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Course information

Literature:

• Textbook: Solid State Physics, Hook & Hall

• Books by Zaiman (x2), Kittel (x2), 
Ashcroft & Mermin, Galperin, Landau& Lifshits (!)

• Lecture notes on the Web
www.phys.unsw.edu.au
Courtesy of 
– D.Miller
– S.Cadogan
– M.Kuchiev (some basic notes, hopefully)



UNSW Library



Assessment:

– Mid-Session Exam 1hr 20%
– Final Exam 2 hr 60%
– 1 Assignment 20%



Topics in Part 1

• Symmetry and crystal structure 
(Ch 1,11 Hook & Hall)
– Crystal lattice
– Reciprocal lattice
– X-ray scattering

• Crystal dynamics, phonons (Ch 2)
• Electrons in metals (Ch 3)
• Energy bands (Ch 4)



Week 1. Symmetry in crystals 

Symmetry: 
“a transformation that makes no difference”

In crystals: 
• Rotation by some angle                    around some 

particular axis (n-th fold axis)
• Finite translation along a particular direction
• Reflection in some plane
• Inversion P: r  � - r
• Inversion T: t  � - t
• Any combination of the above 
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Periodicity, translational invariance 
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2D case



5 types of lattices in 2D
1. square lattice



2. rectangular lattice



3. triangular lattice



4. rhombic =centred rectangular

Primitive and
nonprimitive
cells



5. general
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Conventional unit cell



Choice of the basic vectors is not unique
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Symmetry of rotation
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14 Bravais lattices 
(1845) ���� �����Triclinic (1)

Monoclinic(2)

Orthorhombic (4)

Hexagonal (1)
Rhombohedral (1)
Tetragonal (2)

Cubic (3)
sc, bcc, fcc



14 lattices



Non-primitive and primitive unit cells
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Primitive unit cell for fcc



Wigner-Zeitz cell
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Atoms in crystals, the basis

• A group of atoms that 
generates the 
structure 
of a crystal is called 
the basis

• If an atom has the 
coordinates
r = x a + y b + z c,
then this atom is said 
to be located at (x,y,z).  
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Planes in crystals, Miller indexes

• Take a set of parallel planes, which have 
identical properties

• Take the one, which is nearest to the 
origin (but does not cross the origin)

• Consider its intercepts with the crystal 
axes, call the intercepts a/h, b/k, z/l.

• The Miller indexes are (h,k,l).
• If some intercept is negative, then this fact 

is referred to by a bar, for example

( , , ) ( , , )h k l h k l- =



Examples of Miller indexes



Directions in crystals 

If the direction is given by a vector
r = u a + v b + w c
then this direction is called [u,v,w]



Typical structures

Close-packet cubic (ccp also called fcc) and hexagonal (hcp)
structures 



fcc and hcp



fcc (ccp)                  hcp
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Ionic crystals
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CsCl, sc



Diamond (C, Ge) and zincblende (GaAs, InSb) 
structures (sc)


