an inclined load in the frequency domain. The work aims to analyze the combined influence of nonlocal effects and 
excitation frequency on the coupled thermoelastic diffusive behavior of the medium, which is important for the 
accurate modeling of micro- and nano-scale structures. The originality of the study lies in incorporating both nonlocal 
elasticity and mass diffusion effects under an inclined loading condition within a frequency domain framework. The 
governing equations are transformed using the time-harmonic approach and Fourier transform technique, leading to 
analytical expressions for displacement, stress, temperature change, and mass concentration in the transformed 
domain. Numerical inversion is subsequently employed to obtain the physical-domain solutions. The results reveal 
that both the nonlocal parameter and angular frequency significantly influence the distributions of mechanical, 
thermal, and diffusive fields. The presented model provides a useful theoretical framework for understanding coupled 
thermoelastic diffusive processes in advanced materials and nano-engineered structures. 
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1. Introduction 
 

In nonlocal elasticity theory, the nonlocal parameter characterizes the influence of long-range 
interatomic interactions and small-scale effects that are not captured by the classical local 
continuum theory. Physically, it represents the degree to which the stress at a material point 
depends not only on the strain at that point but also on the strain field in its surrounding 

neighborhood. As the nonlocal parameter increases, the small-scale effects become more 
pronounced, leading to a reduction in stiffness and a noticeable modification of the thermoelastic-
diffusive response. 

[1] established the theory of nonlocal elasticity by introducing constitutive relations in which 
the stress at a point depends not only on the strain at that point but also on the strains of 
surrounding particles. This work provided a theoretical framework for modeling size-dependent 
effects and wave dispersion in materials with microstructural interactions. The theory has since 
become a fundamental tool in nanomechanics and nonlocal continuum mechanics. [2] further 

extended nonlocal concepts to thermoelastic materials through the formulation of nonlocal 
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thermoelasticity. The proposed theory accounted for long-range interactions in thermoelastic 
media and provided a framework for studying thermal and mechanical responses in 
microstructured solids.  

[3] developed the linear theory of micropolar elasticity, extending classical elasticity by 
incorporating rotational degrees of freedom and couple stresses. The theory enabled the analysis of 
materials with internal microstructures and provided a more realistic description of mechanical 

behavior at small scales. [4] investigated generalized thermoelastic diffusion interactions under 
time-harmonic thermal sources. Their study incorporated diffusion effects into thermoelasticity 
and demonstrated the coupled behavior of thermal, elastic, and mass diffusion fields. [5] studied 
the disturbance produced by an inclined load in a transversely isotropic thermoelastic medium 
with two temperatures and without energy dissipation. The investigation emphasized the role of 
anisotropy and two-temperature effects on the mechanical response of thermoelastic materials.  

[6] presented a comprehensive review of continuum theories involving nonlocal elastic 

responses. They established a general framework for conservative and dissipative systems and 
discussed various formulations of nonlocal elasticity. [7] investigated thermoelastic diffusion in a 
thick circular plate within the modified couple stress theory. The study incorporated size-
dependent effects and examined the coupled influence of thermal and diffusive fields. [8] 
considered a thermoelastic diffusion problem in a half-space using a refined dual-phase-lag Green-
Naghdi model. The formulation incorporated finite thermal wave speed and diffusion effects, 
enabling a more realistic representation of thermoelastic processes. [9] investigated the combined 
effects of nonlocality and two-temperature theory in a nonlocal thermoelastic solid exposed to a 

ramp-type heat source. The study demonstrated the importance of scale-dependent effects in 
thermoelastic interactions. [10] studied hyperbolic two-temperature photo-thermal interactions in a 
semiconductor medium containing a cylindrical cavity. The model incorporated carrier density 
effects and finite thermal wave propagation, allowing a realistic description of photothermal 
processes in semiconductors. Their investigation contributed to the growing field of semiconductor 
thermoelasticity. 

 [11] employed finite element methods to analyze a nonlinear bioheat model in skin tissue 

subjected to external thermal sources. The study focused on heat transfer mechanisms in biological 
tissues and provided numerical predictions of temperature distributions. [12] investigated 
generalized thermoelastic interactions in a half-space within a nonlocal thermoelastic framework. 
The study incorporated scale-dependent effects and examined their influence on thermoelastic 
wave propagation. [13] analyzed axisymmetric deformations in a nonlocal isotropic thermoelastic 
solid within the framework of two-temperature theory. The work emphasized the combined 
influence of nonlocality and thermal interactions on stress and displacement fields. Their study 

contributed to the development of nonlocal thermoelastic plate models.  
[14] studied generalized magneto-thermoelastic behavior of layered media within the Lord-

Shulman and Green-Lindsay theories. Their work compared different generalized thermoelastic 
formulations and highlighted the influence of thermal relaxation times. [15] performed finite 
element analyses of nonlinear dual-phase-lag bioheat models in spherical tissues. Experimental 
data were incorporated to validate the computational model. The investigation demonstrated the 
applicability of advanced bioheat theories in biomedical engineering. [16] examined the reflection 
and transmission of plane waves in nonlocal generalized thermoelastic solids with diffusion. The 

study explored the interaction between nonlocality, thermoelasticity, and diffusion processes 
during wave propagation. Their work provided valuable insights into dynamic thermoelastic 
phenomena. [17] investigated the combined effects of nonlocality and two-temperature theory in 
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an isotropic thermoelastic thick circular plate without energy dissipation. The analysis focused on 
thermoelastic interactions under generalized heat conduction assumptions. Their study extended 
the application of nonlocal thermoelasticity to plate structures.  

[18] studied the influence of thermal relaxation times in living tissues using the three-phase-lag 
bioheat model. The work incorporated experimental considerations and examined thermal 
responses under biological conditions. [19] analyzed the influence of magnetic fields and inclined 

loading on a two-dimensional thermoelastic medium under gravity. The study incorporated 
multiple coupled physical effects within a generalized thermoelastic framework. Their work 
expanded the applications of magneto-thermoelasticity. [20] investigated thermodiffusion 
interactions in a homogeneous spherical shell using a modified Moore-Gibson-Thompson model 
with two time delays. The study combined thermoelastic diffusion theory with advanced heat 
conduction models. Their formulation provided improved descriptions of thermal wave 
propagation. [21] examined the structural stability of porous Cosserat media within a generalized 

continuum framework. The study incorporated porosity and microstructural effects into the 
stability analysis. [22] developed a fractional Moore-Gibson-Thompson photothermal model for 
rotating semiconductors. The formulation incorporated fractional derivatives to describe 
anomalous diffusion and thermal wave propagation. [23] investigated non-simple thermoelastic 
diffusion interactions in a half-space incorporating both nonlocality and memory effects. The 
study combined advanced constitutive relations with generalized heat conduction theories. Their 
work highlighted the importance of hereditary effects in thermoelastic diffusion. [24] examined 
frequency-domain responses of transversely isotropic thermoelastic diffusive solids with two-

temperature effects. The study investigated coupled thermoelastic and diffusion phenomena in 
anisotropic media. Their work provided useful insights into dynamic thermoelastic diffusion 
interactions. Several studies have been conducted in this direction recently as [25, 26, 27, 28] and 
[29].  

