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GENERALIZATIONS OF MAYSEL’s formula to generalized linear micropolar thermo-
viscoelasticity is given. Fundamental solutions in the Laplace transform domain are
obtained. The results are applicable to the following generalized thermoelasticity the-
ories: Lord—Shulman theory with one relaxation time, Green-Lindsay theory with two
relaxation times, Green—Naghdi theory of type III, and the Chandrasekharaiah and
Tzou theory with dual-phase lag, as well as to the dynamic coupled theory. The cases
of generalized linear micropolar thermoviscoelasticity of the Kelvin—Voigt model, and
the generalized linear micropolar thermoelasticity can be obtained from the given re-
sults.
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components of displacement vector,
components of force stress tensor,
components of couple stress tensor,
components of strain tensor,
components of micro-strain tensor,
components of rotation vector,
components of micro-rotation vector,
dilatation,

mass couple vector,

mass force vector,

density,

micro-inertia coefficient,

Kronecker delta,

permutation tensor,

coefficient of linear thermal expansion,
time,

elastic coefficients,
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W = Wii = Wiy,

Tq phase-lag of heat flux,

Tp phase-lag of temperature gradient,
T absolute temperature,

To reference temperature chosen so that £ ; o] < 1,
0
e =T -1y,
AN .
e =0+v6e,
K

thermal conductivity,
C, specific heat at constant strain,
@ intensity of applied heat source per unit mass;
n*,ni,no,t1,t2, v, 70 constants,
Ay retardation period of the Kelvin—Voigt model.

1. Introduction

The general theory of linear and nonlinear micropolar continuum mechanics
was given by ERINGEN and SUHUBI |1, 2|, ERINGEN [3,4]. It was extended to
include thermal effects by NOwWACKI [5|, ERINGEN [6, 7], TAUCHERT et al. [§],
TAUCHERT [9] and NOWACKI and OLSZAK [10]. One can refer to DHALIWAL
and SINGH [11] for a review on the micropolar thermoelasticity and a historical
survey of the subject, as well as to the “continuum physics” series by ERINGEN
and KAFADAR [12] in which the general theory of micromorphic media has been
summed up. The micropolar viscoelasticty theory was investigated by many au-
thors (e.g. ERINGEN [13]).

BI1OT [14] formulated the theory of coupled thermoelasticity to eliminate the
paradox inherent in the classical uncoupled theory that elastic changes have no
effect on the temperature. The heat equations for both theories are of parabolic
type, predicting infinite speeds of propagation for heat waves contrary to physical
observations. HETNARSKI and IGNACZAK in their survey article [15] examined
five generalizations to the coupled theory and obtained a number of important
analytical results. The first generalization is due to LORD and SHULMAN [16]
(LS theory). The second generalization to the coupled theory is known as the
generalized theory with two relaxation times (G-L theory) [17]. One can refer to
IGNACZAK [18] for a review, presentation of the two theories and some important
results obtained in this field. The third generalization to the coupled theory is
known as the thermoelasticity without energy dissipation, proposed by GREEN
and NAGHDI [19] (G-N theory of type II). The so-called Green—Naghdi theory
of type III, can be derived from GREEN and NAGHDI |20, 21]|. The fourth Gen-
eralization is the low temperature thermoelastic model due to HETNARSKI and
IaNACczAK (the H-I theory), which is characterized by a system of nonlinear field
equations. The fifth generalization to the coupled theory is known as the dual-
phase-lag thermoelasticity, proposed by CHANDRASEKHARAIAH and Tzou [22]
(C-T theory), which can be considered as an extension of the L-S theory [15].
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The technique frequently used in isothermal elasticity [23], known as Betti’s
method, has been extended to thermoelasticity by V.M. MAYSEL [24], who de-
duced on the basis of reciprocity theorem a method of integration of the bound-
ary value problems of thermoelasticity. The Maysel formula to determine the
displacements u;(Z) in a body D, due to the action of a steady temperature

field T, has the form u;(x) = a/T(y)a,gQ (y,x)dV (y), where 0,(61,3 is the sum

of normal stresses, at the pointD@ of the elastic body in the isothermal state
(T = 0), due to the action of a concentrated unit force located at the point x in
the direction of the x;-axis.

