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NUMERICAL SOLUTION FOR ITINERANT LIBRATION IN TWO DIMENSIONS
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pared. In this way, O’Dell and Berne [3] have demon-

. strated clearly the limits of applicability of the J-
~ diffusion model for spherical tops.

Similarly, the itinerant librator model of molecular
motion may be simulated by a two-dimensional mo-
lecular dynamics system consisting of rough rings
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The planar itinerant oscillator model of molecular motion in a structured fluid, developed recently by Coffey et al., is
simulated by invoking collisions between 120 rough annuli within which are harmonically bound disks carrying a dipole
unit vector u. It is found that the stochastic equations of motion of the analytical treatment produce results which can be
reproduced very accurately with the deterministic equations of motion used in the computer simulation. This implies that
the simulation may be extended to problems beyond analytical tractability, such as itinerant libration in three dimensions,

for the and libration combined with centre of mass oscillation. The use of a model such as this is considered as intermediate be-
tween simple brownian-motjon theory and a full scale simulation of polyatomics.
1. Introduction
; ~ The use of molecular dynamics simulation to check
Phys. Rev. .and extend the analytical techniques available for the
oo, 500 - description of molecular motions in fluids is an inno-
206 - vation of the last decade or so [1]. In this letter we
hys. Chem. - use the technique to simulate the system of ring/

*  annulus itinerant libration developed recently by
Coffey for angular motion of the asymmetric top [2].
The purpose of this intercomparison is to ascertain to
What precision the numerical solution of the equations

-~ of motion used in the computational method repro-
duces the initial stochastic differential equations of

 the analytical approach. Knowing this the simulation

may be extended to fields beyond analytical tractabil-
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' Ough sphere simulations, and therefrom analytical
| and simulated autocorrelation functions may be com-

within which are disks, bound harmonically [4]. Ex- ‘
change of linear and angular momentum occurs when

two rings collide, This may be compared with the sys- L
tem devised analytically by Coffey [2] where the an-

nulus of moment of inertia 7; is subjected to brownian

motion with friction coefficient ¢. It is established in

this letter that the analytical results varying { may be
simulated very precisely with the computer, so that

the latter may be used to extend the formalism to

three dimensions [5], or to include, for example, the

effects of rotation/translation coupling [6].
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2. Computational details

We consider an assembly of 120 particles (i.e. disks/
annuli) of total mass m, and diameter D. The motion
of the annulus is perturbed by collisions, between
which the centre of each particle moves along a straight
line at constant velocity and total angular momentum.
The rotational motion of the annulus and disk is gov-
erned by:

L6,(8)= —y[6,(8) — 6,51 , (1)

Izéz(f)=')’[61(f)“62(f)] . 2)

Here I, and [, are the moments of inertia of the annu-
lus and the disk; 6 and 0, specify the position of a
point on the rim of the annulus and the position of
the dipole on the disk. -y is the restoring torque con-
stant between ring and disk. The dipole on the inner
disk is supposed vanishingly small so that dipole—
dipole coupling is neglected.

When a collision occurs, an energy transfer takes
place between rotational and translational degrees of
freedom, depending on the dimensionless quantity [7}:

T=4l,/mD? .

In this letter we seek to establish how closely T may be
used to simulate the frictional torque {6 ;(¢) and A(?),
the random couple of the brownian motion assumed
analytically. In the molecular dynamics the change of
linear and angular velocities at a collision between par-
ticles A and B are given by the following set of equa-

tions [4]:

U = vy +{r/(L+ 7)) o+ (Unk(k - v)] ®3)
v =vp— [r/(1+D)] o+ (Unk(k ~0)], 4
Wy = wy ~ [2/(1+7)D]k X v, )
op = ap — [2/(t +7)D}k X v . (6)

Here vy and vy are the translational velocities and

w, and wy are the angular velocities of the annulus,
that of the inner disk being unaffected by the colli-
sion. The primed vatiables correspond to the situation
just after the collision. k is the unit vector directed.
from the centre of the B particle to that of A at the
time of collision. v is the relative velocity of the points
in contact:
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\)=\)B—DA—-‘12‘DkX ((UA+0)B). (7) "-' ‘

¥

Initially the 120 particles are arranged in 12 rows of
10 at the nodes of a triangular lattice whose dimen. ~ f
sions are chosen to obtain the desired density d ex.
pressed as the number of particles per unit surface,
Periodic boundary conditions are used and initially
the translational and angular velocities and the orjen
tation of the two parts of each particle are randomly
distributed. Reduced units of /;/kT=1,D=1,¢=
v/kT and R =1/I, are used.