The effect of nonlocal parameters and the angular frequency are studied by many scholars as 
we have cited above. More of them worked on area of nonlocal with diffusion of thermoelasticity 
under a thermal source, heat transfer and mass transport with focus on transient or time-domain 

analysis. This study focuses on how nonlocal effects and angular frequency influence the stress, 
temperature change and mass concentration of copper material under inclined mechanical load. 
There is a critical need for advanced mathematical modeling and analytical techniques to 
accurately capture these interactions. So we will fill this gap by formulating model, analyze it by 
using Fourier transformation and MATLAB software and it will ultimately improving their 
practical applications. 

 

 

2. Basic equations 
 

Following [30] the stress tensor at arbitrary point x of a nano material body not only depends 
up on the stress tensor at x, but also depend on all points of the body. The nonlocal stress tensor σij 
for a homogeneous isotropic elastic material can be expressed as 

𝜎𝑖𝑗(𝑥) = ∫ 𝛼(|𝑥 −  𝑥′|, 𝜉) 𝑡𝑖𝑗(𝑥)𝑑𝑉(𝑥
′)

𝑉

 , (1) 

By employing Eringen's nonlocal formulation, the nonlocal stress tensor σij(x) can be 
expressed as 
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(1 − 𝜉2𝛻2)𝜎𝑖𝑗(𝑥) =  𝑡𝑖𝑗(𝑥), (2) 

The constitutive equation for coupled thermoelastic diffusion medium while neglecting the 
body forces can be expressed as 

(1 −  𝜉²𝛻²)𝜎𝑖𝑗(𝑥) = 2𝜇𝑒𝑖𝑗(𝑥)  + 𝛿𝑖𝑗(𝜆𝑒𝑘𝑘  −  𝛾₁𝑇 −  𝛾₂𝐶), 

𝑃 = −𝛾2 𝑒𝑘𝑘 −  𝑎𝑇 +  𝑏𝐶. 
(3) 

Following [2, 16, 31] the basic equations in isotropic nonlocal thermoelastic media with 
diffusion can be given by 

(𝜆 +  𝜇)𝛻 · 𝛻𝑢 +  𝜇𝛻2𝑢 − 𝛾1𝛻𝑇 − 𝛾2𝛻𝐶 +  𝜌(1 − 𝜉2𝛻2)𝐹 =  𝜌(1 −  𝜉²𝛻²)ü , (4) 

(𝐾 
𝜕

𝜕𝑡
 +  𝐾∗)𝛻²𝑇 =  𝜌(1 −  𝜉²𝛻²) 

𝜕2

𝜕𝑡2
 (𝜌𝐶ₑ𝑇 +  𝛾₁𝑇₀𝑢ᵢ, ᵢ +  𝑎𝑇₀𝐶),  (5) 

(1 −  𝜉2𝛻2)Ċ = 𝑑𝛻2(𝑏𝐶 −  𝛾2𝑒ₖₖ −  𝑎𝑇). (6) 

where 

𝛾1 = (3𝜆 +  2𝜇)𝛼ₜ,    𝛾2 =  (3𝜆 +  2𝜇)𝛼𝑐. (7) 

𝑇 =temperature change, 𝜌 =density, 𝛼ₜ =coefficient of thermal expansion, 

𝛼𝑐  =coefficient of diffusion, 𝐾 =coefficient of thermal conductivity, 
𝐾∗ =materialistic constant, 𝑎 =coefficient of thermoelastic diffusive effects, 

𝑏 =coefficient of diffusive effects, 𝜎ᵢⱼ =components of the stress tensor, 

𝐶 =mass concentration, uᵢ=displacement vector, 𝜆  and  𝜇 =Lamé's constants, 

𝐶ₑ =specific heat at constant strain, 𝑇₀ =temperature of the medium in its natural state, 

d=diffusion constant, ξ=nonlocal parameter, 𝑒ᵢⱼ = ½(𝑢ᵢ, ⱼ +  𝑢ⱼ, ᵢ), i, j=1, 2, 3, 

∇=gradient operator, ∇² =Laplacian operator. 
 
 

3. Formulation and solution of the problem 
 

Considering a two dimensional homogeneous nonlocal isotropic thermoelastic body initialy at 
undeformed state at initial temperature T₀. We take a rectangular coordinate system (x,y,z) having 
origin on the surface z=0 with z-axis pointing vertically downward into the medium is introduced. 
The analysis will be carried in frequency domain. The surface of half space is subjected to inclined 
load. Inclined load is a linear combination of tangential load and normal load. For two dimensional 
problem in xz plane we take 

𝒖 = (𝑢, 0,𝑤), 𝑢 = 𝑢(𝑥, 𝑧, 𝑡), 𝑤 = 𝑤(𝑥, 𝑧, 𝑡), 𝑇 = 𝑇(𝑥, 𝑧, 𝑡) and 𝐶 = 𝐶(𝑥, 𝑧, 𝑡).           (8) 

Using (8) in Eqs. (4)-(6), the corresponding formulation in xz-plane reduces to 

(𝜆 + µ) 
𝜕𝑒

𝜕𝑥
 + µ𝛻²𝑢 − 𝛾₁

𝜕𝑇

𝜕𝑥
−𝛾₂

𝜕𝐶

𝜕𝑥
 + 𝜌(1− 𝜉²𝛻²)𝐹₁ = 𝜌(1− 𝜉²𝛻²)ü, (9) 

(𝜆 + µ)
𝜕𝑒

𝜕𝑧
+µ𝛻2𝑤 −𝛾1

𝜕𝑇

𝜕𝑧
−𝛾2

𝜕𝐶

𝜕𝑧
+𝜌(1− 𝜉2𝛻2)𝐹3 =  𝜌(1− 𝜉2𝛻2)ẅ,  (10) 

(𝐾 
𝜕

𝜕𝑡
 + 𝐾∗)𝛻2𝑇 = 𝜌(1− 𝜉2𝛻2)

𝜕2

𝜕𝑡2
 (𝜌𝐶𝐸 𝑇 + 𝛾1𝑇0𝑒 + 𝑎𝑇0𝐶),  (11) 
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(1 − 𝜉²𝛻²)
 𝜕𝐶

𝜕𝑡
= 𝑑 ( 𝑏(

 𝜕2𝐶

𝜕𝑥2
 + 

 𝜕2𝐶

𝜕𝑧2
) − 𝛾₂(

 𝜕2

𝜕𝑥2
 + 

 𝜕2

𝜕𝑧2
)(

 𝜕𝑢

𝜕𝑥
 +

 𝜕𝑤

𝜕𝑧
) − 𝑎 (

 𝜕2𝑇

𝜕𝑥2
+

 𝜕2𝑇

𝜕𝑧2
))  (12) 

