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ABSTRACT. An imperfectly bonded interface between two monoclinic
thermoelastic half-spaces is chosen to study the reflection and transmis-
sion of plane waves in context of generalized thermoelasticity. Six rela-
tions between amplitudes of incident, reflected and transmitted quasi-P
(¢P) waves, quasi thermal (¢7") waves and quasi-SV (¢SV') waves are ob-
tained. Some particular cases are obtained which agree with earlier well
established results. A procedure for computing reflected and refracted
angles is derived for a given incident wave, where the angles of reflection
are found not equal to the angles of incident waves in a monoclinic ther-
moelastic medium.

KEY WORDS: generalized thermoelasticity, imperfect boundary, plane
waves, reflection and transmission, monoclinic anisotropic.

1. Introduction

Keith and Crampin [1] investigated that three types of body waves with
mutually orthogonal particle motion can propagate in an anisotropic elastic
solid medium. In general, the particle motion is neither purely longitudinal nor
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purely transverse. Due to this, the three types of body waves in an anisotropic
medium are referred to as ¢P, ¢SV and ¢SH, rather than as P, SV and
SH, the symbols used for propagation in an isotropic medium. A monoclinic
medium has one plane of elastic symmetry. SH motion is decoupled from the
P — SV motion for wave propagation in the plane of symmetry. It is neither
purely longitudinal nor purely transverse motion in the case of P — SV waves,
while the particle motion of SH waves is purely transverse. Chattopadhyay and
Choudhury [2] discussed the reflection of ¢ P waves at the plane free boundary of
a monoclinic half-space. In a subsequent paper, Chattopadhya et al [3] studied
the reflection of ¢SV waves at a plane free boundary of a monoclinic half-space.
In these papers, they assumed that g P waves are purely longitudinal and ¢SV
waves are purely transverse. Singh [4] pointed out the errors in these papers
and Singh and Khurana [5] restudied the reflection of P and SV waves at the
free surface of a monoclinic half-space.

Biot [6] developed the coupled theory of thermoelasticity, where heat
equation being parabolic predicts an infinite speed of propagation for thermal
wave, which is not physically relevant. Lord and Shulman [7] introduced the
theory of generalized thermoelasticity with one relaxation time by postulating
a new law of heat conduction to replace the classical Fourier’s law. This law
contains the heat flux vector as well as its time derivative. In addition, it
contains a new constant which acts as a relaxation time. The heat equation of
this theory is of wave type, ensuring finite speeds of propagation for thermal
and elastic waves. The remaining governing equations for this theory, namely
the equation of motion and the constitutive relation remain the same as those
for the coupled and uncoupled theories. Dhaliwal and Sherief [8] extended the
Lord and Shulman (L-S) theory for an anisotropic media. The second general-
ization was developed by Green and Lindsay [9] and is known as G-L theory.
This theory contains two constants that act as relaxation times. Many authors
contribute towards the wave propagation in isotropic and anisotropic medium
with the application of generalized thermoelasticity, for example, Sinha and
Sinha [10], Sharma [11], Kumar and Singh [12] and Singh [13-15].

The boundary between the solids may behave as slip, perfect or nei-
ther, depending on the properties of the layers, as demonstrated by Rokhlin
and Marom [16], and its state significantly affects elastic wave reflection phe-
nomena. Imperfect bonding means that the stress components, heat flux are
continuous and the small displacement field and temperature are not contin-
uous. The small vector difference in the displacement is assumed to depend
linearly on the traction vector and in temperature it is assumed to depend
linearly on the heat flux. In the present paper, the reflection and transmis-
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sion of plane waves is studied at an imperfectly bonded interface between two
dissimilar thermoelastic half-spaces of monoclinic type in the context of gern-
eralized thermoelasticity. Relations between amplitudes of incident, reflected
and transmitted quasi-P (¢P) waves, quasi thermal (¢7") waves and quasi-
SV (qSV') waves are obtained, which are reduced to earlier well established
relations for some limiting cases. A procedure for computing reflected and
refracted angles is also derived for a given incident angle of a striking wave.