Maysel’s formula (published in Russian) became known to a wider audi-
ence through Nowacki’s famous monograph [25], where it was used also for the
quasi-static problems. Extensions of Maysel’s method to quasi-static problems
for viscoelastic bodies were given by NOWACKI [26]. Nowacki generalized Maysel’s
formula to the dynamic coupled thermoelasticity [27], to uncoupled micropolar
thermoelasticity [28] and obtained the Green functions for the micropolar ther-
moelasticity [29]. Maysel’s method is used extensively in the theory of plates and
shells. One can refer to Franz ZIEGLER and Hans IRSCHIK [30] for the methods of
solutions in thermoelasticity, based on Maysel’s formula and its implementation
in the direct boundary integral equation methods.

In the present work, the mathematical model of generalized linear micropolar
thermoviscoelasticity is given. Generalizations of Maysel’s formula to the given
model are established. Fundamental solutions in Laplace transform domain are
obtained.

2. Mathematical model

Assume a linear micropolar thermoviscoelastic material occupies a regular
region D with a smooth boundary surface B in the three-dimensional Euclidian
space. The material is assumed to be microisotropic and isotropic. In this paper,
a rectangular coordinate system (z1, z9, x3) is employed. x is the position vector
and ¢ the time. All the functions are considered to be functions of (x,t), defined
on D(= DU B) x [0,00). A superposed dot denotes differentiation with respect
to time, while a comma denotes partial differentiation with respect to the space
variables z;. The summation notation is used. The system of governing equations
of a linear micropolar thermoviscoelastic solid [5, 10,13, 31| consists of:

e Equations of motion (on D x (0, 00))

2, 82w
Eijp Ojp +Mjij + pM; = Jp !

—p—"t
pat27
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e Kinematic relations (on D x (0,00))

1
(2.2)  &ij = eii— Eijp (1p — wp), €ij = 5(%‘ + uji), " = 5 €ipg Ugp-

e Constitutive laws (on D x (0,00))

(2.3) 017 = ARx(€)8i; + (2uR,, + kRy)(eij) + kRy(€ijp (rp — wp))

— (3ARy + 2uuR,, + kRy,)(a6)0ij,

(2.4) mij = afia(w)éij + ﬁﬁg(wm’) + ’}/R’y(wj'7i),

where the operator Eg(f), (& =\, k,a, 3,7) is defined for any function f(x,t)
of class C!, as

25) Re(f) = Re(rx,t) = [ Rete—r) 222D or
0

and where R¢(t) are six relaxation functions.
Using the kinematic relations, Eq. (2.3) takes the form

(2.6) ji = AR\ (upp)0i; + (uRy + kRy) (wi ) + Ry (uj;) + kRy(€ijp wp)

— (3ARx + 2uR,, + kRy)(a6)s;;.
From Egs. (2.1)—(2.4) we get
(27) (AR + R (ujji) + (nRy + kRy) (i ;) + kRi(Eijp wp;)

— (3ARy + 2R, + kRy,)(a6.) = plii; — F),

(2.8)  (aRa+BRs)(wjji) YRy (wijj)+kRi(€igp up.s)—2k Ry (wi) = p(Jcoi—M;).

The heat equation (on D x (0, 00))

9 : ”
(2.9) K(n* + t18t> Q,ii = pCE(TL1@ + 1060 + t%@)

+ Tga(3)\}v€,\ + Q,URM + k:]v%k)(nlé 4+ noTo € + t%’é’) - (mQ + nngQ + t%Q)
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Equations (2.7)-(2.9) are the field equations (on D x (0, c0)) of the generalized
linear micropolar thermoviscoelasticity, applicable to the coupled theory in four
generalizations, and to several special cases as follows:

1. The equations of the coupled linear micropolar thermoviscoelasticity, when

(210) n* = ny = 1, tih=ta=19=Vv= 0’ noto = 0.

