
ELASTIC CONSTANTS OF SINGLE CRYSTALS

H. P. R. Frederikse
This table gives selected values of elastic constants for single 

crystals. The values believed most reliable were selected from the 
original literature. The substances are arranged by crystal system 
and, within each system, alphabetically by name. A reference to 
the original literature is given for each value; a useful compilation 
of published values from many sources may be found in Reference 
1 below.

Data are given for the single-crystal density and for the elas-
tic constants cij, in units of 1011 N/m2, which is equivalent to 1012 
dyn/cm2. 

General References
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Edition, McGraw-Hill, New York, 1972.

CUBIC CRYSTALS

Name Formula ρ/g cm–3 T/K   Ref. C11 C12 C44

Aluminum Al 2.6970 298 1 1.0675 0.6041 0.2834
Aluminum antimonide AlSb 4.3600 300 2 0.8939 0.4427 0.4155
Ammonium bromide NH4Br 2.4314 300 3 0.3414 0.0782 0.0722
Ammonium chloride NH4Cl 1.5279 290 4 0.3814 0.0866 0.0903
Argon Ar 1.7710 4.2 5 0.0529 0.0135 0.0159
Barium fluoride BaF2 4.8860 298 6 0.9199 0.4157 0.2568
Barium nitrate Ba(NO3)2 3.2560 293 7 0.2925 0.2065 0.1277
Calcium fluoride CaF2 3.810 298 8 1.6420 0.4398 0.8406
Calcium telluride CaTe 5.8544 298 9 0.5351 0.3681 0.1994
Cesium Cs 1.9800 78 10 0.0247 0.0206 0.0148
Cesium bromide CsBr 4.4560 298 11 0.3063 0.0807 0.0750
Cesium chloride CsCl 3.9880 298 11 0.3644 0.0882 0.0804
Cesium iodide CsI 4.5250 298 11 0.2446 0.0661 0.0629
Chromite FeCr2O4 4.4500 RT 12 3.2250 1.4370 1.1670
Chromium Cr 7.20 298 13 3.398 0.586 0.990
Cobalt oxide CoO 6.44 298 14 2.6123 1.4699 0.8300
Cobalt zinc ferrite CoZnFeO2 5.43 303 12 2.660 1.530 0.780
Copper Cu 8.932 298 15 1.683 1.221 0.757
Gallium antimonide GaSb 5.6137 298 16 0.8839 0.4033 0.4316
Gallium arsenide GaAs 5.3169 298 17 1.1877 0.5372 0.5944
Gallium phosphide GaP 4.1297 300 18 1.4120 0.6253 0.7047
Garnet (yttrium-iron) Y3Fe2(FeO4)3 5.17 298 19 2.680 1.106 0.766
Germanium Ge 5.313 298 20 1.2835 0.4823 0.6666
Gold Au 19.283 296.5 21 1.9244 1.6298 0.4200
Indium antimonide InSb 5.7890 298 22 0.6720 0.3670 0.3020
Indium arsenide InAs 5.6720 293 23 0.8329 0.4526 0.3959
Indium phosphide InP 4.78 RT 24 1.0220 0.5760 0.4600
Iridium Ir 22.52 300 25 5.80 2.42 2.56
Iron Fe 7.8672 298 26 2.26 1.40 1.16
Lead Pb 11.34 296 27 0.4966 0.4231 0.1498
Lead fluoride PbF2 7.79 300 28 0.8880 0.4720 0.2454
Lead nitrate Pb(NO3)2 4.547 293 29 0.3729 0.2765 0.1347
Lead telluride PbTe 8.2379 303.2 30 1.0795 0.0764 0.1343
Lithium Li 0.5326 298 31 0.1350 0.1144 0.0878
Lithium bromide LiBr 3.47 RT 32 0.3940 0.1880 0.1910
Lithium chloride LiCl 2.068 295 33 0.4927 0.2310 0.2495
Lithium fluoride LiF 2.638 RT 34 1.1397 0.4767 0.6364
Lithium iodide LiI 4.061 RT 32 0.2850 0.1400 0.1350
Magnesium oxide MgO 3.579 298 20 2.9708 0.9536 1.5613
Magnetite Fe3O4 5.18 RT 32 2.730 1.060 0.971
Manganese oxide MnO 5.39 298 35 2.23 1.20 0.79
Mercury telluride HgTe 8.079 290 36 0.548 0.381 0.204
Molybdenum Mo 10.2284 273 37 4.637 1.578 1.092
Nickel Ni 8.91 298 15 2.481 1.549 1.242
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CUBIC CRYSTALS