2. Nomenclature

c phase velocity
Cij isothermal elasticities
C. specific heat at constant strain
€ij components of strain tensor
k wave number
t time
0, T1 relaxation times
K5, K3 thermal conductivities
T absolute temperature
To the initial uniform temperature
ag,3  coefficients of linear thermal expansion
0 density
Oij components of stress tensor
w circular frequency
©
0 =T-"1Ty, ‘T' <1

B2 = (c12 + c22) a2 + ca3a3, B3 = 2ca3000 + c33003.

3. Formulation of the problem and solution

Consider a homogeneous, anisotropic, generalized thermoalstic medium
of monoclinic type at a uniform temperature 7. The origin is taken on the
thermally insulated and stress-free plane surface and z-axis is directed normally
into the half-space, which is represented by z > 0. Following Lord and Shulman
[7] and Green and Lindsay [9] theories, the governing field equations in the

y — z plane . = 0 ) for generalized monoclinic thermoelasticity, in absence
x

of body forces and heat sources, are:

(1) 0% n 0% . d*w n 0w Lo 0%
Cyo—= + Cgu——= + Coy—— + C3y——= Cog——
22 02 W 24 92 353 24 0y0=
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0w 0 00 0%v
+ (ca3 + ca4) oz ﬂQa—y <@ + 7'1—) = PoE

0% N 0% L+ d*w N d?w Lo d*w
Coyp—= + C3y—= + cyy—— + C33——= C3g——
24 92 3755 44 92 3352 34 0y0=

0%v 0 00 0w
(2) +(C23+C44)m—ﬁ3& (94—71%) =Poa
20 9% B2 e
522 4 k29 0
27 T M8z 70 [52 (83/875 T aw#)
82w O 00 0
®) 05 <828t +TOQ(9281‘,2>} = pCe (E”OW)'

The use of symbol © and 71 in equation (3) makes these equations
possible for L-S and G-L theories of generalized thermoelasticity. For the L-S
theory, 71 = 0, = 1 and for the G-L theory 7 > 0, Q = 0. The thermal
relations 7y and 71 satisfy the inequality 71 > 79 > 0 for the G-L theory only.

For plane waves of circular frequency w, wave number k£ and phase
velocity ¢, incident at the free boundary z = 0 at an angle 0 with the z-axis,
we assume:

(4) (v, w, ©) = (A, B, C)exp (tP1),
where A, B, C are the amplitude factors and:
(5) Py =wt —k(ysinf — zcosh),

is the phase factor. For waves reflected at z = 0, we assume:

(6) (v, w, ©)= (A, B, O)exp (tP),
where:
(7) Py =wt —k(ysinf + zcosh).

Making use of Eq. (4) or (6) in Egs. (1) to (3), we obtain:

L

(8) (D1 —pc®) A+ LB — (k:

) 71 8y8in6C = 0,
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9) LiA+ (Dy — pc®) B + (é) ' B3c0s0C =0,

(10) TToc? By sin @ A F 7Tyc? B3 cos 0 B — (é) (D3 — pcPT % Ce) C =0,

Here,
D1 (0) = ca25in% 0 + c44 cos? 0 F 2c94 sin 0 cos 6,
Do (0) = caq5in% 0 + ¢33 cos? 0 F 2c34 sin 6 cos 0,
D3 () = K3cos?0 + Kosin? 6,

~

1(0) = cogsin? 0 + c34 cos? O F (ca3 + ca4) sinf cos 6,
T*:TQ—<L>, T:T()Q—(i>, = (14 wmn),
w w

where, the upper sign corresponds to the incident waves and the lower sign
corresponds to the reflected waves. Equations (8)—(10) in A, B, C' admit a
non-trivial solution only if the determinant of their coefficients vanishes, i.e.:

