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The Argand diagram... 
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….where the angular velocity is represented implicitly 
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…the relationship between real space (defined by r) and the diffraction pattern (Fourier 
space, reciprocal space, S space).   

This is the spatial Fourier transform, and its inverse gives us the basis of 
reconstructing the object from the diffraction pattern… 
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forward… 

 

reverse… 

 



Reciprocal Space 
 



A duck.... 
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The low scattering angle information from the duck.... 
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A low-resolution duck.... 
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The high scattering angle information from the duck.... 
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High spatial frequency duck.... 
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The Laue diffraction condition... 
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Let’s look at the consequence using the Argand diagram... 

 

The Laue diffraction condition... 
 

















Lets’ look at two adjacent planes... 
 



Lets’ look at two adjacent planes... 
 



Consistency with Laue conditions (in just one dimension, for clarity...) 
 







The famous “phase problem”…. 
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(1) The Patterson synthesis 

(2) The technique of isomorphous replacement 

(3) The technique of multi wavelength anomalous dispersion 

 



Next, we consider the general analysis of systems with many parameters…. 

 

Linear 

 

Nonlinear 

 

n = 1 

 

n = 2 or 3 

 

n >> 1 

 

continuum 

 exponential growth 
and decay 

single step 
conformational 
change 

fluorescence 
emission 

pseudo first order 
kinetics 

 fixed points 

bifurcations, multi 
stability 

irreversible 
hysteresis 

overdamped 
oscillators 

 

second order 
reaction kinetics 

linear harmonic 
oscillators 

simple feedback 
control 

sequences of 
conformational 
change 

 

anharmomic 
oscillators 

relaxation 
oscillations 

predator-prey 
models 

van der Pol 
systems 

Chaotic systems 

 

electrical circuits 

molecular dynamics 

systems of coupled 
harmonic oscillators 

equilibrium 
thermodynamics 

diffraction, Fourier 
transforms 

 

systems of non-
linear oscillators 

non-equilibrium 
thermodynamics 

protein structure/
function 

neural networks 

the cell 

ecosystems 

Diffusion 

Wave propagation 

quantum 
mechanics 

viscoelastic 
systems 

 Nonlinear wave 
propagation 

Reaction-diffusion 
in dissipative 
systems 

Turbulent/chaotic 
flows 

 

adapted from S. Strogatz