Name Formula ρ/g cm–3 T/K   Ref. C11 C12 C44

Niobium Nb 8.578 300 38 2.4650 1.3450 0.2873
Palladium Pd 12.038 300 39 2.2710 1.7604 0.7173
Platinum Pt 21.50 300 40 3.4670 2.5070 0.7650
Potassium K 0.851 295 41 0.0370 0.0314 0.0188
Potassium bromide KBr 2.740 298 11 0.3468 0.0580 0.0507
Potassium chloride KCl 1.984 298 11 0.4069 0.0711 0.0631
Potassium cyanide KCN 1.553 RT 32 0.1940 0.1180 0.0150
Potassium fluoride KF 2.480 295 33 0.6490 0.1520 0.1232
Potassium iodide KI 3.128 300 42 0.2710 0.0450 0.0364
Pyrite FeS2 5.016 RT 43 3.818 0.310 1.094
Rubidium Rb 1.58 170 44 0.0296 0.0250 0.0171
Rubidium bromide RbBr 3.350 300 45 0.3152 0.0500 0.0380
Rubidium chloride RbCl 2.797 300 45 0.3624 0.0612 0.0468
Rubidium iodide RbI 3.551 300 45 0.2556 0.0382 0.0278
Silicon Si 2.331 298 46 1.6578 0.6394 0.7962
Silver Ag 10.50 300 47 1.2399 0.9367 0.4612
Silver bromide AgBr 5.585 300 48 0.5920 0.3640 0.0616
Sodium Na 0.971 299 49 0.0739 0.0622 0.0419
Sodium bromate NaBrO3 3.339 RT 32 0.5450 0.1910 0.1500
Sodium bromide NaBr 3.202 300 33 0.3970 0.1001 0.0998
Sodium chlorate NaClO3 2.485 RT 50 0.4920 0.1420 0.1160
Sodium chloride NaCl 2.163 298 11 0.4947 0.1288 0.1287
Sodium fluoride NaF 2.804 300 51 0.9700 0.2380 0.2822
Sodium iodide NaI 3.6689 300 52 0.3007 0.0912 0.0733
Spinel MgAl2O4 3.6193 298 53 2.9857 1.5372 1.5758
Strontium fluoride SrF2 4.277 300 54 1.2350 0.4305 0.3128
Strontium nitrate Sr(NO3)2 2.989 293 29 0.4255 0.2921 0.1590
Strontium oxide SrO 4.99 300 55 1.601 0.435 0.590
Strontium titanate SrTiO3 5.123 RT 56 3.4817 1.0064 4.5455
Tantalum Ta 16.626 298 57 2.6023 1.5446 0.8255
Tantalum carbide TaC 14.65 RT 58 5.05 0.73 0.79
Thallium bromide TlBr 7.4529 298 59 0.3760 0.1458 0.0757
Thorium Th 11.694 300 60 0.7530 0.4890 0.4780
Thorium oxide ThO2 9.991 298 61 3.670 1.060 0.797
Tin telluride SnTe 6.445 300 62 1.1250 0.0750 0.1172
Titanium carbide TiC 4.940 RT 107 5.00 1.13 1.75
Tungsten W 19.257 297 64 5.2239 2.0437 1.6083
Uranium carbide UC 13.63 300 65 3.200 0.850 0.647
Uranium dioxide UO2 10.97 298 66 3.960 1.210 0.641
Vanadium V 6.022 300 67 2.287 1.190 0.432
Zinc selenide ZnSe 5.262 298 68 0.8096 0.4881 0.4405
Zinc sulfide ZnS 4.088 298 68 1.0462 0.6534 0.4613
Zinc telluride ZnTe 5.636 298 68 0.7134 0.4078 0.3115
Zirconium carbide ZrC 6.606 298 63 4.720 0.987 1.593
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TETRAGONAL CRYSTALS

