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Time Harmonic interactions in the axisymmetric behaviour of
transversely isotropic thermoelastic solid using New M-CST
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Abstract. The present study is concerned with the thermoelastic interactions in a two dimensional homogeneous,
transversely isotropic thermoelastic solid with new modified couple stress theory without energy dissipation and with
two temperatures in frequency domain. The time harmonic sources and Hankel transform technique have been
employed to find the general solution to the field equations. Concentrated normal force, normal force over the circular
region, thermal point source and thermal source over the circular region have been taken to illustrate the application of
the approach. The components of displacements, stress, couple stress and conductive temperature distribution are
obtained in the transformed domain. The resulting quantities are obtained in the physical domain by using numerical
inversion technique. Numerically simulated results are depicted graphically to show the effect of angular frequency on
the resulted quantities.

Keywords: transversely isotropic; thermoelastic; time harmonic source; Hankel transform; new modified
couple stress theory; two temperature

1. Introduction

Classical continuum theory with first gradient approach do not predict the size effects at nano
and microscale. Therefore, a number of theories including higher gradients of deformation have
been proposed to capture size-effects at the nano-scale. And, consideration of the second gradient of
deformation leads naturally to the introduction of the idea of couple-stresses. Couple stress theory
is such a higher order theory. This theory is an extension to continuum theory that includes the eftects
of couple stresses, in addition to the classical direct and shear forces per unit area. First mathematical
model to examine the materials with couple stresses was presented by Cosserat and Cosserat (1909).
This theory could not establish the constitutive relationships. Mindlin and Tierstein (1962) and
Koiter (1964) developed initial version of couple stress theory, based on the Cosserat continuum
theory (1909), involving length scale parameters to predict the size effects. It involves four material
constants for isotropic elastic materials which are very difficult to determine experimentally (1964).
So, Yang et al. (2002) presented modified couple stress theory (M-CST) with one length scale
parameter, in which the couple stress tensor is symmetric. M-CST could not describe the pure
bending of plate properly. So, Hadjesfandiari ef al. (2011) gave consistent couple stress theory (C-
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CST) with the skew-symmetric couple-stresses, that settles all the discrepancies of modified couple
stress theory. Anisotropic materials are useful in engineering and medical. Modified couple stress
theory was not applicable to anisotropic materials. So, Chen and Li (2014) presented the new
modified couple stress theory (NM-CST) for anisotropic materials having three length scale
parameters. Fakhrabadi (2017) studied the electromechanical behaviour of carbon nanotubes on the
basis of modified couple stress theory and Homotopy perturbation method. Park and Gao (2006)
studied the Bernoulli- Euler beam model based on a modified couple stress theory. Arani et al. (2015)
studied the problem of vibration of bioliquid-filled microtubules embedded in cytoplasm including
surface effects using the modified couple stress theory. Modified couple stress model has been
developed for the dynamic study of Bernoulli-Euler beam by Kong et al. (2008) and for the solution
of a simple shear problem by Park and Gao(2008) after deriving the boundary conditions and the
governing differential equation of the theory in terms of the displacement. The static bending and
free vibration problems of a Timoshenko beam are examined using modified couple stress theory by
Ma et al. (2008). Tsiatas (2009) studied the static bending problem of Kirchhoff plates using
modified couple stress theory. Tsiatas and Katsikadelis (2009) investigated the Saint-Venant’s
torsion problem of micro-bars using modified couple stress theory. Yin et al. (2010) investigated the
vibration behaviour of Kirchhoff microplates in the context of modified couple stress theory and
deriving the closed-form solution for natural frequency. Bending and vibration behaviours of
Mindlin microplates were studied by Ma ef al. (2011), in which the thickness stretching effect was
also taken into account. Simsek ef al. (2013) investigated the static bending of functionally graded
microbeams based on the modified couple stress theory. Rafiq et al. (2019) studied the harmonic
waves solution in dual phase lag magnatothermoelasticity. Kaushal et al. (2010) studied the response
of frequency domain in generalized thermoelasticity with two temperatures. Chen et al. (2011)
presented a new modified couple stress model for bending analysis of composite laminated beams
with first order shear deformation. Problem of thermoelastic damping in the axisymmetric vibration
of circular microplate resonators was examined by Fang ef al. (2013) using two dimensional couple
stress heat conduction model. Marin et al. (2017) studied the Saint-Venant’s problem in the context
of the theory of porous dipolar bodies. An axisymmetric problem of thick circular plate in modified
couple stress theory of thermoelastic diffusion using Laplace and Hankel transforms technique is
investigated by Kumar and Devi (2016). Atanasov et al. (2017) examined the thermal effect on the
free vibration and buckling of the Euler-Bernoulli double microbeam system based on the modified
couple stress theory using Bernoulli-Fourier method. Othman et al. (2013,2015) studied the thermo-
microstretch elastic solid under the effect of gravity with energy dissipation using generalized theory
of thermoelasticity. Sobhy and Radwan (2017) developed a nonlocal quasi-3D theory for the free
vibration and buckling of FG nanoplates. Despite of this several researchers worked on the different
theory of thermoelasticity as Marin (1998, 2009), Othman and Marin (2017), Arif et al. (2018), Lata
(2018), Lata and Kaur (2019, 2019a, 2020, 2020a), El-Haina (2017), Ezzat et al. (2012, 2017),
Kumar et al. (2016), Sharma et al. (2015), Othman and Abbas (2012), Fahsi et al. (2017), Abbas
(2014, 2016), Karami et al. (2019, 2019a), Medani et al. (2019), Chaabane et al. (2019), Boulefrakh
et al. (2019), Boukhlif et al. (2019), Boutaleb et al.(2019), Alimirzaei et al. (2019), Bourada et al.
(2019), Zarga et al. (2019).

