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1. Electrostatics in nanostructures

2. Electrostatics in 
random media

3. Multiscale method for ionic 
solids at finite temperature

Nanotube Image - http://nano-bio.ehu.es/areas/nanostructures-and-nanotubes

2Goal
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(a) http://phys.org/news/2009-10-hard_1.html

(a) Hard drive

(b) Ferroelectric RAM

(b) http://abdulmoeez55.blogspot.com/2015/12/ferroelectric-ram.html

(c) http://www.meas-spec.com/product/piezo/MiniSense_100NM.aspx

(c) Piezoelectric sensor

Electrostatics interaction

Storage devices

Ferroelectric RAM

Piezoelectric sensors

Finite temperature

Thermal fluctuations of  atoms

Coupling of  deformation, electric field 

with temperature

3Motivation
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Field at X due to charge/dipole at Y Charge/dipole at Y

Figure: Jason Marhsall and Kaushik Dayal

Charge
distribution

Quadrupole
distribution

Dipole
distribution

4Long range interactions
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Linear Elasticity

Electrostatics

Energy density depends on polarization 
field over whole material domain

Long range interactionsé
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Continuum limit of  electrostatic energy

: polarization field in a material

Long range interactionsé
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Load

Piezoelectric material

(a) macroscale (b) atomic scale

Deformation is slowly varying field

Displacement of  charges cause change in electric field

Change in electric field causes deformation of  material

Except near loading, variation of  deformation field is at

higher scale than the scale at which atoms displace

Multiscale in a material
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Atomistic region

Coarse mesh as we move 

away from defect
We use interpolation for 

atoms within element

Multiscale method
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Time t
1

Position of  all atoms Momenta of  all atoms

t
2

t
3

Finite temperature

ü Observation of  property at time scale >> time scale at which system change state

üPhase average Ÿ need probability distribution function p

ü for each state Ÿ p is the probability of  system being at that state

August 19, 2016
BengaluruIntroduction



10
Length scales
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Figure: Jason Marhsall and Kaushik Dayal

Continuum Length scale : L

Size of  material point : 

Atomic spacing : 

Macroscopic field vary at the scale 

Interested in limit 

ü Fields vary at fine scale compared to size of  material

ü Atomic spacing is fine compared to scale at which fields vary



Continuum limit
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Average energy of  atoms 

in Sphere B
r
(0)

Scaled potential

Two equivalent approach
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Continuum limité
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Energy of  domain    

Accuracy increases as 

increases
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Electrostatics energy
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Local energy

Non-Local energy
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E =         E(a)

E(a) = [ energy due to interactions of  charges within material point a]
+ [ energy due to interactions of  charges outside material point a ] 




