LANDOLT-BORNSTEIN

Z.ahlenwerte und Funktionen
aus Naturwissenschaften und Technik

Neue Serie
Gesamtherausgabe: O. Madelung

Gruppe III: Kristall- und Festkorperphysik

Band 29

Niederfrequenzeigenschaften
von dielektrischen Kristallen

Teilband a
Elastische Konstanten zweiter und hoherer Ordnung

A.G. Every - A.K. McCurdy

Herausgeber: D. F. Nelson

Springer-Verlag Berlin Heidelberg New York
London Paris Tokyo Hong Kong Barcelona Budapest



1.2

1.1.1

e T Yy GG RIEY
P e e e ek e e
— O 00 1O\ WL A~ WN

(=)

ables

—
b
=

1.2.2

Table of contents

Low frequency properties of dielectric crystals
Subvolume a: Second and higher order elastic constants

A.G. EVEry, A. K. McCURDY

1 The elastic constants of crystals. . . . . . . . . . . . . . . .. e e e 1
1.1 Introduction. . . . . . . . . . L Lo e e e e e e 1
Notation, units and abbreviations . . . . . . . . . . . . . . ... ... .. 1
Stiffness and compliance constants. . . . . . . . . . . . ... ... L. . 2
Methods for the determination of the elastic constants. . . . . . . . . . .. . .. 5
Secondary effects: thermal, electrical and magnetic conditions. . . . . . . . . . . 6
Secondary effects: frequency . . . . . . . ... Lo 7
Temperature coefficients . . . . . . . . . . ..o 7
Pressure coefficients . . . . . . . . . . ... 8
Accuracy and selectionofdata . . . . . . .. ... ... 8
Arrangement of tablesand graphs . . . . . . . . .. ... Lo 9
Notes on bibliography . . . . . . . . . . . . ... Lo 10
........................................ 11
Elastic constants T 11
Table 3.Cubicsystem.Elements . . . . . . . . .. . ... ... ....... 11
Table 4.Cubicsystem. Alloys . . . . . . . . . . . ... 17
Table 5. Cubic system. Intermetalliccompounds . . . . . . . . . . ... ... 51
Table 6. Cubic system. Solid solutions . . . . . . . . . .. . ... ... ... 54
Table 7.Cubic system. Binarycompounds . . . . . . . . . . ... ... ... 66
Table 8.Cubicsystem. Alums . . . . . . . . . .. ... ... ... 82
Table 9. Cubic system. Miscellaneous compounds. . . . . . . . . . .. .. .. 84
Table 10. Cubic system. Incomplete sets of constants . . . . . . . . . ... ... 101
Table 11. Hexagonal system. . . . . . . . . . . . .. ... ... ...... 104
Table 12. Hexagonal system. Incomplete sets of constants. . . . . . . . . . . .. 129
Table 13. Hexagonal system. Non-crystalline materials . . . . . . . . . . . . .. 134
Table 14. Trigonal system, 6 constants . . . . . . . . . . . . . . . . . .. ... 139
Table 15. Composition in wt % for the tourmalines of Table14 . . . . . . . . .. 154
Table 16. Trigonal system, 6 constants. Incomplete sets of constants . . . . . . . . 155
Table 17. Trigonal system, 7 constants . . . . . . . . . . . . . . . . . o« .. 158
Table 18. Tetragonal system, 6 constants . . . . . . . . . . . . .. .. .. ... 159
Table 19. Tetragonal system, 7 constants . . . . . . . . . . . . . . . . . . ... 172
Table 20. Tetragonal system. Incomplete sets of constants . . . . . . . . . . . .. 175
Table 21. Orthorhombic system,9 constants . . . . . . . . . . . ... .. ... 182
Table 22. Orthorhombic system. Incomplete sets of constants . . . . . . . . . .. 203
Table 23. Orthorhombic system. Non-crystalline materials . . . . . . . . . . .. 209
Table 24. Monoclinic system . . . . . . . . . . . . ... e 210
Table 25. Densities and compositions of soda-potash feldspars of Table 24 . . . . . 222
Table 26. Monoclinic system. Incomplete sets of constants . . . . . . . . . . .. 219
Table 27. Triclinic system . . . . . . . . . . . . . .« .o 222
Temperature coefficients Tco . - . . . . . o oo Lo 224
Table 28. Cubic system. Elements . . . . . . . . . . . . ... ... ...... 224
Table 29. Cubic system. Alloys . . . . . . . . . . . ... ... 227
Table 30. Cubic system. Intermetalliccompounds . . . . . . . . . . ... ... 233

Table 31. Cubic system. Solid solutions . . . . . . . . . . . .. ... ..... 234



123

Table of contents

Table 32. Cubic system. Binary compounds . . . . . . . .. . .. ... ....
Table 33. Cubic system. Alums . . . . . . . . . . .. .. .. ... .. ...,
Table 34. Cubic system. Miscellaneous compounds. . . . . . . . . . .. .. ..
Table 35. Hexagonal system. . . . . . . . . . . ... ... .. .. ......
Table 36. Trigonal system. . . . . . . . . . . . . . . . ... ...
Table 37. Trigonal system, higher-order temperature coefficients of stiffnesses ¢,,

Table 38. Values of (¢,5), and (spg), for use with temperature coefficients . . . . .
Table 39. Trigonal system, higher-order temperature coefficients of compliances s,
Table 40. Tetragonal system, 6 constants . . . . . . . . . . . . . . . ... ...
Table 41. Tetragonal system, 7 constants . . . . . . . . . . . . . . . . .. ...
Table 42. Orthorhombicsystem. . . . . . . . . . . . . . .. .. ... ...
Table 43. Monoclinicsystem . . . . . . . . . . . . ... .o
Table 44. Triclinic system . . . . . . . . . . . . . . . . oo