(11) AoC® + A1+ Ax(+ A3 =0
where
Ao =17,
Ay = — [D17* 4 Daot* + Dy + en (2 cos? 6 + sin? )],
Ay = (Dng — L%) 7"+ D1Dy+ DoDy + en (BQDl cos2 0 + Dy sin? 0)
+2L1enBsin b cos b,
A3 = —Dy (D1Dy — L3),

D 52T) c _ <ﬁ>
2 3 210 1 2 2 22 3
=pc’, Dy=|—=—),e=|—== ), n=7170v],v=—, 0=(—].
c=pc D <Ce> <pCev% K Lur=c =15

Following Singh [13], the cubic equation (11) with complex coefficients
has three roots (1, (2, (3 corresponding to phase velocities of three plane waves,
namely quasi-P (¢P), quasi-thermal (¢T") and quasi-SV (¢SV') waves, respec-
tively. If we write cj_1 = Vj_1 — jwt qj, 7 = 1,2,3, then V; and ¢; are the
speeds of propagation and the attenuation coefficients of ¢P, ¢T" and ¢SV
waves, respectively.
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4. Reflection and transmission

Consider a homogeneous, monoclinic generalized thermoelastic half-
space occupying the region z > 0 in imperfectly bonded contact with another
homogeneous, monoclinic generalized thermoelastic half-space occupying the
region z < 0. Incident gP or ¢SV or g1 waves at the interface will generate
reflected g P, ¢SV, ¢I" waves in the half-space z > 0 and transmitted qP, ¢SV, ¢T'
waves in the half-space z < 0 as shown in Fig. 1.

qSV
Monoclinic thermoelastic
solid half-space 0
Monoclinic thermoelasti y
solid half-spac
qsSV

qSV
qT

qP

z
Fig. 1. Geometry of the problem showing incident, reflected and transmitted waves

at an interface between two dissimilar thermoelastic half-spaces of monoclinic type

The required boundary conditions at an imperfectly bonded interface
z = 0 are (Lavrentyev and Rokhlin [17]):

(i) Ué3 = Kn [w - ’U)/] ’
(ii) o093 = K¢ [v =],

oT’
— K T -T
0z el I

(iil) K
(12) .
(iv) o33 =033,
(V) o093 = 023,

. oT’ oT
O K, =gy
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where, K,,, K; are the normal and transverse stiffness coefficients. The symbols
with primes correspond to the upper half-space z < 0.
The appropriate components of the displacement vector and the tem-
perature field which satisfy the boundary condition (12) at z = 0 are as follows:
For half-space z > 0,

6 6 6
(13a) v = ZAjein’ W= ZBjein7 T — ZCjein.
Jj=1 j=1 j=1

For half-space z < 0,

9 9 9
(13b) ’[)/:ZAjein’ w/:ZBjeiP17 T’/:Zijein7
J=T =7 =7
where .
Pj:w[t_(ysmej—zcosej)y (=1,2,3,7,8,9);
Cj
(14) Pj:w[t_(ysmej—i-zcosej)]’ (= 4.5.6)
Cj
(15) Aj = F;B;, C;=F}B;,

Forj=1,2,3,7,8,0,

<D2j - PC?) Bosin @ + L1353 cos 0
(Dlj - PC?> B3 cos 0 + L1;32 sin g’

Fj:

L%j — (Dlj — pC?) (ng — pC?)

