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PLANE STRAIN PROBLEM IN A ROTATING
MICROSTRETCH THERMOELASTIC SOLID
WITH MICROTEMPERATURES

Praveen Ailawalia, Sunil Kumar Sachdeva,
and Devinder Singh Pathania

ABSTRACT. A two-dimensional problem in an infinite microstretch thermoe-
lastic solid with microtemperatures subjected to a mechanical source is stud-
ied. The medium is rotating with a uniform angular velocity ). The normal
mode analysis is used to obtain the exact expressions for the component of
normal displacement, microtemperature, normal force stress, microstress ten-
sor, temperature distribution, heat flux moment tensor and tangential couple
stress. The effect of microrotation and stretch on the considered variables are
illustrated graphically.

1. Introduction

The dynamical interaction between the thermal and mechanical response has
great practical applications in modern aeronautics, astronatics, nuclear reactors,
and high-energy particle accelerators. Classical elasticity is not adequate to model
the behavior of materials possessing internal structure. Furthermore, the microp-
olar elastic model is more realistic than the purely elastic theory for studying the
response of materials to external stimuli. Eringen and Suhubi [1] and Suhubi and
Eringen [2] developed a nonlinear theory of micro-elastic solids. Later Eringen [3-5]
developed a theory for the special class of micro-elastic materials and called it
the “linear theory of micropolar elasticity”. Under this theory, solids can undergo
macro-deformations and micro-rotations. Eringen [6] developed a theory of thermo
microstretch elastic solids in which he included microstructural expansions and con-
tractions. The material points of microstretch solids can stretch and contract inde-
pendently of their translations and rotations. Microstretch continuum is a model
for Bravais lattice with a basis on the atomic level and a two phase dipolar solid
with a core on the macroscopic level. For example, composite materials reinforced
with chopped elastic fibres, porous media whose pores are filled with gas or inviscid
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liquid, other elastic inclusions and ‘solid-liquid’ crystals, etc., should be charac-
terizable by microstretch solids. Eringen [7] developed a theory of microstretch
elastic solid in which he included microstructural expansions and contractions,
Singh [8] studied reflection of plane waves from free surface of a microstretch elas-
tic solid, Singh and Kumar [9] studied wave propagation in a generalized thermo-

microstretch elastic solid, Ciarletta and Scalia [10] derived some result in linear the-
ory of thermo-microstretch elastic solids, Iesan and Quintanilla [11] discussed ther-
mal stresses in microstretch elastic plates, Kumar and Rupender [12] studied the

reflection at free surface of magneto-thermo-microstretch elastic solid, Kumar and
Partap [13] studied the elastodynamic behavior of waves in thermo-microstretch
elastic plate bordered with layers of inviscid liquid, Kumar and Partap [14] dis-
cussed wave propagation in microstretch thermoelastic plate bordered with layers
of inviscid liquid, Tomar and Khurana [15] discussed reflection and transmission
of elastic waves from a plane interface between two thermo-microstretch solid half-
spaces, Passarella and Tibullo [16] gives some results in linear theory of thermoe-
lasticity backward in time for microstretch materials, Marin [17] studied a partition
of energy in thermoelasticity of microstretch bodies. Marin [18] discussed Lagrange
identity method for microstretch thermoelastic materials, Othman and Lofty [19]
studied the plane waves of generalized thermomicrostretch elastic half space under
three theories, Kumar and Partap [20] conducted an analysis of free vibrations
for Rayleigh—Lamb waves in a microstretch thermoelastic plate with two relax-
ation times, Othman and Lofty [21] studied generalized thermo-microstretch elastic
medium with temperature dependent properties for different theories, Kumar and
Kansal [22] studied fundamental solution in the theory of thermomicrostretch elas-
tic diffusive solids, Othman and Lofty [23] studied the effect of rotation on plane
waves in generalized thermo-microstretch elastic solid with one relaxation time, Ku-
mar et. al. [24] discussed the generalized thermoelastic waves in microstretch plates
loaded with fluid of varying temperature. Abbas and Othman [25] studied the plane
waves in generalized thermo-microstretch elastic solid with thermal relaxation us-
ing finite element method, Kumar and Rupender [26] discussed the propagation of
plane waves at imperfect boundary of elastic and elctro-microstretch generalized
thermoelastic solids, Shaw and Mukhopadhayay [27] studied the electromagnetic
effects on Rayleigh surface wave propagation in a homogeneous isotropic thermo-
microstretch elastic half-space and Passarella et. al. [28] discussed the microstretch
thermoviscoelastic composite materials.

Assuming that the microelements of a thermoelastic body have different tem-
peratures, the concept of microtemperatures was derived. Microtemperatures de-
pend homogeneously on microcoordinates of the microelements, which are based on
the microstructure of the continuum. The theory of microtemperatures is widely
used in nano materials which is of great importance in the current research area.
Grot [29] discussed a theory of thermodynamics of elastic bodies with microstruc-
ture whose microelements possess microtemperatures. In this theory the inverse
of the microelement temperature is supposed to be a linear function of microcoor-
dinates. Riha [30] studied heat conduction in materials with microtemperatures.
Tesan and Quintanilla [33] studied a theory of thermoelasticity with microtempera-



PLANE STRAIN PROBLEM IN A ROTATING MICROSTRETCH... 53

tures. Iesan [34] proposed the theory of micromorphic elastic solids with microtem-
peratures. Exponential stability in thermoelasticity with microtemperatures was
studied by Casas and Quintanilla [35]. Scalia and Svandze [36] gave the solutions
of the theory of thermoelasticity with microtemperatures. lIesan [37,38] discussed
thermoelasticity of bodies with microstructure and microtemperatures. Aouadi [39]
discussed some theorems in the isotropic theory of microstretch thermoelasticity
with microtemperatures. Quintanilla [40] discussed thermoelastic bodies with inner
structure and microtemperatures. Scalia et al. [41] studied basic theorems in the
equilibrium theory of thermoelasticity with microtemperatures. Quintanilla [42]
discussed the growth and continuos dependence in thermoelasticity with microtem-
peratures. Steeb et al. [43] studied time harmonic waves in thermoelastic material
with microtemperatures. Chirita et. al. [44] studied the theory of thermoelasticity
with microtemperatures. Singh et. al. [45] discussed a problem in microstretch
thermoelastic diffusive medium. Kumar et. al. [46] studied the Reflection and
refraction of plane waves at the interface of an elastic solid and microstretch ther-
moelastic solid with microtemperatures.

Various authors [48-53] have discussed the effect of rotation in thermoelastic
medium. It is not possible to name all the contributors. Hence the authors have
mentioned a few names in the field of thermoelasticity.

In the present problem the authors have discussed deformation due to rotation
in microstretch thermoelastic medium with microtemperature. A mechanical force
is applied in the interior of infinite microstretch thermoelastic medium with mi-
crotemperatures. The normal mode analysis technique has been applied to obtain
the exact expressions for component of normal displacement, microtemperature,
normal force stress, microstress moment tensor, temperature distribution, heat flux
moment tensor and tangential couple stress. The distributions of the considered
variables are then represented graphically.

2. Fundamental model

A homogeneous isotropic, microstretch thermoelastic medium with microtem-
peratures is considered. The medium is rotating uniformly with an angular velocity
Q= Qn, where n is a unit vector representing the direction of the axis of rotation.
All quantities considered will be functions of the time variable ¢ and of the coor-
dinates = and z respectively. The displacement equation of motion in the rotating
frame has two additional terms (Schoenberg and Censor [47]): centripetal accel-
eration, O x (ﬁ x %) due to time varying motion only and Corioli’s acceleration,
20} x i where 7 is dynamical displacement vector.

We consider a mechanical force applied in the interior of infinite microstretch
thermoelastic medium with microtemperatures. A rectangular coordinate system
(x,y, z) having origin on the surface z = 0 and z-axis pointing vertically into the
medium is considered. To analyze the component of normal displacement, mi-
crotemperature, normal force stress, microstress tensor, temperature distribution,
heat flux moment tensor and tangential couple stress at the interface of the medium,
the continuum is divided into two half spaces defined by
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(i) half space I, |z]<o0, o0<z<0. |yl <oo
(ii) half space II, |z| <o0, 0<z<o00. |yl <oo
The system of governing equations for a rotating homogeneous, isotropic micro-
stretch thermoelastic solid with microtemperatures without body forces, body cou-
ples, stretch force, heat sources, and first heat source moment following Eringen [6],
Iesan [38] and Schoenberg and Censor [47] are,
Stress equation of motion:

(2.1) A+2u+EK)V(Va) — (p+ K)V < (Vxd)+ K(V x @)
+ AoVo* —vVT = p(ii + {Q x (O x @)} + 20 x )

Couple Stress equation of motion:

(2.2) (a+B+7)V(V.3) =4V x (VX @)+ K(V xi)—2KF—p1(V x W) = pJ%f,
Equation of balance of stress moments:
(2.3) V29" + 11T — M\ ¢* — Xo(V - @) — pa(V.ab) = p%’ 3;:;*,
Equation of balance of energy:
(2.4) K*V2T — pc*%—f - leo% —vTo(V - @) + k1 (V) = 0,
Equation of balance of first moment of energy:
(2.5) ke V20 + (kg + ks)V(V - ) + m%(v X @)
- MQ%(V¢*) - b% — kow — ksVT = 0,

Constitutive relations:

(26) 05 = )\ur,r&-j + u(ui,j + Uj,i) + K(Uj’i — 5ijr¢r) — Z/T(sij + )\0(25*(52'j,

(27) m;; = a¢r,r6ij + /8¢i,j + 'quj,i + bogmj'iqum’
(2.8) AL = aodl; + bocijmPim,
(2.9) Gij = —kawy 0i5 — ksw; j — kew; ;.

where, v = (3A + 2u + K)oy, v1 = (BA + 2u + K)ay,, oy, and  ayg,are coefficents
of linear thermal expansion; A and p are Lame’s constants; K, a, 3, v are the
micropolar constants of the solid; ag, Ag, A1 are the stretch constants; jo, 1, po, k1,
ko, ks, k4, ks, k¢ are constitutive coeflicients; o;; is component of stress tensor; m;;
is couple stress tensor; A} is microstress tensor; g;; is first heat flux moment tensor;
i is displacement vector; ¢ is microrotation vector; @ is microtemperature vector
and ¢* is scalar microstretch; p is density; J is microinertia; ¢* is specific heat at
constant strain; K* is thermal conductivity and T is thermodynamic temperature
above reference temperature Tj.
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We have restricted our analysis to the plane strain parallel to xz-plane with
displacement vector @ = (u1, 0, u3), microtemperature vector @ = (w1, 0, ws), mi-

crorotation vector @ = (0, ¢2,0) and angular velocity 0= (0,95, 0) respectively.

