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| ennard-Jones

potential

. : Quantity  Reduced units Real units
1, 2 5 temperature T*=1 = T=1198K
density p* =10 & p=1680 kg/m?
time At* = 0.005 & At=1.09%x10""s
_pressure P* =1 « P=41.9MPa

Parameters for Argon



Verlet integration

Verlet method is more numerically stable
than simpler Euler method

a()A2  b(t)AL

Z(t + At) = Z(t) + v(t) At A >t - O(At?)
F(t — At) = 3(t) — B(t) At A a(t)ft? b(t)ﬁAtS - O(AtY)

v

Z(t + At) = 22(t) — Z(t — At) + a(t)At? + O(At?)
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Maxwell distribution
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Radial distribution function

Radial Distribution Function
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Potential energy per particle: -5.25945299116
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Calculation of the pressure

Pressure
| 1

_ _ll 2 [7 . du(r)

1/P = pkg 35P J dr I rg(r)
B 2 * . du(r) ;
= pkgT 37tp L dr ~ar T 3a(r)

Density:  0.8442
Pressure: 3.0419538817

0 2000 4000 6000 8000 10000

Niime The pressure values calculated using
Average value: 3.1377029377 two methods are consistent
Variance: 0.0891742666069 between themselves

P=pkgl + <Z f(ri;) 1'11> , where d is a dimensionality of system




Fluctuations

VAF? 1 o7 NV
F - NUQ ?

SF = i\/ (F — F)* = +yJ(AF)?

o F/F

Relative fluctuations decrease with an
iIncrease in the number of particles
INn the system and is very sma
when N is huge

_(F-F)
UF - F)?

W= =-exp[

|

Mean squared fluctuations

Relative mean
squared fluctuations

In equilibrium systems the random
variable F is often
distributed around its
average according to
normal law
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Fluctuations

as Potential Energy distribution
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Relative mean squared fluctuation: 0.0151151942524

as Kinetic Energy distribution

30|

3.0 +

2.5 |

2.0 -

15|

1.0 |

0.5 F

0.0 . .

1.0 1.2 1.4 1.6 1.8

Average value: 2.021389367
Relative mean squared fluctuation: 0.0390488606655

2.4

3500
3000
2500
2000
1500
1000

500

0
—0.

Total Energy distribution

I 1

0009-0.0008-0.0007-0.0006—-0.0005-0.0004-0.0003—-0.0002
—3.2031
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Relative mean squared fluctuation; 4.56483135623e-05

The value is obtained using
radial distribution function

Potential energy per particle: s.25945299116

This agrees with average
potential energy
obtained experimentally
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—quation of state for the
_ennard-Jonesfluid

Isothermal curve with
temperature under
critical point: T=0.9

125 atoms

Isothermal curve
with temperature
1=2.0
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Visual Molecular Dynamics (VMD

512 atoms
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