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•  Diffraction of Waves by Crystals 

     - the Bragg Laws 

•  Scattered wave amplitude 

•  Reciprocal Lattice  

•  Brillouin Zones 

•  Fourier Analysis of the Basis 

     - structural factor 

     - atomic form factor 



DIFFRACTION OF WAVES BY CRYSTALS 
Bragg Law 

     We study crystal structure through the diffraction of photons, neutrons, 

and electrons (Fig. 1). The diffraction depends on the crystal structure and 

on the wavelength. 



Bragg Law of Diffraction 

 W. L. Bragg presented a simple explanation of the law of 

diffraction beams from a crystal.     

 The incident waves are reflected specularly (mirror-like) from 

parallel planes of atoms in the crystals. In  the specular reflection, 

the angle of incidence is equal to the angle of reflection. 鏡面反射 

 The diffracted beams are found when the reflections from parallel 

planes of atoms interfere constructively.  

 Elastic scattering is considered here that the energy of x-rays is not 

changed upon reflection 



Bragg Equation 





A Monochromator Set-up 

2 (d/n) sin =  

(110) 

n =1        n =2     n = 4 



X-ray Powder diffraction pattern of Si 



SCATTERED WAVE AMPLITUDE 

     We need a deeper analysis to determine the scattering intensity 

from the basis of atoms, which means from the spatial distribution of 

electrons within each cell. 

     From (1, 3), a crystal is invariant under any translation of the form 

T= u1a1+ u2a2 + u3a3, where u1, u2, u3 are integers and a1, a2, a3 are 

the crystal axes. Any local physical property of the crystal is 

invariant under T, such as the charge concentration, electron 

number density, or magnetic moment density. 

Fourier Analysis 

     Electron number density n (r) is a periodic function of r, 

                                 n (r + T)  = n (r)                                         (2) 

Such periodicity creates an ideal situation for Fourier analysis.   

The most interesting properties of crystals are directly related to the Fourier 

components of the electron density. 



1-D p > 0 





1-D 

n-p = np
* 

Proof: 



1-D 

3-D 

n(x) is now substituted by Eq. (5) 

To prove this identity eq. (10). 



3-D 

Similarly, 


