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Nuclear Magnetic Resonance
NMR important tool in modern technology. 
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NMR important tool in modern technology. 

Example of NMR log data from the North Sea
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We see an increased use of 
3D digital images of materials 
with complex structures within
various applications. 
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voxel
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Input for manufacturing (reverse engineering)
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Output for measurements and quality control
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Present application: Understand some    
properties of large rocks from 
small samples…
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We use data from synchrotron radiation facilities.



After simplifications of Bloch’s equations 

for NMR dynamics, we are left with a 

reaction-diffusion equation 

with  Robin boundary conditions
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We integrate out the spatial degrees

to obtain a time-dependent total magnetization 

For uniform initial conditions, Gauss’ theorem 
can provide the short time asymptote 
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In many applications the domain 
can be problematic… 



Try a random approach!



Laplace equation 
- Electric formation factor

- Pressure distribution (to be 
used for Stokes flows)

Dirichlet BC at two opposite sides of 
the porous media (where the voltage

or pressure difference is defined).

Poisson equation - Local Stokes flow
Combine with pressure 
distribution to give flow 
through a porous media!

Dirichlet BC, which means that the

velocity is zero at the walls of pores.

Diffusion equation 
A mixed “Robin” BC.

- NMR-dynamics

- Surface reactions (crystal 
growth)





3a) We have derived (first order) relation between 
parameters in PDE model and the RWM:

3b) We have constructed (first order) local boundary 
conditions that can be calculated “on the fly”:

Above illustrated in 2D, generalized to any dimension.
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In 2D the effects of ‘digitalization’ is easy 
to illustrate and quantify:
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Comparative FEM simulations in 2D.
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Comparison with analytic formulae: Ball
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Comparison with analytic formulae: Cube
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Present application…???



Simulations on 3D tomography images
of chalk with a size in the order of 
103×103×103 voxels and resolution 10 nm
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• Optimize RWM algorithms and evaluate statistic 
accuracy for few trajectories (important “in field”).

• Develop a “Bismut” formula to directly calculate 
gradients (important for “flow”).

• Enter the area of strength of materials (important for 
“local collaborations”)

Outlook:
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Special thanks to PhD-student Diwaker Jha at the 
University of Copenhagen for providing data!

• We can now perform stochastic simulations of 
PDE models defined on 3D digital 
images (>10^3*10^3*10^3) on standard 
computers with a ‘relevant’ accuracy.

Summary:
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