Name Formula ρ/g cm–3 T/K Ref. C11 C12 C13 C16 C33 C44 C66

Ammonium dihydrogen NH4H2AsO4 2.3110 298 69 0.6747 –0.106 0.1652 0.3022 0.0685 0.0639
  arsenate (ADA)
Ammonium dihydrogen NH4H2PO4 1.8030 293 69 0.6200 –0.050 0.1400 0.3000 0.0910 0.0610
  phosphate (ADP)
Barium titanate BaTiO3 5.9988 298 70 2.7512 1.7897 1.5156 1.6486 0.5435 1.1312
Calcium molybdate CaMoO4 4.255 298 79 1.447 0.664 0.466 0.134 1.265 0.369 0.451
Indium In 7.300 RT 71 0.4450 0.3950 0.4050 0.4440 0.0655 0.1220
Magnesium fluoride MgF2 3.177 RT 72 1.237 0.732 0.536 1.770 0.552 0.978
Nickel sulfate hexahydrate NiSO4·6H2O 2.070 RT 73 0.3209 0.2315 0.0209 0.2931 0.1156 0.1779
Potassium dihydrogen KH2AsO4 2.867 RT 12 0.530 –0.060 –0.020 0.370 0.120 0.070
  arsenate (KDA)
Potassium dihydrogen KH2PO4 2.388 RT 71 0.7140 –0.049 0.1290 0.5620 0.1270 0.0628
  phosphate (KDP)
Rubidium dihydrogen RbH2PO4 2.800 298 74 0.5562 –0.064 0.0279 0.4398 0.1142 0.0350
  phosphate (RDP)
Rutile TiO2 4.260 298 75 2.7143 1.7796 1.4957 4.8395 1.2443 1.9477
Tellurium oxide TeO2 5.99 RT 76 0.5320 0.4860 0.2120 1.0850 0.2440 0.5520
Tin (white) Sn 7.29 288 77 0.7529 0.6156 0.4400 0.9552 0.2193 0.2336
Zircon ZrSiO4 4.70 RT 78 2.585 1.791 1.542 3.805 0.733 1.113

ORTHORHOMBIC CRYSTALS

Name Formula ρ/g cm–3 T/K Ref. C11 C12 C13 C22 C23 C33 C44 C55 C66

Acenaphthene C12H10 1.220 293 80 0.1380 0.0210 0.0410 0.1262 0.0460 0.1117 0.0265 0.0290 0.0185
Ammonium sulfate (NH4)2SO4 1.774 293 81 0.3607 0.1651 0.1580 0.2981 0.1456 0.3534 0.1025 0.0717 0.0974
Aragonite CaCO3 2.93 RT 82 1.5958 0.3663 0.0197 0.8697 0.1597 0.8503 0.4132 0.2564 0.4274
Barite BaSO4 4.40 RT 82 0.8941 0.4614 0.2691 0.7842 0.2676 1.0548 0.1190 0.2874 0.2778
Benzene C6H6 1.061 250 83 0.0614 0.0352 0.0401 0.0656 0.0390 0.0583 0.0197 0.0378 0.0153
Benzophenone (C6H5)2CO 1.219 RT 32 0.1070 0.0550 0.0169 0.1000 0.0321 0.0710 0.0203 0.0155 0.0353
Bronzite (MgFe)SiO3 3.38 RT 78 1.876 0.686 0.605 1.578 0.561 2.085 0.700 0.592 0.544
Calcium sulfate CaSO4 2.962 RT 84 0.9382 0.1650 0.1520 1.845 0.3173 1.1180 0.3247 0.2653 0.0926
Celestite SrSO3 3.96 RT 12 1.044 0.773 0.605 1.061 0.619 1.286 0.135 0.279 0.266
Cesium sulfate Cs2SO4 4.243 293 81 0.4490 0.1958 0.1815 0.4283 0.1800 0.3785 0.1326 0.1319 0.1323
Fosterite Mg2SiO4 3.224 298 85 3.2848 0.6390 0.6880 1.9980 0.7380 2.3530 0.6515 0.8120 0.8088
Iodic acid HIO3 4.630 RT 73 0.3030 0.1194 0.1169 0.5448 0.0548 0.4359 0.1835 0.2193 0.1736
Lithium ammonium tartrate LiNH4C4H4O6·4H2O 1.71 RT 12 0.3864 0.1655 0.0875 0.5393 0.2007 0.3624 0.1190 0.0667 0.2326
Magnesium sulfate  
   heptahydrate