In the present study we deal with the thermoelastic interactions in a two dimensional
homogeneous, transversely isotropic thermoelastic solids without energy dissipation and with two
temperatures due to time harmonic sources in the context of new modified couple stress theory. The
time harmonic sources and Hankel transforms have been employed to find the general solution to
the field equations. Boundary plane is subjected to the normal and thermal sources. The components
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of displacements, stresses and conductive temperature distribution are obtained in the transformed
domain. Numerical computation is performed by using a numerical inversion technique and the
resulting quantities are shown graphically to show the effect of angular frequency.

2. Basic equations
Following Chen and Li (2014), Sharma et al. (2015), the field equations for a transversely

isotropic thermoelastic medium using new modified couple stress theory in the absence of body
forces, body couple, mass diffusion sources and without energy dissipation are given by

0ij = Cijiafir + 5 eijMucy — By T, (1)

1 ..
Cijki€irj + 5 €ujxMurj — By T = pil, )
Kij@,ij — pCeT = BijToéy;, (3)

where
Bij = Cijlaijs 4)
1
gij = E(ui'j + uj,i)' (5)
my; = [FGixyj + Gy, (6)
Xij = Wij, (7)
1

@i =7 €ijicli j» )

and T = ¢ — a;;9,;j, K;j = K;6;j.

Here, u = (u, v, w) is the components of displacement vector, ¢;jx;(Cijki = Cijik = Cjikt = Cjitk)
are elastic parameters, a;; are the two temperature parameters, g;; are the components of stress
tensor, &;; are the components of strain tensor, e;j is alternate tensor, m;; are the components of
couple-stress, a;; are the coefficients of linear thermal expansion,f;; is thermal tensor,T is the
thermodynamical temperature, ¢ is the conductive temperature, [; (i = 1,2,3) are material length
scale parameters, x;; is curvature, w; is the rotational vector, o is the density, K;; is the materialistic
constant, cg is the specific heat at constant strain, Ty is the reference temperature assumed to be such
that 7/To<<l, G; are the elasticity constants and f; = (c11 + ¢12)a1 + C13a3 ,F3 = 2¢1301 +
C3303.

