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Theory and numerical methods



  

Solid matter is composed of polarizable atoms/molecules. In 
DDA, the particle is approximated as a cubic array of small 
volume elements that can electromagnetically interact with 
each other. There are no restrictions in shape or internal 
structure.

perfect sphere DDA sphere



  

DDA formulation starts with the electric field of a dipole, 
which describes the EM behavior of small particles. Dipole 
responds to an external/incident field by starting to oscillate 
in the same frequency and immediately re-radiating in all 
directions.

The relationship between the incident and scattered field:

The dipole moment: 

k is wavenumber
r is distance
α is polarizabilityspherical wave far field near field



  

To compute the scattered field from a collection of dipoles as 
in DDA, the induced electric fields are first derived: 

Superposition of incident field and the scattered (near)field 
from the other dipoles.

The most time-consuming part in DDA is to numerically 
solve the induced fields from N equations → Iterative 
solvers are typically used, such as conjugate gradient or 
quasi-minimal residual methods with preconditioners. 



  

Once the induced fields are solved, the scattered (far)field 
and other properties can be obtained:

Far field components:

spherical wave phase factor far field
F is called scattering 
amplitude



  

In practice, due to matrix-vector products (N2), DDA is 
enhanced by the fast-Fourier transform (NlogN), which 
requires cubic, evenly-spaced grid of volumes.

In the limit of ideal dipoles in lattice (kd → 0), Clausius-
Mossotti formula is used for polarizability:
 

Corrections for finite, cubical dipoles: 

Lattice dispersion relation:

Filtered coupled dipoles: 



  

Limitations and requirements

 



  

Accuracy in the scattering properties: 

1. Shape → number of dipoles N must be large enough

2. Dipole assumption, phase: 

3. Dielectric (can be enhanced):
 

Accuracy



  

DDA is mainly restricted by computer resources:

memory CPU time

Computational resources

from A-DDA manual



  

FFT reserves memory 
for the whole grid.
 
Fluffy, porous particle 
only has a small fraction 
of real dipoles.

→ 'Sparse' DDA without 
FFT can save memory
by a factor of volume 
fraction (N/N

x
N

y
N

z
).

Fast-Fourier transform

from Petty and Huang (2010)



  

Conducting particles can be 
problematic for DDA due to
the                 requirement.

Polarizability definitions and 
grid size can be improved.

Skin depth: 

Spherical 8 mm water drop at 5.6 GHz:
x = 1, m = 8.34+i2.22

Conductivity

from Tyynelä et al. (2009)



  

Spherical 5 mm water drop at 13.6 GHz:
x = 0.7, m = 6.27+i3.0

→ l
skin

 = 0.8 mm

Using default (LDR) polarizability:

→ N
grid

 > 75 

→ d = 5 mm/N
grid

 < 0.07 mm = l
skin

/12 

Conductivity



  

Conductive coating is also
problematic due to the particle
scaling.

Conductivity

Spherical 3 cm hail at 13.6 GHz:
x = 4.3
m

ice
= 1.7844

m
water

 = 6.27+i3.0

4% water coating

→ I
layer

 > 9d

 



  

Numerical convergence:
   - iterative solvers do not always converge (qmr vs. cgnr)
   - large size parameters and refractive indices produce 
     convergence difficulties

Accuracy convergence:
   - the accuracy of the scattering properties depend on the 
     number of averaged shapes and orientations
   - better to test than to assume 

Convergence



  

Introduction to A-DDA

 



  

- open source DDA code for Windows and Linux
- available at: https://code.google.com/p/a-dda/ 
- main developer: Maxime Yurkin
- comprehensive manual
- online support
- parallelizes well on a super-cluster
- relatively fast development schedule
- listen to user feedback
- many choices for iterative solvers
- many out-of-the-box shapes included
- better than DDSCAT: command line parameters, 
  polarizability choices, separation of dipole positions and 
  ref. indices, sparse mode, OpenCL mode, surface mode, 
  amplitude scattering matrix output, internal fields output
- worse than DDSCAT: periodic boundaries 



  

Example serial  run:

Example parallel run:



  

Shape file:

Output:



  

Do I need to use DDA? → TMM, Mie, Rayleigh

How do I generate shapes? → physical/stochastic 
properties

How many shapes do I need to generate? → scripting

How many dipoles do I need for the shapes? → memory, 
accuracy

Serial or parallel run? → memory, CPU-time, automation

Questions to think about 
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