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MD “game” for atoms... (1)
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MD “game” for atoms... (2)

Macroscopic properties:
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Nonequilibrium
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NEMD (1)

e Produce an instantaneous fluctuation of a given property
and follow its relaxation to equilibrium (Onsager’s idea)

Assume that a given, time-dependent external local field \IJ(T t)
Is coupled to our system via a suitable local property

A CCENYED SN (CA LTS

« The total hamiltonian of the systemis H = Ho + Hp

Ho standard equilibrium hamiltonian

Hp = /dlA ZA (r, p)W(r
= —g (Z Am) x(t) = —ghpx(t)




NEMD (2)

PERTURBED SYSTEM:
e Equations of motion

(- OH OH Ohy
K ’r.'— 80H+ agH— apo 9 ap aczp
\p: 87-0_ p_F+ X(t)
e Liouville equation
op

with .
p(r,p,t) = S (t)p(r,p,t = 0)

ST(t) = 81+ / drSt(t — 7)iL,(7)S] (1)

an observable O of the system evolves with

O(t) =0 (r(t),p(t)) = S(t)O




NEMD (2)

PERTURBED SYSTEM:

e Equations of motion

(. OH OH, _ OH dh,
K T:_ 60H+ agH— apo 9 ap aczp
\p: 87-0_ p_F+ X(t)
e Liouville equation 6
P : : :
9t iLp = i1Lop + iLpp = {Ho, p} + {Hp, p}

with

p(r,p.t) = ST(t}p(r,p,t = 0)

N\

p(r,p,t = 0) = po(r,p) isaninitial distribution obtained
from a stationary state, possibly but not necessarily from an
equilibrium state




Dynamical NEMD (1 ) [Ciccotti, Jacucci ‘75]

The NE average of a given observable
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can be obtained via an EQUILIBRIUM AVERAGE as follows
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Dynamical NEMD (2) [Ciccotti, Jacucci ‘75]
Direct calculation of nonequilibrium response:

(0),,. ) = (0,8%(t,0)p0) = (S(t,0)0, po) = (S(t,0)0),

response (only strong P)
also if <O>O < (f O) >
O) e (t) = (5(1,0)0 — So(f 0)0)
response by subtraction (P — 0)
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EQUILIBRIUM AND PERTURBED TRAJECTORIES




Dynamical NEMD (3) [Ciccotti, Jacucci ‘75]

S(t,0)0 = O(t)
So(t, O)O — O(t)

Var[O(t) — O(t)] = )
= Var|O(t)] + Var|O(t)] — 2Cov[O(t), O(t)]
/2

with  Cov [5@),0@)] :<Va7’ [5@)] Var [0@)])1 e(t)

c(t), correlation coefficient : |c¢| <1

Var [5<t) _ O(t)] — O(P?) ift~ —




Benard simulation setting
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Benard simulation setting

T =15 — . — /\{Z)
The particles interact via a WCA potential (a LJ acules
truncated and shifted at the minimum). A completely
repulsive potential has only solid and fluid states and |[1196 K
the thermodynamic conditions are such that the
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Benard simulation setting
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Circulation of the velocity field. The insert shows the path.

circulation (L.J units)
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density (LJ units)
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velocity field at about t=T/4 (T=temperature oscillation period)
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velocity field at about t=T/2 (T=temperature oscillation period)
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velocity field at about t=3T/4 (T=temperature oscillation period)

| 1 I I 1 I | 1 I 1 1 I 1 1 I
. ] L ’, ! . ’ . ’ . .
. 1 ! ] ’ ’ ’ ’ ’ ‘ . .
. ! ! ! ! f ’ ’ ' ’ ' p v ‘
' | ' [ f / 4 ! ’ ’ ' ] [ '
1 ? f | ! / / ' r ' ' ' ' '
! t | | | ! I ! ! ' ' ' ' '
' | ' ' f ! f 1 ' ' ] ' ' f
' ! ! | ! | ! ' ' ' . ' . .
' ! ! 1 \ 1 1 ' 1 '
P ! 1 i 1 | 1 ' ' a . .
' ! ! \ \ \ . ' .
! \ ' \ \ N
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1




velocity field at about t=T (T=temperature oscillation period)
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velocity field at about t=5T/4 (T=temperature oscillation period)
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velocity field at about t=6T/4 (T=temperature oscillation period)
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velocity field at about t=7T/4 (T=temperature oscillation period)
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velocity field at about t=2T (T=temperature oscillation period)
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velocity field at about t=9T/4 (T=temperature oscillation period)
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velocity field at about t=10T/4 (T=temperature oscillation period)
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velocity field at about t=250 (LJ units)
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component of the velocity field
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Establishing Benard Convection
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Conclusions

1 > Itis possible to study, numerically, time
dependent non-equilibrium responses
beyond the linear regime (where LRT gives
the answer)

[2 P Coupling non-equilibrium non-stationary
systems is fundamental in multi-scale
approaches

3 » The method proposed is just waiting for
challenging applications



