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Non-linear approach to complex dynamics
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Nonlinear Basics

P. Debye, Polar Molecules, Chemical Catalog Company, 1929:

"Here we see that the mean moment is not a linear function for large
values of the argument, and for such values the dielectric constant

would not be a true constant but would depend upon the field intensity."



limits to linear dielectric behavior
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A real dipolar system is 

limited to:



dielectric saturation for non-interacting dipoles
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non-linear dielectric effects: static limit

linear
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beyond the static limit: ac- versus dc-field approach
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gauging deviation from linear dielectric response
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Experimental Techniques
(polar viscous liquids)



experimental techniques: high field impedance
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experimental techniques: time resolved techniques
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adding time-resolution capabilities to high-field technique: dc

t = 0
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NDE Summary
( AC / DC )



NDE summary: dielectric saturation
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DC: amplitude reduction at all frequencies
AC: amplitude reduction fades for  > max

(depending on number of Tfic for structural recovery)



NDE summary: chemical effect
R

. R
ichert, J. P

hys.: C
ondens. M

atter (in press)10-2 10-1 100 101 102
0

2

4

6

8

10

12

14
DC

''hi

'hi

''lo

'lo

  log10(  / max )

  

 

' 
,  
''

10-2 10-1 100 101 102
0

2

4

6

8

10

12

14
AC

''hi

'hi

''lo

'lo

 log10(  / max )

  

 

' 
,  
''

DC: amplitude enhancement at all frequencies
AC: amplitude enhancement can fade for  > max

(depends on nature of chemical effect)



NDE summary: energy absorption
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NDE summary: electroviscous effect (entropy reduction)
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Chemical Effect
(Monohydroxy Alcohols)



special case of 5-methyl-3-heptanol
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special case of 5-methyl-3-heptanol
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time resolved changes: structural recovery
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Energy Absorption
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Electroviscous Effects



dc-field induced change of entropy at constant temperature
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field induced 'entropy effect': CPDE
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field induced change: entropy effect
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'heat'-corrected results: glycerol A
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explaining the rise/decay asymmetry A
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Higher Harmonics



experimental techniques: higher harmonics
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third harmonic susceptibility  3  : glycerol
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Different sources of non-linear behavior can 
be separted by ac vs.dc or by frequency.

Time resolved non-linear techniques provide
information on dynamics of structural 
recovery, analogous to physical aging.

Effects that can be studied are: 
Dielectric saturation; 
Field induced shifts of chemical potentials; 
High resolution structural recovery;
Electroviscous and electrocaloric effects.

Phenomenological models exist, but
much of the general theory needed for 
interpretation is still missing.

Susan Weinstein Ullas Pathak Amanda R. Young-Gonzales
Li-Min Wang Abidah Khalife Pyeongeun Kim
Wei Huang Subarna Samanta
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