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Motivation 

 Nanomaterials  manifest extremely fascinating and beneficial 

properties, which can be exploited for a variety of applications.  

 From design, synthesis to application of nanomaterials, theoretical 

modeling of multi-physics is at the core of the broad field of 

Nanoscience.   
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Taylor Series Expansion: 

Kinematic Constrain  (Finite Element Approximation) 

              Governing Equation: 

(Coarse-Grained Molecular Dynamics ) 
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Lattice Dynamics: 

(Crystalline Materials) 

Electromagnetic Effect : 

Theorem I: The total linear and angular momenta caused by the thermal velocities are vanishing; 

Theorem II: The Hamiltonian remains to be constant during the entire thermomechanical process. 
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Temperature Effect (Upgraded Nosé-Hoover Thermostat ) : 

Coulomb-Buckingham Potential: 
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Sample Problem #2 Heat Conduction 

Numerical Simulation Procedure 
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Sample Problem #3 Electromagnetic Input 

N=10 N=15 N=42 N=50 

0

0

sin( )

sin( )

x

y

E E t z

B E t z

 

 

 

 

P
ol

ar
iz

at
io

n 
(x

) 
 

Frequency (N) 

D. Zachary & A. Boisen (2005)  

              Governing Equation: 

(Non-equilibrium Molecular Dynamics ) 
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Non-relativistic Assumption 
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