3. Formulation and solution of the problem

We consider a homogeneous transversely isotropic, thermoelastic body initially at uniform
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temperature Ty. We take a cylindrical polar co-ordinate system (7, 6, z) with symmetry about z-axis.
As the problem considered is plane axisymmetric, the field component v = 0, and u,w, @ are
independent of 8. We have used appropriate transformation following Slaughter (2002) on the set
of Egs. (1)-(3) to derive the equations for transversely isotropic thermoelastic solid without energy
dissipation and with two temperature and restrict our analysis to the two dimensional problem with
u = (u,0,w), we obtain

Equation of motion

0%u w1, 0%u o*w o%u o*w
Cll(arz + r or + _) + 64467 + (C13 + 644) oroz ZlZG (6r2622 T 9r3az | 0z% 6r623)
d 1
B2 (1-a (s +D—as2) ¢ = pil ©)
2%w a°w ow
€335,2 0z2 t (C4’4 + i3 ) (61’62 + raz) T Caa (6r2 t rar)
1 2 o*u | 9*w 1( 3u | 93 w) o*u o*w 1 (63u 3w )
4( lz G, < 0r3oz + ort t T 0r2oz t + l2 G2 0r3dz  0r20z2 + r\dz3 0r2oz

d 92 1
Bag (1= (55 +7) ~wgz) 0 = o, (10)
Equation of heat conduction without energy dissipation
az_‘Pﬁ) 20 _ 3_2(_ (_ )_ ﬁ)_ ﬁ(f’_” f’_W)
K1(6r2+r tKage ~ PeegE 1 a2 T 45;2) P = Toga\Prg + B3, ) (1D
And the constitutive relationships are
Ozz = C13€prr + C13366 + c3385, — B3T,
3w 3w
Orz = 2C44€y; — ((l1 G, — 15 Gz)( azarz + ar3) +(13G; - lsz)( —+ arazz))
Ogg = C216rr T C11€99 + C13€7z — P1T,
Opr = C11€rr + C12€09 + C13€5, — P17,

1 %u  9*w
Moz = 2 (l% Gz — l3 Gs) (622 - araz)'

(12)

where

ou u 1(0u | dw aw 9% 1 92
rr =5y o0 = rer =35+ 5) e = T = (1-a (G +7) —asgz) e

T
In the above equation we use contracting subscript notation (1 - 11,2 - 22,3 - 33,4 —

23,5 - 31,6 - 12) to relate ¢;jy; t0 Cpp.
To facilitate the solution, the dimensionless quantities defined are defined as

2] r z c pc pc? T o
0 =—,r'=-,2=-,t'=2t,v="uw="wT=—, 0, =",
L L L L LB To LB1T, To BT,
Orr 0260 Mmze 1 a; ’ az
O = L = m,=——-—,a, = — ,03 = —. 13
T gy 20 BTy’ 20 LTy’ 1 L3 L ( )

Assuming the time harmonic behaviour as

(w,w,0)(1,2,t) = (w,w, ) (r,2)e", (14)

where w is the angular frequency,
We define the Hankel transformation as
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f&zw) = [, fr.z,0)r],(rEdr. (15)

Using the dimensionless quantities defined by (13) on the set of Egs. (9)-(11) and after
suppressing the primes and then using (14)-(15) on the resulting equations yields