MgSO4·7H2O 1.68 RT 86 0.325 0.174 0.182 0.288 0.182 0.315 0.078 0.156 0.090

Natrolite (Na,Al)SiO3 2.25 RT 78 0.716 0.261 0.297 0.632 0.297 1.378 0.196 0.248 0.423
Nickel sulfate heptahydrate NiSO4·7H2O 1.948 RT 86 0.353 0.198 0.201 0.311 0.201 0.335 0.091 0.172 0.099
Olivine (MgFe)SiO4 3.324 RT 87 3.240 0.590 0.790 1.980 0.780 2.490 0.667 0.810 0.793
Potassium pentaborate KB5O8·4H2O 1.74 RT 71 0.582 0.229 0.174 0.359 0.231 0.255 0.164 0.046 0.057
Potassium sulfate K2SO4 2.665 293 81 0.5357 0.1999 0.2095 0.5653 0.1990 0.5523 0.195 0.1879 0.1424
Rochelle salt NaK(C4H4O6)·4H2O 1.79 RT 71 0.255 0.141 0.116 0.381 0.146 0.371 0.134 0.032 0.098
Rubidium sulfate Rb2SO4 3.621 293 81 0.5029 0.1965 0.1999 0.5098 0.1925 0.4761 0.1626 0.1589 0.1407
Sodium ammonium tartrate NaNH4C4H4O6·4H2O 1.587 RT 12 0.3685 0.2725 0.3083 0.5092 0.3472 0.5541 0.1058 0.0303 0.0870
Sodium tartrate Na2C4H4O6·2H2O 1.794 RT 12 0.461 0.286 0.320 0.547 0.352 0.665 0.124 0.031 0.098
Strontium formate dihydrate Sr(CHO2)2·2H2O 2.25 RT 12 0.4391 0.1037 –0.149 0.3484 –0.014 0.3746 0.1538 0.1075 0.1724
Sulfur S 2.07 RT 12 0.240 0.133 0.171 0.205 0.159 0.483 0.043 0.087 0.076
Thallium sulfate TlSO4 6.776 293 81 0.4106 0.2573 0.2288 0.3885 0.2174 0.4268 0.1125 0.1068 0.0751
Topaz Al2SiO3(OH,F)2 3.52 RT 82 2.8136 1.2582 0.8464 3.8495 0.8815 2.9452 1.0811 1.3298 1.3089
Uranium (alpha) U 19.0453 293 88 2.1486 0.4622 0.2176 1.9983 1.0764 2.6763 1.2479 0.7379 0.7454
Zinc sulfate heptahydrate ZnSO4·7H2O 1.970 RT 86 0.3320 0.1720 0.2000 0.2930 0.1980 0.3200 0.0780 0.1530 0.0830
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MONOCLINIC CRYSTALS

Name Formula ρ/g cm–3 T/K Ref. C11 C12 C13 C15 C22

Aegirine (NaFe)Si2O6 3.50 RT 89 1.858 0.685 0.707 0.098 1.813
Anthracene C14H10 1.258 RT 90 0.0852 0.0672 0.0590 –0.0192 0.1170
Cobalt sulfate 
heptahydrate CoSO4·7H2O 1.948 RT 86 0.335 0.205 0.158 0.016 0.378
Diopside (CaMg)Si2O6 3.31 RT 91 2.040 0.884 0.0883 –0.193 1.750
Dipotassium tartrate KHC4H4O6 1.97 RT 12 0.4294 0.1399 0.3129 –0.0105 0.3460
Feldspar (microceine) KAlSi3O8 2.56 RT 92 0.664 0.438 0.259 –0.033 1.710
Ferrous sulfate 
heptahydrate FeSO4·7H2O 1.898 RT 86 0.349 0.208 0.174 –0.020 0.376
Lithium sulfate 
monohydrate Li2SO4·H2O 2.221 RT 32 0.5250 0.1715 0.1730 –0.0196 0.5060
Naphthalene C10H8 1.127 RT 93 0.0780 0.0445 0.0340 –0.006 0.0990
Potassium tartrate K2C4H4O6 1.987 RT 32 0.3110 0.1720 0.1690 0.0287 0.3900
Sodium thiosulfate Na2S2O3 1.7499 RT 12 0.3323 0.1814 0.1875 0.0225 0.2953
Stilbene (C6H5CH)2 1.60 RT 94 0.0930 0.0570 0.0670 –0.003 0.0920
Triglycine sulfate (TGS) (NH2CH2COOH)3· 

H2SO4

1.68 RT 32 0.4550 0.1720 0.1980 –0.030 0.3210

Name C23 C25 C33 C35 C44 C46   C55    C66

Aegirine 0.626 0.094 2.344 0.214 0.692 0.077 0.510 0.474
Anthracene 0.0375 –0.0170 0.1522 –0.0187 0.0272 0.0138 0.0242 0.0399
Cobalt sulfate  
   heptahydrate

0.158 –0.018 0.371 –0.047 0.060 0.016 0.058 0.101

Diopside 0.482 –0.196 2.380 –0.336 0.675 –0.113 0.588 0.705
Dipotassium 0.1173 0.0176 0.6816 0.0294 0.0961 –0.0044 0.1270 0.0841
  tartrate
Feldspar (microceine) 0.192 –0.148 1.215 –0.131 0.143 –0.015 0.238 0.361
Ferrous sulfate 
  heptahydrate

