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Table 4. The 18 independent fifth-order elastic constants
and their equivalence for a cubic crystal

11111=22222=33333
11112=11113=12222=13333 =22223 =23333
11122=11133=11222=11333=22233=22333
11123=12223=12333
11144 =22255=133366
11155=11166=22244=22266 = 33344 =33355
11223 =11233=12233
11244=11344=12255=13366=22355=23366
11255=11366=12244=13344=22366 = 23355
11266 =11355=12266 = 13355=22344 =23344
11456 =22456=33456
12344=12355=12366
12456 = 13456 =23456
14444 =25555=36666
14455 =14466 = 24455 =25566 = 34466 = 35566
15555=16666 = 24444 = 26666 = 34444 =35555
15566 =24466 = 34455
44456 =45556 =45666

Table 5. Elastic energy ¢s for a cubic crystal

Clllll(”s + "g + ”5)

Ciunalni(mz +n13) +n3(ny +13) + niGn, + ’72)]

CrunR 3 + 73) + (7 + 13) + (i + 1))

Cruaas(minans + 'h'ﬁ’ls =+ '11’72'13)

Cra14s(3m3 -+ m305 + m3ng)

Cusslni(ns +n8) + w3k +n3) + 3k +n3)]

Cuaaas(rimans +mimana + 12 311)

Cirzaalminz(n2+n3) + mans(n + ’I:) + e+ 712)]
CuzsslinUna175 + nane) + ma(nams + nsng) + n3 (’71’14 +12173)]

Cruzeslinane(ny + 1) + nansnd(n + 1) + nansma(nz +n3)]

Cuaasslnansts(mi +ms +n3)]

Cuasaalmmans(n +ni+13)]

Craass[nansn6(mam2 + 11173+ 12113)]

Crasas(m113 + 1213+ 13778)

C1“55["2”5(r’l +m2) +ning(n +13) + ’hﬂs('lz +73)]

C 15555[']5('11 +113)+ 'l‘ (72 ’,';3) +178(n1+12)]

Cissss(mnng + naning +ns

Caassslnansns(ni -+ ns+13)]

ing non-linear effects is appreciable, which is consis-
tent with the point made by Chang & Barcsh (1967)
that the convergence of the series expansion for the
strain energy is fairly slow. The recently developed
theory (Ljamov, 1972; Ljamov, Hsu & White, 1972)
for the calculation of the non-linear effects in the sound
velocity, can also be extended to include higher-order
terms. Recent measurements in quartz (Lean & Tseng,
1970) make the inclusion of higher-order terms in cal-
culating the amplitude of the harmonic generations
pertinent.

Summary

By the use of the symmetry properties of different crys-
tal classes, the schemes of elastic constants have been
worked out to higher orders. The number of these con-
stants agree very well with the group-theoretical pre-
dictions. These tables can provide the basis for the in-
vestigation of non-linear effects of higher orders in
different solids.
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APPENDIX

Equations relating the different FOEC for trigonal and
hexagonal systems

Equations (B1)
4444 independent
4445=4555=0
4455=2 . 4444
5555=4444
Equations (B2)
1444, 1445, 1455, 1555 independent
2444 = —4(1444 4 1455) 2445= —4(3 . 1555—1445)
2455= —4(3 . 1444 —1455) 2555= —4(1555+1445)
4446 = —1(3 . 1555+ 1445) 4456 =1(3 . 1444+ 1445)
4556= —4(3 . 1555+ 1445) 5556=1%(3 . 1444+ 1445)

Equations (B3)

1144, 1145, 1155, 1244, 1245, 1255 independent
1446=1%4(2 . 1145+3 . 1245)  1556=—3(2 . 1145+3 . 1245)
1456=—2.1144+2 . 1155—3 . 1244+ 3 . 1255

2244=13(2 . 1155—1244+1255)

2255=32 1144+1244—1255)

2446=%(2 . 1145—1245) 2556=—1(2 . 1145—1245)
2245= —(1145+1245) 4566=2 . 1245
2456=—2.1144+2.1155+1244—1255
4466=%(2.1144+2 . 1155+ 1244—3 . 1255)
5566=4%(2.1144+2.1155—3 . 1244+ 1255)

Equations (B4)

1114, 1115, 1124, 1125, 1146, 1156 independent
1224=—(2.1114+3.1124—1156)/3
1225=—(2.1115+3 . 1125+ 1146)/3

1246= —2(1115+1125) 1256=2(1114+1124)
1466=—(1114+1124—1156) 1566= —(1115+1125+1146)
2224= —(1114+1156)/3 2225=—(1115—1146)/3
2246=—(8.1115+1146)/3 2256=(8 . 1114—1156)/3
2466=—(5.1114—1156—3 . 1124)/3
2566=—(5.1115+1146—3 . 1125)/3

4666= —2(1115—3 . 1124—1146)/3

5666=2(1114—3 . 1125+ 1156)/3

Equations (B5)

1111, 1112, 1116, 1122, 1166 independent

1126=—1116 1226=—1116

1222=(8 . 111147 . 1112—2 . 1166)/9

1266=2(2 . 1111+ 1112—1122)

166=—4.1116/3 2222=(5.11114+1112+1166)/9
2226=1116 2266=(16.1111—4.1112—1166)/9
2666=—4.1116/3

6666=(2.1111—5.1112+3 . 1122+ 1166)/3
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