For convenience the following non-dimensional variables are used: z’ = %x,

r_ 1 r_ 1 ;7 1 ! I I _ ¢ /I __ OTij /I
2 =1z, u] = Tur, uz = fuz, wy = Lwy, wy = Lw3,t Ft, 0 = by 9o = 92,

vTy
* My / qij ' r T r _ L
¢ ¢ 7,3 - LvTy® qij — LevTy? )‘2 - LUTO T = o’ Q = a Q, Where
_(_b Y2 o ar2utK . . .
L= (pC*TO) Ol = T Assuming the scalar potential functions 91 (z, 2, t),

Yo(x, z,t), Ys(x, z,t) and 4z, 2,t) defined by the relation in non dimensional
form as,

o1 O o1 | O O3 Oy O3 | OYy
2.10 = T = T P =2 T = S B
(2.10) or 02T 0 T M T s T 02" T 0 T o
Using above non dimensional variables and potential functions given by equation
(2.10) the equations (2.1)—(2.5) reduces to (after dropping superscripts),

0? 0
(2.11) {(A1 +1)V2 + Ay (Q? - ﬁ)}% +204, 5/’2 + Agd* — AT =0,
32
(2.12) {v2 + A, (92 - 72) }% 204, d’l + Agghy = 0
(2.13) (v - 246 - at2)¢2 AsV2 4y + AgV2ihy = 0,
2 a 2
(2.14) (v ~ Ay — Ay a#)‘b ANV — AV + AT = 0,
0 0¢*
(2.15) <V2 Ay 8t>T Ass ;; — A1 V21 + A17 Vi3 = 0,
a *
(2.16) (V20 + Ais) = Aro — Az )1/)3 A (;i — AT =0,
2
2 — —

(2.17) (V — A1g — A0 )¢4+A23 50— O
where Al - +K’ A2 - ,j::}(7 A3 = H+K’ A4 = MV_E)(, A5 - H+K7 AG = K,YL27
A, = P As—‘“ Ag = _Pgocl Apg = 2L g0 w2 g Tl

~ ag ag ap’ ag
Ay = 2588 A5 = V}§1L7 Alﬁ = K* , Ay = i, Ay = Bt Ay = Bl
Az = bcl A21 = , Agy = k8 OL , Aoz = 7”1,;1]:.

3. Solution of the Problem

The solution of the considered physical variable can be decomposed in terms
of normal mode and can be considered in the following form,

(w’m(b T ¢27O-Zjﬂqu7mzjv)\z)(x z t) (&i7q§*7T7¢3275-ij7qij7mijaX;F)(Z)GWtJria;E

where w is complex frequency, a is wave number in z-direction and ¥;(z), ¢*(2),

T(2), ¢a(2), Gij(2), Gij(2), mi;j(2), A (2) are the amplitudes of field quantities.
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Using normal mode in (2.11)—(2.17), we get

(3.1) (D? — Bs)th1 + Boty + Ba¢™ — BsT =0,
(3.2) (D? — Bio)t2 — Buithy + Asda =0,
(3.3) (D? — Bi2)go — Ag(D? — a®)iy + As(D? — a®)py = 0,
(3.4) (D? = Bi3)¢" — A1 (D? — a®)y1 — A1a(D? — a®)o3 + AT = 0,
(3.5) (D? = B1s)T — B17¢* — A16(D? — a®)ib1 + A17(D? — a®)ip3 = 0,
(3.6) (D? — By5)ps — Bs¢* — BT =0,
(3.7) (D? = Big)ta + Biggz = 0,
where D = L, By = A?—i—l’ By = Af+1v Bs = A?—T—l’ By = A18+1’ Bs = ﬁ’

Bs = 32 Br = 5%y, Bs = @ +Bl( —0?), By = a® + Aw?, By =

CL2 + Ag(w2 - Qz), Bll = QQAQW, Blg = (1 + 2A6 + A7w2, Blg = (12 + Ag + A10w2,
By = a? + A14w, Bis = a® + B4 4+ Bsw, Big = a? + A9 + Agow, By = A15w,
Blg = Aggw.

The constitutive relations (2.6)—(2.9) becomes,

Oaw = (A25D® — a®Agy) ¥y + ia (A5 — Ags) Dby — T + Aged”,
Gop = ia (Agy + Asg) Dy — (Aa7D? + a® Asg) o — (Aog — A7) b2,
oo = (A2uD? — a® Aos) b1 + ia (Asg — Aos) Dipy — T + Ao,
Gaw = (A29a® — A3 D?) 3 + ia (Azg — Ago) Diby,
@ow = —ia (As1 + Asz) Dips + (A32D? + a* A1) a,
== = (As0a® — A2gD?) 3 +ia (Azg — Asg) Dy,
My = Azs Do — iaAz49*,
N5 = AssDo* — iaAzsdo,

A2pu+K

— — A _ A _ _ ptK _
where Ay = =, Ags = VT A26 = VTOO Agr = ﬁa Agg = B, Agg =

vTy vTp ?
katkstke _ ka _ _ kg _ _3B -
L301VT0 ) A30 = I3ciuTy’ A31 - L301VT0 A32 = I3cuvTy’ A33 - LTy A34 -
A 0
L2uTO 35 = T2uT, "

Eliminating 5 (2), 6(2), Ga(2), a(2), T(=) and 6 (z) from (3.1)(3.7), we get
the equation for ¢;(z) as

(D 4+ PD'" + QD' + RD® + SD° + ED* + FD? + G)1 (2) =
where,
= [A546 + BaA11 — B3Ais — BeA12 + Br Ay
— Bg — B1g — B12 — B1g — B14 — B1s — B1s — B1sAs]

Q=[Qu+ Q2+ Qiz+ Qs+ Q15+ Q16 + Q17 + Qis + Q19]
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R = [R11 + Riz + Ri3 + Ry + Ris + Rig + Ri7 + Rig + Rig + Rao
+ Ra1 + R + Raz + Rag + Ras + Rog + Rar + Rog + Rag + R3o
+ R31 + R32 + R33 + R34 + R3s + R3g + R37 + R3s + Rag + Rao
+ Ry1 + Rap + Ry3 + Ras + Rys),

S = [S11 + S12 + S13 + S14 + S15 + Si6 + S17 + S8 + S19 + Sa20
+ Sa21 + S22 + S23 + S24 + Sas + Saog + S27 + S2s + S29 + O30
+ S31 + S32 + S33 + S34 + S35 + S36 + S37 + S38 + S39 + Sa0
+ S41 + Sa2 + Saz + Sga + Sas + Sa6 + Sa7 + Sas + Ss9 + Sso
+ S51 + Ss2 + Ss3 + S54 + S55 + S56 + S57 + Ss8 + S59 + Se0
+ Se1 + Se2 + Se3 + Sea + Se5 + Se6 + Se7 + Ses + Seg + S7o
+ S71 4 S72 + S73 + Sra + S75 + S + S+ Srs + S79 + Ss0]s

E=[En+Ei2+Eis+FEuu+ Eis+ Eig+ Eir+ Eis+ Evg+ Exo+ Ex
+ Ea2 + Ea3 + Eay + Fas + Eog + Far + Eog + Eag + E30 + E31
+ E3o + E33 + B34 + E35 + E36 + E37 + E3s + E39 + Eao + Ean
+ FEi2 + F43 + Fag + FEss + Fag + FEar + Eag + Eyo + Eso + Es1
+ Es2 + Es3 + Ess + Ess5 + Esg + Esr + Esg + Esg + Ego + Eer
+ Ego + Fg3 + Ees + Egs + Eog + Eer + Fgs + Ego + E79 + E71
+ E7o + Er3 + E7q + Ers + E76 + E77 + Ers + Erg + Ego + Es1
+ Ega + Eg3 + Egyq + Egs + Ege + Egr],
F = [Fi1 + Fio + Fig + Fia + Fi5 + Fig + Fi7 + Fig + Fig + Foo + Fo;
+ Fog + Fos + Foy + Fos + Fog + For + Fag + Fog + F30 + F31 + Fa2
+ F33 + Fs4 + F35 + F36 + Far + Fss + Fag + Fuo + Fur + Fuo + Fus
+ Fyy + Fys + Fug + Fyr + Fug + Fag + Fso + F51 + Fso + Fs3 + Fiy
+ Fs5 + Fs6 + Fs7 + Fsg + Fs9 + Feo + Fou),

G=[Gi1+Gi2+Gi3+Gra+ G5+ Gig+ Gir + G
+ G19 4+ Gag + Ga1 + Gaz + Gag + Gay),

where Qij, Rij, Sij, Eij, Fij and Gij are give_n as in_appen(_iix. _ B B
In a similar manner we can show that ¢*(2), ¥2(2), ¥s3(z), ¥4(2), T(2), ¢2(2)
satisfies the equation,

(3.8) (DY 4+ PDY¥ + QDY + RD® 4+ SD® + ED*+ FD?* + G)
(Q_S*(Z)v 1/_)1(2),7?(2), Q_SZ(Z)) =0
which can be factorized as follows,
(D? = 1})(D? = 13)(D* = 13)(D* = r3)(D? = r3)(D? = rg)(D? — r3)ih1(2) = 0,

where, 72; (n = 1,2,...,7) are the roots of equation (3.8).
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The series solution of equation (3.8) can be expressed in the form,

(3.9) Ui(z) = Zi:l[Mn(avw)e’“"z] + z:[an(a,w)er"Z],
(3.10) a(z) = Zi:l[Mé(avw)e’“"z] + zi:l[Méw(a,w)e”Z],
(3.11) Ws(z) = Zi:l[Mé'(a,w)e’""z] + Z:[lew(a,w)e”z],
(3.12) haz) = é[MZ’(a,w)ET"Z] + Zi:l[Mr’Zﬁﬂ(a,w)e’”"ZL
(3.13) T(z) = Zi:l[MlZ”(a,w)er"z} + Xi:l[Ml{L(a,w)er”z],
(3.14) ¢"(2) = Zi:l[Mﬁ(a,w)er"Z] + Zi:l[MiZ”(aw)e’""ZL
(3.15) $2(2) = é[Mﬁi(a,w)e”Z] + i:l[Miii?(aw)ew],

where M, (a,w), M/ (a,w), M!(a,w), M (a,w), M (a,w), M?(a,w), M (a,w)
are specific function depending upon a, and w.
Using equation (3.9)—(3.15) in (3.1)—(3.7), we get

