
Plus supplemental reading from Kittel on Debye‐Waller factors



Some diffracting waves/de Broglie waves
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The generation of x‐rays:
An x‐ray tube:

Synchrotron radiation: e.g. the 
Berkeley Advanced Light Source

Accelerated, thus radiating,
electrons at v near c
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LBNL Center for X-Ray Optics
“X-Ray Data Booklet”

Section 3.1
http://cxro.lbl.gov/x-ray-data-

booklet

The five ways in
which x-rays
interact with
matter:



Bragg’s Law and crystal planes



Basics of scattering from individual electrons
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Scattering from an arbitrary
electron charge distribution
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Scattering from a single atom:
spherically symmetric charge distribution
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An atomic scattering 
(form) factor



Diffraction from a linear chain of point scatterers
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afCryst

Diffraction from a crystal with a basis
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The Ewald 
construction 
for allowed 
diffraction



The Unit Cell Structure Factor F and
forbidden reflections





Brillouin zone for a simple 2D square lattice



1st Brillouin zone for 
the fcc lattice
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Electronic bands and density of states for a semiconductor-Germanium—
1s22s2 2p63s2 3p63d104s24p2

Bonding
(filled at 
T = 0)

Anti-
Bonding
(empty at 
T = 0)

EF Bandgap, 
Eg  0.7 eV

Diamond
Structure
= fcc
+ 2-atom 
basis



1st Brillouin zone for 
the bcc lattice
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1st Brillouin zone for 
the bcc lattice
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Electronic bands and density of states for a metal-Tungsten—
1s22s2 2p63s23p63d104s24p64d105s25p65d46s2

bcc
Simple 
cubic 
+ 2-atom 
basis
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Three Brillouin zones

fcc:
bcc:

hexagonal:



Some diffracting waves/de Broglie waves
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The Laue Method



The Powder (Debye‐Sherrer) Method



Low Energy Electron Diffraction 
(Davisson‐Germer revisited)



Neutron Diffraction 

BF3 detection gas:



Forbidden
(neutron)
reflections



Helium‐Atom 
diffraction



Diffraction from a liquid



Scattering from a single atom:
spherically symmetric charge distribution



The shell structure of an Ar atom, as measured and calculated 
from the Fourier transform of electron diffraction data

QUANTUM-MECHANICAL THEORY
EXPERIMENT: ELECTRON DIFFRACTION

The radial probability distribution of all of the electrons in Argon, as 
derived from electron diffraction experiments and quantum-mechanical 
theory

P(r)

K =
1s2

L=
2s22p6

M=
3s23p6



Back to solids: Vibrational effects on diffraction: 
the Debye‐Waller factor

Vibrations smear positions, 
decrease diffractionphonons
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See supplementary 
reading from Kittel on 
Debye‐Waller factor