After the system has reached equilibrum it is fo
lowed for up to 1024 time intervals of Az =
0.05(kT/I;)~1/2. The two components of the unit
vector parallel to the dipole, the two components of
the derivative of this vector, the angular velocity o"
the disk and the torque on it are recorded for eac
ticle for subsequent calculation of correlation fu
tions.

3. Discussion

In figs. 1A—H we present some autocorrelation
functions and response functions for the above syste

eye for various values of {. This justifies the use Q’f b
simulation in two dimensions and therefore future -
computation in three dimensions for itinerant libra- -

as to be almost impractical, and this implies that th
equivalent task for combined libration/oscillation,
in real fluids, would be even more so. These physi
systems are of interest in being approxhnants'@f
Mori continued fraction expansion of the Liouvi
equation, so that a simulation of combined (rotg
translational) properties would be helpful in the des
scription of neutron inelastic scattering. Berne and

Montgomery (6] have calculated the correlation fué

= = e,

mation and in the small-step diffusion limit. The
coupled autocorrelation functions:
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1. (A) and (B): Autocorrelation functions of orientation
¢ disk dipole unit vector . (A), curve 1: reduced density
0.6, =103, R = 10.00, 7 = 0.50 in this and ail follow-
\ softheﬁgure curve 2: d*= 0.8, = 1.0, R = 1.00;
d*=0.6,a = 1.0, R = 10.00. (B), curve 1: d* = 0.6,
= 1.00; curve 2: d* = 1,0, a = 1.0, R = 10.00; curve
»¢= 1.0, R = 10.00. (C) and (D): Autocorrelation
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function (i(¢) - 2(0)). (C), curve 1: d* =0.6,a=1.00,R = i\ |
1.00; curve 2: d* = 0.6, & = 103, R = 10.00; curve 3: d* = 0.6, !
a«=1.00, R = 10.00. (D), curve 1: d* = 0.6, @ = 0.10, R = 1.00; *
curve 2: d* = 1.0, « = 1.00, R = 10.00; curve 3: d* = 0.6, a = | k '
10.00, R = 1.00. (E) and (F): Autocorrelation function of the
disk angular velocity (@(2) » @(0)). (E), curve 1: d* = 0.6,
a=1.00, R = 1,00; curve 2: d* = 0.6, @ = 10>, R = 10.00;
curve 3: d* = 0.6, o = 1.0, R = 10.00. (F), curve 1: d* = 0.6,
a=0,10, R = 1.00; curve 2: d* = 0.6, « = 10.00, R = 1.00;
curve 3: d* = 0.8, @ = 1.00, R = 1.00. (G) and (H): Autocor-
relation function of the disk torque (@) + @(0). (G), curve
1:d* = 0.6, « = 0.10, R = 1.00; curve 2: d* = 0.6, o = 103,

R =10.00; curve 3: d* = 0.6, « = 1.0, R = 10.00. (H), curve 1:
d*=0.8,a=1.0,R=1.00;curve 2: d*=0.6,2=1.0,R =
1.00; curve 3:d* = 0.6, & = 10,00, R = 1.00. Abscissa: time
steps in reduced units.
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Cg, 1) = p(u(t) - u(0)) explig - Ar(N)]) (®)

(in standard notation) were Fourier transformed and
the resulting spectra compared with those calculated
in the approximation:

C¥(q, 1) = ()  u(O))expliq * Ar(DD,  (9)

used almost universally in the theory of neutron scat-
tering. It was found that the maximum deviation be-
tween Cy(q, 1) and Cf“)(q, t) occurs for wavenumbers
commonly found in thermal neutron scattering, and it
was pointed out that the effect of the coupling would
increase for structured molecules as opposed to rough
spheres. It would therefore be useful to define the dif-
ference between egs. (8) and (9) in the itinerant oscil-
lator system, which applies to the motion in a plane
of the asymmetric top dipole vectors encaged within
a rigid cell of such molecules whose collective rota-
tional motion sweeps out the annulus. The dynamical
system is thus that of a structured fluid. Since we have
shown in this letter that the itinerant librator system
may be simulated very accurately, then future work
will concentrate on combined libration/oscillation. It
will also be possible to simulate probability density
functions which are analytically almost intractable by
classical methods [8], although less so with those of
Davies et al. [9,10].
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