0.172 –0.019 0.360 –0.014 0.064 0.001 0.056 0.096

Lithium sulfate  
  monohydrate

0.0368 0.0571 0.5400 –0.0254 0.1400 –0.0054 0.1565 0.2770

Naphthalene 0.0230 –0.0270 0.1190 0.0290 0.0330 –0.0050 0.0210 0.0415
Potassium tartrate 0.1330 0.0182 0.5540 0.0710 0.0870 0.0072 0.1040 0.0826
Sodium thiosulfate 0.1713 0.0983 0.4590 –0.0678 0.0569 –0.0268 0.1070 0.0598
Stilbene 0.0485 –0.005 0.0790 –0.005 0.0325 0.0050 0.0640 0.0245
Triglycine sulfate (TGS) 0.2080 –0.0036 0.2630 –0.0500 0.0950 –0.0026 0.1110 0.0620
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HEXAGONAL CRYSTALS

Name Formula ρ/g cm–3 T/K Ref. C11 C12 C13 C33 C55

Apatite Ca5(PO4)3(OH,F,Cl) 3.218 RT 12 1.667 0.131 0.655 1.396 0.663
Beryl Be3Al2Si6O18 2.68 RT 12 2.800 0.990 0.670 2.480 0.658
Beryllium Be 1.8477 300 95 2.923 0.267 0.140 3.364 1.625
Beryllium oxide BeO 3.01 RT 96 4.70 1.68 1.19 4.94 1.53
Cadmium Cd 8.652 300 97 1.1450 0.3950 0.3990 0.5085 0.1985
Cadmium  
   selenide

CdSe 5.655 298 68 0.7046 0.4516 0.3930 0.8355 0.1317

Cadmium sulfide CdS 4.824 298 98 0.8431 0.5208 0.4567 0.9183 0.1458
Cobalt Co 8.836 298 99 3.071 1.650 1.027 3.581 0.755
Dysprosium Dy 8.560 298 100 0.7466 0.2616 0.2233 0.7871 0.2427
Erbium Er 9.064 298 100 0.8634 0.3050 0.2270 0.8554 0.2809
Gadolinium Gd 7.888 298 101 0.6667 0.2499 0.2132 0.7191 0.2089
Hafnium Hf 12.727 298 102 1.881 0.772 0.661 1.969 0.557
Ice H2O(solid) 0.920 250 103 0.1410 0.0660 0.0624 0.1515 0.0288
Indium In 7.2788 300 104 0.4535 0.4006 0.4151 0.4515 0.0651
Magnesium Mg 1.7364 298 105 0.5950 0.2612 0.2180 0.6155 0.1635
Rhenium Re 21.024 298 100 6.1820 2.7530 2.0780 6.8350 1.6060
Ruthenium Ru 12.3615 298 100 5.6260 1.8780 1.6820 6.2420 1.8060
Thallium Tl 11.560 300 106 0.4080 0.3540 0.2900 0.5280 0.0726
Titanium Ti 4.5063 298 102 1.6240 0.9200 0.6900 1.8070 0.4670
Titanium  
   diboride

TiB2 4.95 RT 107 6.90 4.10 3.20 4.40 2.50

Yttrium Y 4.472 300 108 0.7790 0.2850 0.2100 0.7690 0.2431
Zinc Zn 7.134 295 109 1.6368 0.3640 0.5300 0.6347 0.3879
Zinc oxide ZnO 5.6760 298 110 2.0970 1.2110 1.0510 2.1090 0.4247
Zinc sulfide ZnS 4.089 298 96 1.2420 0.6015 0.4554 1.4000 0.2864
Zirconium Zr 6.505 298 102 1.434 0.728 0.653 1.648 0.320

TRIGONAL CRYSTALS

Name Formula ρ/g cm–3 T/K Ref. C11 C12 C13 C14 C33 C44

Aluminum oxide Al2O3 3.986 300 111 4.9735 1.6397 1.1220 –0.2358 4.9911 1.4739
Aluminum  
   phosphate

AlPO4 2.556 RT 73 1.0503 0.2934 0.6927 –0.1271 1.3353 0.2314

Antimony Sb 6.70 295 112 1.0130 0.3450 0.2920 0.2090 0.4500 0.3930
Bismuth Bi 9.80 295 112 0.6370 0.2490 0.2470 0.0717 0.3820 0.1123
Calcite CaCO3 2.712 300 113 1.4806 0.5578 0.5464 –0.2058 0.8557 0.3269
Hematite Fe2O3 5.240 RT 82 2.4243 0.5464 0.1542 –0.1247 2.2734 0.8569
Lithium niobate LiNbO3 4.70 RT 114 2.030 0.530 0.750 0.090 2.450 0.600
Lithium tantalate LiTaO3 7.45 RT 114 2.330 0.470 0.800 –0.110 2.750 0.940
Quartz SiO2 2.6485 298 115 0.8680 0.0704 0.1191 –0.1804 1.0575 0.5820
Selenium Se 4.838 300 116 0.1870 0.0710 0.2620 0.0620 0.7410 0.1490
Sodium nitrate NaNO3 2.27 RT 12 0.8670 0.1630 0.1600 0.0820 0.3740 0.2130
Tourmaline 3.05 RT 82 2.7066 0.6927 0.0872 –0.0774 1.6070 0.6682

