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Molecular Dynamics (Lecture Notes in Physics, 258)
Wm. G. Hoover

Chapter II. Connecting Molecular Dynamics to Thermodynamics

This chapter explained how molecular dynamics led to macroscopic behavior such as thermodynamics and hydrodynamics.  

B. Some variables are obvious (mass, momentum)

a. Energy, pressure more complicated: requires potentials


Entropy and free energy even more so

b. For large systems, Gibbs showed that we can view entropy as related to the log of the   available free space- very complicated

Consider overall variables describing MD systems:

Independent variables:  Energy, volume, # of particles > all conserved

Nonconserved entities => two groups (Mechanical Variables, Entropic Variables)

Mechanical variables are instantaneous functions of coordinates and momenta.  These can be seen as the 0th(mass), 1st(stream velocity) and 2nd(thermodynamic temperature) moments of the velocity distribution function.  

Entropic variables involve thermodynamic entropy.  They depend upon Gibb’s statistical definition of thermodynamic state.  Thermodynamic entropy and the Gibbs and Helmtoltz free energy are examples of entropic variables.

Temperature arises in 2 ways.  The first is to treat a large system as a group of similar, smaller, weakly coupled systems that share a fixed total energy...  (??  p43 Very confusing paragraph, not sure how it relates to the rest).

In equilibrium thermodynamics, a dynamic temperature can be defined as <px2>/(mk).
In equilibrium thermodynamics, a fluid-state description can be specified by the temperature, volume and composition.  An isolated nonequilibrium system will relax towards an equilibrium state given enough time.  The number of variables required to describe a nonequilibrium state depends on the accuracy required.  The main requirement for useful state variables is that they be mechanical rather than entropic.  This is because entropy is too complicated.  Jaynes suggested using Gibbs’ equilibrium expression for the entropy : S= - k < ln f >.  f is the N-particle phase-space probability density.  

In principle, equilibrium or nonequilibrium free energies could be calculated from S= - k < ln f > if f were known.  However, this is too time consuming.  One special type of system involves “hard particles”, which makes entropy and free energy estimation as instantaneous dynamic variables possible.  This is done by calculating the amount of free space available, which leads directly to the instantaneous work required to insert another “hard-particle”.   The use of this technique in nonequilibrium systems has yet to be tested (as of this book).   

B.  Macroscopic Dynamics
When looking at mechanical properties, we are interested in the mass density, velocity, pressure, energy, and heat flux.  These variables can be used to define three basic equations connecting[image: image1.wmf] time variation, conservation, and flow of mass.  These equations can be written in terms of “Lagrangian variables”, using coordinates that follow the motion.  This section focuses on these equations and finding mechanical definitions of mass density, stream velocity, energy density, and so on.  The three equations that are used are the continuity equation, equation of motion, and energy equation.

2 types or coordinate systems:  Lagrangian (coordinates follow the motion), and Eulerian (coordinates fixed in space).  Both approaches are useful in handling the transport of mass, momentum, and energy as well as any other continuous quantity (property carried by a continuum).  

In either coordinate system, the fundamental continuum equations describe the conservation of mass, momentum, and energy.  While each system has its quirks (for instance, the Lagrangian coordinate system has no notion of velocity), in the end, they should agree on mechanical properties.  

C. Virial Theorem and Heat Theorem

This section of the chapter discussed connecting the microscopic pressure tensor and heat flux vector to the particle coordinates and momenta.  To do this, the virial theorem and heat theorem are used.

For equilibrium systems, the virial theorem can be written as:
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For nonequilibrium systems, this version is not applicable.  In these systems, one can use:
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where:
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 EMBED Equation.3  [image: image5.wmf]
This is the total pressure tensor for a volume V.  This includes the corresponding sum over all particles.

For the heat theorem, the final equation presented is shown below:
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D.  Elastic Constants

Elastic constants are properties that describe the response of the pressure tensor to strain.  There are six independent variables that describe the deformation for a three dimensional solid.  At equilibrium, reversible elastic strain deformation can be carried out either isothermally or isentropically.  This leads to two elastic constants – isothermal and adiabatic – can be measured.  Calculated microscopic adiabatic elastic constants correspond to the propagation of macroscopic sound waves.

Elastic constants can be determined by using the equilibrium fluctuation formulae (??).  This section did not go into as much detail on deformation and elastic constants.

E.  Number-Dependence

This section covers the dependence of thermodynamic and hydrodynamic properties on system size and methods used.  Different methods produce different results for finite systems.  These differences disappear for large systems.  However, these differences in finite systems are sometimes the largest sources of uncertainty.  This means that the choice of a method for finding many-body properties is important.

F. Results

Over time, computers and molecular dynamics simulations have improved to the point where real fluids and solids can be simulated in structure and motions to accuracies of one percent or better.  Additionally, with the gains in knowledge of thermodynamic properties, phase diagrams become easier to create.  However, difficulties arise as we move farther away from equilibrium.  

Personal Opinions:

Lots of material.  Need to add web references.
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