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Reciprocal lattice vectors G
(depend on the Bravais lattice)

Structure factors 
(complex numbers)



( ) iG r

G
G

f r f e 
 






Any periodic function can be written as a Fourier series
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Bravais lattice and reciprocal lattice in 1-D

x

a

k

a
2

real

reciprocal

 2 2
cos cos        

px
Gx G p

a a

    
 



Reciprocal lattice of an orthorhombic lattice is 
an orthorhombic lattice
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The reciprocal lattice of an fcc lattice is a 
bcc lattice 
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Cubes on a bcc lattice
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http://lamp.tu-graz.ac.at/~hadley/ss1/crystaldiffraction/fourier.php



Cubes on a bcc lattice
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fG is the Fourier transform of fcell evaluated at G.
fcell is zero outside the primitive unit cell.
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V is the volume of  the primitive unit cell.
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Volume of conventional u.c. a3. Two Bravais points per conventional u.c. 



Cubes on a bcc lattice

The Fourier series for any rectangular cuboid with dimensions 
Lx×Ly×Lz repeated on any three-dimensional Bravais lattice is:
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Spheres on an fcc lattice
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Multiply by             and integrate over a primitive unit cell.

The Fourier series for non-overlapping spheres on any three-
dimensional Bravais lattice is:
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Molecular orbital potential
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The Fourier series for any molecular orbital potential is:
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Muffin tin potential

The potential is around the Bravais lattice points

The potential is constant between the spheres.  





Using complex numbers to describe oscillations 





r k
a

k





r k

b
k






 r k k
a b

k

  
 

 

path difference:

0 0
i k rF F F e   

 

k


k


phase shift:    2 2
r k ka b

r k k k r
k

  
 

           

 
   

Interference 

Amplitude:

k k

elastic scattering



ii k r
tot i

i

F Fe  
 

k


k


Interference 

Amplitude:

0

1r
3r



2r


1
1

i k rFe  
 

2
2

i k rF e  
 

3
3

i k rF e  
 

0F



  i k r
tot

volume

F n r e dr   
  

k


k


Diffraction 
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Electron density

Scattering is 
proportional to electron 
density n(r)

The scattering amplitude is proportional to the Fourier transform of the electron density.
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Scattering amplitude

expand n(r) in a Fourier series

if G = k, all components add coherently

exp( ( ) )G
G

F n i G k r dV   
 

diffraction condition:   G = k

( ) exp( )F n r i k r dV   
 

( ) exp( )
G

G

n r n iG r  


 

The intensity of the peak at G is  |nG|2



Nobel Prize 1914
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Diffraction condition (Laue condition)

k'- k = k = G

|k| = |k'| for elastic scattering 
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Single crystal diffraction
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Every time a diffraction peak is observed, record G. When 
many G vectors are known, determine the reciprocal lattice.

The sample and the detector must be turned to find all of the 
diffraction peaks.

Scattering wave vector
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http://serc.carleton.edu/research_education/geochemsheets/techniques/SXD.html

 sets the length of the scattering vector
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Determining real space primitive lattice vectors

G vectors specify the Bravais lattice. 
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from diffraction experiment



X-ray Fluorescence spectrometer

Tells you the atomic composition of a sample to a fraction of a %



Ewald sphere

Draw a vector representing the incoming radiation so that it ends at the 
origin. As the crystal is rotated around the origin, the condition for diffraction 
will be satisfied every time a reciprocal lattice point is on the sphere.
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Diffraction condition

a wave will be diffracted if the wave vector ends on one of the planes 

For every G there is a -G so the 
diffraction condition can also 
be written ask
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Brillouin zones

1st Brillouin zone consists of the k-states around the origin that can be 
reached without crossing a plane.

Leon Brillouin