Pressure coefficients PCyg . . . . . . . . . ..o Lo oo
Table 45. Cubic system. Elements . . . . . . . . . . . . .. ... ... ....
Table 46. Cubic system. Alloys, intermetallic compounds, and solid solutions

Table 47. Cubic system. Binary compounds . . . . . . . . . . . . ... ....
Table 48. Cubic system. Miscellaneous compounds, including alums. . . . . . . .
Table 49. Hexagonal system. . . . . . . . . . . . . .. . ...
Table 50. Trigonal system, 6 or 7 constants. . . . . . . . . . . . . . ... ...
Table 51. Tetragonal system, 6 or 7 constants. . . . . . . . . . . . .. .. ...
Table 52. Orthorhombicsystem. . . . . . . . . . . . .. ... ... .. ...
Table 53. Monoclinic system . . . . . . . . . . . .. ...

1.3 Figures . . . . . v o vt e e e e e e e e e e e e e e

1.4 Bibliography . . . . . . . . . . . e e e e e e e
1.4.1
1.42 Specialreferences . . . . . . . . .. ..o

Generalreferences . . . . . . . .. e e e e e e e e

2 The third and higher-order elasticconstants . . . . . . . . . . . . . . .. ... .. ...
2.1 Introduction. . . . . . . . . oL L e e e
2.1.1

N
—_
= O 00 JIO\NWn kA WN

o

SISECISISESISUSE

bt ek ek ek e ek ek

Notation, units and abbreviations . . . . . . . . . . . . .. . ... ... ...
Theoryand notation . . . . . . . . . . . .. ..o o e e e
Third-order coefficients of the various crystal classes . . . . . . . . . . .. ...
Macroscopic theory of higher-order constants . . . . . . . . . . . . ... ...
Methods for the determination of the third-order elastic constants . . . . . . . . .
Applications and theoretical developments. . . . . . . . . . . . ... ... ..
The effect of temperature and electrical conditions on the third-order stiffnesses . .
The third-order compliances . . . . . . . . . . . . ... ...
Arrangement of tables and comments . . . . . . .. .. .. ..o L.
Notes on bibliography . . . . . . . . . . . . ...

2.2 Tables of third-order stiffnesses. . . . . . . . . . . . . . .. e

Table 9. Cubic system VIIb. Ionic compoundsandoxides . . . . . . . . . . ..
Table 10. Cubic system VIIb. Semiconductors and insulators . . . . . . . . . ..
Table 11. Cubic system VIIb. Metals andalloys . . . . . . . . ... ... ...
Table 12. Cubic system VIIb. Miscellaneous compounds including solid solutions .
Table 13. Cubic system VII b. Combinations and partial sets of constants. . . . . .
Table 14. Cubicsystem VIIa . . . . . . . . . . .. . ... .. oo
Table 15. Hexagonal system VIa . . . . . . . . . . ... ... ... .....
Table 16. Hexagonal system VIb . . . . . . . . . . . ... ... ... ....
Table 17. Trigonal system Vb. . . . . . . . . . . .. . ... ...
Table 18. Tetragonal systemIVDb . . . . . . . .. .. .. ... ...
Table 19. Orthorhombic system IIT . . . . . . . . .. .. ... .. .. ....
Table 20. Monoclinicsystem IT . . . . . . . . . . . ... ... ... ...
Table 21. Trigonal system V b. Semiempirical estimates. Calcite-type compounds. .
Table 22. Monoclinic system II. Temperature coefficients

of the third-order stiffnesses . . . . . . . . . . ... ..o



X1V Table of contents

2.3 Tables of fourth-order stiffnesses . . . . . . . . . . .. ... o Lo
Table 23. Cubic system VII b. Fourth-order stiffnesses for metals. Complete sets . .
Table 24. Fourth-order stiffnesses. Incompletesets . . . . . . . . . .. ... ..
Table 25. Cubic system VII b. Combinations of fourth-order stiffnesses . . . . . .
Table 26. Hexagonal system VIb. Fourth-order stiffnesses . . . . . . . . . . ..
Table 27. Hexagonal system VIb. Combinations of the fourth-order stiffnesses . . .

24.Figures . . . . . . . L Lo e e e e e e e e e e e e e

2.5.Bibliography . . . . . . ..o
2.5.1 Generalreferences . . . . . . . . ... Lo e e e e
2.5.2 Specialreferences . . . . . . . ... Lo o oL

2.6 Indexof substances . . . . . . . . .. Lo e
2.6.1 Alphabetical index of element systems . . . . . . . . . . ... ... ...
2.6.2 Alphabetical index of names. . . . . . . . . .. ..o

Subvolume b: Piezoelectric, pyroelectric and related constants

3 Piezoelectric, electrostrictive and dielectric constants, and electromechanical coupling factors
of piezoelectric crystals
3.1 Introduction
3.2 General data
3.3 Tables of relative dielectric constants (numeric)
3.4 Tables of temperature coefficients of dielectric constants
3.5 Tables of piezoelectric constants
3.6 Tables of temperature coefficients of piezoelectric coefficients
3.7 Tables of electrostrictive coefficients
3.8 Figures
3.9 Bibliography

4 Pyroelectric coefficients

4.1 Introduction

4.2 Tables
42.1 Pyroelectrics with known primary and secondary coefficients
4.2.2 Pyroelectric coefficients of non-ferroelectric pyroelectrics
4.2.3 Pyroelectric coefficients of ferroelectric pyroelectrics
4.2.4 Pyroelectric coefficients of liquid crystals and composites
4.2.5 Materials without measured pyroelectric coefficients

4.3 Figures

4.4 Bibliography

5 Index of substances for I1I/29a and b