(—€; + 6,D2)ii — 6,EDW +oo— lsz((EZDZ D — (63D + ED3W) +

(16)
€(1+ﬂaf2 -2D?)g =0,
L L
8,6, + (eg + 85D —(—B6(¢?pu— ) + BG, (D% + DXW) ) +
(17)
) (1 +ﬂ§2 ~%p?)g =0,
L L
—€c& w1l — e,Dw?W + (62 + €sD? + €,w? (1 +2g2 _ ﬂDZ)) @=0, (18)
where
2 2
5 =Gt s 5o G322 o _Z8¥ o _paa o _ K
1 oy 2= 3T, 1 3 2 z 4 X, 25 X,
_ ToBi _ ToB1B3 S 2 2 _ B3 _ 15G, 42
€6 = %’ € =, €8= 708" =57, €9 = 35 €10 =02 + 75 —$7,
€ =—8€—Z§GZ§3 € =e+l§62§4‘ €13 = €, — €45, €14 = 03 + 222 e,
11 16~ azen 8 12 8 ¥ 120,50 €13 2~ €4S, 14 3+ e
The non-trivial solution of the system of the Eqgs. (16)-(18) yields
(PD® + QD® + RD* + SD?+T) = 0, (19)
Where
P = —62652‘1’12'
Q = €10(€14€26 — €16€22) T A1 (€12626 + €14€25 — €16€21) — $€20QA1€16 — €20€14€15
+8€1101 €26 + A1 E(€27€26 + €26251 — €32€15),
R = —€1(€14€26 — €16€22) T €10(€12€26 + €14€25 — €16€21) + A1 (€12 — €25) + €20€27€16
+8€1901€16 + €15€19€14 — €11(€27€626 — $€2501 — €2€15) + a1 E(€27€25 + €15€21),
S = —€11(€27€25 + €15€21) — €19€27€16 — €20€15€12 — €1(€12€26 T €14€25 — €16€21)
t€12€10€25,
T = —€1€12€25 + €19€72.

The roots of the Eq. (24) are +4;(i = 1, 2, 3,4), using the radiation condition that @,w, @ — 0
as z = oo, the solution of Eq. (19) may be written as

~ o~ ~\ _ 4 -1z
(@, w, @) = Xi=1(1, Ry, S Ae ™", (20)
Where
2 4 6
R. = —€1€25+€15€619+(—€1626+€10€25F€15€20) 4] H(€10€626+A1€13) A + A1 €264 (21)
t 61625"'(612626"'614625"‘616621)/1%"'(514526—516522)/12't ’
2 4 6
S. = —€1612+H(—€1€14+@1€12—€27€11)A7 +(€10€1a X1 (€12 €27 HE€11)) AT~y (—€14+§P 1) 4] (22)
14 - 7

2 7
€1625+(€126261€14€25+€16€21)A; +(€14€26—€16€22)A]

and
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_ 2 _ 2 _ a1 z2 _ a3 _ _ _
€15 = —€cWE, €16 = —W €7, €17 =1 +Tf €18 = 7 €19 = —&€17,€20 = §€13, €21 =
_ _ 2 _ 2 _ _
€9€17, €22 = €9€1g, €23 = —WT€4€17, €34 = —W 64-618v€225 = —€p + €33,626 = —€5 —

_ 3 _
€24, €27 = €201 + 1 &7, ay = ~ate

4. Boundary conditions

For Mechanical forces/ Thermal sources acting on the surface
The boundary conditions are

0,,(1r,z,t) = =P, (1, 1), (23)
0,-(r,2z,t) =0, (24)

22 (r,2,t) = Py(r, 0)e"", (25)
mg, = 0. (26)

Here P,(r,t) =0 corresponds to plane boundary subjected to normal force and P;(r,t) =0
corresponds to plane boundary subjected to thermal point source.

4.1 Applications

Case I: Concentrated normal force/Thermal point source-When plane boundary is subjected
to concentrated normal force/ thermal point force, then P; (1, t),P,(r,t) take the form

(Pl(T, t), P2 (T, t)) _ (P15(T)elwt ’P26(r)elwt). (27)

2nr 2nr

P; is the magnitude of the force applied , P, is the magnitude of the constant temperature applied
on the boundary and () is the Dirac delta function. Applying Hankel transforms defined by (15)
on Eq. (27), we get

(P ) P w)) = (5heler ,Zelor). (28)

'2m
The expressions for the components of displacements, stress, couple stress and conductive
temperature are given by the Egs. (29)-(34).

