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ME}'CHESl?
Project2
Due: atfinalexam

The goal of this projectis to study a simplified version of moleculardynamics. We will consider the
model problem of two Argon atoms interacting along the line separating the center of the two atoms
(seefigure below). Use a numerical integration scheme (Flunge—l{utta trapezoidal etec. ] to study what

model for how the atoms exert fcrra:es on each other.
Considerthe following specificcases:

1. Separatethetwo molecules byalarge distance (atleast on atomiclength scales). Allowtimeto
pass.
a. Whatisthe final state?
b. Howclosedothe atoms get to one another?
c. Ifyouaddsome dampingwhatisthe final state?
2. Cengiderdrivihgthe iaftatom with a tme dependentforce F(t).
a. Whatsortofbehaviors do you observe as you vary tnefrequency and amalitude of F(t)?
You maywantto add a smail amountof dampingto converge to a final solution.
9. Canyouequatethese hahaviors to behaviors different pnasesof mattar?
3. Camoutaths "density” of your Argonaiom system undervarious conditians. Thiswill require
makingiiperaiassumotions. How do tnese density calculations compare to Argan’s macrosconic
poysicaioropertias?

Prepars a reportdescribingthe equations used, the numerical integrationschame, the specificgoais

gbove andtne conclusionsyou reached. Besuretocite approoriate sources. Use convincingfigures.
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Molecular Interaction Forces:
Lennard-Jones 6-12 Potential

Vij:potentlal energy between t —_ Potential: V(r)/ 4¢

molecules 1 and . : Force: F(r).c/ 48¢
F;;=force between two molecu ESERIRLETEY
I and |

. @~\/\\\—— Force
c;; and d;; are parameters for
chosen molecules

g,0 are characteristic energy arjims Attractive
length scales respectively

r 1s the separation distance

14 1.6
Separation Distance r/c
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Phases

Solid
Liquid
Gas

Lennard Jones Constants

Intermolecular

Forces
Strong
Moderate
Weak

&K (K)
97

91.5
190
113
124

o (nm)
0.362
0.368
0.400
0.343
0.342

Ratio of Thermal Vibration Approach Needed
Amplitude Compared to &

« 1
~1
» 1

Quantum
Quantum/classical
Classical
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Molecular Dynamics Governing Equations

d’r, < 9V; mdr,

m—-t=» ————1+n
dt> <= or, 4
where r; Is the position vector, V;; Is the potential
energy between any two molecules, 1 IS

characteristic time scale, m Is atomic mass

Last two terms on RHS couple the particle
dynamics with thermodynamics
— Velocity term governs heat exchange with reservoir

— 1, term Is a Gaussian stochastic force with variance
2mk, /7

For liquid argon, t=2.2-1% sec

Evolve the position of every molecule forward In
time using Newton’s 2" Law
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MD: Water Flow between Graphite Sheets

e ETH-Zurich simulated flows in and around CNTs
and graphite sheets (vanotech 2003)

* Exploring validity of no-slip assumption

Slip lengths of 14-63 nm
—No-slip violated oscale Ph

N
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http://www.fisica.uniud.it/%7Eercolessi/md/
http://www.icos.ethz.ch/

)

Flow Around CNTs (ETHZ)
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UL Flow Around CNTs (ETHZ)
Flow agrees quite well with continuum theory

« Ship length less than a single molecular diameter

* Considerable variations 1n fluid density near
CNT
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