M;y,/(a7 (U) = HlnMn(a7 (U), Mrlz/+7(aa OJ) = Hl(n+7)Mn+7(aa W),
M;: (a7 CU) == HQ?LMn(a7 w)7 Mg-f—?(aa w) = HQ(n+7)MTL+7(a7 LU),
M;q,”/(av w) = H3nMn(a7 w)7 Mrlzli’?(aa w) = H3(n+7)Mn+7(a7 w)v
M;L(a,w) = H4nMn(aaw)> Mqlz+7(aa w) = H4(n+7)Mn+7(aa w)a
Mgi(aaw) = H5nMn(aaw)> ;:i7(aa w) = H5(n+7)Mn+7(aa w)a
M, (a,w) = Hep My (a,w), M) 7(a,w) = He(ni7)Mni7(a,w).
Thus we have,
B 7 7
(3.16) Po(z) = Z[H4nMn(a,w)e_r”Z] + Z[H4(n+7)Mn+7(a,w)e’"”Z],
n=1 n=1
B 7 7
(3.17) P3(z) = Z[HlnMn(a,w)e_r”Z] + Z[Hl(n+7)Mn+7(a,w)e’"”Z],
n=1 n=1
B 7 7
(3.18) Pa(z) = Z[H(;nMn(a,w)e_r”Z] + Z[H6(n+7)Mn+7(a,w)e’"”Z],

n=1 n=1



(3.19)

(3.20)

(3.21)

(3.22)

(3.23)

(3.24)

(3.25)

(3.26)

(3.27)

(3.28)

(3.29)

where,

Hln

H2n

H3n =

H4n

H5n
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7 7
T(Z) = Z[HSHMTL(@’W)Q_TnZ] + Z[HB(n+7)Mn+7(a,w)e”’z],
n=1 n=1
_ 7 7
¢* (Z) = Z[H?nMn(aa w)e—rnz] + Z[HQ(n+7)Mn+7(CL, OJ)@T”Z],
n=1 n=1
_ 7 7
P2(z) = Z[HsnMn(a, w)e ] + Z[H5(n+7)Mn+7(a, w)e™),
n=1 n=1
7 7
Oua(2) = ) [HinMn(a,w)e™ ™ + Y [He(nrn) Mus7(a,w)e™?],
n=1 n=1
7 7
G:0(2) = ) [HsuMu(a,w)e™ ™| + Y [Hs(ur7) Mus7(a,w)e™?],
n=1 n=1
7 7
Ozz (Z) = Z[HQnMn(aa w)e—rnz] + Z[H9(71+7)Mn+7(a, OJ)@T”Z],
n=1 n=1
7 7
Goa(2) = Y [HionMu(a,w)e™ ™+ [Hiowmsmy Matr(a,w)e’™?],
n=1 n=1
7 7
G:2(2) = Z[HllnMn(avw)e_r"z] + Z[Hll(n+7)Mn+7(a»UJ)GT”ZL
n=1 n=1
7 7
Gza(2) = Z[Hl%Mn(avw)e_r"z] + Z[H12(n+7)Mn+7(a»UJ)GT"ZL
n=1 n=1
7 7
May(2) = Y [HiznMa(a,w0)e™ ™7 + Y [Hignin Matr(a,w)e™?],
n=1 n=1
_ 7 7
No(2) = D [HianMa(a,w)e ]+ ) [Hignin) Mus7(a,w)e™?],
n=1 n=1

~ {(A11BsB7 + A16B2)r), + Bigr2 + By}
" {BrrS — Bo1rd + (Baz + Bas)r2 + Ba}
_ A{[BasHin — Boglry + a®Br(A11 + A1oHiy,) — Ai3BisHip}
{B7B13 + A13Bs — Brr2} ’
{(T?L - B15)H1n - B6H2n}
By ’
 {BsHyu — BaHau — (.~ By}
By ’
_ {B11 — (r; — Bio)Hun}
Ag ’
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BigHsy,

(Bs —12)’

Hyp, = [Agsr? — a® Aoy —ia(Ags — Agy)ry Hap — Hsp + AggHayl,
HSn = —ia(Aor + Ags)rn, — (A7l + Asga®)Huy, — (Ass — Aaz) Hsn,

HGn =

= [Agar} — a®Aos — ia(Aos — Ags)rnHan — Han + AsgHan),
Hlo” [(Ag9a® — Asor2)Hy, — ia(Agg — Aso)rnHenl,
Hi1, = [(Asoa® — Asgr?)Hy,, — ia(Asg — Asg)rn Hen),
Hyg, = [ia(Asy + Azg)rnHyp + (Azor? + Azia®)Hgy),

Hi3,, = —[rnAssHsy, + taAsaHop,
Hiyp = —[rnAssHap + iaAsa Hsy,
~ {(A11BsBr 4 A1gB2)r, 4+ Bigr2 + Bao}

H =
1(n+7) {B718 — Bo17} 4+ (B22 + Ba3)r2 + Baa}’
I ~ A[BasHi(ni7) — Baslry + a>Br(Any + Ao Hy(ny7y) — A1zBisHinyr) }
2ntT) = {B7B13 + A13Bs — B2} ’
H ~ A{(r2 — Bis)Hi(n7) — BeHanir)}
3(n+7) — B, )
I _ ABsHs(ni7) — B2Hapuyr) — (17 — Bs)}
4(n+7) — By )
{Bi1 — (12 — Bio)Hynimy}
Hsniry) = P )
BisHsn+7)
Honsn = (g,

Hi(nir) = [Aosrs — @ Agy + ia(Ass — Aoa)rnHa(niry — Haniry + AseHo(nim)),

Hg(ni7) = ia(Agr + Aog)rn — (A27ry + Aoga®)Hygnpry — (Ass — Aaz) Hs(nsy,

Hg(ni7) = [Aoary — a®Ags + ia(Ass — Aos)rnHa(niry — Haniry + AseHonim)),

= [(Az9a® — Asor2)Hi(ni7) + ia(A2g — Aso)rnHe (7)),

H11 n+7) = [(As0a® — Agor?) Hy(nir) + ia(Aso — Azo)rn Ho(nim)),

= [~ia(Az1 + Az2)rn Hi(ngr) + (Asor? + Azia® VHe(n+7))s

= [rnAssHs(ny7) — 1aA34Ho(s 7],

Hyg(nq7) = [TnAss Hay(nyr) — 10 A3 H5 (1 7],
Big = A1\ B2By7 — A11B7BsByy — A11B7Bga® + A6 B2By3 — Boy,
Byg = —A11B?B17a® + A11ByBsBraa® + A1 B Bisa® + A16B7BsAza’®,
By = By B3 + A13Bg + B7(Bia + Bis — A17Br) — A13Bg + A12B7 Bg,
Bsa = (B14Bis — A17B7)(B1Bis + A13Bg) 4+ (BuaBis — A17B70%) + Bas,
By = A12BsBra® + A13B7 BBy — A12B17 B3,
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Byy = A13B15BB1y — A13B15BrBi7 + A12 B2 Bira® — Bag,
Bys = (A13 — A12Br),

By = A Br,

Bar = A1gBrBgAys — a* Ay B3,

Byg = A13B7B17 — A13BgB1s — A13Bs Bis,

Bsg = A12B70* BgB14 — (B7Bys + A13Bg)(B14B1s — A17Bra?).

4. Boundary Conditions

In this section we determine the parameters M,, ; (n = 1,2,...14). For this
boundary conditions at the interface z = 0 have been taken as,

Jzz(x, 0+,t) = gzz(wv()*’t) _ Ple“’t”‘“;

02e(2,07,1) = 0,0(2,07,1);
My (2,07, 1) = my (2,07, 1);
A5 (2,07,8) = Aj(z,07,1);
uy (2,07, 1) = uy (2,07, 1);
us(x, 07, t) = uz(z,07,1);
Gz (2,07, 1) = ¢z (2,07, 1);
Q2o (2,07, 1) = @za(x,07,1);
T(z,0%,t) =T(x,07,1);
a—f(w,(fr,t) = g—f(x,o_,t),
wi(z,07,t) = wy (2,07, t);
ws(x, 07, ) = w3 (x,07,1);
da(2,07,t) = ¢o(x,07,t);
¢*(z,0%,t) = ¢* (2,07, 1).

where P; is the magnitude of mechanical force.

Using the expressions of 0., 0.z, My, U1, U3, A3, @2y Gozy T, w1, W3, P2,
¢* from (3.16)—(3.29) into the above boundary conditions, we obtain a system of
fourteen non homogenous linear equations. After solving these system of equations,
we get the values of constants M,,; (n = 1,2,...14) and hence obtain the component
of normal displacement, microtemperature, normal force stress, microstress moment
tensor, temperature distribution, heat flux moment tensor and tangential couple
stress for microstretch thermoelastic solid with microtemperatures.

5. Particular Cases

(i) If we neglect micropolarity effect ie « = f = v =by = p = K =
J = 0, we obtain the results for microstretch thermoelastic solid with
microtemperatures without microrotational effect (TSMWM).
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(ii) If we neglect stretch effect i.e ag = Ag = A1 =11 =bg = po = Jo =0, we
obtain the results for thermoelastic solid with microtemperatures without
stretch effect (TSMWS).

(iii) If we neglect both micropolarity effect and stretch effect i.e « = f = v =0,
,u:K:J:aO:)\O:)\l=V1zb():ungon,weobtainthe
results for thermoelastic solid with microtemperatures (TSM).

6. Numerical Results, Discussion And Conclusion

In order to illustrate the theoretical results obtained in the preceding section,
we take the following values of parameters for,

a) micropolar constants are given by [32]:
A =94x101N/m?, u = 4.0x101N/m?, p = 1.74x103kg/m3, K = 10'*°Nm =2,
v ="T7.79 x 107N, J = 0.0000002 x 10~*m?2, B = 0.32 x 101°N/m?K, by =
0.0098 x 10'°N.

b) thermal parameters are given by [31]:
c* = 0.104 x 10*Nm/Kg/K, Ty = 298K, K* = 1.7 x 10?°Ns 'K, oy, =
0.05K~ 1, ay, = 0.05K~1 71 = 0.613 x 103s.

¢) micro stretch parameters and microtemperature parameters are given by [46]:
Jjo = 0.000019 x 107 13m?2, \g = 0.21 x 10* N/m?, A\; = 0.007 x 10'2N/m?, ag =
0.008 x 107"N, b = 0.15 x 107N, k; = 0.0035Ns~!, ky = 0.045Ns~1, k3 =
0.055NK ~ts!, ky = 0.065Ns~'m?, ks = 0.076Ns~'m?, kg = 0.096Ns~'m?,
n1 = 0.0085N, e = 0.0095N.

