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W= w(x1,%2%x31), i= 1,2 3. (1)

I x1 x2 X3 . -
Ty = Cuen+ Cnpen+ Cuiess+ 2(Cuen+ Cisein+ Cienn),
T2 = Cnreii+ Cuen+ Cne33+ 2( Cuen+ Cseis+ Cxel2),
T = Cpen+ Cxnen+ Cuess+ 2(Cuen+ Csen+ Csxenn), 5
Ty = Cuen+ Cuen+ Cuess+ 2(Cuen+ Cisenn+ Cuxern), (2)

Tz = Cisenn+ Csen+ Cisess+ 2(Cssen+ Cssen+ Cssenz),

Tp= Cien+ Cxen+ Cixpezs+ 2(Cspen+ Cssen+ Cesern),
Ci= Gi,2e = (uij+ uj.i) b T . Gi , ej

T.j= Qu, i= 1,23, (3)

Pow
(1) (3),

azi 62u1 62u1 azul 821“ 82u1
{Cu ax% + 2616 axlax2+ 2615 axlax3+ 26568x28x3+ C'55 ax%+ C()ﬁ ax2 +

2

u2

Ox 10x2

2
cre 2, (Cr+ Ce)
Ox 1

2
Cas ('5_uz+ Ca @}

O uz 0 u2
+ (Cius+ Cse) Fxidns T (Cas+ C25) I

s T8, (Cur Co) DLy (Cus Cs) T
2 EIGARNE ax%+ (Cu+ Cs) 3x 0wt (Ci+ Css) 3xidns
Pus O us Pus| Qi

Css ax%+ (Cxs+ Css) dxs0ns Cis o3[ = p?, (4a)

c Cu Ceo+ C ur Css+ C O Crs+ C Cuy
16 8x%+ (Cot Cio) ax1axz+( s+ Cu) ax1ax3+ (Cs+ Ca) axzax3+
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colm o Gul ) Qun L Fu
45 ax%+ 26 ax% + 666962+ %ax16x2+

O ua 0%u2 a w2 0 uz}

2C4 a%13%3+ 2C24 8x28x3+ Cu—T7 EW 7+ C» axz

O us & us o
{656 Ox? 2+ (Caot 625)8 102 (Cx+ Ca5) 8xlg;3
0 us 0us 0 m} Pus

(Con+ Cu) 35—+ Cx PR Cu330= P32 (4b)

X3

o w & u Du Oy
Cis oxd t (Csot Crg) Ox10xa T (Css+ Cis) O 10x3 " (Cos+ Ca) Ox20x3

(4)

ol ol 0> 0°u
Cs au21+ Css axu; Css auz + (Cxs+ Cu) I axz

0%us Pus Pus azuz}
+

(C45+ C%)a a +(C44+ Cz3)a a Cz4az+ C34

g 0* o
{Css au23+ 26458 g 26358961%334-

0’ us > u 0%u 0°
ZCma a + C44 a 23+ C33 x;}: p U (40)

(n)

, wi ux w3 . p= (ph " ops)

. ph",

N A

(4,
u/gn) dgn)
ud| = Au| d5V| exp(imh), (5)
us™ a5

d= (dv",d"", d5") , . An ,

M= ka(xiph™ + xoph™ + x3ps” = cut) (6)

(5 , w1 u2 us (4), Christoffel
((s-=¢Y) T P di"
m (n- cz) e dgn) =0, (7)
L h r (f = ) Lds"
2 R Ci

