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Nonlinear response theory is an exceptionally powerful but largely untapped methodology that combines
nonequilibrium statistical mechanics to nonequilibrium molecular dynamics (NEMD) [1-3]. In particular, the so-
called transient-time correlation function methodology (TTCF) is especially amenable to simulation. Its immense
potential lies in the impressive statistical accuracy achievable at external field strengths arbitrarily close to zero.
This means that, in principle, it allows one to simulate actual rheological and tribological systems at
experimentally accessible strain rates at the molecular level. While there have been a few studies on this
technique demonstrating its power and effectiveness, it remains relatively obscure for two primary reasons: (1)
the high computational overhead, and (2) the lack of available free or commercial software to allow convenient
use.

In this presentation, we demonstrate that both bottlenecks that previously restricted the use of TTCF are now
removed. The TTCF methodology will be explained, and its applications to rheology and tribology highlighted.
We will show how the gap between NEMD simulation and experimental measurement can be eliminated and
highlight recent simulations of elastohydrodynamic lubrication (EHL) down to experimental rates of strain [4-6].
These simulations on complex molecular fluids under high nanoscale confinement are shown to be feasible on
high performance supercomputers. Furthermore, we note the accessibility of our Python scripts for general use
with the freely available and popular LAMMPS software package [5,7], so that anyone can set up and run their
own simulations to take advantage of this state-of-the-art simulation methodology.
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