
CRYSTAL P R O P E R T I E S 
VIA G R O U P T H E O R Y 

ARTHUR S. NO WICK 
Henry Marion Howe Professor Emeritus of Materials Science 

Columbia University, New York 

C A M B R I D G E 
UNIVERSITY PRESS 



Contents 

Preface page xiii 

1 Tensor properties of crystals: equilibrium properties 1 
1-1 Definition of crystal properties 1 
1-2 Physical quantities as tensors; tensor properties 3 
1-3 The basic linear relations 4 
1-4 Condensation of indices: the 'engineering' stresses and strains 8 
1-5 Effect of changing the conditions of measurement 10 
1-6 Higher-order effects 12 

1-6-1 Permittivity and optical properties 12 
1-6-2 Third-order elastic constants 15 

1-7 Optical activity: the gyration tensor 16 
1-8 Summary of equilibrium properties 17 

Problems 19 

Tensor properties of crystals: transport properties 20 
2-1 General theory 20 
2-2 Thermoelectric effects 22 
2-3 Piezoresistance 24 
2-4 Galvanomagnetic and thermomagnetic effects 24 
2-5 Summary of transport properties 28 
2-6 Properties that cannot be represented by tensors 28 

Problems 30 

Review of group theory 31 
3-1 Crystal symmetry and the point groups 31 
3-2 Representation theory 40 

IX 



X Contents 

3-3 The character tables 44 
3-4 Concept of symmetry coordinates 46 
3-5 Concept of similarity of orientation 53 

Problems 61 

Linear relations treated group theoretically 64 
4-1 Introduction and Neumann's principle 64 
4-2 Tensor quantities as hypervectors 65 
4-3 The Symmetry-Coordinate Transformation (S-C-T) tables 67 
4-4 The Fundamental Theorem 70 
4-5 Applications of the Fundamental Theorem 71 
4-6 Alternative treatments 76 

Problems 78 

The magnetic point groups and time reversal 80 
5-1 The magnetic point groups 81 
5-2 Neumann's principle in space-time 83 
5-3 Application to non-magnetic crystals 85 
5-4 Application to magnetic crystals 85 
5-5 Conclusions 89 

Problems 92 

Matter tensors of rank 0,1 and 2 93 
6-1 Scalar quantities (rank 0) 93 
6-2 Polar vector quantities (rank 1) 93 

6-2-1 Form of the К tensor 93 
6-2-2 Application to pyroelectric effect; ferroelectrics 94 

6-3 Axial vector quantities 95 
6-4 Second-rank tensor quantities 96 

6-4-1 Forms of the К tensor for various crystal symmetries 96 
6-4-2 Property К in an arbitrary direction 100 
6-4-3 Further remarks on T{2) matter tensors 101 
6-4-4 Application to diffusivity and electrical conductivity 102 
6-4-5 Application to the optical indicatrix 104 
6-4-6 Application to the Hall tensor 106 

6-5 Second-rank axial tensors 107 
6-5-1 Forms of the К tensor for various crystal symmetries 107 
6-5-2 Application to optical activity: case of quartz 111 
Problems 111 



Contents XI 

7 Matter tensors of rank 3 113 
7-1 Partly symmetric tensors of rank 3 113 

7-1-1 Form of the К tensor for various crystal symmetries 114 
7-1-2 Application to piezoelectricity: quartz and PZT 118 
7-1-3 Application to the linear electro-optic effect 120 

7-2 Non-symmetric tensors of rank 3 124 
7-3 Axial tensors of rank 3 125 
7-4 Polar tensors of rank 3 revisited 128 

Problems 131 

8 Special magnetic properties 132 
8-1 c-tensors of rank 1: the magnetocaloric effect 133 
8-2 c-tensors of rank 2: the magnetoelectric effect 135 
8-3 c-tensors of rank 3: the piezomagnetic effect 137 
8-4 Symmetric c-tensors of rank 3: higher-order magnetic 

permeability 141 
Problems 144 

9 Matter tensors of ranks 4 and 5 145 
9-1 Relation between Ts(2) and rs(2) 145 
9-2 Application to elastic constants 151 
9-3 Some applications of non-symmetric Г(4) tensors 159 
9-4 Relation between Ts(2) and T(2): magnetothermoelectric 

power 162 
9-5 Relation between Г(1) and Ts(3): the second-order Hall 

effect 166 
9-6 Other possibilities involving triple products 169 

Problems 171 

10 Matter tensors of rank 6 173 
10-1 Relation between rs(2) and Ts(4) 173 

10-1-1 Case of the upper hexagonal groups 176 
10-1-2 Case of the upper cubic and isotropic materials 181 

10-2 Application to third-order elastic constants 184 
10-3 Other cases of Г(6) tensors 187 

Problems 190 

Appendices 192 
A Review of tensors 192 
В Stress, strain and elasticity 199 



Xll Contents 

С Finite deformation 203 
D The great orthogonality theorem 204 
E The Symmetry-Coordinate Transformation tables for the 32 

point groups and two infinite groups 206 
F Proof of the Fundamental Theorem 217 
G Theorems concerning magnetic groups 219 

References 222 

Index 226 