=t YT

S1= C11p1 + C15p§") 4 Clspgn)pgn),

Ti= Cuopi”py" + C14p(") (4 Clép(n),

2
Ji = Cmp(ln)p3 + C14p1 p5)+ C15p1 , (8a)
Sa= Cipl"” ps" + Cspt/ps" + 0661)5")

2
T2= 026])&”) + C46p5")pg )+ C66p1 )pgn),

J2= C36p5")pg")+ C46p5” + Cssplnpgn),
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S3= C15p1 p3 )+ Csspg) + C56p§") &,
Ts3= C%p%")p§")+ C45pg + CS6P1") 5,
J3= C35pg")2+ C45p2(”)p3” + C55p1 pgn),
mi = CIGP{l + Csept"ps” + Copi™pi",
m2= Capl” ph" + Caep!" p§")+ Coop!" 2,
m3 = C%pfn) 4 C46p1 pz )+ C56p§")
(8b)
ni= Clzpf p£)+ Czspz p3 )+ Czspzn),
no = szpzn + Cz4p2n p3 )+ Czﬁpw s,
ny= Cupi” p§" + C24p5") Casp'™ p3"™,
el = C14p(1")p3(")+ C45p§"')2 C%pgn') g"),
oy = Cz4p5)p% b Cup$™r CapiMpt?,
e3= C34p3" + C44p2")p3")+ C45p1n) g"),
qi1 = C15p(1")2+ Csspi” p§"” + Csepi™ py",
g2 = Cospi"ph” + Caspi"ps” + Csepi” )
q3 = C35p(1")pg")+ C45pqn)pgn) + Csqun)z,
g1 = C14p1(n)p5n)+ C45p§")pg")+ C%p&"')z,
g2 = C24p£ w?* + C44p£ )pg )+ C46p(")p£") (8c)
g3 = C34p2(”)p3 g C44p2" + C4ip1n pzn),
wi= Cupl”ps” + Cisph" g Capy pi",
wa= Cupd"ps"” + Cups” + Capi"' ps",
w3 = Casps % + C%pg )pg " C35p1 i,
(s = Si+ So+ S3, T = T+ Tat+ T3, P= Ji+ Jo+ J3,
m= mi+ ni+ el, n= m2+ n2+ e2, e = m3+ n3+ e3 (8d)
h= qi+ gi+ wi, 1= @+ g2+ w2, f = q3+ g3+ w3.
(7) ,  Christoffel 0:
4 aret+ ax’+ az= 0, (9)
= (S+ ot /),
ar= Sn+ Y+ f— re- Tm—- Ph, (10)

a3=— (Syf — Sre— Tmf+ The+ Pmr— Phn).
(7) :

A5 mT— (n= 2)(S— %) 45 e(S— t)— Pm

di P(n-c¢)—Te ~dV" " P(n- c¢*)-
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5" mT— (n— A(S— %)

n) = 11
4" e(S—cz)—Pm (1
p . (11), d :
(9, P( CIP) SV(a5V) SH(gSH)
T
pc%:— 2rcos i - s Qs\f— 2rcos| - + i - (l_l’
3 3 33 3 (12)
2 n 4 ar
Pesy = 2rcos[ 3 3] -3
2a1  alaz 3a2— ai q
2q = E—_3+a3,3p=_3 , T =-— JITI,%arCCOS =l (13)
CP €SV CSH qP ¢V SH . (12 )
3
Ci= Cn= Cyu= M 21 Cp= Ci3= Cn= N Cu= Cs= Ceu= H, (14)
0, A U Lame
, (14) (12), ¢= W2, cp,
( csv o csn):
2 A+ 2B 5 2 i
cp = p - V= =g
, , 3 1 2 (1 , 1
) . 1 .
2
x2= 0 . (x1,%2,%3)
x2= 0 , X2 . 0 ¢ .
: (0o %)- 3 i ( (4)). 3
qP ¢SV ¢SH (0, ®)(n=123)(6 . B ) 3
n= 01,23, qP ¢SV ¢SH.
x2= 0 ,
wi"” = AdVexp(ill,),  j= 1,23
15
TV = Puikdnexp(i), B = Quikndnexp(ill), B = Ruikdnexp(ill), (5)
Pia= Ciept™d(™+ Cop8™d"” + Casph™ d5™ + C%{dé "5+ 45" E”}
Cs dgn)pgn)+ d(n) l(n)}+ C%{d(n)pgn) d(n) (n)} (16)
On = Clzd(") o C22p2’”d5w+ Czsp%")d(") + C24{d5")p%(") + dé’”pé”}+
o dps” + iy e o i+ a8 (17)
Ry= Cud\"p{"+ Copt"ds" + C34pg")d3 + CM{dé")pé"u d%"’p£"}+
ol A5 + a8 he ci dip+ dspi), (18)

N,o= ko(xipd™ + xoph™ + x3p5” = cut)
n= 01,2 3.
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1Y = sinBocos P, p3” == cosBo, pi¥ = sinBein®y, co= i
qP
pgl) = sinBjcos ¥, pﬁl) = cosb, pgl) = sinBisin®, ¢ = cu1-
SV
pi? = sinByeos P, pi? = cosa, ps? = sinBusin®, 2= er.
H
pi¥ = sinBscos @5, pt? = cosbs, p%¥ = sinBisin®, 3= e, (19)
1 , CIL €T CTI qP ¢SV ¢SH
x2=0 :
T+ T+ T+ =0 ™+ ™+ W+ =0
W e e W e 0. o
(15),
Plvokoexp{iko(mp {4+ a3pd” - 01t)}+
PnAlk]eX{ikl(xlp{l) + xngl)— cut)}+
PnAzkzexp{ikz(xlp {7+ xpt? - CTt)}+
P13A3k3exp{ik3(xlp1(3) + x3p3(3)— er 1t)}: 0,
Q(}Aokoexp{iko(xlpqo)+ x3pgo)— cIt)}+
014 1k1exp{ik1(x1pgl)+ x3ph - Cth)}+
0A zkzexp{ikz(x pt+ wap¥ - CTt)}+ (2)
Q?A3k3exp{ik3(x1p53)+ xspg3)— cht)}: 0,
Rvokoexp{iko(xlp{O) + x5 = o))+
RlAlklexp{ik1(x1pf1) + w3l - CL1t)}+
RzAzkzeX{ikz(xlpl(Z)wL x3pg2)— ch)}+
R3A3k3exp{ik3(x1pf3)+ x3pg3)— cr 1l)} = 0.
x1 x3 t ,
ko(x 1sinBocos F+ x3sinBocos - cit) =
ki(x13in0icos P1+ x3sinOisinP— crit) =
kof x1sinbrcos P2+ x3sinbhsin ®r— cpit) =
k3(x1sin@cos P3+ x3sinsin P3— cr1t), (2)
koci= kici = kacr= kacri= (3)
kosinOpcos %y = kisinOjcos P; = kosinOrcos B = kisinOscos 3= k (24)
kosinOpsin % = kisin0isin ®; = kasin@asin® = kisinOxsinP3= K, (25)