Ple’wut

~ 4 Az Pzeiwt 4 Az
Ul =————)i=1 B + = ——2i-1B3e"", (29)
~ Plel‘“’t 4 1z Pze'“"t 4 1:z
w=— >7A i=1 RiBlie i +—2TL'A i=1 RiB3ie e, (30)
a Pleiwt 4 iz Pzeiwt 4 iz
== Yi=1SiByie™ t o Yi=1SiB3e”?, (€2)
~ Pel“t oy B1To Aiz
Ozz = — oA &i=1 (_Pclz (Ci3€2 — C33AiR;) — ﬁ3TOSi) Bye”
) (32)
Pyel“t oy B1To iz
o i=1 (_2 (Ci3€2 — C33AiRy) — ﬁsTOSi) Bsie”*,
pcy
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~ P iwt T
Ozr = — ;jm ?:1 <i1€120 Cas(—A; — ER)) — B1 Ty (%(‘lei - E3Ri) +a; (_A? +
) P. iwt T
fﬁ&))) Byeh + A5t (’31 B0 Caa (A — ER) = BuTo (aa(—§24, — E3R) + (33)

pc?

(-4 + £R)) ) B

— P lwt
mQZ = - 123 2 2?:1 ,BlTO(l%Gl - I%GZ) (/1? + f/’{lgRl')BliellZ
2ApcyL?(2m) (34)
P
—ZA,,jsz(zﬂ)zl BiTo(BGy — 13G,) (A + EAZR,)By e

Case II: Normal force over the circular region/ Thermal source over the circular region
Let a uniform pressure of total magnitude / constant temperature applied over a uniform
circular region of radius a is obtained by setting

(Pu(r, ), Py(r, ) = (25 H(a = 1)el* ,“2 H(a — r)el®t). (35)

where H(a — r)is the Heaviside unit step function.

Making use of dimensionless quantities defined by (13)&suppressing the primes, and then
applying Harmonic behaviour and Hankel transforms defined by (14)-(15) on the resulting equation,
we obtain

— —_— P. ,
(P ) PG ) = (Zph@elet 2y ag)et). (36)
The expressions for the components of displacements, stress, couple stress and conductive
temperature are obtained by replacmg Wlth By (f %) and by replacing ;J—; with 2L 1655 @) n Egs.
(30)-(34) and are given by (37)-(42).
For circular region
lwt
i= _P1A ;L 1];(615)3 oMz 4 2‘9A 24 ];(;l;) Bgieliz’ (37)
~ P,el®t 4P .
wW=— 1eA R jl(ag) Bll 26A ;l-lei ];(5;) B3ieALZ (38)
- p, elwt J p,elwt J )
=Dy, R By et 4 By R A e (39)
— P,el®t T ] .
Gy = — 25— 1 (Bl_zo (C13€2 = C33AiR;) — B3ToS ) el et +
A pcs af ( 40)
Pe lwt B T J f
ZT ? 1 (plleo (C13€2 — C334iR;) — ﬁ3TOSi) ?:1%331'91‘2.

— Pleiwt 4

Ozr = =71 Li=1 <i1_671;0 Caa(=A; = ERy) — B1To (“1(—52/11' —&3R) + ap (=47 + (41)
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lwt
Z )))“““B oM 4 T z*=1(f:—f;c44(—ai—ERL-)—ﬁlTo(al(—fzai—éRiH

ar (=4 + ’S)LLZRi))> ]tr(af) Bse’?,

ag

L Gl Ja(@f)

Mg, = — ZAISC%LZZL BiTo(12G, — 12G,) (A3 + EA‘ZR")—;; B, + o
Ppelet (@)
2A2pc12L2 1 BiTo(12Gy — 13G,) (A3 + EA2R) ;ZE Byetiz

where
A= [;1—:1;0 (C13€5 — C33A44R;) — B3T4S;,
Ay =P Chy (-2 — §R) — ﬂlTo (@1 (=622 = 3R) + aa (=2} + §22R,)),
= —/1 Si'
Ay = BTy (lzGl _ 1262)(/12 fliRi)' i=12,34.