The computations are carried out for the value of non-dimensional time ¢t = 0.2

in the range 0 < x < 10 and on the surface z = 1.3. The variations for normal

displacement, microtemperature, normal force stress, microstress moment tensor,

temperature distribution, heat flux moment tensor and tangential couple stress are

shown in figures 1-7 for mechanical force with magnitude, P, = 1.0, w = wg + (&,

wo=-0.3,£=0.1,2=0.5 and a = 0.9 for

(a) Microstretch thermoelastic solid with microtemperatures (MTSM) by solid line
with centered symbol 4.

(b) Microstretch thermoelastic solid with microtemperatures without microrota-
tional effect (TSMWM) by dashed line with centered symbol H.

(¢) Thermoelastic solid with microtemperatures without stretch effect (TSMWS)
by dashed line with centered symbol A.

(d) Thermoelastic solid with microtemperatures (TSM) by dotted line with cen-
tered symbol x.

Discussion. The variation of normal displacement for MTSM and TSM are
opposite in nature and mirror images of each other. These values of normal dis-
placement for MTSM and TSM coincide at = 0, 3.5 and 7.6 respectively. Also the
values of normal displacement for TSMWM and TSMWS lie in a short range and
are more uniform in nature. These variations of normal displacement are shown
in figure 1.

From figure 2, we observe that the variations of microtemperature are highly
oscillatory in nature for TSMWS. The variations for MTSM and TSMWM are quite
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similar in nature with slight variation in magnitude. The values of microtempera-
ture for TSM are very less.

Similar to the variation of microtemperature, the variations of normal force
stress are similar in nature for MTSM and TSMWM. But in this case the variations
for TSMWS and TSM are reversed i.e. the variation of normal force stress for TSM
are highly oscillatory in nature. These variations of normal force stress for different
medium is shown in figure 3.

It is interesting to observe from figure 4 that the variation of microstress tensor
for both the medium (MTSM & TSMWM) are exactly opposite to each other. The
variations of temperature distribution shown in figure 5, is similar to the variation
of microtemperature for different medium.

In the absence of stretch effect (TSMWS & TSM), the variations of heat flux
moment tensor are identical in nature. These variations for heat flux moment
tensor are also similar in the presence of stretch effect (MTSM & TSMWM), but
the degree of similarity is less as compared to the medium without stretch effect.
These variations of heat flux moment tensor are shown in figure 6.

Figure 7 depicts the variation of tangential couple stress in MTSM & TSMWS.
These variations show that the values for both the medium near the application
of source is close to each other. However with increase in horizontal distance the
difference between the values of couple stress becomes significant.

Conclusion. The problem of a rotating microstretch thermoelastic solid with
microtemperatures has wide applications in mechanics. It is observed from graph-
ical results that microrotation and stretch has significant effect on thermoelastic
medium. The variations of microtemperatures and temperature distribution are
similar in nature. It is also observed that the variations of normal displacement for
MTSM and TSM are opposite to each other whereas the variations of micro stress
tensor are opposite in nature for MTSM and TSMWM.

—— MTSM
TSMWM

—h = TSMWS

ceandes TSM

Normal displacement

FIGURE 1. Variation of normal displacement with horizontal distance
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Appendix

Qi1 = — AsAga® — A1 Boa® + A5 AgA11 By — A13A1Bs + A1 Bsa®

— A5 AgA16B3A13Bga” — A5 Ag A1 Bg + By A1 A12B7

+ BaA11A17B7 — A17B7B1o + Bs B,
Q12 = —A13A17B6 + B3A16A12Bs + A11A17B3Bg — A17Bra® + As Ag A7 By,
Q13 = —As5AeBs + A12BsBg — A17B7Bg — A11B2B1o + A16B3Bio + A12B6Bio,
Q14 = — A1 B2 B2 + A16B3B12 + A12BsB12 — A17B7B12 + BgB12 + BioBi2

— AsA¢B13 + A16B3B13 — A17B7B13 + B1oBia

+ B12B14 + B13B14 + B14B1s — A5 AgBis,
Q15 = BsBi3 + B1oBis + B12B13 — AsA¢ Bis — A11B2B14 + A12Bs B14 + B Bia,
Q16 = —As5AeB1s—A11 B2 Bis+ A16B3 Bis + BsBis + BioBis + B12B1s + B13Bis,
Q17 = — A11B2Bis + A16B3Bis + A12B6B1s — A17B7B16 + BsBis + BioBis

+ B12B16 + B13Bis + B1aBis + As BgA12B1s

— AgB7A17B1s + ByBy1 + BisBig,
Q1s = A13Bi7— A1 B3Bi7— A12B7Bi7 4+ AsBisa® — AgByAy1 Bis + AsBsAi6Bs,
Q19 = AgBgB1g + AgB1oB1s + AgB13B1s + AgB14B1s + As By B1g + AgB15Bis,
Riy = —20° A5 AgA11 By + a*A13A16 B — As A A13A16By + 20° A5 Ag A6 B3

+20® A5 Ag A12Bg + a® A13A17Bg + A5 Ag A1 A17 B3 Bg + A5 Ag A11 A17 B, By,
Rip = —A5AgA13A17Bs—2a”A13A16B3 Be+ A5 AgA12A16 B3 Bg — 2a” A11 A17B3 B,
Ri3 = —2a° A5 AgA17B7 —20° A13 A16 Ba Br+ As Ag A12 A1 Ba Br — 24 A11 A7 By Br,
Riy =a® A5 AgBs — a®A12BgBs + A5 Ag A12BsBs + A13A17BeBs + a® A17B7Bs

— A5AgA17B7Bs + a® A1 BaBrg — A12A16B3 B Bio — A11A17B3Bg By,
Ris = Ay13A16B2B1g — a® A1 B3 Bio — a® A12BsByo + A13A17B6Bo,
Rig =a*A17B7B1g — A12A16B2B7Big — A11A17B2B7B1g — A12Bs Bs Bro
+ A17B;BsBig — A12Bs By B11 — A11A17B3 B B12 + a” A17Br Bia,

Ri7 = a®A16B3B1s — a® A12BsB12 + A13A17BsB12 — A12A16B3Bs B2,
Rig = — A12A16B2B7B12 — A11A17B2B7 B12 — A12Bs B Bia + A17B7Bg B2

+ A11B2B1oB1z — A16B3B1oBiz + AsAgA16Bs Bis + a*A17 B Bys,
Rig = A17B7B1oB12 — BsB19B12 — ByB11B12 + a* As AgB13 — a” A1 B3 B3,
Roog = — A5 A¢A17B7B13 + A5 A¢ Bs Bis + A17B7Bs B13 — A16 B3 B10Bis

+ A17B7B1ogB13 — BsB1gBi3— ByB11Bi13 + a® Ay1 BaB1y — As AgA11 B2 Bua,
Ry1 = —A16B3B12B1s + A17BrB12Bis — BsB12B1s — BigB12Bis + a® A5 Ag Buy,
Ry = — a®A12BsB1y + A5 AgA12Bs By + As AgBs Biy — A12Bs Bs Biy