2. The equations of the generalized linear micropolar thermoviscoelasticity
with one relaxation time (L-S theory), when

(2.11) n*=ny =1, ng =1, t1=ty=v=0, 70 > 0,

where 79 is relaxation time.
3. The equations of the generalized linear micropolar thermoviscoelasticity
with two relaxation times (G-L theory), when

(2.12) n*=n; =1, no =0, t1 =12 =0, v =1 >0,

where v and 7y are two relaxation times.
4. The equations of the generalized linear micropolar thermoviscoelasticity
in case of the linearized G-N theory of type 11, when

(213) n* > 07 ny = 07 ng = 17 t1 = ]-7 to=v= 3 To = 1.

Here n* = const has the dimension of [1/sec], and (n*K = K*) is a characteristic
constant of this theory. It is worth noting that the linearized G-N theory of type
I, reduces to the parabolic heat equation, and only the theory of type II involves
no energy dissipation [19].

5. The equations of the generalized linear micropolar thermoviscoelasticity
with dual phase-lag (C-T theory), when

n*=ny =mng=1, t1 =19 >0, 7'0:7'q>07
(2.14) 1
B=i v=0. om0 ns0

6. The equations of the generalized linear micropolar thermoviscoelasticity
of Kelvin—Voigt model can be obtained from the above equations by replacing

the operator ]v%g(f) with

(2.15) R (f(x,1) = <1+>\U(,ft> F(x,1),

where A\, > 0 is the retardation period of the Kelvin—Voigt model [32].
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7. The equations of the generalized linear micropolar thermoelasticity can be
obtained from the equations (2.3), (2.4), (2.6)—(2.14) by replacing the operator

]u%g(f) with the function f(x,t). The heat equation (2.9) in this case takes the
form

(2.16) K(m+¢%i)9@:wﬁw(m9+wmi+£é>

+ To% (n1é + nomo € + 3¢ — (le + nom0@ + t%Q) :

For example, the heat equation of the generalized linear micropolar ther-
moelasticity without energy dissipation (the linearized G-N theory of type II),
can be obtained from Eq. (2.16) when

(217) n* >0, ny =0, ng =1, ti=1to=v=0, 70 = 1.

8. The corresponding equations of the generalized linear thermoviscoelasticity
can be obtained from the above system by setting kK = 0, w; = 0, M; = 0.

9. The corresponding equations of the generalized linear thermoviscoelasticity
of the Kelvin—Voigt model can be obtained from Egs. (2.3), (2.4), (2.6)—(2.14)
by setting £k = 0, w; = 0, M; = 0 and replacing the operator (2.5) by the
operator (2.15).

10. The corresponding equations of the generalized linear thermoelasticity

can be obtained from the equations (2.3), (2.4), (2.6)—(2.14) by replacing Rg(f)
by f, and setting k =0, w; =0, M; = 0.

The system of equations (2.7)—(2.9) is completed by the initial and boundary
conditions.

The Initial conditions will be assumed homogeneous

(2.18)  w(x,t) =0, wi(x,t) =0, O(x,t) =0, x€eD, t <0,

0" u;(x,t) 0"w;(x,1) J"O(x,t)
2.19 —— =0 —2=0 —==0
(2.19) atn ’ otr ’ otr ’
xeD, t<0, (n>1).
The boundary conditions
ojin; = fi(Xs,t) on B, x (0,00);
(2.20)
u; = gi(xp,,t) on By x (0,00),
mjing = Fi(XBm,t) on Bm X (0,00);
(2.21)

—

w; = Ei(xp,,t) on B, x (0,00),
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(2.22) O = P(xp,,t) on By x(0,00); O, =G(xp,,t) on By x (0,00),

where the functions f;, g;, I';, =;, @ and G are given functions, equal to zero when
t < 0. (By,Bs), (By,Bm) and (B, B2) are three partitions of the boundary
surface B such that B=B,UB, = B,UB,, = BiUBy, B,NB, = B,NB,, =
By N By = ¢, and n; = ni(xp) are the components of the outer normal vector
to the surface at xp.