’

ko k , W

2

®= ®(i= 1,23).

(24) (25), ®= @i=1,23).
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qP qsV ¢SH s Al/Ag A/ Ay Ay Ayp. (22),
aP g3V oSH
A Dy As_ Dy As_ D
Ao~ D¢ Ao D¢ Ao~ D¢ (26)
al a2 a3
Do= |[b1 b2 b3
¢l c2 c¢3
Puki  _ Qiki _ Ribk L
a; PlO k()’ 1 QO 07 Ci = ROkO, L= 17 29 35
P, | . ()
Pll - E, Ql CE, Ri = C‘_44’ L= 07 15 2’ 3
i 3 -1, Di(i= 1,2,3).
, $=w2 | Chattopadhyay[ 8l
3
Vosges , ( Memsch  Rasolofos-
aon! 19]) , %= ?. Vosges :
Ciu= 16.248 GPa, Cxn= 11.88 GPa, C33 = 12.216 GPa,
Cp= 1.48GPa, C3= 2.4GPa, Ciu=- 1.152GPa,
Cis= 0.0 GPa, Cig=- 0.561 GPa,
Cxn= 1.032GPa, Cy = 0.912GPa, C»s = 1.608 GPa, Cx = 1. 248 GPa,
Cy=-0.672GPa, C3s= 0.216 GPa, C3 = - 0.216 GPa,
Cyu= 564GPa, Ci5= 216 GPa, C46= 0.0 GPa
Css= 5.88GPa, Ces = 6.912 GPa, Cs6 = 0.0GPa, P= 2. 40 gm/ em’.
34 4
i fhZk 2
2 ik 3
- 2*
1 W 1 ]
gE: i ' 3 0-
o T L
1; —2- £k 2
i H £k 3 i
-2 T T L— -4
0 20 40 6 8 100 0 20 4 6 8 10
At 6 Afth o
1 qP qP 2 qgP qsSVv
¢ o 60 45 1 2 3 qgP ¢V SH
, 0 ¢ o0 ( 1 3) 1 2 3
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@ g3V qSH , C ).
1 qP qP , 4
Ryp= Ai/Ag 1, ¢= 90, |
0 & 12 . Rpp . LR 3
= 90 2, ¢= 60, 2]
0 56 75 , Rup . kN
3, 9= 43, 0 4 78 , o \’
RI’P Hﬁ%]
2 qP eV s ]
Rpsv= A2/Ao . 1, = 90, s M2k 2
0 & 12 , R , 0 20 40 6 8 100
6= oF . ) o= 60, AIf 8
0 45 85 , 3 aP gSH
3, 9= 45, 0 35 o ,
3 qP qSH , Ryen= A3/Ag 1
, ®= 90°, 0 100 30 , , 0= 90°
. 2, ¢= 60°, 0 45 & , R ph
3, 9= 45, 0 40 78 ,
e=w2 , 1 2 3 1 Chatopadhyay ™
, (¢= 45 = 60) ,
(¢=90°) ,
(NDI),
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Reflection for Three-Dimensional Plane Waves
in Triclinic Crystalline Medium

A. Chattopadhyay
( Department of Applied Mathematics , Indian School of Mines University,
Dhan bad- 826004, Jharkhand, India)

Abstract: The propagation of three-dimensiona plane waves at a traction free boundary of a half
space composed of triclinic crystalline material is discussed. A method has been developed to find the
analytical expressions of all the three phase velocities of quasi P (qP), quasi SV (gSV) and quasi SH
(gSH) in three-dimensions. Closed form expressions in three-dimensions for the amplitude ratios of
reflection coefficients of qP, qSV and gSH waves in a triclinic medium were obtained. These expres-
sions are used for studying numerically the variation of the reflection coefficients with the angle of in-
cidence. The graphs were drawn for different polar angle and azimuth. Numerical results presented
indicate tha the anisotropy affect the reflection coefficients significantly in three-dimensional case

compared to twe- dimensional case.

Key words: three-dimensional; polar angle; azimuth; reflection; triclinic medium; quasi-P; quasi-

SV; quasi SH wave