2pc2L2
A=A, — A, + A3 — Ay,
A= A11425(A33A44 — AszAzs) — A11423(A32404 — AspAzg) + A11424(A32A43 — AspAszs),
Ay= A13451(A33444 — AyzAzs) — A12A23(A31 404 — As1Azy) + AgsAr2(Az1443 — Ay Ass),
A3= A13431(A32444 — AszAz4) — Ag2A13(A3144s — As1Azs) + A13424(A3144; — AsrAs2),
Ay= A14A21(A32443 — AspAsz) — A2 A14(A31443 — A1 As3) + A14A23(A3144; — A1 ds)),
B11 = A, /A11,
B12 = —A, /A5,
B13 = A3 /Aq3,
B14 = —A, /A4,

1 _
A = K(Pl(f: w)By; + P,(§, w)B3y),

BSl = AlZ(A23A4-4- - A43A24-) - A13(A22A44 - A42A24) + A14(A22A4-3 - A42A23)'
B32 = _All(A23A4-4 - A43A24) + A13(A21A4-4- - A4-1A24-) - A14-(A21A4-3 - A41A23):
333 = All(A22A4-4- - A42A24-) - A12(A21A44 - A41A24) + A14(A21A4-2 - A41A22)'
334 = _All(A22A4-3 - A42A23) + AlZ(A21A4-3 - A41A23) - A13(A21A4-2 - A41A22)'

6. Inversion of the transformations

To obtain the solution of the problem in physical domain, we must invert the transforms in Eqgs.
(31)-(36) and (37)-(42). Here the displacement components, normal and tangential stresses
,conductive temperature and couple stress are functions of z, the parameter of Hankel transform is &

and hence are of the form f (¢, z). To obtain the function f(r, z) in the physical domain, we first
invert the Hankel transform using

fr.2) = [, §F €, 2)]n(Er) dE. (43)

The last step is to calculate the integral in Eq. (43). The method for evaluating this integral is
described in Press et al. (1986). It involves the use of Romberg’s integration with adaptive step size.
This also uses the results from successive refinements of the extended trapezoidal rule followed by
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extrapolation of the results to the limit when the step size tends to zero.

7. Results and disscussions

For numerical computations, we take the copper material which is transversely isotropic
¢y, = 18.78 x 101 Kgm™1s72, ¢;, =876 x 101 Kgm™1s72, ¢y
=8.0 x 101° Kgm~1s572,
€33 =17.2x 101 Kgm=1s72, ¢, =5.06 X 1019Kgm~1s72, (g
=0.6331 x 103JKg~1K™1,

a; =298x 107K, a3=24x%x10"5K"1, Ty = 293K,p = 8.954 x 103Kgm™3,
K; = 0433 x 103Wm 1K™, K; =0.450x 103Wm™1K1, G, =01, G, =0.2,
G; =0.3, L=1, I, =1, =13 =.243nm, a; = .01, az =.02.

The values of displacements u and w, normal force stress o,,, tangential stress o, and

conductive temperature ¢ for a transversely isotropic thermoelastic solid with two temperature are
determined with the help of software GNU Octave 5.1.0and presented graphically with the help of
OriginPro 2018 to show the impact of harmonic behaviour varying the angular frequency for the
four different values i) w =.2 ii) w = .451iii) w = .6. (iv) w = .85. Analysis has been done by
varying the distance r from 0 to 2.5.