The initial and regularity conditions of the above problems are given by 

𝑢(𝑥, 𝑧, 0) = 0 = 𝑢 (𝑥, 𝑧, 0) 
𝑤(𝑥, 𝑧, 0) = 0 = 𝑤 (𝑥, 𝑧, 0) 
𝑇(𝑥, 𝑧, 0) = 0 = 𝑇  (𝑥, 𝑧, 0) 

𝐶(𝑥, 𝑧, 0) = 0 = 𝐶 (𝑥, 𝑧, 0), 𝑓𝑜𝑟 𝑧 ≥  0,−∞ <  𝑥 <  ∞ 
𝑢(𝑥, 𝑧, 𝑡) = 𝑤(𝑥, 𝑧, 𝑡) = 𝑇(𝑥, 𝑧, 𝑡) = 𝐶(𝑥, 𝑧, 𝑡) = 0, 𝑓𝑜𝑟 𝑡 >  0,𝑤ℎ𝑒𝑛 𝑧 →  ∞ 

(13) 

We use dimensionless quantities to simplify the solution as 

𝑥′ =
𝜔1
∗

𝑐₁
𝑥,  𝑧′ =

𝜔1
∗

𝑐₁
𝑧,  𝑡′ = 𝜔1

∗t,  u′ =
𝜔1
∗

𝑐₁
𝑢,  𝑎′ =

𝜔1
∗

𝑐₁
𝑎,  

𝑤′ =
𝜔1
∗

𝑐₁
𝑤,  𝐶′ =

 𝛾₂𝐶

𝜌𝑐₁²
,  𝑇′ =

 𝛾1𝑇

𝜌𝑐₁²
,  𝐹₁′ =

𝐹₁

𝛾₁𝑇₀
  

𝐹3′ =
 𝐹3

𝛾1𝑇0
, 𝑒′ =  𝑒, 𝑐₁² =

(𝜆 + 2µ)

𝜌
 𝜔1

∗  =
𝜌𝐶𝐸𝑐₁²

𝐾
  

(14) 

For the decoupling of equations, express  𝑢(𝑥, 𝑧, 𝑡) and  𝑤(𝑥, 𝑧, 𝑡) by dimensionless potential 

functions Ψ₁ and Ψ₂ as follows 

𝑢 =
𝜕𝛹₁

𝜕𝑥
 −

 𝜕𝛹₂

𝜕𝑧
  𝑤 =

𝜕𝛹₁

𝜕𝑧
+

 𝜕𝛹₂

𝜕𝑥
, (15) 

We consider the time harmonic behavior given by 

(u,w, T, C)(x,z, t) =  (u,w, T, C)(x, z)eiωt , (16) 

The Fourier transformation is given as follow 

f(ζ, z, t) = ∫ f(x, z, t)
∞

−∞
e(−iζx)dx.  (17) 

By using dimensionless quantities defined by (14) in Eqs. (9)-(12) and suppressing the primes 
from them, then substitute Eq. (15) in them and applying Eqs. (16)-(17) on resulting equations, 
yields 

(A1(D
2 − ζ2) + ω2(1 − A11(D

2 − ζ2))) 𝛹̂₁ − 𝑇̂  −  Ĉ = 0, (18) 

(𝐴2(𝐷
2 − 𝜁2) +  (1 − 𝐴11(𝐷

2 − 𝜁2))𝜔2)𝛹̂₂ = 0, (19) 

𝐴3(1 − 𝐴11(𝐷
2 − 𝜁2))(𝐷2− 𝜁2)𝛹̂1 + (𝐴4(1 − 𝐴11(𝐷

2 − 𝜁2)) − 𝐴5(𝐷
2 − 𝜁2)) 𝑇̂ +

𝐴₆(1 −  𝐴₁₁(𝐷² −  𝜁²))Ĉ = 0,  
(20) 

𝐴9(𝐷
2 − 𝜁2)2𝛹̂1 + 𝐴10(𝐷

2 − 𝜁2)𝑇̂ + [𝐴₇(1 −  𝐴₁₁(𝐷² −  𝜁²)) − 

𝐴₈(𝐷² −  𝜁²)]Ĉ = 0.  
(21) 

where: 

𝐴1 =
𝜆 + 2𝜇

𝜌𝑐1
2
,      𝐴2 =

𝜇

𝜌𝑐1
2
 ,      𝐴3 =  𝜌 − 𝜔2𝛾1𝑇0,     𝐴₄ = −𝑖𝜔³(

𝜌3𝑐1
2ω1

∗

𝛾1
)𝐶𝐸 ,  
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𝐴5 = (
𝜌𝑐1

𝛾1
) (𝐾ω1

∗iω +  𝐾∗), 𝐴6 = −𝜔2 (
𝜌2𝑐1

3

ω1
∗𝛾2
)𝑇0𝑎

′,     𝐴₇ = (
𝜌𝜔1

∗𝑐1
2

𝛾₂
) 𝑖𝜔,  

𝐴8 =  𝑑𝑏 (
𝜌ω1

∗

𝛾2
),   𝐴9 =  𝑑𝛾2 (

𝜔

𝑐12
) ,   𝐴10 =  𝑎𝑑 (

𝜌𝜔1
∗2

𝛾1
),   𝐴11 =

𝜔1
∗2𝜉2

𝑐1
2  , 𝐴12 = 𝛾1𝑇0 , 

𝐴13 =
𝜌ω1

∗𝑐1

𝛾1
,      𝐴14 = 𝛾1𝑇0,        𝐴15 =

𝜌ω1
∗𝑐1

𝛾2
,  𝐴16 =

𝐴12

𝐴13
,  𝐴17 =

𝐴14

𝐴13
  . 

The Eqs. (18)-(21) possess a nontrivial solution if determinant of their coefficients vanishes, 
which yields  

(𝐷⁶𝑅₁ +  𝐷⁴𝑅₂ +  𝐷²𝑅₃ +  𝑅₄)(𝛹̂₁, 𝑇̂, Ĉ) = 0.                                      (22) 

(𝐷2 +  𝑟)𝛹̂₂ = 0,         𝑟 =
𝑅6

𝑅5
.                                                (23) 

where: 

𝑀₁ = −𝐴₄𝐴₇𝜔²,𝑀₂ = 𝐴₁𝐴₄𝐴₇ +  𝐴₄𝐴₈𝜔² −  𝐴₅𝐴₇𝜔² −  𝐴₆𝐴₁₀𝜔² +  𝐴₃𝐴₇, 

𝑀₃ = −𝐴₁𝐴₄𝐴₈ +  𝐴₅𝐴₈𝜔²,     𝑀₄ = 𝐴₁𝐴₅𝐴₇ +  𝐴₁𝐴₆𝐴₁₀ +  𝐴₃𝐴₈ +  𝐴₉𝐴₆ +  𝐴₃𝐴₁₀ −  𝐴₄𝐴₉,  
𝑀₅ = 𝐴₁𝐴₅𝐴₈ −  𝐴₅𝐴₉,   𝑀₆ = 𝑀₂𝐴₁₁² −  𝐴₁₁³𝑀₁ +  𝑀₄𝐴₁₁ +  𝑀₅, 

𝑀₇ = 𝐴₁₁²𝑀₁ −  2𝑀₂𝐴₁₁ −  𝑀₃𝐴₁₁ −  𝑀₄,   𝑀₈ = 𝑀₂ +  𝑀₃ −  3𝐴₁₁𝑀₁,  𝑀₉ = 𝑀₁, 

𝑅₁ = 𝑀₆,   𝑅₂ = −3𝑀₆𝜁² +  𝑀₇,   𝑅₃ = 3𝑀₆𝜁⁴ −  2𝑀₇𝜁² +  𝑀₈, 

𝑅₄ = 𝑀₇𝜁⁴ +  𝑀₉ −  𝑀₆𝜁⁶ −  𝑀₈𝜁²,   𝑅₅ = 𝐴₂ −  𝐴₁₁𝜔², 

𝑅₆ = −𝐴₁₁𝜁²𝜔² −  𝐴₂𝜁² −  1. 

