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Diffraction Arrangement



Probing Macromolecular Atomic Structures

- Crystalline sample

- Probe should be chosen such that its 
wavelength is of atomic dimensions: X-rays

- Suitable detection systems



From Diffraction Spots to 
Atomic Models



Scattering from Regular Atomic Arrays

- Diffraction pattern may be understood from 
principles of optical diffraction on gratings

- Scattering from single atom 

- Scattering from an atomic array



Path and Phase Difference



Scattering from a Single Atom



Real and Reciprocal Space

real space/ 
direct space/
Cartesian space

reciprocal space/ 
frequency space/
Fourier space



Phase Difference and Scattering Power



SF for Electron Density Distribution



Plane Waves and Fourier Transforms



Phase Problem in Crystallography



Phases Needed to Reconstruct Images



Phases more Important than Amplitudes

FFT FFT

FFTINV FFTINV

Duck amp 
+ cat phase

Cat amp + duck 
phase

© Kevin Cowtan, http://www.ysbl.york.ac.uk/~cowtan/fourier/coeff.html



Phase Problem in Crystallography



Uniform Sample Cannot Deflect X-rays



Uniform Sample Cannot Deflect X-rays



X-ray Scattering from a Single Atom



X-ray Scattering from a Single Atom



Finite Atomic Size & Form Factor
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