,_\ IP The Journal of )
Chemical Physics | '
Corhment on “Markovian approximation in a coarse-grained description of atomic |

systems” [J. Chem. Phys.125, 204101 (2006)]
David Cubero

Citation: The Journal of Chemical Physics 128, 147101 (2008); doi: 10.1063/1.2889935
View online: http://dx.doi.org/10.1063/1.2889935

View Table of Contents: http://scitation.aip.org/content/aip/journal/jcp/128/14?ver=pdfcov
Published by the AIP Publishing

Articles you may be interested in

Response to “Comment on ‘Markovian approximation in a coarse-grained description of atomic systems’” [J.
Chem. Phys.128, 147101 (2008)]

J. Chem. Phys. 128, 147102 (2008); 10.1063/1.2889931

Publisher’s Note: “Critical point estimation of the Lennard-Jones pure fluid and binary mixtures” [J. Chem.
Phys.125, 054515 (2006)]
J. Chem. Phys. 126, 079901 (2007); 10.1063/1.2434954

Markovian approximation in a coarse-grained description of atomic systems
J. Chem. Phys. 125, 204101 (2006); 10.1063/1.2390701

Comment on “Coarse-grained interaction potentials for polyaromatic hydrocarbons” [J. Chem. Phys.124, 054307
(2006)]
J. Chem. Phys. 125, 057101 (2006); 10.1063/1.2234368

Coarse-graining description of solid systems at nonzero temperature
J. Chem. Phys. 119, 8013 (2003); 10.1063/1.1607914

How can you REACH 100%
of researchers at the Top 100
Physical Sciences Universities? e asmmoss.

With The Journal of Chemical Physics.

AI The Journal of
Chemical Physics THERE’S POWER IN NUMBERS. Reach the world with AIP Publishing.



http://scitation.aip.org/content/aip/journal/jcp?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/16139029/x01/AIP-PT/JCP_ArticleDL_0515/4_AIP-ALLstatic1640x440-JCP.JPG/6c527a6a713149424c326b414477302f?x
http://scitation.aip.org/search?value1=David+Cubero&option1=author
http://scitation.aip.org/content/aip/journal/jcp?ver=pdfcov
http://dx.doi.org/10.1063/1.2889935
http://scitation.aip.org/content/aip/journal/jcp/128/14?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/128/14/10.1063/1.2889931?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/128/14/10.1063/1.2889931?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/126/7/10.1063/1.2434954?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/126/7/10.1063/1.2434954?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/125/20/10.1063/1.2390701?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/125/5/10.1063/1.2234368?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/125/5/10.1063/1.2234368?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/119/15/10.1063/1.1607914?ver=pdfcov

THE JOURNAL OF CHEMICAL PHYSICS 128, 147101 (2008)

Comment on “Markovian approximation in a coarse-grained description
of atomic systems” [J. Chem. Phys. 125, 204101 (2006) |

David Cubero®

Departamento de Fisica Aplicada 1, EUP, Universidad de Sevilla, Virgen de Africa 7, 41011 Sevilla, Spain
(Received 24 October 2007; accepted 8 February 2008; published online 10 April 2008)

[DOI: 10.1063/1.2889935]

The Markovian approximation assumed in particle-based
coarse-grained techniques, such as dissipative particle dy-
namics, was shown to be incorrect for harmonic systems in
Refs. 1 and 2. In addition, in Ref. 2, it was presented as a
general argument showing that the Markovian approximation
is also unreliable in more complex systems in which sound
plays an important role. In this context, Hijon et al.? studied
the coarse-graining dynamics of a one-dimensional chain of
oscillators interacting through harmonic (linear) and
Lennard-Jones (nonlinear) potentials, concluding that the
Markovian approximation is appropriate in the latter nonlin-
ear and more realistic system. However, in the nonlinear sys-
tem analyzed by the authors, the sound plays a very impor-
tant role, since it determines the time scale of the relevant
variables (i.e., the time scale of (P,P,(1))). Therefore, these
results would be in contradiction with the general argument
presented in Ref. 2.