Elastic Constants of Single Crystals  12-37

Section 12.indb   37 4/28/05   1:55:34 PM



References
 1.  Thomas, J. F., Phys. Rev., 175, 955–962, 1968.
 2.  Bolef, D. I. and M. Menes, J. Appl. Phys., 31, 1426–1427, 1960.
 3.  Garland, C. W. and C. F. Yarnell, J. Chem. Phys., 44, 1112–1120, 1966.
 4.  Garland, C. W. and R. Renard, J. Chem. Phys., 44, 1130–1139, 1966.
 5.  Gsänger, M., H. Egger and E. Lüscher, Phys. Letters, 27A, 695–696, 

1968.
 6.  Wong, C. and D. E. Schuele, J. Phys. Chem. Solids, 29, 1309–1330, 1968.
 7.  Haussühl, S., Phys. Stat. Sol., 3, 1072–1076, 1963.
 8.  Wong, C. and D. E. Schuele, J. Phys. Chem. Solids, 28, 1225–1231, 1967.
 9.  McSkimin, H. J. and D. G. Thomas, J. Appl. Phys., 33, 56–59, 1962.
 10.  Kollarits, F. J. and J. Trivisonno, J. Phys. Chem. Solids, 29, 2133–2139, 

1968.
 11.  Slagle, D. D. and H. A. McKinstry, J. Appl. Phys., 38, 446–458, 1967.
 12.  Hearmon, R. F. S., Adv. Phys., 5, 323–382, 1956.
 13.  Sumer, A. and J. F. Smith, J. Appl. Phys., 34, 2691–2694, 1963.
 14.  Alexandrov, K. S. et. al., Sov. Phys. Sol. State, 10, 1316–1321, 1968.
 15.  Epstein, S. G. and O. N. Carlson, Acta Metal., 13, 487–491, 1965.
 16.  McSkimin, H. J., et. al., J. Appl. Phys., 39, 4127–4128, 1968.
 17.  McSkimin, H. J., et. al., J. Appl. Phys., 38, 2362–2364, 1967.
 18.  Weil, R. and W. O. Groves, J. Appl. Phys., 39, 4049–4051, 1968.
 19.  Bateman, T. B., J. Appl. Phys., 37, 2194–2195, 1966.
 20.  Bogardus, E. H., J. Appl. Phys., 36, 2504–2513, 1965.
 21.  Golding, B., S. C. Moss and B. L. Averbach, Phys. Rev., 158, 637–645, 1967.
 22.  Bateman, T. B., H. J. McSkimin and J. M. Whelan, J. Appl. Phys., 30, 

544–545, 1959.
 23.  Gerlich, D., J. Appl. Phys., 35, 3062, 1964.
 24.  Hickernell, F. S. and W. R. Gayton, J. Appl. Phys., 37, 462, 1966.
 25.  MacFarlane, R. E., et. al., Phys. Letters, 20, 234–235, 1966.
 26.  Leese, J. and A. E. Lord Jr., J. Appl. Phys., 39, 3986–3988, 1968.
 27.  Miller, R. A. and D. E. Schuele, J. Phys. Chem. Solids, 30, 589–600, 1969.
 28.  Wasilik, J. H. and M. L. Wheat, J. Appl. Phys., 36, 791–793, 1965.
 29.  Haussühl, S., Phys. Stat. Sol., 3, 1072–1076, 1963.
 30.  Houston, B., et. al., J. Appl. Phys., 39, 3913–3916, 1968.
 31.  Trivisonno, J. and C. S. Smith, Acta Metal., 9, 1064–1071, 1961.
 32.  Alexandrov, K. S. and T. V. Ryzhova, Sov. Phys. Cryst., 6, 228–252, 1961.
 33.  Lewis, J. T., A. Lehoczky and C. V. Briscoe, Phys. Rev., 161, 877–887, 1967.
 34.  Drabble, J. R. and R. E. B. Strathen, Proc. Phys. Soc., 92, 1090–1995, 1967.
 35.  Oliver, D. W., J. Appl. Phys., 40, 893, 1969.
 36.  Alper, T., and G. A. Saunders, J. Phys. Chem. Solids, 28, 1637–1642, 