= ()7 [Lljﬁ2 sin @ + (DU - pc?) s cos H] |

J

where,
— in2 . 2, ; . .
Do = cy48in” e + c33 cos” ej — 2c34 sine;j cos e;,

Dy = c22 sin? ej + cya cos® ej — 2caq sine; cos ej,

— s 2 2 s
Llj = C24SIN” €5 + C34 COS“ € — (623 + 044) Sin e; cos e;.
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For j =4, 5, 6,
<D2j - p0§) B2 sin® — Ly;[3 cosd
fi=- (Dlj - pc?) B3 cosf — Ly, sinf
Ff=— (DU B pc?)fD?j B PC?) B f?%j |
()7 [(Dlj - PC]-) B3 cos O — (32 sm0L1j]
where,

D2j = C44 sin? e; + C33 cos? e; + 2c3y4 sin €5 COs €5,
Dlj = C99 sin? €; + Cqq cos? e; + 2¢94 sin €; COs €5,
Ly =cou sin? ej + czacos® e + (ca3 + caq) sine; cose;.

Here, the subscript j = 1 corresponds to incident ¢ P waves, j = 2 cor-
responds to incident ¢1" waves, j = 3 corresponds to incident ¢SV waves, j = 4
corresponds to reflected ¢P waves, j = 5 corresponds to reflected ¢1" waves,
j = 6 corresponds to reflected ¢SV waves, j = 7 corresponds to transmitted
qP waves, j = 8 corresponds to transmitted ¢7" waves and j7 = 9 corresponds

to transmitted ¢SV. The boundary conditions at z = 0 given by equation (12)
must be satisfied for all values of y, then we have:

(16) Pi(y, 0, t) =P (y, 0, t) = Ps(y, 0, t) = Py (y, 0, t) = P5(y, 0, )
:Pﬁ(yv 07 t):P7(y7 07 t):PS(yv 07 t):PQ(yv 07 t)

which can be written as:

(17) sine;  sinep  siney  siney  sines
ci(er) ca(e2) c3(es) cales) c5(es)
sin eg sin eg sin eg sin eg

c6(es) cr(er)  cs(es)  cole)
From equations (12) to (17), we have

(18) a1B1 + agBy + azBs + a4 By + asBs + agBs + a7 B7 + agBs + agBg = 0,
b1B1 + b2 Ba + b3 B3 + by By + b5 B + bg B + b7 By + bs Bg + bg By = 0,
d1 By + dyBg + d3B3 + dyBy + d5 Bs + dg B + d7B7 + dg Bs + dg By = 0,
J1B1+ faBa + f3Bs + faBs + f5B5 + feBs + frB7 + fsBs + foBg = 0,
g1B1 + g2B2 + 93B3 + 4By + g5 B5 + g6 Bs + g7Br + gsBs + g9 By = 0,
h1B1 + h2Ba + h3B3 + hyBy + hsBs + he Bs + h7B7 + hs Bg + hgBg = 0,
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where the expressions for a;, by, d;, fi, g; and h; are given in Appendix.

The system of equations (18) can be reduced for different boundaries

by taking:

(
(
(
(
(

i) K, #0, K; — oo, K. — o0, for Normal stiffness boundary,

i) K, — oo, K;#0, K. — oo, for Transverse stiffness boundary,
iii) K, — oo, K; — 00, K. # 0, for Thermal contact conductance,
iv) K, — oo, Ky — 0, K. — oo, for Slip boundary,

v) K, — oo, Ky — 00, K. — oo, for Welded contact.

5. Particular cases

(a) If we take, cog = 34 = chy = ¢y = 0, the system of equations (18)

(b)

(d)

reduces for imperfectly bounded interface between two dissimilar or-
thotropic thermoelastic half-spaces as discussed by Kumar and Singh
[12], where we have found minor but significant error in the coefficients
of their equations (28) to (33).

Ifwetake, Kl:ngK{:Kézo,ﬂlzﬂgzﬂi:ﬂézo, the
system of equations (18) reduces to for imperfectly bounded interface
between two dissimilar monoclinic elastic half-spaces. If furthermore, we
take K, — oo, Ky — 00, the above results agree with Khurana and Singh
[18].