First of all, let us notice that much of the analysis in their
work is based on their Eq. (23), which is mathematically
incorrect. The reason is that when the Laplace transform of
the second equation in their Eq. (9) is taken, instead of
Eq. (19), the following equation is obtained:

X0)  PO)+Fs)

= 1
F(s) = F,(s) - ksTX,, R —

T (F,F()IF (s) + P(0)]. (1)
N

This equation has three extra terms when compared to Eq.
(19) from Ref. 3. One of them survives when we multiply
this equation by F,=F_(0) and average because

(X, (0)F,(0)) = = kgTX (X, (0)X,(0)) = = kyT 5,5 (2)
As a result, Eq. (20) from Ref. 3 should be replaced by
- (kpT)*X~! [
S -

-1
C(s)=- C(s)} C(s). (3)

s nmkpgTs

On the other hand, if we multiply Eq. (9) from Ref. 3 by
P,(0), take averages and the Laplace transform, we arrive to
the following equation for D, (s) =(P,P,(s)):

kzTX'D(s)  C(s)

nms nmkgT

sD(s) — Dy =— D(s), 4)

where Dy=(P(0)P(0)). Equation (4) is the starting point for
the analytical calculation of C(s) in the harmonic case.” If we
insert Eq. (3) into Eq. (4) and multiply the resulting equation
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by [1-(nmkzT)"'C(s)], the following equation is obtained:

D(s)—lzo(l— Cls) ) (5)

nmkgTs

Taking the inverse Laplace transform of this equation, we
obtain an interesting relation between the correlation of the
mesoscopic forces F “ and momenta P,

(PP = <PPT>( f f v EET)) (T)T>), (6)

nmkgT
or, equivalently, since (P, P,)=5,,(P,P,),
F F [t d* (PP [t
FFAD (& PP -
kgT dr* (P,P,)

This is an exact and novel equation that will be used later on.

My second comment is related to a general procedure
used by the authors systematically throughout the paper,
which is the neglect of all contributions in the memory
kernels which go as 1/n in the limit of large cluster sizes
(n>1). This is a mistaken approach that leads them to con-
clude that the dynamics is Markovian. To show that these
contributions cannot be neglected in the cases they have
studied, let us consider the equation of motion for the meso-
scopic variables, Eq. (9) from Ref. 3, in terms of the time
scale of the relevant variables. As observed in the simula-
tions and repeatedly stated by the authors, this mesoscopic
time scale grows linearly with n as the clusters become
larger. Therefore, in terms of t*=¢/n, we have

1dP *Cnt
—f = du—’MP J(nit) - kBTX_VXV+F
n dt* 0 mkgT

(8)

By comparing the first term in the right-hand side of Eq. (8)
with the term in the left-hand side, it is clear that any con-

tribution in the memory kernel C which goes as 1/n is of the
same order as the rate of change of the momentum and, thus,
does contribute to the dynamics at the mesoscopic time
scale.

Moreover, we can use Eq. (7) to show that, in the cases
studied in the paper, the correlation of forces C,,(7)
=(F ,F,(t)) is also of order 1/n. By changing to ¢* in Eq. (7),
we obtain

© 2008 American Institute of Physics
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In the two systems analyzed by the authors, the autocorrela-
tion of momenta is seen to obey the following scaling law in
the limit of large n:

PP _ o w0
(PP

where D* V(t*) is a function of * which does not depend on
n. This scaling is confirmed by the analytical expression for
D(?) in the harmonic case.” For the nonlinear system studied
by the authors, it can be clearly observed in Fig. 6 of Ref. 3
that their simulation data follows this behavior very well.
Thus, from Egs. (9) and (10), we conclude that C(z) is of
order 1/n. More specifically, it demonstrates that the force
correlation has the asymptotic form

) =2, (1)

where C*(r) is a matrix independent of n.
Furthermore, it can be shown that all contributions to the

memory kernel C() present the same behavior, being indeed
of order 1/n. Using Eq. (3), the formal expansion suggested

by the authors,
-1 I
cm} 5 [&] (12)

1=0 LnmkgTs

1
1-
nmkgTs
and taking the inverse Laplace transform, we arrive to

C()=C(t) = kgTX '+ (C+D)(1) + (C*T %) (1)
+(C*T'=T=D)@)+ -+, (13)

where (f*g)(1)=[4d7f(7)g(t—7) denotes the convolution and
I'(t)=[,d7C(7)/ (nmkgT). Equation (13) is the corrected ver-
sion of Eq. (23) from Ref. 3.