1967.
 37.  Dickinson, J. M. and P. E. Armstrong, J. Appl. Phys., 38, 602–606, 1967.
 38.  Bolef, D. I., J. Appl. Phys., 32, 100–105, 1961.
 39.  Rayne, J. A., Phys. Rev., 112, 1125–1130, 1958.
 40.  MacFarlane, R. E., et. al., Phys. Letters, 18, 91–92, 1965.
 41.  Smith, P. A. and C. S. Smith, J. Phys. Chem. Solids, 26, 279–289, 1965.
 42.  Norwood, M. H. and C. V. Briscoe, Phys. Rev., 112, 45–48, 1958.
 43.  Simmons, G. and F. Birch, J. Appl. Phys., 34, 2736–2738, 1963.
 44.  Gutman, E. J. and J. Trivisonno, J. Phys. Chem. Sol., 28, 805–809, 1967.
 45.  Ghafelehbashi, M., et. al., J. Appl. Phys., 41, 652–666, 1970.
46.  McSkimin, H. J. and P. Andreatch, Jr., J. Appl. Phys., 35, 2161–2165, 

1964.
 47.  Neighbours, J. R. and G. A. Alers, Phys. Rev., 111, 707–712, 1958.
 48.  Hidshaw, W., J. T. Lewis, and C. V. Briscoe, Phys. Rev., 163, 876–881, 

1967.
 49.  Daniels, W. B., Phys. Rev., 119, 1246–1252, 1960.
 50.  Viswanathan, R., J. Appl. Phys., 37, 884–886, 1966.
 51.  Miller, R. A. and C. S. Smith, J. Phys. Chem. Sol., 25, 1279–1292, 1964.
 52.  Claytor, R. N. and B. J. Marshall, Phys. Rev., 120, 332–334, 1960.
 53.  Schreiber, E., J. Appl. Phys., 38, 2508–2511, 1967.
54.  Gerlich, D., Phys. Rev., 136, A1366–A1368, 1964.
55.  Johnston, D. L., P. H. Thrasher and R. J. Kearney, J. Appl. Phys., 41, 

427–428, 1970.
 56.  Poindexter, E. and A. A. Giardini, Phys. Rev., 110, 1069, 1958.
 57.  Soga, N., J. Appl. Phys., 37, 3416–3420, 1966.
 58.  Bartlett, R. W. and C. W. Smith, J. Appl. Phys., 38, 5428–5429, 1967.
 59.  Morse, G. E. and A. W. Lawson, J. Phys. Chem. Sol., 28, 939–950, 

1967.
 60.  Armstrong, P. E., O. N. Carlson and J. F. Smith, J. Appl. Phys., 30, 36–

41, 1959.

 61.  Macedo, P. M., W. Capps and J. B. Wachtman, J. Am. Cer. Soc., 47, 651, 1964.
 62.  Beattie, A. G., J. Appl. Phys., 40, 4818–4821, 1969.
 63.  Chang, R. and L. J. Graham, J. Appl Phys., 37, 3778–3783, 1966.
 64.  Lowrie, R. and A. M. Gonas, J. Appl. Phys., 38, 4505–4509, 1967.
 65.  Graham, L. J., H. Nadler and R. Chang, J. Appl. Phys., 34, 1572–1573, 

1963.
 66.  Wachtman, J. B., Jr., et. al., J. Nucl. Mat., 16, 39–41, 1965.
 67.  Bolef, D. I., J. Appl. Phys., 32, 100–105, 1961.
 68.  Berlincourt, D., H. Jaffe and L. R. Shiozawa, Phys. Rev., 129, 1009–

1017, 1963.
 69.  Adhav. R. S. J. Acoust. Soc. Am., 43, 835–838, 1968.
 70.  Berlincourt, D. and H. Jaffe, Phys. Rev., 111, 143–148, 1958.
 71.  Huntington, H. B., in Solid State Pysics, Vol. 7, Seitz, F., and Turnbull, 

D., Ed., pp. 213–285, Academic Press, New York 1958.
 72.  Cutler, H. R., J. J. Gibson and K. A. McCarthy, Sol. State Comm., 6, 

431–433, 1968.
 73.  Mason, W. P., Piezoelectric Crystals and Their Application to 

Ultrasonics, D. Van Nostrand Co., Inc., New York, 1950.
 74.  Adhav, R. S., J. Appl. Phys., 40, 2725–2727, 1969.
 75.  Manghnani, M. H., J. Geophys. Res., 74, 4317–4328, 1969.
 76.  Uchida, N. and Y. Ohmachi, J. Appl Phys., 40, 4692–4695, 1969.
 77.  House, D. G. and E. Y. Vernon, Br. J. Appl. Phys., 11, 254–259, 1960.
 78.  Ryzhova, T. V., et. al., Bull. Acad. Sci. USSR, Earth Phys. Ser., English 