3. The formulation of the problem in the Laplace transform domain

o0

Performing the Laplace transform defined as f(x,s) = / e *'f(x,t)dt over

0
Egs. (2.1), (2.4) and (2.6) with homogeneous initial conditions and omitting the

bars, we obtain
ojij = p(Pui — F); €y o +myij = p(Js*wi — M),
(3.1) 0ji = Muggdij + (1 + kw4 pawg 4 k1 €45 wip — 41120635,
(3.2) mj; = arwdj + Prwji + Y1wij-
The field equations (2.7)—(2.9) in Laplace transform domain take the form

(3.3) (A4 p) wjji + (p + k) wi g + k1 € wiy — 12 6.4 = p(s*u; — Fy),

(3.4) (a1 + Br)wjji + Nwijj + k1 €t wiy — 2kiw; = p(Js*w; — M;),
(3.5) Kn30 ;i = pCpsm®O + Tosn A1 ui; — 0 Q,
where

(36) 51 = Sng(S)’ (5 = >‘7,LL’ k> aaﬁ?ﬁ/); /3/1 = (3>\1 + 2:“’1 + kl)a;

n =mn1 + ng7os + t%sz, n =mny1+ 108+ t%sZ,
(3.7)
n2 =1+ws, N3 = n* + t1s.

R¢(s) is the Laplace transform of the relaxation functions Re(t). (§1 = £(14+Ays)
for the Kelvin—Voigt model and & = £ for the generalized linear micropolar ther-
moelasticity). The boundary conditions (2.20)-(2.22) in the Laplace transform
domain are

0ji(xB,,s)nj = fi, ui(XB,,S) = 9, mji(xB,,,s)nj = Ij,

wi(xp,,s) = =i, O(xp,,s) =P, O,i(xB,,s)n; = G.
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The reciprocity relation in the Laplace transform domain for the generalized
micropolar thermoviscoelasticity theory is [31]:

(3.8)  Tosnp /F ul? dV+/M(1) @ qv —77172/@ av

+ Tosn / ](Z)n]g@) dA + /f dA+/m(1)n]u dA

u

+ / rMe® dA| — Kns / OWe® dA + / cMe® ga| = sk
Bm Bs

Here Si? indicates the same expression as that on the left-hand side, except that
superscripts (1) and (2) are interchanged.

4. Generalizations of Maysel’s formula

The problem to be solved will consist in determination of u;(x, t), w;(x, t) and
O(x,t),x € D,t > 0, i.e. the solution of the system of equations (2.7)—(2.9), sub-
jected to the homogeneous initial conditions (2.18) and (2.19), and the boundary
conditions:

1) ui(xp,t) = gi(xB, 1), wi(xp,t) = Zi(xp, 1),
. @m(XBat):G(XBat)7 xp € Bo =B, = W
(42) oij(xB,t)n;(xp) = fi(xB,1), mij(xp, t)nj(xp) = Li(xB, 1),

@(XB,t) = @(XB,t), xp € By = B, = B,

where gi(xp,t), Zi(xp,t), P(xB,t), fi(xp,t), [i(xp,t) and G(xp,t) are given
functions.

Consider now the three cases:

CAsSE 1. We assume that F; = 0, M; = 0 and that an instantaneous source
of heat located at z; = y; where y € (DU B), is acting upon a linear micropolar
viscoelastic body, i.e. we assume Q = Qod(R) (t), F; = 0, M; = 0, where Qg > 0
is constant, R = \/(z; — y;) (z; — y;) and 4(...) is a Dirac delta function. Thus
in the Laplace transform domain (omitting the bars) we have

(4.3) Q=Qo(R), F,=0, M;=0.
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The corresponding fundamental solutions of the system of Eqs. (3.4)-(3.6) are
(4.4) um7 wo), oW,

7 7
CASE 2. We assume now that Q = 0, M; = 0 and an instantaneous concen-
trated body force F; = Fi(j) = Fpd(x —y) d(t) 055 is acting at the point z; = y;,
where y € (DU B), in the direction of zj-axis, where Fyy > 0 is constant. Taking
the Laplace transform of F; and omitting the bars, we have

(4.5) F=FY =§;R8(R), Q=0, M=0.
The corresponding fundamental solutions (Green’s functions) are
(4.6) ug‘j), ng), ew.