When we solve Eq. (22) we get their roots ±𝑟𝑖, (i=1, 2, 3) and roots are ±𝑟4 of the equation 
(23). Also the solution vanishes as z→∞, therefore general solution is given in the following form. 

Ψ₁̂ = 𝐵₁𝑒−𝑟1𝑧  + 𝐵2𝑒
−𝑟2𝑧 +  𝐵₃𝑒−𝑟3𝑧,                                         (24) 

𝑇̂ = 𝑑₁𝐵₁𝑒−𝑟1𝑧  +  𝑑₂𝐵₂𝑒−𝑟2𝑧  +  𝑑₃𝐵₃𝑒−𝑟3𝑧,                                    (25) 

Ĉ = 𝑙₁𝐵₁𝑒−𝑟1𝑧  +  𝑙₂𝐵₂𝑒−𝑟2𝑧 +  𝑙₃𝐵₃𝑒−𝑟3𝑧 ,                                     (26) 

Ψ̂̂₂ = 𝐵₄𝑒−𝑟4𝑧.                                                          (27) 

where dᵢ and lᵢ are given by 

𝑑ᵢ =
(𝑟ᵢ⁶𝑀₁₃ + 𝑟ᵢ⁴𝑀₁₄ + 𝑟ᵢ²𝑀₁₅ + 𝑀₁₆)

(𝑟ᵢ⁴𝑀₁₀ + 𝑟ᵢ²𝑀₁₁ + 𝑀₁₂)
,   𝑖 = (1,2,3)  

𝑙ᵢ =
(𝑟ᵢ⁶𝑀₁₇ + 𝑟ᵢ⁴𝑀₁₈ + 𝑟ᵢ²𝑀₁₉ + 𝑀₂₀)

(𝑟ᵢ⁴𝑀₁₀ + 𝑟ᵢ²𝑀₁₁ + 𝑀₁₂)
.   𝑖 = (1,2,3)  

where: 

𝑁₁ = 𝐴₁ −  𝜔²𝐴₁₁,    𝑁₂ = (𝐴₁ −  𝜔²𝐴₁₁)𝜁² +  𝜔²,    𝑁₃ = −𝐴₃𝐴₁₁,  𝑁₄ = 𝐴₃ +  2𝐴₃𝐴₁₁𝜁²,  
𝑁₅ = −𝐴₃𝐴₁₁𝜁⁴ +  𝐴₃𝜁²,    𝑁₆ = −𝐴₄𝐴₁₁ −  𝐴₅,  𝑁₇ = 𝐴₄ +  𝐴₄𝐴₁₁𝜁² +  𝐴₅𝜁²,    𝑁₈ = 𝐴₆𝐴₁₁,   
𝑁₉ = 𝐴₆𝐴₁₁𝜁² +  𝐴₆,    𝑁₁₀ = 𝐴₉,    𝑁₁₁ = 2𝐴₉𝜁²,     𝑁₁₂ = 𝐴₉𝜁⁴,    𝑁₁₃ = 𝐴₁₀,     𝑁₁₄ = 𝐴₁₀𝜁²,    
𝑁₁₅ = −𝐴₇𝐴₁₁ −  𝐴₈,    𝑁₁₆ = (𝐴₇𝐴₁₁ +  𝐴₈)𝜁² +  𝐴₇,    𝑁₁₇ = 𝐴₂ +  𝜔²𝐴₁₁,    𝑁₁₈ = (𝐴₂ −
 𝜔²𝐴₁₁)𝜁² +  𝜔²,     𝑀₁₀ = 𝑁₆𝑁₁₅ +  𝑁₈𝑁₁₃,    𝑀₁₁ = 𝑁₆𝑁₁₆ +  𝑁₇𝑁₁₅ −  𝑁₉𝑁₁₃ −  𝑁₈𝑁₁₄,    
𝑀₁₂ = 𝑁₇𝑁₁₆ +  𝑁₉𝑁₁₄,   𝑀₁₃ = −𝑁₃𝑁₁₅ −  𝑁₈𝑁₁₀,   𝑀₁₄ = 𝑁₉𝑁₁₀ −  𝑁₃𝑁₆ −  𝑁₄𝑁₁₅ +
 𝑁₉𝑁₁₀ +  𝑁₈𝑁₁₁,    𝑀₁₅ = 𝑁₄𝑁₁₆ −  𝑁₅𝑁₁₅ −  𝑁₉𝑁₁₁ −  𝑁₈𝑁₁₂,     𝑀₁₆ = 𝑁₅𝑁₁₆ +  𝑁₉𝑁₁₂,    
𝑀₁₇ = −𝑁₃𝑁₁₃ −  𝑁₆𝑁₁₀,   𝑀₁₈ = 𝑁₆𝑁₁₁ −  𝑁₇𝑁₁₀ +  𝑁₄𝑁₁₃ −  𝑁₃𝑁₁₄,   𝑀₁₉ = 𝑁₇𝑁₁₁ −

 𝑁₆𝑁₁₂ −  𝑁₅𝑁₁₃ −  𝑁₄𝑁₁₄,    𝑀₂₀ = 𝑁₅𝑁₁₄ −  𝑁₇𝑁₁₂. 
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4. Boundary conditions 
 

On the half-space 𝑧 = 0 mechanical forces are applied. We consider the appropriate boundary 
condition as 

(1 − 𝜉2𝛻2)𝜎𝑧𝑧  = −𝐹1𝜑1(𝑥)𝑒
𝑖𝜔𝑡 ,                                            (28) 

(1 − 𝜉2𝛻2)𝜎𝑧𝑥  = −𝐹2𝜑2(𝑥)𝑒
𝑖𝜔𝑡 ,                                            (29) 

𝜕𝑇 (𝑥,𝑧,𝑡)

𝜕𝑧
= 0,                                                              (30) 

𝜕𝐶(𝑥,𝑧,𝑡)

𝜕𝑧
= 0.                                                              (31) 

where: F₁,F₂ are mechanical force applied and φ₁(x) and φ₂(x) specify the horizontal and vertical 
load distribution functions, ω is angular frequency. 