Transl., no. 2, 111–113, 1966.
 79.  Alton, W. J. and A. J. Barlow, J. Appl. Phys., 38, 3817–3820, 1967.
 80.  Michard, F., et. al., C. R. Acad. Sci., Paris, 265, 565–567, 1967.
 81.  Haussühl, S., Acta Cryst., 18, 839–842, 1965.
 82.  Hearmon, R. F. S., Rev. Mod. Phys., 18, 409–440, 1946.
 83.  Heseltine, J. C. W., D. W. Elliott and O. B. Wilson, J. Chem. Phys., 40, 

2584–2587, 1964.
 84.  Schwerdtner, W. M., et. al., Canad. J. Earth Sci., 2, 673–683, 1965.
 85.  Kumazawa, M. and O. L. Anderson, J. Geophys. Res., 74, 5961–5972, 1969 . 
 86.  Alexandrov, K. S., et. al., Sov. Phys. Cryst., 7, 753–755, 1963.
 87.  Verma, R. K., J. Geophys. Soc., 65, 757–766, 1960.
 88.  McSkimin, H. J. and E. S. Fisher, J. Appl. Phys., 31, 1627–1639, 1960.
 89.  Alexandrov, K. S. and T.V. Ryzhova, Bull. Acad. Sci. USSR, Geophys. 

Ser., English Transl., no.8, 871–875, 1961.
 90.  Afanaseva, G. K., et. al, Phys. Stat. Sol., 24, K61–K63, 1967.
 91.  Alexandrov, K. S., et. al., Sov. Phys. Cryst., 8, 589–591, 1964.
 92.  Alexandrov, K. S. and T. V Ryzhova, Bull Acad. Sci. USSR, Geophys. 

Ser., English Transl., no.2, 129–131, 1962.
 93.  Alexandrov, K. S., et. al., Sov. Phys. Cryst., 8, 164–166, 1963.
 94.  Teslenko, V. F., et. al., Sov. Phys. Cryst., 10, 744–747, 1966.
 95.  Smith, J. F. and C. L. Arbogast, J. Appl. Phys., 31, 99–102, 1960.
 96.  Cline, C. F., H. L. Dunegan and G. M. Henderson, J. Appl. Phys., 38, 

1944–1948, 1967.
 97.  Chang, Y. A. and L. Himmel, J. Appl. Phys., 37, 3787–3790, 1966.
 98.  Gerlich, D., J. Phys. Chem. Solids, 28, 2575–2579, 1967.
 99.  McSkimin, H. J., J. Appl. Phys., 26, 406–409, 1955.
 100.  Fisher, E. S. and D. Dever, Trans. Met. Soc. AIME, 239, 48–57, 1967.
 101.  Fisher, E. S. and D. Dever, Proc. Conf. Rare Earth Res., 6th, 

Gatlinburg, Tenn., 522–533, 1967.
 102.  Fisher, E. S. and C. J. Renken, Phys. Rev., 135, A482–A494, 1964.
 103.  Proctor, T. M., Jr., J. Acoust. Soc. Am., 39, 972–977, 1966.
 104.  Chandrasekhar, B. S. and J. A. Rayne, Phys. Rev., 124, 1011–

1041, 1961.
 105.  Wazzan, A. R. and L. B. Robinson, Phys. Rev., 155, 586–594, 1967.
 106.  Ferris, R. W., et. al., J. Appl. Phys., 34, 768–770, 1963.
 107.  Gilman, J. J. and B. W. Roberts, J. Appl. Phys., 32, 1405, 1961.
 108.  Smith, J. F. and J. A. Gjevre, J. Appl. Phys., 31, 645–647, 1960.
 109.  Alers, G. A. and J. R. Neighbours, J. Phys. Chem. Solids, 7, 58–64, 1908.
 110.  Bateman, T. B., J. Appl. Phys., 33, 3309–3312, 1962.
111.  Tefft, W. E., J. Res. Natl. Bur. Stand., 70A, 277–280, 1966.
 112.  DeBretteville, Jr., A. et. al., Phys. Rev., 148, 575–579, 1966.
 113.  Dandekar, D. P. and A. L. Ruoff, J. Appl. Phys., 39, 6004–6009, 1968.
 114.  Warner, A. W., M. Onoe and G. A. Coquin, J. Acoust. Soc. Am., 

42, 1223–1231, 1967.
 115.  McSkimin, H. J., P. Andreatch and R. N. Thurston, J. Appl. Phys., 

36, 1624–1632, 1965.
 116.  Mort, J., J. Appl. Phys., 38, 3414–3415, 1967.

12-38 Elastic Constants of Single Crystals

Section 12.indb   38 4/28/05   1:55:35 PM




