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Periodic systems

Primitive lattice vectors
a1, a2, a3

Bravais lattice
Rn = n1a1 + n2a2 + n3a3

Wigner-Seitz cell
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Points and directions

Bravais lattice points
r = x1a1 + x2a2 + x3a3(

1
2
, 1̄

2
, 0
)

Directions
ua1 + va2 + wa3

[u, v ,w ]

Reciprocal lattice
a1,2,3 → b1,2,3 aibj = 2πδij

b1 = 2π
a2 × a3

det
b2 = 2π

a3 × a1

det
b3 = 2π

a1 × a2

det
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Points and directions

 a1x a2x a3x

a1y a2y a3y

a1z a2z a3z

 b1x b1y b1z

b2x b2y b2z

b3x b3y b3z

 =

 2π
2π

2π



vr =
(2π)3

vc

Brilluen zone = reciprocal Wigner Seitz cell

Miller index
Ghkl = hb1 + kb2 + lb3 (h, k, l)

Equation for a plane

rGhkl = const.

Crosses
Rn = n1a1 + n2a2 + n3a3

const. = 2πm
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Points and directions

h ∗ x1 + k ∗ x2 + l ∗ x3 = m

Intercepts
m

h
,

m

k
,

m

l
,

Distance of the planes

d = a1

(m + 1)−m

h

Ghkl

|Ghkl |
=

2π

|Ghkl |
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Rotation of the crystal

Köbös kristály

dhkl =
a

√
h2 + k2 + l2

Rotation

a+ + a− = ma

a+ + a− = (2 cos(ϕ), 0, 0)a

cos(ϕ) = 0, ±
1

2
, ±1

ϕ = 0, ±
2π

2
, ±

2π

3
, ±

2π

4
, ±

2π

6
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2D crystals
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3D crystals
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BCC

Cr, Fe, Mo, Nb
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FCC

Cu, Ag, An, Ni
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Closed packed crystals
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Closed packed crystals
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HCP

Co, Ti, Zn, Ni, Mg

Istvan Groma, ELTE Condensed Matter Physics, Crystal structure 12/19



HCP
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FCC closed packing
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Diamond crystal
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Systems with more atom
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Quasicrystal

Daniel Dan Shechtman (1982), Nobel price 2011

Quasicrystal Diffraction image
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Construction
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Construction
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2D Quasicrystal

Penrose tiling
Fat rhombus 72, 72, 108, 108 angles
Slim rhombus 36, 36, 144, 144 angles
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