If we take, co3 = ¢33 — 2¢44Chy = Chg — 2¢y, Coa = C34 = chy = ¢y = 0,
the system of equations (18) reduces for imperfectly bonded interface
between two dissimilar transversely isotropic thermoelastic half-spaces.
If we take, Co2 — C33 — A+ 2#, C13 — C23 — C12 = )\, C44 — Cy5 —
Co6 = M, Cl4 = C2q4 = C34 = C56 = 0, o = B3 = B = (3X + 2p)oy,
ar=ag=oy, Ko =K3 =K, chy =chs =N +2, j5=chs =y =N,
Chy = by = Cog = W, chy =y =gy =g =0, By = By =0 =
BN +2p Yo, oy = oy = o, Ky = K§ = K, the system of equation (18)
reduces for imperfectly bonded interface between two dissimilar isotropic
thermoelastic half-spaces. If we take further K, — oo, K; — oo, K, —
oo the above case agrees with Sinha and Elsibai [19, 20].

6. Procedure for computing reflected and refracted angles

The reflection coefficients depend on the velocities ¢; (e;), i = 1, 2, 3,

4, 5, 6, which are the functions of reflected and refracted angles. They are
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supposed to be known for an incident gP wave, e; and, therefore ¢q(e1). One
has to compute ey, e; and eg for given e;. The velocities c4(es), c5(e5) and
cg(eg) can then be computed from explicit algebraic formulae. The procedure
is given below for computing ey, e5 and eg for given e; in the case of incident
qP wave, for given ey in the case of incident ¢1" wave, and for given es in the
case of incident ¢SV wave.

Equation (11) can be written as

(19) A()C6 + A164 + AQC2 + Ag =0.

Here,

* * * w e
Ay = p37%, Ay =p? [UT + 77 +5+€n(ﬁ2p§+p§)}v

, UW ZW - =
AgzpkUZVﬂﬁ'+ =t +snm%u%+2£)%/em%w4,
e e
w
Ay =——(UZ -V?),
s=—g U2V
where,
U = c22p3 + caap? + 2coapaps, Z = cqsp} + c33D3 + 2¢34p2p3,

V = caap3 + c34p3 + (c23 + c24) paps, W = Kzp3 + Kop3.

We define dimensionless apparent velocity ¢ by the relation:
(20) ¢=ca/B = c/p2p,
where,
1
B=(caua/p)?, pc® = piesc’.
With the help of relation (20), the equation (19) becomes

L W _ -t
@ncﬁ{w+m#+5+%%ﬁﬁu);

*

e Cuy
777 = W o — _ 2103 — 2
+|Oz-vie v g+ S E0R 2 - 0] S
Ce iy ) Cia T
W 5 o1
Ce( )T*
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Here,

U = ¢y +p? + 20oup, Z = 1 + &33p° + 2C34p,

(22) _ _ _ _
V = oy + Caap® + (C3 +1)p, W = K3p® + Ko,
where,
_ Gj - Kz - Ko P3
Cijzﬂa K3:_) K2:_) b=—.
Ca4 C44 C44 b2
For incident ¢P waves, p = —cotey; for incident ¢T waves, p =
— cot eg; for incident ¢SV waves, p = — cot es; for reflected gP waves, p =

—cot eq; for reflected ¢1 waves, p = cotes; for reflected ¢SV waves, p =
—coteg. For a given p, equation (21) can be solved for &, the three roots
corresponding to ¢P, ¢TI and ¢SV waves. However, for a given ¢, equation
(21) is a six degree equation in p, corresponding to incident ¢P, ¢7 and ¢SV,
reflected qP, ¢I" and ¢SV. The positive roots corresponding to the reflected
waves and the negative roots corresponding to the incident waves. On inserting
the expressions for U, Z, V and W from equation (22) into equation (21) , we
obtain the six degree equation in p as:

(23) Gop® + G1p® + Gaop* + G3p® + Gyp? + Gsp + Gg = 0.

