
All based on the principle that accelerated charges radiate. To radiate in
X-ray range (1 – 100 keV) you must therefore start with electrons of at
least that energy.

X-ray tube based upon accelerated electrons
colliding with a metal anode and emitting
Bremssthrahlung X-rays.

Still widely used for medical applications and 
compact X-ray experiments. For more intense X-rays
laser-plasma and discharge-plasma sources are also used.
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X-ray sources

A typical modern synchrotron facility (Soleil near Paris)

X-rays from a Synchrotron
Synchrotron X-rays can be emitted from an electron storage ring. 
These devices use relativistic electrons (> 1 GeV) that are bent 

into circular orbits by magnetic fields. 



X-ray sources

Ariel view of the LCLS free electron laser based on the electron linac at SLAC,
(Menlo Park, California)

X-ray Free Electron Lasers (XFELS)
An electron linear accelerator is used to generate relativistic electrons that then pass through a long
magnetic field structure (undulator) in which there is radiation back reaction that leads to micro-
structure. From this there is semi-coherent X-ray emission that gives high brightness short pulses (< 10 fs)
of X-rays.

Input
Low emittance, 
narrow energy 
spread, 
relativisitic
electron bunch
4 – 15 GeV

Undulator

Output
High brightness, 
short pulse of coherent
soft to hard X-rays.
Emitted by SASE



X-ray Diffraction

Diffraction from an orientated crystal showing individual Bragg peaks



Powder diffraction (Martian soil) showing ring like pattern due to multiple orientations of crystals,
still very useful for structural analysis and assaying composition.



Photo 51 – recorded by Gosling and Franklin in 1952 and interpreted by Crick and Watson



Deduction of the structure of DNA 
Nobel Prize 1962 – Crick, Watson and Wilkins
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Rosalind Franklin 1920-1958

Took the data that led to
the discovery of the structure
of DNA

Died before the Nobel Prize 
awarded – an enduring
debate regarding her overlooked
role 

Played on London stage
by Nicole Kidman in Photograph 51
(2016)