1) The solid line in black with centre symbol squarecorresponds to w = .2.

i1) The solid line in red with centre symbol circle corresponds to w = .45.

iii)The solid line in blue with centre symbol trianglecorresponds to w = .6.

iv) The solid line in green with centre symbol inverted triangle corresponds to w = .85.

7.1 Normal force on the boundary of the half-space
Case 1: Concentrated normal force

Figs. 1-6 depicts the characteristics of concentrated normal force. In Fig. 1 curves depicting the
variation of displacement u, corresponding to the frequencies w =.2,w =.45 and w =.6
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monotonically and rapidly decrease in the range 0 < r < 1.5monotonically and increase in the rest
of the range slightly. w = .85 leads to the asymmetry in the variation of the characteristic curves.
Here we observe that increase in frequency increases the magnitude of variations. Characteristic
curve for w = .85 monotonically increase in 0 <r <1 and 2 <r < 2.5 and monotonically
decreases in the rest of the range. In Fig. 2 curves depicting the variation of displacement w do not
follow a symmetric pattern. Displacement w corresponding to the frequencies w = .2 and w = .6

decreases in the 0 < r < 1.5 and increases in the remaining range of distance r with the difference
in magnitude of the each curve. Value of the displacement w for the frequency w = .45 increases
in the first half of the distance axes and decreases in the remaining range. Characteristic curve for
w = .85 monotonically decrease in 0 < r < 1 and 2 < r < 2.5 and monotonically increases in the
rest of the range. Amplitude is largest in case of w = .85. In Fig. 3 curves for the variation of
Conductive temperature ¢ corresponding to the frequency w = .2 increase from .004 to .018 with
the increase of r, and corresponding to the frequencies w = .45 and w = .6 decreases in 0 < r <
1 and 2 < r < 2.5 and increases in the rest of the range. Value of ¢ corresponding to the w = .85
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shows oscillatory behavior with the distance r. In Fig. 4 variation of the normal stress o, is similar
to the displacement w, except for the w = .45. Curve corresponding to the w = .45 decreases in
0 <r<0.5and 1.5 <r < 2.5 and increases only in the range 0.5 < r < 1.5. In Fig. 5 tangential
stress 0, decreases for 0 < r < 1.5 and increases for the rest corresponding to the w = .45 and
the w = .6. g,, decreases monotonically with the increases in r. Corresponding to the w = .85,
value of g, monotonically increases for 0 < r < 1.5 and decreases in the rest. In Fig. 6 couple
stress m,g corresponding to the frequencies w = .45 and w = .6 decreases smoothly for 0 < r <
1 and 2 < r < 2.5 and increase in the rest. m,g for w = .2 follow oscillatory trend, with the small
amplitude of the variation. Corresponding to the w = .85 couple stress decreasesinthe 0 < r <1
and maintains constant value in the remaining range.

Case 2: Normal force over the circular region
Figs. 7-12 showthe characteristics of concentrated normal force. In Figs. 7-10 characteristic
curves for the variation of displacements, conductive temperature and normal stress o,, resp. are
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similar to the corresponding characterstics curve of the normal force over the circular region, expect
for the amplitude of the curve. In Fig. 11 tangential stress g, correspondingtothe w =.2 and w =
.45 follow descending oscillatory behavior with the distance r. Corresponding to the frequency w =
.6, decreases for the range 0 < r < 1, almost constant magnitude for the 1 < r < 2 and increases
in the rest. Value of o, decreases in the range 0 < r < 2.2 and increases in very small range of the
distance axes. At the origin, as the angular frequency increases value of the tangential stress reduces.
In Fig. 12, curves showing the variation of couple stress m,q follow oscillatory behaviour with
intermediate amplitude. Curve corresponding to w = .25 is descending oscillatory.