CASE 3. We assume now that Q = 0, F; = 0 and an instantaneous con-
centrated body couple force M; = Mi(q) = Mod(x — y)0(t) diq is acting at the
point x; = y;, where y € (D U B), in the direction of z4-axis, where My > 0 is
constant. The Laplace transform of M; is

(4.7) M9 =5, MyS(R), Q=0, F=0.
The corresponding fundamental solutions are
(4.8) ugq), wgq), e,

Assuming the boundary conditions to be satisfied by the fundamental solutions
(4.4), (4.6) and (4.8) in the form:

(4.9) glgl)(xB,s) = E’i(l)(xB,s) = GW(xp,s) =0, xp € By = B, = B,,

410)  fY(xp,s) =V(xp,s) =8V (xp,s) =0, xp€ By =By = Bp;

where | = 1,4,q, and substituting from Egs. (4.1)-(4.10) into the reciprocity
relation (3.8), one obtains the generalizations of Maysel’s formula, in the Laplace
transform domain, to the generalized micropolar thermoviscoelasticity theory in
the form:

41D QO s) = m / QO AV — Typsn / FuMav
D D

+ Kn3no / GoWga — / 0 dA

)

BQ Bl

+T0877 /giaj(;)njdA—/fiugl)dA ,
B2 Bl
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(4.12)  FoTopsnuj(x,s) = —nne /Q@U)dv
D

+ Topsn / Fulav + / M dv
D D

+ Tosn [/fiugj)dA/giag)nde%—/Fin(j)dA/Eim,g)nde
B B2 B Bs i

+ Knsns / 0 dA — / GO dA
B1 B>

(4.13) pMowy(x, s) = p /Fiugq)dV—i—/Minq)dV
D D

+/fiugq)dA—/gm,(g)nde—F/I}wgq)dA—/Eim,(qu)nde.
B1 B B Bo

For all the considered generalized theories we have in view Egs. (2.9)-(2.14),
(2.16), (2.17) and (3.7): vt; = vty = vnpty = 0 and therefore

2 = (n1 + vas + t35%), mnz = (n* +118),
(4.14)
V] = (yn* + tl), Vo = (um + TL(]T()).

Inverting Eqgs. (4.1)—(4.13) we obtain the generalizations of Maysel’s formula in
the form

Li(O(x,1)) = Wi (x. 1) Lo(uj(x,1)) = Wy (x.1),
(4.15)
wy(x,t) = WM (x,1); xeD

where WM (x,t), WM (x,t), and Wi (x,t) are listed in the Appendix.
2

Li(f(x,t)) = <n1 + V2% + t%;) f(xt),

5 0

La(fx,0) = (m + o gy + B0 ) F(x.0).
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From Egs. (4.15) we obtain the following generalizations of Maysel’s formula:
(i) For the dynamic coupled theory:

O(x,t) = WlMC(X,t),
uj(x,t) = W2Mc(x,t), wy(x,t) = Wé\/lc(x,t).

(ii) For the L-S theory:

¢
O(x,t) = 1e_t/70/eT/T°WMLS(X T)dT,

T

To

0
t
uj(x,t) = — t/m/ T/TOWMLS(X T)dr,
0
we(x,t) = WHMLS(x1).
(iii) For the G-L theory:
¢
O(x,t) = t/”/ T/”WMGL (x,7)dT,
0
uj(x,t) = WGk (x, 1), wy(x,t) = WML (x ).

(iv) For the G-N theory of Type III:
O(x,t) = /WMGN3 T)dT,
uj(,t) = / WO G ), g t) = W (1),

(v) For the C-T theory:

O(x,t) = 3e_t/Tq [(91 sin(t/7,) — O COS(t/Tq):|,

Tq

uj(x,t) = Tze_t/ﬂl {ul sin(t/14) — u2 COS(t/Tq)],
q

we(x,t) = WM (x1).
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Here
t

6, = /eT/Tq cos(7 /1) WMCT (x, 7)dr,

Oy = [ e/ sin(r/7) WM (x,7) dr,

uy = | e’/ sin(7 /1) WMT (x, 7) dr.

0
/t
0
¢
up = / T/TqCOS(T/T) MCT (%, 7) dr,
0
/t
0

(vi) For the G-N theory of Type II (for the micropolar thermoelasticity theory):

O(x,t) = /WMGN2 T)dr,
uj(x,t) = /WQMGNQ(X, T)dT, wy(x,t) = WéVIGNQ(x,t).