By applying Fourier transformation given by Eq. (17) on the equations Eqs. (28)-(31) after 
simplification we get 

𝑀21𝐵1 +𝑀22𝐵2  +  𝑀23𝐵3 + 𝑀24𝐵4 = −𝐹1𝜑̂1(𝜁)𝑒
𝑖𝜔𝑡 , (32) 

𝑀25𝐵1 +𝑀26𝐵2  + 𝑀27𝐵3 + 𝑀28𝐵4 = −𝐹2𝜑̂2(𝜁)𝑒
𝑖𝜔𝑡 , (33) 

𝑀29𝐵1 +𝑀30𝐵2  + 𝑀31𝐵3 =  0, (34) 

𝑀₃₂𝐵₁ +  𝑀₃₃𝐵₂ +  𝑀₃₄𝐵₃ = 0. (35) 

where: 

𝑀₂₁ = 𝐴₁₁𝜆(𝑟₁² −  𝜁²) −  𝜆𝐴₁₁²(𝑟₁⁴ −  2𝜁²𝑟₁² +  𝜁⁴)−  2𝜇𝑟₁ +  2𝜇𝐴₁₁𝑟₁³ −  2𝜇𝐴₁₁𝜁²𝑟₁ 
−  𝐴₃𝑑₁ −  𝐴₁₁𝐴₃𝑑₁𝑟₁² +  𝐴₁₁𝐴₃𝜁²𝑑₁−  𝐴₃𝑙₁ −  𝐴₁₁𝐴₃𝑙₁𝑟₁² +  𝐴₁₁𝐴₃𝜁²𝑙₁, 

𝑀₂₂ = 𝐴₁₁𝜆(𝑟₂² −  𝜁²) −  𝜆𝐴₁₁²(𝑟₂⁴ −  2𝜁²𝑟₂² +  𝜁⁴)−  2𝜇𝑟₂ +  2𝜇𝐴₁₁𝑟₂³ −  2𝜇𝐴₁₁𝜁²𝑟₂ 
−  𝐴₃𝑑₂ −  𝐴₁₁𝐴₃𝑑₂𝑟₂² +  𝐴₁₁𝐴₃𝜁²𝑑₂ −  𝐴₃𝑙₂ −  𝐴₁₁𝐴₃𝑙₂𝑟₂² +  𝐴₁₁𝐴₃𝜁²𝑙₂, 

𝑀₂₃ = 𝐴₁₁𝜆(𝑟₃² −  𝜁²) −  𝜆𝐴₁₁²(𝑟₃⁴ −  2𝜁²𝑟₃² +  𝜁⁴) −  2𝜇𝑟₃ +  2𝜇𝐴₁₁𝑟₃³ −  2𝜇𝐴₁₁𝜁²𝑟₃
−  𝐴₃𝑑₃ −  𝐴₁₁𝐴₃𝑑₃𝑟₃² +  𝐴₁₁𝐴₃𝜁²𝑑₃−  𝐴₃𝑙₃ −  𝐴₁₁𝐴₃𝑙₃𝑟₃² +  𝐴₁₁𝐴₃𝜁²𝑙₃, 

𝑀₂₄ = 𝑖𝜁 −  𝐴₁₁𝑖𝜁𝑟₄² +  𝐴₁₁𝑖𝜁³,  𝑀₂₅ = 𝜇[−𝑟₁ +  𝐴₁₁(𝑟₁³ −  𝜁²𝑟₁)], 

𝑀₂₆ = 𝜇[−𝑟₂ +  𝐴₁₁(𝑟₂³ −  𝜁²𝑟₂)],    𝑀₂₇ = 𝜇[−𝑟₃ +  𝐴₁₁(𝑟₃³ −  𝜁²𝑟₃)], 

𝑀₂₈ = 𝜇[𝑖𝜁 −  𝐴₁₁(𝑖𝜁𝑟₄² −  𝑖𝜁³)],    𝑀₂₉ = −𝑟₁𝑑₁,    𝑀₃₀ = −𝑟₂𝑑₂,   𝑀₃₁ = −𝑟₃𝑑₃, 

𝑀₃₂ = 𝑟₁𝑙₁,    𝑀₃₃ = 𝑟₂𝑙₂,    𝑀₃₄ = 𝑟₃𝑙₃. 

when we solve the system of Eqs. (32)-(35), we get the nontrivial values of   𝐵ᵢ, 𝑖 = 1, 2, 3, 4 given 
by 

𝐵1 = −
𝐹1𝜑̂1(𝜁)

𝛥𝑠
Δ1   + 

𝐹2𝜑̂2(𝜁)

𝛥𝑠
Δ2, (36) 

𝐵2 =
𝐹1𝜑̂1(𝜁)

𝛥𝑠
Δ3  − 

𝐹2𝜑̂2(𝜁)

𝛥𝑠
Δ4, (37) 

𝐵3 = −
𝐹1𝜑̂1(𝜁)

𝛥𝑠
Δ5   +  

𝐹2𝜑̂2(𝜁)

𝛥𝑠
Δ6, (38) 
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𝐵4 =
𝐹1𝜑̂1(𝜁)

𝛥𝑠
Δ7  −  

𝐹2𝜑̂2(𝜁)

𝛥𝑠
Δ8. (39) 

where: 

Δ = M₂₄M₂₇M₃₀M₃₂ −  M₂₃M₂₈M₃₀M₃₂ −  M₂₄M₂₆M₃₁M₃₂ + M₂₂M₂₈M₃₁M₃₂ −
 M₂₄M₂₇M₂₉M₃₃ +  M₂₃M₂₈M₂₉M₃₃ + M₂₄M₂₅M₃₁M₃₃ −  M₂₁M₂₈M₃₁M₃₃ +
 M₂₄M₂₆M₂₉M₃₄ −  M₂₂M₂₈M₂₉M₃₄ −  M₂₄M₂₅M₃₀M₃₄ +  M₂₁M₂₈M₃₀M₃₄, 

Δ₁ = M₂₈(M₃₀M₃₄ −  M₃₁M₃₃),   Δ₂ = M₂₄(M₃₀M₃₄ −  M₃₁M₃₃), 

Δ₃ = M₂₈(M₂₉M₃₄ −  M₃₁M₃₂),   Δ₄ = M₂₄(M₂₉M₃₄ −  M₃₁M₃₂), 

Δ₅ = M₂₈(M₂₉M₃₃ −  M₃₀M₃₂),    Δ₆ = M₂₄(M₂₉M₃₃ −  M₃₀M₃₂), 

Δ₇ = M₂₅(M₃₀M₃₄ −  M₃₁M₃₃)  − M₂₆(M₂₉M₃₄ −  M₃₁M₃₂)+M₂₇(M₂₉M₃₃ −  M₃₀M₃₂), 

Δ₈ = M₂₁(M₃₀M₃₄ −  M₃₁M₃₃) −  M₂₂(M₂₉M₃₄ −  M₃₁M₃₂)+ M₂₃(M₂₉M₃₃ −  M₃₀M₃₂). 

