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The short wavelength region of the electromagnetic 
spectrum
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n = 1 – δ + iβ δ, β << 1



Characteristic absorption edges for almost all elements in 
this spectral region
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Energy levels, quantum numbers, and allowed transitions 
for the copper atom
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Electron binding energies, in electron volts (eV), for the 
elements in their natural forms
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Photon energies, in electron volts, of principal K and L 
emission lines
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Broadly tunable synchrotron radiation is capable of 
probing the primary resonances of the elements
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Photoabsorbtion by thin foils and isolated atoms
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Absorption coefficients for carbon (Z = 6)
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Absorption coefficients for silicon (Z = 14)
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Scattering, diffraction and refraction
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The derivation of Bragg’s law

12



Trieste_ March2012_Lec1.pptTrieste March 2012 / David Attwood /  ICTP Lecture 1

Scattering, diffraction and refraction
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The equations of light
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Maxwell’s Equations

Courtesy of Andrew Aquila (AS&T, UC Berkeley)
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The time derivative of the current density, 
J/t, drives electromagnetic waves
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The wave equation in vacuum, with a density n of bound 
electrons of resonant frequency s
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Special cases: propagation in vacuum, no electrons

18



Trieste_ March2012_Lec1.pptTrieste March 2012 / David Attwood /  ICTP Lecture 1

Special cases: propagation in a material of na atoms/unit 
volume, each with many bound electrons
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A numerical example: Propagation of x-rays in a material 
with 2 >> s
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Quantum mechanical model of refractive index
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Scattering cross-sections
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Scattering by a free electron
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Power radiated by an accelerated point charge, λ >> a
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From the wave equation, for an electron with acceleration a
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Total power radiated by an accelerated point charge
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Scattering by a free electron (continued)
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Scattering by a bound electron
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Semi-classical scattering cross-section for a bound 
electron
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The sky appears blue because of the strong wave length 
dependence of scattering by bound electrons
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Scattering by a multi-electron atom
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Scattering by a multi-electron atom (continued)
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The atomic scattering factor

33



Trieste_ March2012_Lec1.pptTrieste March 2012 / David Attwood /  ICTP Lecture 1

Probabilistic radial charge distribution (e/Å) 
in the Argon atom
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Complex atomic scattering factors
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Atomic scattering cross-sections
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Example: complex atomic scattering factor for carbon
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Atomic scattering factors for carbon (Z = 6)

38



Trieste_ March2012_Lec1.pptTrieste March 2012 / David Attwood /  ICTP Lecture 1

Atomic scattering factors for silicon (Z = 14)
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Atomic scattering factors 
for molybdenum (Z = 42)

40



Trieste_ March2012_Lec1.pptTrieste March 2012 / David Attwood /  ICTP Lecture 1

A general scattering diagram
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Phase velocity and refractive index
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Phase variation and absorption of propagating waves

43



Trieste_ March2012_Lec1.pptTrieste March 2012 / David Attwood /  ICTP Lecture 1

Reflection and refraction at an interface
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Boundary conditions at an interface
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Spatial continuity along the interface
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Total external reflection of soft x-ray and EUV radiation
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Total external reflection (continued)
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Total external reflection with finite β
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Focusing with curved, glancing incidence optics
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Reflection at an interface
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Reflection at an interface (continued)
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Normal incidence reflection at an interface
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Glancing incidence reflection (s-polarization)
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Application of glancing incidence reflection: 
the focused x-ray microprobe
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Buried, trace amounts of iron 
in a defective silicon solar cell
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