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Abstract
The DEP force results from the work of charging two box capacitors (N and N1) in an inhomogeneous 
field with constant gradient. The capacitance of the boxes is changed by the presence of a single object 
on which the DEP force acts. To model the DEP force, the box capacitors are discharged before the 
field-free transfer of the object between the box centers. After recharging, the DEP force is calculated 
from the total electrical work. The Maxwell-Wagner mixing equation is used to calculate the box 
capacitance in the presence of the object. Here, homogeneous spherical objects (0-shell sphere: 0SS) are 
considered. However, the approach can be extended to homogeneous ellipsoids (0SE), cylinders (0SC), 
single-shell (1SS, 1SE, etc.) and multi-shell objects. The work performed to charge boxes N and N1 is 
approximated in each box by constant fields corresponding to the field strengths at the centers of the 
two boxes. Both box capacitors, N and N1, have electrode areas a b at distance 'a' (in 2D, b=1m). The 
box volume is 

r^3=p Vbox, where p is the volume fraction. The box width 'a' is also the reference length for 
calculating the field gradient from the constant fields assumed in the two neighboring boxes. The work, 
dissipation and force parameters are derived in terms of their physical units and, for comparison, as the
Clausius-Mossotti factor (CMF). 



Disclaimer: The manuscript "Active, reactive and apparent power in dielectrophoresis: Force 

equation" is in main parts based on this program, which is intended to explain the general ideas. In 
order to reproduce the results of the associated manuscript, parameters such as the field gradient, etc. 
must be adapted to the special problem under consideration. Some of the results need to be further 
processed (see explanation in the manuscript).   

This program code was developed with Maple 2018.1, Waterloo Maple Inc. It contributes to:
 
1. A capacitor charging-cycle model for the derivation of DEP force
2. A new Clausius-Mossotti factor derived from Maxwell-Wagner's mixing equation
3. Defining the complex, active and reactive contributions to DEP
4. DEP as a conditioned polarization process
5. Show a possible relation of DEP to the law of maximum entropy production
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 Comparison of final CMF results 
 red: classical CMF, green: CMF from C-work, blue: CMF from dissipation 

    



 New DEP-force and ROT-torque expressions derived from C-work (green) compared with results 
after the boundary transition of 0, 
i.e. the classical CMF (red) 

  



 The effective relative permittivity and conductivity in the suspension box (green) are the sum of 
their active (blue) and reactive (gold) components 
Note that the green sum curves reflect the characteristic frequency-dependent decrease in 
permittivity and the corresponding increase in conductivity of suspensions. 

  