The expressions for Gg, G1, G2, G3, G4, G5 and Gg are given in Ap-
pendix. If we neglect thermal effects, the equation (23) reduces to the equation

1
(48) obtained by Singh and Khurana [5]. Now, we define ¢ = —, The equation
p

(23) transforms into
(24) G6q® + Gs5q” + Gag* + G3¢® + Gag® + Gig + Go = 0.

Equation will possess three positive roots for angles of incidence, for
which all three reflected ¢P, ¢SV and ¢TI waves exist, the smaller positive
root (say gg) corresponding to reflected ¢7" and the root (gs) corresponding to
reflected ¢SV and the larger positive root (g4) corresponding to reflected ¢P.
Further, eq = tan™! (q4), e5 = tan™! (g5), eg = tan~! (gg).

For an isotropic thermoelastic medium, if we take:

cu=coa=c31=0, c11=c2=c33=A+20, cu=C55=Co6=/,

co=ci3=c3=A Ko=K3=K, [p=p3=0
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Then,
K
Gop=————7, G1 =0,
0 CeT*’Y !
en ) o K
Gy = 1 —-3v), G3 =0,
2 {'H oo +’Y)+Im_*}0 + o (737), G
K en | 4 2K 2en) o 3K
Gy=—31+7+ - et 27+ 1+9)+ & — :
4 { Lo M*} { (o= Sl o
Gs =0,
K e K e\, K
Ge=¢c®—(1 ct 1 -
6=7C ( trr et HT*>C +(7+ CeT*( +7) + MT*)C o
and, the equation (23) reduces to
) )
(25) —S’y(p2—52+1)<p2—£+1> <p2—ﬂ1—c+1>:0,
Y Y
where
r+ /12 — 4sy 5 r— /1% — 457 N K LN K
o= e r = S = .
! 2s P 25 ’ K C.r* T* Cer*
In this case, the Snell’s law becomes:
(26) sin eg _ sin e _ sineg.
VqP VSV VqT
Therefore, the roots of equatiozn (25) are given by p? = & — 1 = cot? e3
corresponding to ¢SV waves, p? = C—al — 1 = cot? ey, corresponding to qP
)
wave and p? = c—ﬁl — 1 = cot? ey corresponding to ¢T" wave. Thus, we may
Y
1
choose ¢ = —:
p
(27) ¢ = —tane;, go = —tanes, g3 = — tanes,

qqs = taney, g5 = tanes, gg = tanes, ...

as the six roots of the equation (24) for an isotropic medium. This choice will
act as a guiding factor in computing the angles of reflection of ¢P, g7 and ¢SV



Propagation of waves at an imperfectly bonded interface. .. 89

waves in a monoclinic thermoelastic medium. For an orthotropic medium, it
can be shown that g; = g3 = g5 = 0 in equation (24). Therefore, equation (24)
reduces to a cubic equation in ¢?. Thus we may choose

q1 = —q4, 42 = —(G5, (3 = —(e,

so that the angle of reflection of ¢P, ¢1 and ¢SV waves is equal to the angle
of incidence of gP, ¢TI and ¢SV waves, respectively. This is not true for a
monoclinic thermoelastic medium. A similar analysis can be derived to com-
pute the angles of refraction of ¢ P, ¢SV and ¢T waves in the upper monoclinic
half-space for given incident angle.

7. Conclusion

A problem of reflection and transmission is considered at an imper-
fectly bonded interface between two dissimilar thermoelastic solid half-spaces
of monoclinic type, where we have obtained the six relations between ampli-
tudes of incident, reflected and transmitted waves. These relations are verified
theoretically for some limiting cases. A procedure for computing the reflected
and refracted angles for a given incident angle of a striking wave is explained in
detail. It is concluded that the angle of particular reflected wave is not equal
to the angle of incidence of that wave in a monoclinic medium. Numerical
verification of present theoretical results can be attempted by following the
procedure given in the previous section.
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Appendix
The expressions for a;, b;, d;, fi, g; and h; are

ar = —iKn, (£=1,...,6)