+ A11BaB1oB1s — A12BsB1oB14 + AsA¢ Bi13B1s — BsB13 By,
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Ro3 = —BgB11B14 + A11BoB19Bi4 — A19BgBi2B14 — BsB1sBi4 — B1oB12Bi4,
Roy = — B12Bi3Bia+a* A5 Ag Bis+a® A11 BoBis— A5 AgA11 BoBis + A13A16B2Bis
— a®A16B3Bis — B12B13Bis + A11BaB12Bis — A1 B3 B12Bys,
Ros = AsA¢BgB1s + A11B2B19gB1s — A16B3B1oB1s — BgB1oB1s — BoB11Bis,
Rog = — BgB12B15 — B1oB12B15 + AsA¢B13B1s — A16B3B13B15 — BsB13 B
— B19Bi13B1s — AsA12BB19B1s + a® As AgBig + a>A11 B2 By,
Ro7 = A1 B2 B14B15 — BgB14B15 — B1oB14B1s — B12B14B15 — B13B14B1s,
Rog =A13A16B2B1s — a>A16B3Big + As AgA16B3B1s — a>A12Bs Big
+ AsAgA12 B B16 + A13A17Bs B1s — A12B6B1o B
+ A17B7B10B1s — Bs B1oBis,
Rog = — A11A17B3Bs B + a*A17B7Big — As AgA17B7Big
— A12A16B2B7B1g — A11A17B2B7 B1g + A5 A¢ Bs B1s
+ A17B7B12B1¢ — BgB12B1g — B1oB12Bis,
R3g = —A12B¢BgB1g + A17B7BsBig + A11B2B19oB1g — A16B3B10Bise,
R31 = —BgB11B16 + A11B2B12B16 — A16B3B12B16 — A12 B B12 B1s,
R3y = — A16B3B13B1s + A17B7B13B16 — BgB13B1s — B1oB13B16 — B12B13B1s
+ AsAgB14B16 + A11BaB14Big + A11 B2 B15B1s — A16B3B15 B,
R33 = —BgB14B16 — B19B14B16 — B12B14B16 — B13B14B16 + A5 A¢B15 B,
R34 = — B1oB15B16 — B12B15B1s — B13B15B16 — B14B15B16
+ AsAgA13Bi7 + a® A1 B3 Bir — A5 Ag A11Bs Bir
+ A12B7B1oB17 — A13B12B17 + AgA13A17B6 Bis,
R3s5 = — A5 AgA12B7B17 — A13B7B17 + A12B7 By B17
— A13B19Bi17 + A11B3B1o B,
R3¢ =A11B3B12B17 + A12B7B12B17 — A13B15B17 + A11 B3 B15 By
— A13B16B17 + A11B3B16B17 + A12B7 B16B17
— AgA11A17B2ByBys — a® AsBg B,
R37 = 2a®As A11 BoBis + AgA13A16B2Bis — 2a° Ag A16B3 Bis — 2a° As A12Bg Bas,
R3s = —AsA11A17B3BgBis + 20> As A17B1B1s — AsA12A416B2BrBis,
R3g = — AgA12BsBsBis + AsA17Bs By Bis — a® AsB1oBis + As A11B2B1oBs
— AgA16B3B19gB1s — B B1gB14 — AgA16B3B13B1g + AgA17B7B13 B,
Ryo = AgA17B1gB7Bis — A3 Bs BigBis — AsByB11B1s — a® AsB13Bys,
Ryy = — AgBsB13B13 — AsB1oB13B1s — a>AgB14B1s + AsA11B2B1aBis
— AgA12BsB14B1g — AgBgB14B1g — AgBsB15B1g — AgB19B15Bis,
Rys = —AgB13B14B1s — a® AsB15B1s + AsA11 B2 B35 Bis — AsA16B3Bis Bis,
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Ry3 = — AgB14B15B1g — AgA13B17B1g + Ag A11 B3 B17B1g + AgA12B7 B17Big
— AgB13B15B13 — AgB1oB14B1s — AsAgA11B2B1s + A5 Ag B14Bis,
Ryy = A17B7ByBy1 — A12BB10B12 — B1oB13B1a — A12A16 B3 Be B,
Rys =A5A6A16B3B1s + As AgB13B1s — A12B6B14B16 — BsB15Bi6
+a?A12B7By7 — AgA13A16B3Bg Bis,
S11 =a" A5 AgA11 By + 2a° A5 Ag A13A16B2 — a* A5 AgA16Bs — a” As Ag A12Bg
+2a° A5 AgA13A17Bs+a* A2 A1gBg Bs+a* As Ag A17Br + a* A12A16 B2 Br,
Sia = —3a* A5 AgA12A16B3Bg + a* A1y A17Bs By — 30> A5 Ag A11 A1 B3 By,
Si13 = —3a*A5AgA19A16Ba By + a* A1 Aj7 Bo By — 3a* As Ag A1 A17Bo By
—2a® A5 AgA12BsBs — a® A13A17Bg Bs + 2a® A1 A16 B3 Bs B,
Si4 = A5A¢A13A17BsBs+2a* A5 Ag A17 By Bs —a* A13A16 B B1g — a® A13A17Bs B,
S15 =2a*A11 A17B3BsBio + 2a° A13A16 B2 Br B1g + 2a” A11 A17 B2 By B
+ a®A12BsBsBo — A13A17Bs BeBio—a” A13A16B2 B1o—a” A13A17 B Ba,
S16 = — C1214173738310 + a2A12B6BQBll — A13A17BgBgB11 — 02A17B7BgBl1,
Si7 =2a"A12A16B3Bs B2 + 2a® A11A17 B3 B B1o + 2a* A12A16B2 By Bra
+2a® A1y A17Be B Bis + a® A13Bs Bg Ba + o A1 B3 B1o Bi2,
Sis = —A13A417BsBsB1s — a® A17B; By B1s — a® A11 Ba BigBia — A13A16B2B1o B2,
S19 = — A13A17Bs B1oB12 + A12A16B3Bs B1g B12 + A11A17B3 B B1o B12
— a?A17B7B1oB12 + A12A16B2B7 B0 B2,
Soo =A11A17B2Br B1oB12 + A12Bs B BioB12 — A17Bs B7 B1g B2
+ A12ByBg B11B13 — A17B7BgB11B13 + a® A1 B3 B1o Bis,
Sp1 = 2a® A5 Ag A17B7 B3 — a® A5 Ag Bs B13 — a” Ay7 Br Bs Bi + A5 Ag A17B7Bs B,
Syy = — A17B7BsB19B13 — A17B;ByB11B13 + a® A1 B3 B12 B13
— a®A17B7B12B13 — A17B1BsB12Bi3 + A12BsBioB12B1a
+ a®A12BsBsB1gB14 — 2a° As Ag A12 B Buy,
Saz = —A17B7B10B12B13 + BsB1gB12B13 + BoB11B12B13 + 2a° As Ag A11 B2 By,
Sy4 = a®A12BsBs By — A5 AgA12BsBs B1y — a” A1 By B1gBiy + a* A12Bs B1oBua,
Sas = —a®A11 By B1oBiy+a*A12Bs BiaB14 + A12BsBs BiaBia — A11B2B19B12Bua,
Sa6 =BgB11B12B1s — a* A5 AgB13B1s — A5 AgB14BsB1s + BsB1oB13Biy
+ ByBy1B13B14 + BsB1aB13B14 — 2a° As Ag A16 B3 Bis — a® A5 Ag Bs Bis,
Sar = 20® A5 AgA11BaB1s — a® A13A16 By Bys + As AgA13A16B2Bas,
Sog = — A13A16B2B10B1s + a2B10A16B3B15 - a2B2A11312B15
— A13A16B2B12Bis + a? B3 A16B12Bis + a® A16B3 B13B1s + BsB13B14Bis,
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Sag = A16B3B19B12B15 + BsBigB12B1s + BoB11B12B1s — a® A5 A¢ B13 Bis,
S30 = — A5 A¢ Bs B13B15 + A16B3B10B13B1s + BgB1oB13B15 + By B11B13Bis
+ A16B3B12B13Bys + BsB1aB13B1s — A13A17BsBioBis — a*A17B7B1oBig,
S31 = — a?A5AgB14B1s—a®A11 BoBiyBis+ A5 Ag A11 By Biy Bis — A5 Ag Bs BiaBis
— A11B2B1oB1aB1s — A5 AgB13B14B1s — a® A5 Ag Bs B,
S32 = BgB11B14B15 — A11B2B12B14B15 + BsB12B14B1s + B1oB12B14Bis,
Sss =B12B13B1aBis + 2a* A5 Ag A11 Bo Big—a® A16A13 B2 Big + As Ag A13A16 B2 Big
—2a*A5A6A16B3Big + 2a* A12A16 B3 Bs Big — As A11 B3 B1sB17 Bis,
Ss4 = —2a?A5AgA19BsBig — a®A13A17BsBig + AsAgA13A17Bs B,
Sas = — AsAgA12A16B3BsBig + 2a* A11 A17 B3 Bg B1g — As AgA11A17 B3 Bs Big
+2a® A5 Ag A17B7B1g + A5 AgA17 By By Big — As AgA11 A17 By By Byg,
S36 = 2a° A1 A16 B2 Br Big — As Ag A12A16B2Br Big + 2a° Ay A17 B2 B By,
Ssr = a®A12BsBs Big— A5 Ag A12A16 Bg Bs Big — A13 A17 Bg Bs B1g —a” A17 Br Bs Big,
S3s = —a®A11 By B1gBis— A13A16 B2 B1oBig + a® A16 B3 B1o B1g + a” A12Bg B1g Big,
S39 = A11A17B3 B B19B1s + A12A16 B2 BrB19gB1g + A12Bg Bs B19 B,
Sa0 = — A17Bs BrB1oB1s + A12B9 B B11B1s — A17B7 B9 B11B1s
— a?A11B2B13Big — A13A16B2B12B1s + A11A17B2 BrB1oBig
+ By B11B13B16 + A16B3B12B13 B,
Syt =a*A12BsB12B1g — A13A17BB12B1g + A12A16B3 B B12Big
+ A11A17B3BgB12Big — a® Ay7Br B12Bis,
Sz =A12A16BaBrB12B1g + A11A17BaBrB12Big + A12Bs Bs B12B16
— A17BsBrB12B16 — A11BaB1oB12B1 — A5 A¢ Bs B13Bie,
Sy3 =A16B3B1oB12B16 + A12BB10B12B16 — A17B10B7B12B16 + BsB10B12B16
+ ByB11B12B1g — a® A5 Ag B13Big + A5 AgA17 Br B13Big,
Sy4 = a®A16B3B13Big — AsAgA16B3B13Big — a® A17B7B13Bs,
Sys = —A17B7BgB13B16 + A16B3B10B13B16 — A17B7B12B13B16 + B10Bs B13Bis,
Sy6 = — A17BrB12B13B1g + B12BsB13B1s — BioB12B13B1 — a® A5 Ag B14Big
— a®A11ByB14Big + As AgA11 BoB14 B,
Syr =a*A12BsB14B1 — A5 AgA12BsB14B1g — A5 AgBsB14Big + A12Bs Bs B14Big
— A11B2B1oB14B1g — AsAgA16 B3 B15B16 — A5 Ag Bs B15 B1s,
Sis =BgB10B14B16 + BgB11B14B16 — A11B2B12B14B16 + A12Bs B12B14B16
+ BsB12B14B16 + B1oB12B14Bis — a*As AgB15 B1g — a” A11 B2 Bis By,
Sy9 = —As5A6B13B14B16 + BsB13B14B16 + B10B13B14B16 + B12B13B14 B,
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Sso = A5 AgA11BaB15Big — A13A16B2B15Big + a” A16 B3 Bis Big,
Ss1 = — A11B2B19Bi15B1s + A16 B3 B1oB15B16 + BsB1oB15B16 + By B11B15Bi6
— A11B2B12B15B16 + A16B3B12B15B16 + Bs B13B15B16 + B10B13B15B1s,
Ss2 = BsB12B15B16 + B1oB12B15B16 — AsAe¢ B13B15B16 + A16B3B13B15 B,
Ss3 =B12B13B15B16 — A5 A¢ B14B15B16 — A11B2B14B15B16 + BsB14B15B16
+ B10B14B15B16 + B12B14B15B16 + A13BsB19B17 — A12B7Bg B9 B17,
Ssa =B13B14B15Bis — a’? A5 Ag A13B17 + 20> A5 Ag A11 B3 Bir + 2a* A5 Ag A12B7 Bi7
— A5 AgA13BsBi7 + AsAg A12B7 B16 B17 + A13Bs B16 Bi,
Ss5 = —a®A12Br Bs Bir+ A5 Ag A2 Br Bs Bir — a® A11 B3 B1gBi7 — a” A12 Br B1g B,
Sse =A13B9B11B17 — A12B7 By B11 Bir — a®A11B3B12Bi7 — a* A12B7 B12 Bz
+ A13BsB12B17 — A12B7BgB12 B,
Ss7 =A13B10B12B17 — A11B3B1oB12B17 — A12B7B1oB12B17 — A5 Ag A13B15B17
— a?A11 B3 B15B17 — A11B3B1aB15B17 — As Ag A13B16 Bar,
Sss = A13BsB15sB17 + A13B10B15B17 — A11B3B10B15B17 + A13B12B15 By,
Ss9 = —a®Ay1 B3BigBi7 + As AgA11 B3 B1gBi7 — a® A12Br B1gBir,
Seo = — A12B7BgB1B17+ A13B10B16 B17 — A11B3B10B16B17 — A12B7B1oB16 B17
+ A13B12B16B17 — A11B3B12B1sB17 — AsA13A17Bs Bs Bis,
Se1 = — A12B7B12B16B17 + A13B15B16B17 — A11B3B15BigBi7 — a* AsA11 B2 Bis
—2a®AgA13A16B2Bis + 3a* As A11A17 B3 BgBis — a* AgA17B7 B,
Se2 = a*AsA12BsB1s — 2a* As A13A17BgBis + 3a® Ag A13A16B3 B Bis,
Se3 = 3a®AgA12A16B2 By Bis + 3a° AgA11 A17 B2 Br Bis + 2a° Ag A12 Bg Bs Bs,
Ses = — 2a*As A11BoB1gBis — AsA13A16B2B1oBis + 20> AgA16 B3 B1oBis
+2a° AgA12BsB1oBis — 2a° AgA17B7 B13Bis + a® A3 Bs Bi3 B,
Sgs =AgA12A16B3 B B1oB1s + As A11 A17B3 B B1oB1s — 24 AsA17B7 B1gBis
+ AsA12A16B2B7B1gB1s — AsA17BsBr B1gBis + a” As By B11 B,
Se6 = AsA11A17B2B7B1oBis + a® AsBs BioBis + As A12Bs Bg B1o Bis,
Sg7 = AsA12ByBsB11B1s — AsA17ByBrB11B1s + 2a° AgA16 B3 B3 Bis,
Sgs = — AgA17Bs BrB13Bis + a® As B1gB13B1s + As A16 B3 BioB13Bis
— AgA17B10B7B13B1g + A Bs B13B10B1g + AgBo B11 B14Bis,
Seg =AsBgB13B11B1s — 2a® Ag A11 B2 B14Bis + 2a° Ag A15Bg B1a Bis
+ a® A3 Bs B14B1s + As A12Bs Bs BiaBis + As Bs BioB14Bis,
S70 = a®AsB1oB1aBis — AsA11BaB1gB14Bis + AsA12BB1oB14Bis,
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S71 =a®AgB13B14B1s + AsBsB13B14B1s + As B13B1oB14Bis
— 2a® AgA11 B2 B15Bis — AsA13A16B2B15B1s + As Bs Bi3BisBis,
S72 =2a*AsA16B3B15B1s + a® AsBs Bis Bis + a® A3 B1oB1s Bis
— AgA11 B2 B1oB15B1s + As A16 B3 B1oB15 B1g + AgA16B3B13B15B1s,
S73 = AsBsB19B15Bis + AsBoB11B15Bis + a® AsB13B15Bis,
S74 =AsB1oB13B15B1s + a® AsB14B15 B1s — AsA11B2B14B15Bis
+ AgBgB14B15B1g + AgB19B14B15B1g + AgA13B15B17Bs,
S75 =AgB13B14B15Bi1s + a2A8A13Bl7318 - 2a2A8AnBsBl7Bls
— 2a® AgA12B7B17B1s + AsA13BsBi7Bis — AsA12B7B19B17Bis,
S76 = —AsA12B7Bs B17B1s + AgA13B10B17B1s — AsA11 B3 B1oB17Bas,
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Sz =a® A12BsB1oBi2 — 2a® A5 Ag A1 B3 B13 — a® A7 B7 B1o Bi3+A16B3 B0 B12B13