By applying Fourier transform on Eq. (15), substitute from Eq. (24)-(27), using Eqs. (36)-(39) 
we get expressions for components of displacement, stress, temperature change and mass 
concentration as given by 

û = −(
𝐹1𝜑̂1(𝜁)

Δ
Δ11   + 

𝐹2𝜑̂2(𝜁)

Δ
Δ12) 𝑒

𝑖𝜔𝑡  (40) 

ŵ = (
𝐹1𝜑̂1(𝜁)

Δ
Δ13  − 

𝐹2𝜑̂2(𝜁)

Δ
Δ14) 𝑒

𝑖𝜔𝑡  (41) 

𝑇̂ = (−
𝐹1𝜑̂1(𝜁)

Δ
Δ15   + 

𝐹2𝜑̂2(𝜁)

Δ
Δ16) 𝑒

𝑖𝜔𝑡    (42) 

Ĉ = (−
𝐹1𝜑̂1(𝜁)

Δ
Δ17   + 

𝐹2𝜑̂2(𝜁)

Δ
Δ18) 𝑒

𝑖𝜔𝑡  (43) 

𝜎̂𝑧𝑧 = (
𝐹1𝜑̂1(𝜁)

Δ
Δ19   + 

𝐹2𝜑̂2(𝜁)

Δ
Δ20) 𝑒

𝑖𝜔𝑡  (44) 

𝜎̂𝑧𝑥 = (−
𝐹1𝜑̂1(𝜁)

Δ
Δ21  − 

𝐹2𝜑̂2(𝜁)

Δ
Δ22) 𝑒

𝑖𝜔𝑡  (45) 

Where 

Δ₁₁ = 𝑖𝜁Δ₁𝑒⁻ʳ¹ᶻ −  𝑖𝜁Δ₃𝑒⁻ʳ²ᶻ +  𝑖𝜁Δ₅𝑒⁻ʳ³ᶻ +  𝑟₄Δ₇𝑒⁻ʳ⁴ ,z     Δ₁₂ = 𝑖𝜁Δ₂𝑒⁻ʳ¹ᶻ −  𝑖𝜁Δ₄𝑒⁻ʳ²ᶻ +
 𝑖𝜁Δ₆𝑒⁻ʳ³ᶻ +  𝑟₄Δ₈𝑒⁻ʳ⁴  z,    Δ₁₃ = Δ₁𝑟₁𝑒⁻ʳ¹ᶻ −  Δ₃𝑟₂𝑒⁻ʳ²ᶻ +  Δ₅𝑟₃𝑒⁻ʳ³ᶻ −  𝑖𝜁Δ₇𝑒⁻ʳ⁴ᶻΔ₁₄ =
Δ₂𝑟₁𝑒⁻ʳ¹ᶻ −  Δ₄𝑟₂𝑒⁻ʳ²ᶻ +  Δ₆𝑟₃𝑒⁻ʳ³ᶻ −  𝑖𝜁Δ₈𝑒⁻ʳ⁴ᶻ,    Δ₁₅ = Δ₁𝑑₁𝑒⁻ʳ¹ᶻ −  Δ₃𝑑₂𝑒⁻ʳ²ᶻ +
 Δ₅𝑑₃𝑒⁻ʳ³ᶻΔ₁₆ = Δ₂𝑑₁𝑒⁻ʳ¹ᶻ −  Δ₄𝑑₂𝑒⁻ʳ²ᶻ +  Δ₆𝑑₃𝑒⁻ʳ³  z,  Δ₁₇ = Δ₁𝑙₁𝑒⁻ʳ¹ᶻ −  Δ₃𝑙₂𝑒⁻ʳ²ᶻ +
 Δ₅𝑙₃𝑒⁻ʳ³ᶻΔ₁₈ = Δ₂𝑙₁𝑒⁻ʳ¹ᶻ −  Δ₄𝑙₂𝑒⁻ʳ²ᶻ +  Δ₆𝑙₃𝑒⁻ʳ³ᶻ ,   Δ₁₉ = 𝐺₁Δ₁𝑒⁻ʳ¹ᶻ +  𝐺₂Δ₃𝑒⁻ʳ²ᶻ −

 𝐺₃Δ₅𝑒⁻ʳ³ᶻ +  𝐺₄Δ₇𝑒⁻ʳ⁴ᶻ ,  Δ₂₀ = 𝐺₁𝛥₂𝑒⁻ʳ¹ᶻ −  𝐺₂Δ₄𝑒⁻ʳ²ᶻ +  𝐺₃Δ₆𝑒⁻ʳ³ᶻ −  𝐺₄Δ₈𝑒⁻ʳ⁴ᶻΔ₂₁ =
𝐻₁Δ₁𝑒⁻ʳ¹ᶻ +  𝐻₂Δ₃𝑒⁻ʳ²ᶻ +  𝐻₃Δ₅𝑒⁻ʳ³ᶻ + (𝑟₄² −  𝜁²)Δ₇𝑒⁻ʳ⁴ ,z 

Δ₂₂ = 𝐻₁Δ₂𝑒⁻ʳ¹ᶻ −  𝐻₂Δ₄𝑒⁻ʳ²ᶻ +  𝐻₃Δ₆𝑒⁻ʳ³ᶻ − (𝑟₄² −  𝜁²)Δ₈𝑒⁻ʳ⁴  z  , 𝐺ᵢ = (𝜆 +  2𝜇)𝑟ᵢ2 +

 𝜆𝜁2 −
𝜌𝑐1

2𝑑ᵢ

𝐶
−

𝜌𝑐1
2𝑙ᵢ

𝐶
 ,   𝐻ᵢ = −2𝑟ᵢ𝑖𝜁𝜇 , 

 

 

5. Specific loads 
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5.1 Concentrated force 
 

The disturbance on half space due to concentrated normal force is solved by setting the 
following relation 

𝜑₁(𝑥) = 𝜑₂(𝑥) = 𝛿(𝑥) ,                                                    (46) 

Where 𝛿() is Dirac delta function and after applying Fourier transformation on it we get 

𝜑̂₁(𝜁) = 𝜑̂₂(𝜁) = 1.                                                       (47) 

 

5.2 Uniformly distributed force 
 

In this case we consider 

{𝜑₁(𝑥),𝜑₂(𝑥)}  = {
1, 𝑖𝑓 |𝑥| ≤  𝑚

0, 𝑖𝑓 |𝑥| >  𝑚
                                           (48) 

When we apply the Fourier transformation on Eq. (48) we get the following for the case of 

uniformly strip load of non-dimensional width 2 m applied at origin. 

{𝜑̂1(𝜁),   𝜑̂2(𝜁)} =  [2
𝑠𝑖𝑛(𝜁𝑚)

𝜁
] ,     𝜁 ≠  0                                        (49) 

 

5.3 Linearly distributed force 
 

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

{𝜑₁(𝑥),𝜑₂(𝑥)} = {
1 −

|𝑥|

𝑚
, 𝑖𝑓 |𝑥| ≤  𝑚

0, 𝑖𝑓 |𝑥| >  𝑚
                                         (50) 

By using the Fourier transformation on Eq. (50), that linearly distributed on 2 m width of the 
strip load, we get 

{𝜑̂1(𝜁),   𝜑̂2(𝜁)} =
2(1 −cos(𝜁𝑚))

𝑚𝜁2
,    𝜁 ≠  0                                       (51) 

Using Eqs. (47), (49), and (51) in Eqs. (40)-(45), we obtain components of displacements, 

temperature change and mass concentration and stresses due to concentrated load, uniformly 
distributed load and linearly distributed load respectively. 
 