7.2 Thermal source on the boundary of half-space

Case-I: Thermal point source
The Figs. 13-18 correspond to the characteristics of thermal point source. In Fig. 13 curves for

the variation of displacement u corresponding to w = .2 and w.= .6 monotonically decrease for
0 < r < 1.5 and increase in the remaining range. curves corresponding to w = .85 monotonically
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increase for the 0 <r < 1.5 and 2 <r < 2.5, and decrease in the rest of the range. Value of
displacement u corresponding to w = .45 is almost constant for 0 < r < 0.5, monotonically
increase in the range 0.5 < r < 1.5 and decreases in the remaining range. Amplitude of the variation
is large in the range 1 <r < 2 for w = .45. In Fig. 14, displacement w corresponding to the
frequencies w =.2,w = .45 and w = .85 monotonically decrease in the range 0 <r <1 and
increase in 1 < r < 1.7 and again decrease in the remaining range, but with difference in the
amplitude of the variation corresponding to each frequency. Curve corresponding to the frequency
w = .6 shows inverse behaviour to the remaining cases. In Fig. 15, conductive
temperature ¢ decrease for 0 <r <1 and increase for the 1 <r < 1.5 and decrease in the
remaining range corresponding to all the frequencies w = .2, w = .45, w = .6 and w = .85. In Fig.
16, normal stress o,, decreases for 0 <r < 1 and increases for the 1 <r < 1.5 and again
decreases in the remaining range corresponding to w =.2, w = .45 and w = .85. Curve
corresponding to the w = .6 shows inverse behaviour to all the remaining three cases. In Fig. 17,
tangential stress g,,.decreases for 0 < r < 1 and increases for the 1 < r < 1.5 and again decreases
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in the remaining range corresponding to w = .2, w = .45and w = .6. Curve corresponding to the
w = .85 shows inverse increasing and decreasing behaviour to all the remaining three cases. In Fig.
18 the couple stress m,q corresponding to all the four frequencies decreases monotonically for 0 <
r < 1 and increases for the 1 < r < 1.8 and again, decreases in the remaining range.

Case-ll: Thermal source over the circular region

Figs. 19-24 depict the characteristics of the thermal source over the circular region. In Fig. 19
displacement ushow oscillatory behaviour corresponding to the frequencies w = .2, w = .45 and
w = .85. Amplitude of the variation is small in the three cases. Curve corresponding to w = .6
shows constant variation for 0 < r < 1 and decreases for the 1 <r < 1.7 and increases in the
remaining range. In Fig. 20 displacement wcorresponding to w = .2 and w = .6 decreases for 0 <
r < 1.5 and increases in the rest. Amplitude of the variation is very small in the latter case. Curve
corresponding to w = .45 shows inverse behaviour to w = .2. Variation of the displacement w
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corresponding to w = .85 monotonically decreases in the range 0 <r < 1and 2 <r < 2.5 and
increases in the remaining range. In Fig. 30, Characteristic curves for the variation of conductive
temperature ¢, normal stress o,,, tangential stress g,,- and the couple stress m,g are similar to the
corresponding characterstics curves of the thermal point source, expect for the amplitude and
magnitude of the variation.

7. Conclusions

This investigation dealt with the study of transversely isotropic thermoelastic medium in the
context of new modified couple stress theory with two temperature. The mathematical expressions
for displacements, conductive temperature, stress and couple stress have been derived in frequency
domain. From the above discussion it is clear that the effect of frequency plays an important role in
the study of the deformation of the transversely isotropic thermoelastic body in the context of new
modified couple stress theory. As r varies from the loading surface/boundary surface, the
components of displacements, normal stress, tangential stress, couple stress and conductive
temperature for normal forces and thermal sources follow different types of pattern. It is observed
that the variation of resulting quantities obtained after the numerical computation is oscillatory
almost in all the cases with difference in magnitude/value. Appreciable effect of frequency is
observed on the resulted quantities. The results of this problem are very useful for the people who
are working in the various fields of geophysics, electronics and seismology.
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