— a®*A5A¢BsB14 — A11B2B1gB12Bys + B12B1oB13Bis,
Srg = A12BsBoB11B1a + BsB19B12B14 + B1oB12B13B14 — a*Ay1 B2 B1o Bys,

S79 =BsB19B14B1s + B1oB13B14B1s + A12A16B3Bs B1oBis + a* A1 B3 B1a Big

— A5AgA16B3B13B15 + As Ag A11 B3 B15s Bir — AgA13A17Bs B1oBis,
Sso = A12BsB1oB14B16 + a4A8A16B3318 - 2a2A8A17B7B83187
By = —a'A5A6A13A16B — a* AsAgA13A17Bs + 3a* As Ag A13A12 B3 Bg
+ 3a* A5 Ag A11 A17 B3 Bg + a* A11 Bo Big B14 Bie,
E1p =3a*A5A6A11A17B2B7 + a* A5 AgA12 B Bs
—2a*A5AgA13A17B6Bs — a" A5 AgA17 Br By — a* A13A16 B3 B Bio,
Ei3 = — a*A11A17B3BsB1o — a* A1 A16 BB Bio — a* A11 A7 BaBr Bio
+ a®A13A17 BB Bio + a® A13A17Bg By B11 — 2a” A11 A17 B3 Bs B1o B2,
Eiy = —a*A12A16B3BsB12 — a* A11 A17B3Bs Bz — a* A1 A16 B2 Br B1s
— a*A11A17ByB7 By + a® A13A17Bg Bs Bz + a® A17B7 Bs B1o Bia,
Eis = a'A13416B2B1o B2 + a® A13A17Bs B1o B2 — 2a° A1 A16 B3 B B1o Bia,
Eig = —2a*A11A17By By Big Bz — a® A1 B¢ Bs BioB12 + A13A17Bg Bs B1gBia,
Er7 =A13A17BsByB11B12 + a® A17B7ByB11 B12 + a* A5 Ag A16 B3 B13
—a*A5AgA17B;Bys — 20> A5 AgA17Br Bs Bis + 2a* A5 AgA12 Bg Bs By,
Ers =a’A17B;BsB19Bys + a*A17 By By B11 B3 + a® A17B7 Bs By3 B12
— a’?A16B3B19B12B13 + a® A17Br B1gB13B1a + a* A5 Ag A12 B By,
Erg = A17B7BsB1gB12B13 + A17B7ByB11B12B13 — a* A5 Ag A11 B2 By,
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Ey =— a2A12BGB8B10-Bl4 - a2A12B6B9BllBl4 - a2A12B6B8BIZB14
+ a®A11 B2 B12B1gBia — a® A12BgB12B1oBiy + a® A13A16 B2 By5 By,
Es1 = — A12BsBs B12B10B14 — A12BgByB12B11Bua + a* A5 Ag Bs B13 By
— BsB12B19B13B14 — ByB12B11B13B14 + a” A;3A16B2 B1o B,
Esy = —a" A5 AgA11 BoBis — 2a° As AgA13A16 B2 Bis + a* As Ag A1 B3 Bis,
Es3 =a®Ay1 By B19B12Bis + A13A16B2 BioB12B1s — a® A16B3 B1oB12Bis
+2a% A5 AgA16 B3 B13Bis + a* As Ag Bs Bi3 Bis + a® A11 Bo B12B14 B,
Esy = — a*A16B3B1oB13Bis — a*A16B3 B12B13B1s — A16B3B1oB12B13Bis
— BsB10B12B13B15 — BoB11B12B13B15 — Bs B19B14B13 B15,
Ess = —2a* A5 AgA11 By B14Bs + 0> A5 Ag Bs B14Bis + a>Ay1 By B1g B4 By,
Ess = —BgB19B12B14B15 — ByB11B12B14Bis + a” A5 Ag B13B14Bys,
Esr = — BgB11B14B13B15 — Bs B12B14B13B15 — B1oB12B14B13B15
—a'A5AgA11BoBig — 20> A5 AgA13A16 B2 Big + As AgBs B13 B14 By,
Ess =a" A5 AgA16B3Big + a* As AgA12 BgBig — 2a° As Ag A13A17 B B1g
—a*A12A16A3BsB1 — a® A12Bs By B11 B12,
Esg = —a*A11A17B16BsBg + 30> A5 Ag A11 A17 B3 Bg By — a* A5 Ag A17 Br By,
E30 = — a*A11A17B2B7 By + 3a® As Ag A11 A17 B2 By Big + 2a° A5 Ag A12Bs Bs Big
+ a®A13A17BgBsBig — a* A1 A16 B2 Br Big,
Es1 = — A5 AgA13A17BsBsBig — 2a° A5 Ag A17 Br Bs Big + a” A13A16B2 B1o Bie,
E3y = — 2a® A1 A17 B3 B B1oB1s — 20 A13A16 B By By Big + a® A13A17 Bg B1gBig
—2a® A1, A17B2B7B1oB1s — a® A12Bg B19 Bs Big,
E33 =A13A17BsBsB19Big + a® A17Bs By BigB1g — a” A12Bg By B11Big
+ A13A17B6ByB11B1g + a® A7 By B B11 B1g — a® A12Bg B1g B12 B,
E34 = a®A13A16B2B12B1g + a” A13A17Bg B1a Big — 2a” A1 A16 B3 Bg B12 By,
E3; =— 202A12A1632B7312316 - 2Cl21411A17BzB7312316 - a2A12BﬁBsBl2316
+ A13A17BsBsB12 B1g —2a” A11 A17B3 Bg B1y B1g — A11 A17 Ba By Big B12 Bie,
E3s = 02A113231OB12316 - 2612A412A163237B10312 + 3a2A5A6A12A16B2B7316
— 2a*A12A16B3 BgB1oB1g — a” A16 B3 B12 B13B1g + A5 AgA12Bs By Bi4Big,
E37 =A13A16B2B19B12B1s — a® A6 B3 B1g B12Big + A13A17BsB1oB12Big
— A11A17B3BsB1oB12B1g+a” A7 By BioB12Big— A12A16 B2 Br B19 B12 By,
E3s = —A12B6Bs BioB12B16 + A17B7BsB19B12B16 — A12 B Bo B11 B12 B1e,
Esg = —2a® A5 AgA17B7B13 B + a® A5 A¢ Bs B13 B1g + a® A17B7 By B13 B,
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Eyo = a®A17B7B1gB13Big + A17B7BsB1gB13Big + A17B7 By B11B13 B,
Ey41 =a*A17BsB12B13Bis — A16B3B10B12B13B16 + A17B7B12B10B13Big
— BgB10B12B13B16 — BoB11B12B13B16 + A17B7Bg B11 B12 B,
Eyp = —2a* A5 AgA12BgB14Bis + 0> A5 Ag Bs B14B1g — a® A12 Bg Bs B14 B,
Ey3 = — a®A12BsB1oB14B1g — A12BsBs BioB14B1 — A12BgBoB11B14Big
+ a®A11ByB12B14Big — a*A12Bs B12B1aBig — A5 Ag A17B7Bs B13 B,
FEyy = — A13BsBgB12B14B16 + A11 B2 B10B12 B14B16 — A12Bs B10 B12B14B16s
— BgB19B12B14B16 — BoB11B12B14 B,
Ey5 =a* A5 AgB13B14B1g + A5 Ag B13Bs BiaBig — Bs B1oB13B14Big
— ByB11B13B14B16 — BsB12B13B14B1s,
Ey6 = — B1gB12B13B14B1s — 20> A5 AgA11 Bo B15 Big + a” A1 A13 B2 B15 Big
— A5 AgA13A16B2B15Big + a® A11 B3 B1gB16 Bi7 — A16B3B19B12B15 B,
Eyr =a® A5 AgBsBi5Big + a” A11 By B1gB1s Big + A16A13B2B10B15Big
— a?A16B3B19B15Big + a® Ay1 Bo B12 B1s Big — Bs B1gB12B15 B,
Eys = A16A13B3B12B15B1g — 0 A16B3 B12B15Big + A11B2B10B12B15 B,
E49 = — ByB11B12B15Big + a® As Ag B13B15B1g — a” A16B3 B13B15Big
+ A5 AgA16B3B13B15B16 + A5 A¢ Bs B13 B15 B,
Eso = — A16B3B10B13B15B16 — Bs B1oB13B15B16 — By B11B13B15B16
— A16B3B13B12B15B16 — Bs B12B13B15 B,
Es1 = — B1oB12B13B15Big + 0> A5 A Bi4B15B1g + a” A11 By B14Bis Big
— A5 AgA11 B2 B15B14Bis + A5 A As B1s B14 B,
Esy =A11B2B10B14B15B16 — BsB1oB14B15B16 — BoB11B14B15B16
+ A11B2B12B14B15B16 — Bs B12B14B15 B,
Es3 = — B12B10B14B15B16 + AsA¢ B13B14B15B16 — BsB13B14B15Big
— B1oB13B14B15B16 — B12B13B14B15B16 — A13B10B12B16B17,
Esy = —a'AsAgA11B3Bi7 — a* As AgA12Br Bir + a® A5 Ag A13Bs Biy