5. The fundamental solutions

According to the Helmholtz theorem [25], the displacement and the body
forces can be expressed in the form:

(5.1) Ui = @i+ €ijk Yy, Yii=0; Fi=X;+ €y Yy, Yii=0,

(5.2) wi=92;+xi, Xii=0; M;=J(Z;+N;), Ni;=0,

where ¢, X, {2, Z are the scalar potentials and Wy, Yy, xr, Ni are the vector
potentials of the vector fields u;, F;, w; and M; respectively. Equations (5.1) and
(5.2) with Egs. (3.3)-(3.5) lead to

X Y;
(VZ_PE)‘P_Z?l@:—ﬁ§ (VQ_P22>%+52X¢:—72§

Cq C3

A N;
(5:3) (V2 — a%)(} =~z (V2 — a4) — by V2, = — CQ;
3 4

(V2 — P?)O — bV%p = —byQ,
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where, taking into consideration Eqs. (3.6) and (3.7), a3 = P§+bs, a3 = P +2by
and

A 2 k k
012:(1+ M1+ 1)’ 022:M1+ L
P P
a1+ 61+ 9 M
cz=UTATH 2 TN
3 Py 1=
S
P, = C—n, (n=1,2,3,4);
pr = PCES ™ bo= .
Kns Kmns
Tosn 112
- ) b1: BV
K3 pC
k 2k k
by = —L by = — L by = L
p1 + kq ap+ 61 +m 7

To obtain ugl), wgl), ©W in the Laplace transform domain, we substitute the re-

lation (4.3) into the system of the governing equations (5.3), using the Helmholtz
equation [33]

1 1
4 = 0(R)] = —— e ™ f
and introducing the notations
1
En — (_1)n—16—mnR’ gn — (_1)n—1 <R + mn> e—mnR’
Qobob1

V., = 3&, 2RE,L, A= ————
St 1= fnmd —md)

we obtain for an infinite region, with the homogeneous initial conditions [27]
the result:

oW =0 wWP=0 W=0  WwPM=0rY=0, my=mu=0

A & AR, & A
eV ="I5N"E,, WV =T8N oW = SLN (2 - PE
mny 7 ns n 1 ny

R < R 4 bR

where m?, m3 are the roots of the characteristic equation:

m* — (P2 + bib+ P?)ym? 4+ P} P? = 0.
The fundamental solutions ul(j), ng ), ©U) are obtained by substituting from
Egs. (4.5) into Egs. (5.3). Taking into consideration that €;;, Yk(JlZ = 0 and
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€igp X = 0, using Eq. (5.4) with m,, = 0 and Eq. (5.1)> with Egs. (4.5),

, Fy /8 . F 5
W () — _20 (%3 0 _ fo - Oqj .
e obtain X in < )l and Y, o Sigk - The governing
Egs. (5.3) now lead to:

)

2 2
\ BydiyR; 6;R, . Bi6iR;
() — 0045 114 ig Al U — _ 1045404
@ +=5 51 Snén; G — 5 §1 &ns

R2
where
(m - P2)F0 Fy bFy
= 47 C2m2(m3 — m3?) o 07 4rs?’ ! 4w C2(m2 —m3)’

0 _ Azb4R U) _ Ry
X; —Ejik< R Z?;Sn), v, —eijk<R

N Uid;j UR;R;
ul('j)(x7y7 S) = R2.7 - R2 Ja

4
W =\ = Asbs R G) _
= X; ejil ( R Zén) ) wiﬂj - 07

By <~ .
;_Zgng’n]a

3

3

where m% and m? are the roots of the following second characteristic equation:
m* — (P} + aj — bobs) m® + iP5 =0,

Fy = A (’mz _ a?l)
47?022(m§ —m32)’ " m2 ’

2 4 2 4
S b + Y Gen+ RMEE,),  Ua=Y Vat > aVa
1 3 1 3

To determine the Green functions u( ) (q) , 04 we substitute from Eqs. (4.7)
into the governing equations (5.3), and we obtaln for an infinite region, taking
into consideration the homogeneous initial conditions ¢@ = 0, el = 0 and
e@ = .

