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Exercises to ‘Introduction to Solid State Physics’



Exam

Written exam on November 20.
Similar to other written exams.



Solid materials 

Metals and alloys
Plastics
Ceramics
Biological materials
Composite materials



513.001 Molecular and Solid State Physics

A crystal is a three dimensional periodic arrangement of atoms. 

Crystal structure 
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14 Bravais lattices
Points of a Bravais lattice do not necessarily 
represent atoms.

P … primitive
I … body centered 
F … face centered
C … centered

P … primitive
I … body centered 
F … face centered
S … centered
R … Rhombohedral



Primitive lattice vectors

Primitive lattice vectors 

a1

a3

a2

Every point of a Bravais lattice can be reached 
from another point on the lattice by a translation 
vector
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Translation vector 



Primitive Unit Cell

𝑎ଵ ⋅ ሺ𝑎ଶൈ 𝑎ଷሻ

volume of a unit cell = 

a1

a3

a2

There is more than one choice for a 
primitive unit cell
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There is one primitive unit cell per Bravais lattice point.



Unit Cells

There is more than one choice for a 
primitive unit cell

bcc fcc 

Wigner-Seitz primitive unit cell 

Eugene
Wigner

Frederick
Seitz



Wigner-Seitz cells



 is the angle between b and c
 is the angle between a and c
 is the angle between a and b

6 faces, 8 corners

http://en.wikipedia.org/wiki/Bravais_lattice

Conventional (crystallographic) unit cell 



Symmetries

Identity Inversion

Rotation Rotoinversion Reflection



Symmetries form Groups

Point group symmetries can be represented by matrices.
All such matrices that bring the crystal into itself form the 
group of the crystal.  

AB  G for A, B  G

32 point groups (one point remains fixed during transformation)
230 space groups





http://lamp.tu-graz.ac.at/~hadley/ss2/crystalphysics/crystalclasses/crystalclasses.html



Physical properties exhibit crystal symmetries 

Electrical conductivity
Thermal conductivity
Dielectic constant
Magnetic susceptibility
Thermal expansion
Piezoelectricity
Piezoconductivity



Cubic crystals

All second rank tensors of cubic crystals reduce to constants

Electrical conductivity, thermal conductivity, electric susceptibility, 
magnetic susceptibility, Peltier effect (heat current due to electrical 
current), Seebeck effect (Electric field due to thermal gradient) 

216: ZnS, GaAs, GaP, InAs, SiC
221: CsCl, cubic perovskite
225: Al, Cu, Ni, Ag, Pt, Au, Pb, NaCl
227: C, Si, Ge, spinel
229: Na, K, Cr, Fe, Nb, Mo, Ta





Strain

A distortion of a material is described by the strain matrix
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Stress

9 forces describe the stress

Xx, Xy, Xz, Yx, Yy, Yz, Zx, Zy, Zz

Xx is a force applied in the x-direction to the 
plane normal to x

Xy is a sheer force applied in the x-direction to 
the plane normal to y
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stress tensor: 

Stress is force/m2

Xx Xy

Xz

x

y

z



Piezoelectricity (rank 3 tensor)

AFM's, STM's
Quartz crystal oscillators
Surface acoustic wave generators
Pressure sensors - Epcos
Fuel injectors - Bosch
Inkjet printers

lead zirconate titanate (Pb[ZrxTi1−x]O3 0<x<1)
—more commonly known as PZT

barium titanate (BaTiO3)
lead titanate (PbTiO3)
potassium niobate (KNbO3)
lithium niobate (LiNbO3)
lithium tantalate (LiTaO3)
sodium tungstate (Na2WO3)
Ba2NaNb5O5
Pb2KNb5O15

Piezoelectric crystal classes: 1, 2, m, 222, mm2, 4, -4, 422, 4mm, -42m, 3, 32, 3m, 6, -6, 622, 6mm, -62m, 23, -43m 

No inversion symmetry



http://it.iucr.org/A/



Asymmetric unit



14 Bravais lattices
Points of a Bravais lattice do not necessarily 
represent atoms.

P … primitive
I … body centered 
F … face centered
C … centered

P … primitive
I … body centered 
F … face centered
A,C … centered
R … Rhombohedral



http://lamp.tu-graz.ac.at/~hadley/ss2/crystalphysics/crystalclasses/crystalclasses.html
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