—2a*A5AgA12B7 By Bi7 + a* A17B; B12B13Big + A12B7Bs B12 B1g Bir,
Ess =a®A12B7ByB11Bi7 + a? A12B; By Bia Bi7 + a® A1 B3 B12 B1g Bi7
+ a®A12B7B13B1oB17 — A13BsB12B1oBir,
Es¢ =A12B7Bs B12B1oB17 — A13BoB12B11B17 + A12B7 By B12 B11 B17
+ a® A5 AgA13B15B17r — 2a* A5 Ag A11 B3 B15s Bir — A13ByB11B16Bir,
Es7 =A5AgA13BsB15Bi7 + a®A11 B3 B1gBis Bir — A13BsB1oBisBig
— A13ByB11B15Bi7 + a*A11 B3 B12 B15sBir + A12Br By B11Bis B,
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= — A13BsB12B15B17 — A13B12B10B15B17 + A11 B3 B19 B12 B15 B17
+ a® A5 AgA13B16Bi7 + a*A12B; Bs B1gBir — A5 AgA12B7 Bs BiBir,
= —2a°A5AgA12B7B16B17 + A5 Ag A13Bs B16B17 + a® A12B; Bs Bi Bir,
= a®A12B7B10B16B17 — A13Bs B1oB16B17 + A12B7Bs B1oB16 Bi,
= a”Ay1 B3B12B16B17 + a* A12B7 B1a Big B1r — A13BsB12B1sBir,
= A11B3B10B12B16B17 + A12B7B10B12B16 B17 + A5 A¢ A13B15 B1s B1,
= — A13BsB15B16B17 — A13B10B15B16B17 + A11 B3 B19 B15 B16 B17
— A13B12B15B16B17 + A11 B3 B12B15B1gBi7 + a® A11 B3 B15 B16 B,
= a"AgA13A16B2B1s + a* AgA13A17Bg B1s — 3a" AgA12A16 B3 Bg Bis,
= —3a"AgA12A16B2 BrB1s — 3a" AgA11 A17Bo By Bis — a* As A12Bs Bs Bs
+ 204 Ag A13A17 Bg Bs B1s — 3a* Ag A11 A17 B3 Bg Bis,
= a"AgA11 B2 B1oBis + 20> AgA13A16Bo Bio Bis — a* As A16 B3 B1o Bis,
= — 3a° AgA12A16B3 Bs B19B1s — 30> As A11 A17 B3 Bg B1o B1s
+ a'AsA17B7B1oBis — a® As B1gB13B14Bis,
= — 3a°AgA11A17 By Br B1gB1s — 2a* As A12Bs By B1g B1s
+ AsA13A17BsBs B1oBis + 2a® AsA17 B7 Bs B1g Bis,
= — 2a* A3 A12B By B11 Bis+ A A13A17Bg By By Bis+2a” As A7 Br By By1 Bs
—a'AsA16B3B13B1s — a' As A12BsB1oBis + 2a° As A13A16 B2 B15 Bis,
=2a"AgA17B7BsB13B1s — 2a° Ag A1 B3 B1o B13B1s + 2a” As A17B7 B19 B13Bis
— a?AsBsB1gB13B1s — AsA16B3B1oB13B15B1s — a* As B1gB14B15 B1s,
=AgA17B7BsB1gB13B1s — a” As By B11B13B1s + AsA17B7 By B11B13Bis
+ a'AsA11BoB1yBis — 20 As A1 B3 B1 B1s Bis,
= — 2a*As A12BsBs B14Bis + 2a* A3 A11 By B14B1oB1s — a* As Bs BigB14B1s
—2a* A3 A12BsB1oB14B1s — AsBsB13B14Bi5Bis,
= — AgA12BsBsB1oB14B1s — a®As By B1gB14B1s — AsA12BsBoB11B14Bis
- a2A8BSBISB14318 + 2a2A8A12B7BSBl7B187
= —AgBsBi19B13B14B1s — As By B11B13B14Bis + a* AgA11 By B15 Bys,
= 2a” AgA11 By B19B15 B1s + As A13A16B2B1o B1s Bis — a” As Bs B1o B15 Bus,
= —2a°AgA16B3B13B15B1s — a” As Bs Bi3B15B1s — a® As B13B19B15 Bis,
= —AgByBi11 B13B15Bis + 2a° AgA11 By B14B15B1s — a® Ay Bs Bi4B15 Bis,
= —AgBsB1gB14B15B1s — As BgB11B14B15B1s — a* A3 B13B14B15 B1s,
= a*AgA11 B3B17Bis + a* Ag A3 Br B17 Big — a® AgA13Bs B17Bis,
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Ego =2a*AsA11 B3 B9 B17Bis + 2a° Ag A2 Br B1o B17B1s — AsA13Bs B1gB17Bs
+ AgA12B7 By B1gB17B1s+2a® Ag A11 B3 B15 Bi7 B1s —a® As By B11 B15 Bis,
Egy = —AgA13ByB11B17B1s + As A12B7 By B11B17B1s — a* As A13B15B17 B,
Egy = —AgA13B10B15B17B1g + AgA11 B3 B1oB15B17B1s — As A13Bg B15 B17Bis,
Egs =3a*A5AgA12A16B2By + Ay1 B2 B1oB12B14Bis
+3a® A5 Ag A12A16 B3 Bg Big — A12A16B3 B B1oB12Big
+2a* A5 Ag A1 B3 B15 Big + 2a” Ag A13A17 Bs B1oBus,
Egy = a®A17B7BsB12Big + 2a° A5 Ag A1 B3 B13 B1g — a” A16 B3 B1g B13 B,
Egs = — a*As A1 B3 B15B1s — A3 Bs BioB13B15B1s + AsA11 B2 B1oB14B15Bis
— AgBi13B19B14B15Bis — 20> A5 AgA11 B3 B1 B,
Esg = —a?AgA13B10B17Bis + a* As A7 Br By Bis + a* Ag A7 B7 B3 Bus,
Egr = —a* AgA12BgB14B1s — A5 AgA11 B3 B15 BigBir — 3a” Ag A1 A1 B2 Br B1g Bis,
Fiy = —a%A5AgA12A16B3sBs — a® A5 Ag A11 A17 B3 Bg — a® A5 Ag A1 A1 B2 By,
Fiy =a" A5 AgA13A17Bg Bs + a A3 A16 B3 BsBio Bz + a A1 A7 B3 Bg Bio B1z
+a'A12A416B2 B B1oB12 — a®As AgA11 A7 Bo By + a A5 Ag A13A17 Bg Bie,
Fi3 =a*A11A17B2BrB19B1z — a® A13A17Bs Bs B1gB12 — a” A13A17Bg By B11 B2
+a'A5AgA17ByBsB1s — 3a A5 Ag A12A16 B2 Br Bag,
Fiq = — a®A17Bs B B19B12B1s — a*A17Bo By B11 B12 B3 — a* A5 Ag A1 B Bs B1a
+ a®A12BsBsB1gB12B14 + 2a* A5 AgA13A17 B Bs Big,
Fi5 =a?A12BsBoB11B12B14 + a* As Ag A13A16 B2 B1s — a® A13A16 B2 B1o B2 B
- G4A5A6A1633313315 +a4A11A17BZB7Bl()B16+a4A11A17BBB€3B123167
Fig =a?A16B3B19B12B13B1s + a* A5 Ag A11 BoBis Biy — a® A11BaB1gB12B14Bas
— a?A5 AgBsB13B14B15 + 2a* A1y A17 B3 Bg B1o B12 Big,
Fi7 = BsB19gB12B13B14B15 + BoB11B12B13B14B1s + a* A5 AgA13A16 B2 By,
Fig = —3a"A5AgA12A16B3BsBig — 30" A5 Ag A11 A17 B3 Bs B,
Fig = —3a*A5AgA11A17B2 By B — a* A5 Ag A12Bs Bs Bis + a* A5 AgA17 Br Bs By,
Fyo = a"A5A16A12B3Bs BioBig+a' A11 A1 B3 Bg Bio Big+a* A12A16 B2 Br B1o B,
Fy = —a*?A13417BsBsB1oBis — a® A13A17 By Bg B11B1g + a* A12A16 B3 Bs B12 By,
Fyy =aA19A14By By B13B1g + a* A11 A17 By By B1aBig — a* A13A17Bs Bg B12 Big
- a2A13A16-BQBlOBl?B16 + Q2A12BGBloB12B8B16a )
Fy3 = —a®A13A17B19BsB12Big + 2a” A12 A1 B3 Bg B1g B12 Bie,
Fyq = 2a°A12A16B2 By B1gB12Big + 2a° A11 A17 B2 B B1g B2 By,
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Fys

Fy

Far
Fos
Fag
Fso

F3o

F33

F34
Fss
Fse
Fs7
Fss
Fg
Fuo

Fy
Fyo
Fy3
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— A13A17BsB19B12Bs Big —a® A17 By Big B12 Bs Big+a” A12 B By Bi1 B12 Bie
— A13A17Bs By B11B12B16 — A17B7Bg B11 B12B13B1s,