From Egs. (4.7) and (5.2) we get

Ag =

Mo(giqRﬂ' N(q) _ %

(@) —
4 AnJR2 "’ g J
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A3R ;0; _
from which and Eq. (5.3)3 we obtain 02 = % [1—(1+asR)e aSR],
therefore

A3(3R’Z’R, —(51) —a A3a2R7Z’R, e~k
Q9 = - et [1 = (L4 agR)e s f] 4 =9 ,
4
Us(B3R;R 4, — 0iq)  2A40;
plo — Z3\0iltg = %q) iq E
4
(9) Us(3RiR g — big) | 26igAa 2 2
; - - - P Env
Xi RS bR %:(m" >)
4
(@ _ o [AaRy @ _ 5@, (@
u, = Ezlq( 7 ;§n>, w;” =927+ X
Here

3 3

4 4
A4R Vi A4R 2 _p?
Us=By+ =~ Ur=—PBy+ == <m” 2>Vn,
3 n 3

s My s Mobsy
° T 4nJC2a2’ YT 4n I C2(mE — m2)’
and
M0b2
By=—17° .
3 47&]6’2771%77@2L

6. Conclusions

1. For the linear micropolar thermoviscoelasticity and the generalizations of
Maysel’s formula to the dynamic coupled theory, four generalized theories are
obtained. The corresponding generalizations to the linear micropolar thermovis-
coelasticity of Kelvin—Voigt model and to the linear micropolar thermoelasticity
can be obtained from the given results as special cases.

2. The Green functions for an infinite region are obtained in Laplace trans-
form domain. Appropriate numerical methods for evaluating the corresponding
expressions should be applied for the implementations of the generalizations of
Maysel’s formula.
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Appendix

Lo (oW ’
/g’ ot =) 2T 4y ) g
B

S

_//é(y,t—r) Ly(0W (y,x, 7)) dA(y) dr] :
0

B

/\

t
1
//Fl y7t_T L2 z])(Y7Xa T)) dV(y)dT
0 D

(4)
+%JD/Mz<yat—T)LQ( i (y’X T))dV(y)dT
_ 1 t * ( X.T -
FOTOpO/D/Q(y, ) L1 (0 (y,x,7))dV(y)d
K / o
T FoTop 0/ B/ B(y,t —7) L3059 (y, x, 7)) dA(y) dr

_/ / Gly,t —7) L3(0V) (y,x,7)) dA(y) dr
0 B

2
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/ / fi (vt =) Lo (u® (y,x, 7)) dA(y) dr

0 B;

1
[cont.] + —
Ccon Fop

- / / iy, t —7)La(0D (y, %, 7)nx) dA(y) dT]
0 Bs

/t/rl (vt —7) Lo (0P (y, %, 7)) dA(y) d

0 By

Fop

t
_/ Zi(y,t— T)Lg(ml(i) (y,x,7)ng) dA(y) d7':| :
0 B

2

WM (x,t

t
//F y,t— 1) u®(y, x,7) dV (y)dr
0 D

+/t/Ml (vt = )&y, %, 7)dV (y)dr
0
Mlo{//f y.t =)l (y.x, 7)dA(y) dr
0 B
j/g(y,tT)Uj(g)(y,x,T)njdA(y) dT]
0 B

[2

hs

I (y,t — 1) (y, x, 7)dA(y) dr

5 -

o —

By

S (y,t —T)m )(y,x 7n;dA(y) dr } :

O\_.u

Bs

where

La(f6t) = (045 ) £
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T(f) = Ly (f(Y7 X, §))d§,
/
L) = [ Lalryx. ).
0
Li(f) = La(f) = Ly(f) = f  (for the DCT),
Li(f) = Lao(f) = (1 + Togt) £, Ls(f)=f (for L-S theory),
Li(f) = L3(f) = (Hui) f. La(f)=f (for G-L theory),
L) = L) = 2.
P (for G-N theory of Type III)
L) = (w4 5 ) 1
o .0
Li(f) = La(f) = <1+T +q> [
‘9 2 o (for C-T theory), and
La(h) = (14+705) 1
of .
Li(f) = La(f) = e Ls(f) =n*f (for G-N theory of Type II).
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