
Guided Learning Unit 1: 
Simple ideas of 
Crystallography 
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Introduction and synopsis 
Though they lacked the means to prove it, the ancient Greeks suspected that solids were made 
of discrete atoms packed in a regular, orderly lattice to give crystals. Today, with the 21st 
century techniques of X-ray and electron diffraction and lattice-resolution microscopy available 
to us, we know that all solids are indeed made of atoms and that most (but not all) are 
crystalline. The common engineering metals and ceramics are made of many small crystals, or 
grains, stuck together at grain boundaries to make polycrystals. Many properties of crystalline 
materials e their strength, stiffness, toughness, conductivity, and so forth e are strongly 
influenced by their atomic packing. 
Crystallography is a geometric language for describing the three-dimensional arrangement 
of atoms or molecules in crystals. Simple crystalline and non-crystalline structures were 
introduced in Chapter 4. Here we go a little deeper, exploring a wider range of structures, 
interstitial space (important in understanding alloying and the heat treatment of steel), and 
ways of describing planes and directions in crystals (crucial in the production of single-crystal 
turbine blades, beverage cans, and microchips). 
Exercises are provided in Parts 1e5, so do these as you go along; solutions are provided at 
the end. 
 
PART 1: Crystal structures 
Three-dimensional crystal lattices may be characterised by the repeating geometry of the 
atomic arrangements they contain, particularly exploiting their high degree of symmetry. Most 
atomic bonding gives a well-characterised equilibrium spacing between neighbouring atoms, 
so for the purposes of understanding crystal packing, the atoms may be treated as hard spheres 
in contact. Spheres can be packed to fill space in various different ways e in fact there are 14 
distinguishable three-dimensional lattices. If you are a crystallographer or mineral scientist, 
you need to know about all of them. But engineering materials, for the most part, are based on 
three simple structures, and we concentrate on these. 
Each lattice is characterised by a unit containing a small number of atoms, which repeats 
itself in 3D e the unit cell. 
 
DEF. The unit cell of a crystal structure is the unit of the structure, chosen so that it packs 
to fill space, and which, translated and stacked regularly, builds up the entire structure. 
The primitive unit cell is the smallest such cell. 

Figure GL1.1 shows the most important unit cells. The first lattice is the triclinic unit cell, which is 
the most general e the edge lengths (or lattice constants) a, b, and c are all different, and no angle is 
900. The other 13 space (or Bravais1) lattices are all special cases of this one e for example, for all the 
cubic unit cells, a ¼ b ¼ c and a ¼ b ¼ g ¼ 900. 
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