APPENDIX E

MATRICES FOR EQUILIBRIUM PROPERTIES IN
THE 32 CRYSTAL CLASSES

TABLE 26 shows how the matrices that occur in Chapter X, equations (44) and

(46), are affected by crystal symmetry in each of the 32 classes. For convenience
of reference we repeat the equations here.

S
€ = 8y] 01+ 81305+ 81303+ 8,404+ 8,505+ 8,404

€3 = 8130,
€3 = 8130,
€ = 81401

€ = 8150,

€g 81401
D, = dflol
Dz = dn“x
D3 = dyyo,
AS = afol

183203+ 83303 1 83404 + 84505+ 83404
+ 83303+ 83303+ 83404 + 83505 + 83404
+ 83403+ 83403+ 84404+ 84505 + 8440
+ 83503 + 83503 + 84504+ 85505+ 8540
+ 89603+ 836031 84604+ 85605+ 84806

+dy303+d1303+dy 40+ d 505+ d 404
+dy303+dgg0y+dgg0+das05+ dleoo
+d3y0y+ 3303+ dyg0y+dy505 -+ dyg04

+ g0y +a303 +ag0q +x505 + 404

€ =s"To+ d{E+
D= d7o+«"TE+

+ dLE, +dyEy+dg,E, + af‘AT\
+ dyEy +dpnEy+dy,Ey + a, AT
+ d.E, +dyEy+dy By + o, AT
+ dy B, +dyEyt+dy By + adAT
+ dy B, +dyEy+dyEy + o AT
+ dyEy +dyByt+dgEy + aAT ‘
+ KTE + Byt 3By + pAT
+ x10By +xgsEy+ sy + P AT
+ kB +raEyt gy + pAT
+ pIE, +pyEq+psEy, +
(Co-5|T)AT)
Ch. X, (44)
afAT
P°AT Ch. X, (456)

AS = afo+ pJE+(CoE|T)AT

Table 26 collects together the matrices given in the text on pp. 23,79, 123-4, 140-1.
All the coefficients on the right-hand side of the above equations are presented
as one matrix [(64+3+1) X (6+3+1)] = [10x 10] thus:

o E AT

s = elastic compliances

« & a8 - d = piezoelectric moduli
o = thermal expansion coefficients
x = permittivities

D d ; 5 p = pyroelectric coefficients
C = heat capacity

AS ot pt c|T T = absolute temperature

At the side of each matrix is given the number of independent coefficients for
each property in the order, s, d, &, x, p, C/T, with the total number at the bottom.
The setting of the reference axes x;, x,, %, relative to the symmetry elements
follows the conventions given in Appendix B. All the 10 x 10 matrices are sym-
metrical about the leading diagonal. All other equalities and relations between
the elements demanded by the point-group symmetry are shown by the sym-
bolism explained at the head of the table; this is the same as the symbolism
used in the main text.
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Matrices for equilibrium properties in the 32 crystal classes

e zero component
@—0 components numerically equal, but opposite in sign
(® a component equal to twice the heavy dot component to which it is joined
(© acomponent equal to minus 2 times the heavy dot component to which it is joined
X 2(81;—81)
Each complete 10 x 10 matrix is symmetrical about the leading diagonal.

As

AS

APPENDIX E
TABLE 26

KEY TO NOTATION
non-zero component
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ORTHORHOMBIC SYSTEM
Class 222 Class mm?2
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TETRAGONAL SYSTEM (continued)
Class 4/m Class £22
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APPENDIX E
Class 3

TRIGONAL SYSTEM
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HEXAGONAL SYSTEM

L ]
Is;lr-u—wwnhcn

Classes 6/m and 6/mmm
E

AT

:\:IZIII;Z

AT

L]
l;l.—»—-wwuo‘

AS

AS

AS

.
.
N~ O N NN O,
| &

RITTR
NN
BRERT|

L]
L)
[V
|t—llHOMl\')i—‘°|

.
.




Classes 23 and 43m
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CuB10 SYSTEM
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Classes m3, 432 and m3m
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