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Crystal Physics

Crystal physics explains what effects the symmetries of the crystal
have on observable quantities.

An Introduction to Crystal Physics Ervin Hartmann
http://ww1.1ucr.org/comm/cteach/pamphlets/18/index.html

International Tables for Crystallography
http://it.1ucr.org/

Kittel chapter 3: elastic strain



Strain

A distortion of a material 1s described by the strain matrix
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Stress

9 forces describe the stress

XX, XY, Xz, YX, YY, Yz, ZX, 2y, Zz

XX 1s a force applied in the x-direction to the
plane normal to X

Xy 1s a sheer force applied in the X-direction to

the plane normal to y
stress tensor:

Stress is force/m?
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Stress and Strain

Eij = SO
The stress - strain relationship 1s described by a rank 4

stiffness tensor. The inverse of the stiffness tensor 1s the
compliance tensor.

Oi = Gijuéu

Einstein convention: sum over repeated indices.
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Statistical Physics

Microcannonical Ensemble: Internal energy is expressed in terms of extrinsic
quantities U(S, M, P, €, N, V).

dU=""as+ M + Map + T am,
5 ag TR KoM

dU =TdS +;dg; + E dR, +H,dM,

The normal modes must be solved for in the presence of electric and magnetic
fields.



Internal energy In an electric field

In an electric field, if the dipole moment is changed, the change of the energy is,
AU =E-AP

Using Einstein notation

dU =E dP,

This 1s part of the total derivative of U E =—

dU =TdS +0;dg; + E dR + H,dM,



Statistical Physics

Microcannonical Ensemble: Internal energy is expressed in terms of extrinsic
quantities U(S, M, P, g, N). &; :>Vgij

dU=as+ Mgz 1P gp + Y gm,
25 )

os, P, oM,

dU =TdS +o;de; + E dR, + H,dM,

Cannonical ensemble: At constant temperature, make a Legendre
transformation to the Helmholtz free energy.

F=U-TS

F(V, T,N,M, P, ¢)

Make a Legendre transformation to the Gibbs potential G(T, H, E, o)
G=U-TS —0;&; — E P —HM,



Helmholtz free energy

Cannonical ensemble: At constant temperature, make a Legendre
transformation to the Helmholtz free energy.

F=U-TS
F(T,N, M, P, ¢)
dF :8—FdT +8_FdNi +8—ngij + oF dP, +6_FdMI
oT ON. O oP, oM,

dF =dU - TdS - SdT

dF =-SdT + 4dN; + g, dg; + E dB + H,dM,
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Gibbs free energy

G(T, 1, H, E, 6)
G=U-TS—yN,;-o,¢; —~E P —H/M,
dU =TdS + 4dN; +o;de; + E dP +H dM,

dG =-3dT - N,dy; — ¢;do;, — B dE, — M dH,

ﬁde+ % dy; + %L doj; + o6 dE, + o6 dH,
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1. Elastic deformation.

2. Beciprocal {or converse) piezo-electric effect
3. Reciprocal (or converse) piezo-magnetic effect.
4. Thermal dilatation.

5. Piezo-electnc effect.

&, Electric polanzation.

7 Magneto-electnc polarization.

d. Pyroelectricity.

9. Piezo-magnetic effect.

10, Eeciprocal (or converse) magneto-electric polanzation.
11. Magnetic polarization.

12, Pyromagnetism.

13, Piezo-caloric effect.

14, Electro-calonc effect

15, Magneto-calonc effect.

14, Heat transtrassion.



Direct and reciprocal effects (Maxwell relations)
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Useful to check for errors in experiments or calculations



Maxwell relations
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INTERNATIONAL TABLES Physical properties of crystals

|AlAL|B|C| |E|F|G|

http ://it.iucr.org Home > ‘Uolume-[) > Contents
International Tables for Crystallography

Volume D: Physical properties of crystals
Second online edition (2013) 1SBMN: 978-1-118-76229-5 doi: 10.1107/97809553602060000113

Edited by A. Authier

]

L]

@ Contents

<

=

< Part 1. Tensorial aspects of physical properties

o 1.1. Introduction to the properties of tensors (pp. 3-33) | html | pdf | chapter contents |
L?; S A. Authier

E 1.1.1. The matrix of physical properties (pp. 3-5) | html | pdf |

o 1.1.2. Basic properties of vector spaces (pp. 5-7) | html | pdf |

T —— 1.1.3. Mathematical notion of tensor (pp. 7-10) | himl | pdf |
1.1.4. Symmetry properties (pp. 10-31) | html | pdf |
1.1.5. Thermodynamic functions and physical property tensors (pp. 31-32) | html | pdf |
1.1.6. Glossary (pp.32-33) | html | pdf |
References | html | pdf |
1.2. Representations of crystallographic groups (pp. 34-71) | html | pdf | chapter contents |
T. Janssen
1.2.1. Introduction (pp. 34-35) | html | pdf |

Sy : 1.2.2. Point groups (pp. 35-46) | himl | pdf |
2006 edltlon avallable through 1.2.3. Space groups (pp. 46-51) | html Ippdf I

1 1.2.4. Tensors (pp. 51-53) | html | pdf |
TU GraZ llbrary 1.2.5. Magnetic symmetry (pp. 53-56) | html | pdf |
1.2.6. Tables (pp. 56-62) | html | pdf |
1.2.7. Introduction to the accompanying software Tenyar (pp. 62-70) | html | pdf |
M. Ephraim, T. Janssen, A. Janner and A. Thiers
1.2.8. Glossary (pp. 70-71) | html | pdf |
References | html | pdf |
1.3. Elastic properties (pp. 72-99) | html | pdf | chapter contents |
A. Authier and A. Zarembowitch

1.3.1. Strain tensor (pp. 72-76) | html | pdf |
1.3.2. Stress tensor (pp. 76-80) | html | pdf |

2 INT




The properties of solids
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electronic band structure E vs. kK

structure /

bond potentials \
l density of states

phonon band structure @ vs. K optical :
absorption
l Boltzmann transport
density of states equilibrium properties l

c,, free energies, bulk modulus,... optical properties



