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The phase problem:
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Which is worse? 
Random amplitudes or 
random phases? 

Random F Random φ

Phases dominate the
Fourier reconstruction
of the electron 
density map.

Effect of random intensity noise 
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Effect of phase error
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Poor phases are worse 
than poor data, but 
with poor data no 
phases (Chapter 10)!

Phase dominate: phase (model) bias

MBC Chapter 9 – Copyrighted Material B. Rupp 2010 25 / 34               Web sampler

Better suitable map 
types and better map 
coefficients improve 
but not remove the 
problem. 

This are Duck data

Dominance of phases on Fourier synthesis: 
model (phase) bias.
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This is Fourier cat

Fourier coefficients
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phased with cat model 
phases…….

This is Fourier duck (your 
molecule)

Those are the x-ray
data (amplitudes) from duck

(which you thought is the 
right model)

Full credit for the Fourier duck 
idea is due to Kevin Cowtan 
http://www.yorvic.york.ac.uk/~co
wtan/fourier/fourier.html

Bad phases (wrong 
model) overpower
the experimental 
data. 
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Fourier coefficients

Difference maps and 2Fo-Fc maps 
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Best coefficients:
Maximum likelihood 
(sigma-A) coefficients
mFo-DFc or 2mFo-DFc
(Chapter 10)