From Eq. (11), it follows that I'(¢)=(1/n)I"*(¢*), where
r*(t*):f6*dTC*(T)/(kaT) is independent of n. By using a
similar procedure, it is easily seen that each term in Eq. (13)
involving C(#) is of order 1/n. An important consequence is
that, in contrast to what is suggested by the authors, we are
not entitled to retain only the first two terms of the expansion
in Eq. (12) [neither, equivalently, the first three terms in the
right-hand side of Eq. (13)]. In addition, the analytical ex-
pression for kzTX~! in the harmonic case” shows that this
term is of order 1/n as well.

Finally, let us further analyze the simulation data of the
nonlinear system studied by the authors by making use of
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Eq. (7). First of all, it is convenient to clarify the behavior of
C*(¢*) in the limit of *—0*. From Eq. (1), it follows that
d(P,P,(1))/dt=0 at t=0. Thus, integrating Eq. (7) between 0
and t=ne, with ¢ >0, and changing to 1*, we arrive to

° ® k(R &(8)
jo dr*C*(r*)=—m T (14)

which shows that C*(r*) [and, thus, C*(r*)] contains at ¢*
=0" the Dirac-delta term —m[dD*(0)/dr*]&(t*—0%). This sin-
gular term would be the only nonvanishing contribution ex-
pected from C*(r*) if the coarse-grained dynamics were
Markovian. However, Figs. 4 and 5 in Ref. 3 show that there
is an appreciable contribution at later times of the matrix
elements of nC(r)=C*(r*). This suggests that the memory
kernels are nonvanishing and, thus, the coarse-grained dy-
namics is non-Markovian.

In conclusion, by correcting a few mathematical errors
and deriving a new expression for the correlation of forces
and momenta, it is shown that it cannot be claimed that the
coarse-grained dynamics of the nonlinear system studied by
the authors is Markovian. This result is not unexpected be-
cause, for the systems analyzed by the authors, the correla-
tion of momenta indicates that the sound plays a very impor-
tant role in determining the time scale of the mesoscopic
variables. In principle, if we increase further and further the
size of the clusters in a nonlinear system, we should reach a
limit in which sound is strongly damped and the dynamics of
the coarse-grained variables is not affected by sound propa-
gation. The dynamics could then be assumed to be Markov-
ian in good approximation, with the same level of accuracy it
holds for a classic Brownian particle with a large mass in a
fluid. However, this situation corresponds to a drastic mac-
roscopic limit which might be useless in most practical pur-
poses in which the size of the desired coarse-grained descrip-
tion comes determined beforehand. This problem shows that
it is very important to check how reliable a coarse-grained
technique actually is by studying in detail the validity of the
approximations taken at the microscopic level.

This research was supported by the Direccién General de
Ensefianza Superior of Spain (Grant No. FIS2005-02884),
the Junta de Andalucia, and the Juan de la Cierva Program of
the Ministerio de Ciencia y Tecnologfa.

“Electronic mail: dcubero@us.es.
'D. Cubero and S. N. Yaliraki, J. Chem. Phys. 122, 034108 (2005).
’D. Cubero and S. N. Yaliraki, Phys. Rev. E 72, 032101 (2005).
3c. Hijon, M. Serrano, and P. Espaiiol, J. Chem. Phys. 125, 204101
(2006).


http://dx.doi.org/10.1063/1.1829253
http://dx.doi.org/10.1103/PhysRevE.72.032101
http://dx.doi.org/10.1063/1.2390701

