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Biophysical Simulations 
 using QuickField 

 Membrane and Cellular Size Scales  

 Intrinsic Membrane Potentials 

 Membrane Bound Charges  

 Induced Membrane Potentials  

 External Plasma Membrane  

 Organelle Membranes  

 Bioimpedance Simulations 

 Dielectrophoresis Forces  
 
 
 



Relative Size Scales 

 Cells are ~50 micron size 

 Membranes are ~ 7 nm in thickness 

 Mesh density should span ~ 3 orders of magnitude 



Scale modeling of biological membranes 
requires a hyperfine mesh density 



Membrane Potential 

Membrane with ionic concentrations C1 and C2 on 

each side of the membrane.  
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Membrane Charges 

Section of plasma membrane with embedded membrane 

proteins. Cell membranes represent a boundary between 

living and nonliving matter on earth. The membrane 

encloses the cytoplasm containing organelles while 

remaining permeable to small molecules. 



Modulation of membrane 
 potential by external fields 

• Motion of counter ions ( –frequency range below kHz) 

 

• Maxwell-Wagner effect – potential differences developed 

across regions of differing permittivity  
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Amplification of E across the membrane 



Bioimpedance Simulations 

• Determine the effective  and  of tissue or cell 

suspension 
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Modeled using the AC Current Flow Module 



Mitochondrion 



Dielectrophoresis Force 

• Occurs in nonuniform fields, F = pE 

• Direction of the force points towards or away from electric 

field gradient direction  

• Direction depends on the relative permittivity of dielectric 

particles with respect to the medium 

• Application to cell separation 

• AC Fields 

 



Key Points  

• Low frequency fields are screened from the interior of cells 

• High frequency fields penetrate cells modulating the 

organelle potential differences 

• External fields are amplified across cell membranes 

• Dielectrophoresis force occurs in nonuniform fields and is 

either attractive or repulsive depending on the relative 

permeability of dielectric particles relative to their 

environment.  
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