 

6. Applications 
 
Suppose an inclined load, per unit length F, is acting on the y-axis and its inclination with z-

axis is θ. 

From the above graph the horizontal component F₁ and vertical component F₂ of forces are 
given as 

F₁ = F cos(θ),F₂ = F sin(θ)                                              (52) 

Using Eq. (52) in Eqs. (40)-(45) we obtain the mathematical expressions of the displacement,  
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Figure 1. Inclined force applied at the origin of nonlocal isotropic thermoelastic solid 

 
 

temperature change and mass concentration of nonlocal thermoelastic solid under inclined load 
based on different angles of inclination. 

 

 

7. Inversion of Fourier transformations 
 

In order to get the solution of given problem in the physical domain, the inverse of Fourier 
transform has been employed as suggested by [24]. 

𝑓(𝑥, 𝑧, 𝜔) = 
1

2𝜋
∫ 𝑒−𝑖𝜁𝑥𝑓(𝜁, 𝑧, 𝜔)𝑑(𝜁)
∞

−∞
=

1

𝜋
∫ |𝑐𝑜𝑠(𝜁𝑥)𝑓 ᵢ −  𝑠𝑖𝑛(𝜁𝑥)𝑓 ᵢᵢ| 𝑑𝜁
∞

0
             (58) 

Where 𝑓ᵢ and 𝑓ᵢᵢ are respectively the odd and even parts of the function 𝑓 (𝜁, 𝑧, 𝜔). 
 

 

8. Particular cases 
 

1. When we use 𝑏 = 0 in Eqs. (9)-(12), we get from Eqs. (44)-(49) results for displacement 
components, temperature change, mass concentration and stress components without 
diffusion in nonlocal isotropic thermoelastic media. 

2. If we take  𝜉 = 0, we derive from Eqs. (44)-(49) the displacement components, temperature 
change, mass concentration and stress components of isotropic thermoelastic solid. 

 

 

9. Numerical results and discussion 
 

We consider the copper material. As mentioned in the studies of [16], the material constants of 
copper metal are given by the following table. 

In the Figs. 2-6 below 

I. Red dashed line is corresponds to 𝜔 = 1 and 𝜉 = 0, 12 

II. Blue line with star is corresponds to 𝜔 = 0.5 and  𝜉 = 0. 
III. Purple line is corresponds to 𝜔 = 1 and 𝜉 = 0.02.  
IV. Black line with triangle marker (>) corresponds to  𝜔 =  0.5 and 𝜉 = 0.02. 
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Table 1. Copper material constants 

Quantity Value Unit 

𝜆 7.76×10¹⁰ Nm⁻² 

𝜇 3.86×10¹⁰ Nm⁻² 

αₜ 1.78×10⁻⁵ K⁻¹ 

𝜌 8954 kgm⁻³ 

𝛾1 0.02 S 

𝛾2 0.2 S 

K 386 Wm⁻¹K⁻¹ 

A 1.2×10⁴ m²K⁻¹s² 

B 9×10⁵ kgm⁻¹s⁻² 

T₀ 293 K 

𝐶𝑒 383.1 Jkg⁻¹K⁻¹ 

D 8.5×10⁻⁹ M 

K* 1.2 WmK⁻¹ 

 

 

Figure 2. Variation in vertical displacement with distance x due to concentrated force 

 

 

The values of the nonlocal parameter employed in the numerical analysis are selected from the 
range commonly adopted in the literature on nonlocal thermoelasticity and nanostructures. These 
values satisfy the requirement that the nonlocal effects remain significant while preserving the 
physical stability of the model. Furthermore, the chosen range enables a clear comparison between 
the local case (nonlocal parameter approaching zero) and the nonlocal case, thereby illustrating the 

sensitivity of displacement, stress, temperature, and concentration fields to small-scale effects. 
The Figs. 2-6 represent the graphs of vertical displacement, temperature change, mass 

concentration, normal stress, and shear stress under an applied inclined load at different angular 
frequencies and nonlocal parameters. 

Fig. 2 shows that the vertical displacement varies along the distance in an oscillatory manner 

due to the action of the inclined force. It is observed that a higher frequency (ω = 1) produces 

larger displacement amplitudes compared to the lower frequency (ω = 0.5). The inclusion of the 

nonlocal parameter (ξ = 0.02) reduces and smoothens the displacement response, indicating that  
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Figure 3. Variation in temperature change with distance x due to concentrated force 

 

 

Figure 4. Variation in mass concentration with distance x due to concentrated force 

 
 

nonlocal effects weaken the mechanical deformation and make the response more stable. 
Fig. 3 indicates that the temperature change decreases initially with distance, reaches a 

minimum, and then increases, exhibiting wave-like thermal behavior. Higher frequency results in 

more pronounced temperature variations, whereas the presence of nonlocal effects (ξ = 0.02) 
significantly suppresses these fluctuations. This demonstrates that nonlocality stabilizes the 
thermal field and reduces the intensity of temperature change compared to the local case. 

From Fig. 4, mass concentration exhibits a smooth spatial variation along the distance under the 

action of the inclined force. An increase in frequency   (𝜔 = 1)  leads to larger fluctuations 

compared to the lower frequency case (ω = 0.5). The inclusion of nonlocal effects (ξ = 0.02) 
reduces the amplitude of concentration variation and smoothens the profile, indicating a stabilizing 
influence on mass diffusion. 

Fig. 5 shows that the normal stress response varies significantly with distance and exhibits 

oscillatory behavior due to the inclined force. Higher frequency results in larger stress magnitudes, 
while the nonlocal parameter (ξ = 0.02) lowers the peak values and smoothens the stress curves. 
This demonstrates that nonlocality mitigates stress concentration and leads to a more uniform 

stress distribution within the medium. 
From Fig. 6, the shear stress varies nonlinearly along the distance and exhibits a clear 

oscillatory pattern due to the inclined force. Higher frequency (ω = 1) produces significantly  
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Figure 5. Variation in normal stress with distance x due to concentrated force 

 

 

Figure 6. Variation in shear stress with distance x due to concentrated force 

 
 

larger shear stress amplitudes compared to the lower frequency case (ω=0.5). The presence of 

nonlocal effects (ξ = 0.02) reduces the peak shear stress and smoothens the response, indicating a 
mitigating effect on stress concentration. 