— a?A17ByBgB11B13B1g — a* As Ag A1 B3 B13Bis

+ a*A5AgA17B7B13B1g + 2a® As Ag A17B7 Bs Bi3 Big

+ a®A16B3B12B19 B13B1g — 2a” A5 Ag A12 B Bs B14 B,
—a?A17By By B1gB13B16 — a® A7 B1 By B11 B13B1g — a® A17B7Bs B12B13 By,
—a®A17ByB12B1oB13Big— A17 By Bs BioB12 B13 Big+a” A5 Ag A11 B Bia B,
—aA5AgA12Bs B14B1g + a® A12Bs Bs BioB14Big + a” A12 Bg By B11 B14 B,

=a®A12BsBs B12B14B16 — a® A11 B2 B12 B1oB14B16 + a* A12 B B12 B1o B14 Bie

+ Ay2 B Bg B19B1aB14B1s — 2a* As Ag A16 B3 B13 B15 Bis,

=A12BBgB11B12B14B1s — a> A5 A¢ Bs B13B14B16

+ BgB19B12B13B14B16 + BgB11B12B13B14B16
— Ay1BoB19B12B14B15Big + 2a® A5 Ag A11 B2 B14B15 Big,

=a" A5 Ag A11 BaB15Big + 2a* As Ag A13A16Ba B1s Big

— a*A5A¢A16B3B15B1s — a®Ay3A16B2B1oB1s Bie
— AsAgBsB13B14B15B1s — a* A12 By By B11 B12 B,

=a?A13A16BaB12B15B1g — a>A11BaB1gB12Bi5Big — A13A16BaB1oB1sBis

+ a?A16B3B1oB12B15B1g — a* A5 Ag A13Bs B1s B,
—a® A5 Ag Bs B13B15 Bi+a” A1 B3 B1o B13B15 Big+a” A16 B3 B12 B13B15 Bie,
A16B3B10B12B13B15B1s + Bs B1oB12B13B15B16 + By B11B12B13B15 B,
—a® A5 A¢ Bs B14B15B16—a” A11 By B1g B1a B15 Big—a” A11 Bo By2 B14B15 By,
BgsBi1gB12B14B15Bis + ByB11B12B14B15B1s — a” As Ag B13 B14B15 B,
BsB19oB13B14B15B16 + BoB11B13B14B15B16 + Bs B12 B13B14B15B16,
BsBi12B13B14B15Big + a* A5 AgA12B7 Bs Biy — a® A2 B1 Bs B1g B2 B,

=a" A5 AgA11 B3 B15B17 — a® A5 Ag A13B15 Bs By

— a?A11 B3 B19B12B15B17 + A13Bs B1gB12B15 Bir

— a®A13B; By B13BigBi7 — A13B7 B B1oB12B16Br,
A13ByB11B12B15Bi7 + a* As AgA11 B3 B1g Bi7 + a* As AgA12 Br B1g B,
2a* A5 Ag A12 By Bs BigBir —a” A12 By Bs B1g B1g Bir — a” A1 By By B11 B1 Bi,
—a?A11 B3 B1gB12B16Bi7 —a® A12 By Big B12 B16 Bi7+ A13Bs Big B12 B16 B,
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Fyy =A13B9B11B12B16B17 — A12B7BgB11B12B16B17
— a®A5AgA13B15B16Bi7 + 2a° As Ag A11 B3 Bis B16 Bir
+ A13ByB11B15B16B17 4+ a® AsA11 A17 B2 B7 Bys,
Fus = — A5 AgA13Bs B15B1gB17—a” A1 B3 B1g B1s B16 Bir + A13Bs B1o B1s Big Bir,
Fi6 = — a*A11B3B12B15B16B17 + A13Bs B12B15B16B17 + A13B10B12B15B16Bi7
— A11B3B19B12B15B16B17 + 3a* As A11 A17 B2 B7 B1o Bis,
Fy7 = a®AgA15A16B3BsB1s + a® AgA11 A17B3 B Bis + a® As A12A16 B2 B7 Bs,
Fis = — a'AsA13A17BsBgBis — a* As A13A16 B2 B1oBis — a* AgA13A17B19Bs Bis
+ 3a* Ag A1 A16B3 Bs B1gB1s — 20> As A13A17Bg By B11 Bis,
Fug = 3a" AgA11A17 B3 Bg B1oB1s + 3a" As A12 A1 Ba By B1o Bis,
F5o =—2a"AgA13A17Bs By BigBis—a* A A17 By Bs Big B1g +a* Ag A13 B By B11 Bis,
Fs1 = — a'AsA17B7ByBy1 Bis — a* Ag A17 B Bs B13 Bis
+ a*AgA16B3B13B1oBis — a* AgA17 By B13B1oBis
- a4A8AllBQBloBl4B18 + 2a2A8A12BGB9BllBl4Bl&
Fsy = —2a° AgA17B7 Bs B1gB13B1s — 2a” As A7 B7 By B11 B13 Bis,
F53 = a4A8A12BGBIOB14Bls + 2a2A8A12BGBSBl()Bl4B18
+ a®AsBs B19B13B14Bis,
Fsq =a?AsByB11B13B14B1s — a* AgA13A16B2 B15 Bis — a* As A11 B B1gB1s Bis
— 2a® AgA13A16B2B19B15Bis + 2a” As A16 B3 B1o B13 B15 Bis,
Fss5 = a*Ag A14B3B10B15Bis + a* AgA16 B3 B13B15 Bis + a® As Bs Big B13 Bis Bis,
Fs¢ = a® A3 BgB11B13B15B1s — a" AgA11 Bo B14 B3 Bis + a® As Bs BigB14B15 Bis,
Fs7 =a® As By B11B14B15B1s + a® As Bs Bi3 B14B15Bis + a> As B13B10B14B15Bis
+ As B3 B19B13B14B15B1s — 2a* A3 A11 Bo B1gB14B15 Bis,
Fss =AgByB11B13B14B15B1s — a* AgA13 Br Bs B17B1s — a* Ag A1 B3 B1gB17B1s
— a"AgA12B;B19B17B1s + a* As A12Bs Bs B14 B1s,
Fsg = — a' A3 A13B10Bs B17 B1s — 2a” Ag A12 Br Bs B1gB17B1s
+ a®AsA13B9B11 B17 Bis,
Fgo = — a*AgA11B3B15B17Bis+a” As A13Bs B15 B17 B1s+a” As A13B10B15 B17 B1s
—2a®As A11 B3 B B15B17B1s — 2a* A3 A12B; By B11 B17 Bis,
Fg1 = AgA13BsB1gB15B17B1s + As A13Bg B11B15 B17 Bisa* Ag A12 Bg Bs B1g Bis,
G11 =a®AsAgA12A16B3BgBig + a® As Ag A11 A17 B3 Bg Big
+ a® A5 AgA12A16B2Br Bis + a® As Ag A11 A17Ba By By,
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Gi2 = — a’ A5 Ag A13A17BsBs Big — a* A12A16B3 Bs B1o B12B1e
— a*A11A17B3BgB1gB12Bis — a* A12A16B2 By BigB12 B,
Gz =— G4A11A17BzB7B10312316 + a2A13A17BGBSBloB12Blf3
+ a®A13A17Bs By B11B12B1s — a* A5 Ag A17B7 Bs B13 B,
G4 :a2A17B7BsBloBlzB13Ble + CL2A17B7BQB11312313316
+ a* A5 AgA12Bs Bs B14B1s — a” A12Bg Bs BioB12 B14Bis,
G5 =— G2A123639311312314316 - G4A5A6A13A1632315316
+ a®A13A16B2B10B12B15Big + a* A5 Ag A16 B3 B13 B15 Bis,
Gi6 = — a®A16B3B10B12B13B15B1s — a* As Ag A1 By B14B15 Big
+ a?Ay1 BaB1gB12B14B15Big + a® A5 Ag Bs B13 B14B15 Big,
G17 = — BgB19B12B13B14B15B16 — BoB11B12B13B14B15B16
— a* A5 AgA12B7 By B1gB17 + a® A12Br Bs B1g B12 B16 Bir,
Gis =a®A13B7ByB11 B12B1gBir — a* A5 Ag A11 B3 B1s Big Bir
+ a?A5AgA13Bs Bis B1gB17 + a® Ay1 B3 B1g B12B15 B16 Bi,
G19 = — A13BgB10B12B15B16 B17 — A13B9g B11 B12B15B16 B17
- a6A8A12A16-BSB6BloBls - G6A8A11A17B336310318,
G20 = — a®AsA13A16B2 B B1oBis — a® A A11 A17Bo B B1gBis
+ a'AsA13A17BgBsB1oBis + a* Ag A13A17 Bg By B11 Bus,
G21 =a*AsA17B7BsB19B13Bis + a* AgA17 B7 By B11 B3 Bis
— a"AgA12BsBs B1gB1aB1s — a* A A12Bg By B11 B14Bs,
G =a*As A13A16B2B1oB1sB1s — a* As A1 B3 BioB13 B15 Bis
+ a'AsA11 BoB1gB14B15B1s — a® As Bs B1g B13 B14 B15 Bis,
Gas = — a® As By B11 B13B14B15B1s + a* As A12B7 Bs B1o B17 Bis
+ a'AsA12B7ByBy1 B17Bis + a* AgA11 B3 B1g B1s Bi7 Bis,
G2y = —a”AgA13BsB1oB15B17Bis — a® Ag A13By B11 B15 B17Bis.
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ITPOBJIEM JE®OPMAIINJA PABHU ¥ POTUPAJYREM
MUKPOUCTEI'JbMUBOM TEPMOEJIACTUYHOM TEJIY CA
MUKPOTEMIIEPATYPAMA

PeE3uME. IlpoyuaBan je jaBoauMeH3UOHH TPOOJeM OECKOHAYHOT MUKPOUCTE-
IVBUBOT TEPMOEJIACTHIHOT TeJIa Ca MUKPOTEMIIEpATypaMa, IOJ JIejJCTBOM MEXaHHU-

kux yrunaja. CpeauHa poTupa paBHOMEPHOM yIaOHOM OP3MHOM Q. Kopumthena je
aHaJIN3a HOPMAJHUX MOJOBa PaJiu JI00Ujara TAMHUX M3pa3a 33 KOMIIOHEHTE HOD-
MaJIHOT ITOMepaka, MUKPOTEMIIEpAType, HOpMAaJIiHe CHUJjle HAIllOHA, TeH30pa MUKPO-
HAIIOHA, PACIoese TeMIepaType, TOIIOTHOT (BJIYKCA W TE€H30pPa TaHTEHINjaJTHOT
nanona. EdekTn Mukpoporarmje u gedepmaryje Ha pa3MaTpeHe BeJITUINHE CY PU-
KasaHu rpaduyaku.
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