. wsiney wcos ey wcos ey wsinep, .
ap = — [an — Cha Fp——— + g + ¢34 Fp—cy——+ zﬂéT{Fe*] :
Ce Cy Cy Cy
=1,...,9)
by = —iKFy,, ({=1,...,6)
. wsiney w Cos ey W CoS €y wsiney
/ / / /
by = — |:ZKth —Cyy——Fy+cyy————+cyy——Fr — 0447] ,
Cy Ce Ce Ce
=1,...,9)
_ . _ _ - !/ wcose .
dy = —iK.Fy, ((=1,...,6), do=—|—iK.F}+ KgT’—Fé*} . (0=17,...,9)
wsiney W Cos ey W Cos ey wsinep, .
fo=—co3———F; + ¢33 + ¢34 Fy — c3g——— + i3s3 Fy,
Cy Cy Cy Cy
¢=1,...,3)
wsiney W CoS €y W CoS €y wsinep, .
fo=—co3———F) —c33 —C34 Fy — c3s——— +if3m Fy,
Cy Cy Ce Ce
(L=4,...,6)
wsiney wcos ey wcos ey wsinep, .
/ / / / /!
Jo=cys———Fp — c33 —C3y Fy+cyy——— —ifsm by,
Ce Cy Cy Cy
=1,...,9)
wsiney w cos ey w cos ey wsiney
ge = —Coy———Fy + ¢34 + Caq Fy— cyy———, (£=1,...,3)
Ce Ce Ce Cy
wsiney w cos ey wcos ey wsiney
g = —Ccag—Fp —c34 — C44 [ — Cag——, (£=4,...,6)
Cy Cy Cy Cy
wsiney w Cos ey W CoSs €y wsiney
/ / / /
ge = Coy———Fp —cyy — Cyq Fo+ cyy———, (t=17,...,9)
Cy Ce Ce C¢
wcos ey w Ccos ey
hg:KgFe*Ci, (t=1,...,3), he:_K3F;(:7’ (£=4,...,6)
‘ 0

hy = — K4 Fyecoser (t=7,...,9)

Ce
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1 = (1 +iwt]), 71 = (1 + iwty)
The expressions for Gg, G, G2, G3, G4, G5 and Gg are

Kz , o, 2Ks ,_ _ _ _
Corr (¢34 —Cs3), Gi= Core (C34C23 — C24C33)

Go =

K- en -
Gy = (033 — 534 + C—j* (1 + é33) + 0442_* 52) ¢

_ L _ Ky
C (622033 — 2C94C34 — Co3 — 2C23) — Core (¢33 — T34)
Ks - enf? _ enf _ ) _
Gz = Coulss — C34Co3 + —— (Coa + Ca4) + 07y, — 1 a1 p C
Ce’l'* 0447'* 6447'*
K
(022034 — C24Ca3) — 2 (Ca4C33 — C34Ca3)
C Cor*
_ .
Gy = 1 + 033 3 + —7752 54 + {522533 + 1+ 2¢oyC34 — (1 + 523)2
Cem  cguT*

Ky . enp?_ enB en  \ .

1 1 —2——(1

+C’eT (Coo+1) + Core ( —1—033)—1—6447_Jr C22 0447*( +éa3) + ot C33 ¢ C
K3 , 5

+ @ (034 - 022) +

C 72_* ((1 + 623)2 — CooC33 — 1 + 2524534)
€

K € _
Gs =2 [—(024 + C34)C" + {022034 — C24C23 + 2* (Coa + C34) + 1 —(Caa — 0245)} &
Cet C44T

+C’;* (CoaC23 — 022034)]
_ Ky en . L Ky en \ .
Ge = 6_2(1 4 2 h2 1 2
6==C {( + co2) + = +C447_* } c + {(022 024)+CeT* (Caz + )+(:447-* c
K
+ (€34 — C22)

Cor*