The Figs. 7-11 represent the variations of field variables under a uniformly distributed load in a 
nonlocal solid with distance x, where: 

I. Red dashed line corresponds to 𝜔 = 1 and ξ = 0. 

II. Blue line with star marker corresponds to ω = 0.5 and ξ = 0. 

III. Green line corresponds to ω = 1 and ξ = 0.02. 
IV. Black line with triangle marker (>) corresponds to ω=0.5 and ξ = 0.02. 
Fig. 7 shows that the vertical displacement exhibits a wave-like variation along the distance due 

to the inclined force. Higher frequency (ω = 1) results in larger displacement amplitudes, while 

the lower frequency case (ω = 0.5) exhibits comparatively smaller variations. The inclusion of 

nonlocal effects (ξ = 0.02) significantly reduces the magnitude and smoothens the displacement 
response. 

Fig. 8 shows that the temperature change initially decreases with distance, reaches a minimum 
around the mid-region, and then increases, indicating thermal wave behavior. Higher frequency 
produces relatively stronger temperature variations compared to lower frequency. Nonlocal effects  
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Figure 7. Variation in vertical displacement with distance x due to uniformly distributed load 

 

 

Figure 8. Variation in temperature change with distance x due to uniformly distributed load 

 

 

Figure 9. Variation in mass concentration with distance x due to uniformly distributed load 

 
 

(ξ = 0.02) suppress temperature fluctuations and lead to a more uniform and stable thermal 
distribution. 

Fig. 9 shows that the mass concentration decreases gradually with distance, reaches a minimum  
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Figure 10. Variation in normal stress with distance x due to uniformly distributed load 

 

 

Figure 11. Variation in shear stress with distance x due to uniformly distributed load 

 
 

in the mid-region, and then increases due to the influence of the inclined force. Higher 

frequency (ω = 1) yields comparatively larger concentration levels than the lower frequency case 

(ω = 0.5). The presence of nonlocal effects (ξ = 0.02) smoothens the concentration profile and 
reduces the overall variation, indicating stabilized mass diffusion. 

Fig. 10 shows that the normal stress varies oscillatory along the distance under the effect of the 

inclined force. Higher frequency (ω = 1) produces larger stress amplitudes, while the lower 
frequency case shows comparatively smoother variations. The inclusion of nonlocal effects (ξ =
0.02) reduces the peak normal stress and smoothens the stress distribution. 

Fig. 11 shows that the shear stress exhibits a wave-like variation with distance due to the 
inclined force. Increasing the frequency enhances the magnitude of shear stress, whereas nonlocal 

effects significantly suppress the peak values. This indicates that nonlocality plays an important 
role in reducing shear stress concentration and stabilizing the mechanical response. 

The Figs. 12-16 represent variations in 𝑊,𝑇, 𝐶, 𝜎𝑧𝑧 , and 𝜎𝑧𝑥 with distance x due to a linearly 
distributed load, where: 

I. Red dashed line corresponds to ω = 1 and ξ = 0. 
II. Blue line with star marker corresponds to ω = 0.5 and ξ = 0. 
III. Green line corresponds to ω = 1 and ξ = 0.02. 

IV. Black line with triangle marker (>) corresponds to ω = 0.5 and  ξ = 0.02 . 
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Figure 12. Variation in vertical displacement with distance x due to linearly distributed load 

 

 

Figure 13. Variation in temperature change with distance x due to linearly distributed load 

 

 

Figure 14. Variation in mass concentration with distance x due to linearly distributed load 

 
 

An applied linearly distributed inclined load on a nonlocal thermoelastic medium produces 
different response characteristics, as shown in Figs. 12-16. 

Fig. 12 shows that the vertical displacement varies nonlinearly with distance and exhibits 

oscillatory behavior for different angular frequencies (ω) and nonlocal parameters (ξ). Higher 

angular frequency (ω = 1) results in larger displacement amplitudes compared to the lower  
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Figure 15. Variation in normal stress with distance x due to linearly distributed load 

 

 

Figure 16. Variation in shear stress with distance x due to linearly distributed load 

 
 

frequency (ω = 0.5). The presence of nonlocal effects (ξ = 0.02) smoothens the displacement 

profile and slightly reduces peak values compared to the local case (ξ = 0). 
Fig. 13 shows that the temperature change initially decreases with distance, reaches a 

minimum, and then increases, indicating wave-like thermal behavior. Higher angular frequency 
produces more pronounced variations in temperature compared to lower frequency. Nonlocal 

effects (ξ = 0.02) reduce thermal gradients and lead to smoother temperature distributions than 
the classical local model. 

Fig. 14 illustrates the variation of mass concentration with distance under an inclined force with 

a linearly distributed load. The mass concentration initially decreases, attains a minimum near the 
mid-region, and then increases, indicating non-uniform diffusion behavior. An increase in angular 

frequency (ω) amplifies the variation, while the nonlocal parameter (ξ) smoothens the response 
and reduces extreme values compared to the local case (ξ = 0). 

Fig. 15 depicts the variation of normal stress with distance under an inclined force. The normal 

stress exhibits oscillatory behavior along the distance, with higher angular frequency (ω) 
producing larger stress amplitudes. The inclusion of the nonlocal parameter (ξ) smoothens the 

stress distribution and reduces peak magnitudes compared to the local case (ξ = 0).  Fig. 16 
illustrates the variation of shear stress with distance due to an inclined force. The shear stress 

shows pronounced fluctuations, and increasing angular frequency (ω) significantly enhances the 

stress response. Nonlocal effects (ξ = 0.02) lead to a smoother shear stress profile and attenuate 
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extreme values relative to the classical local model. 
 

 

10. Conclusions 
 

This study investigated the dynamic response of a nonlocal thermoelastic diffusive solid 

subjected to an inclined load in the frequency domain. The primary objective was to examine the 
combined influence of nonlocal effects and excitation frequency on the coupled mechanical, 
thermal, and diffusive fields. The novelty of the work lies in the simultaneous incorporation of 
nonlocal elasticity and mass diffusion under inclined loading conditions within a frequency-
domain framework, providing a more realistic description of size-dependent phenomena than 
classical local theories.The numerical results reveal that the inclined force generates oscillatory 
variations in displacement, temperature, mass concentration, and stress distributions throughout 

the medium. It is observed that increasing the excitation frequency amplifies the mechanical and 
thermal responses, resulting in higher stress levels and deformation amplitudes. In contrast, the 
nonlocal parameter exerts a significant stabilizing influence by reducing peak values and 
smoothing the spatial distributions of all field variables. Physically, the nonlocal parameter 
accounts for long-range interatomic interactions and introduces a characteristic internal length 
scale, thereby capturing size-dependent effects that become important in micro- and nano-scale 
structures.The results demonstrate that the combined effects of frequency and nonlocality play a 
crucial role in controlling wave propagation, thermal behavior, diffusion characteristics, and stress 

distribution within the medium. Therefore, neglecting nonlocal effects may lead to inaccurate 
predictions of the thermoelastic diffusive response in small-scale structures. 

The proposed model contributes to the theoretical understanding of coupled thermoelastic 
diffusion phenomena and may be useful in the design and analysis of advanced composite 
materials, MEMS/NEMS devices, nano-engineered structures, functionally graded materials, 
semiconductor components, and aerospace systems. Future studies may extend the present 
formulation to anisotropic materials, fractional thermoelastic models, rotating media, magneto-

thermoelastic interactions, and transient loading conditions. 
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