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General News

FUTURE MEETINGS AND WORKSHOPS A siwmmary table is given helow, fur-
ther details may be found inside,

Topi T " TDNCE [ TOCKTON
STATISTICAL MECHANICS OF [ 810 JULY 1992 | UMIST
INDUSTRIALLY IMPORTANT

MATERIALS AND PROCESSES

STATIC AND DYNAMIC 1T JULY 1992 | UNIVERSITY |
STUDIES OF FINITE | | OF SUSSEX |
SYSTEMS | | |

POLYMER MODELLING 2.4 SEPT 1992 | UNIVERSITY

OF READING

CCP5 PROGRAM LIBRARY Details are contained in this issue of accessing the
CCPS program library through B-mail automatically. Also a number o new pro-
grans have been added to the library.

CRAY TIME CCP5 participants are reminded that CCP5 has an annual allocation of
Cray time at Ruthecford {Cray XMP-48), which is available for the development
of simulation programs which are of general use to the CCP5 community. Readers
who wish to use some of this allocation should write to the CCPS Secretary, Dr.
M. Leslie, TCS Division, SERC Dareshury Laboratory, Daresbury, Warrington WA+
4AD.

CCP5 FUNDS FOR COLLABORATIONS CCP5 can make available funds of up
to £300 per annum for groups of two or more UK researchers wishing to undertake
a collaborative project within the scientific area covered by CCPS. The [unds are
intended to cover travel and suhsistence costs, Researchers who wish te apply for
funds are requested to submit a hbrief proposal {about 1/2 a page) describing the in-
tended work to Dr. M. Leslie, SERC Daresbury Laboratory, Daresbury, Warrington,
Cheshire. Alternatively reply by Email to M.LESLIE@UK.AC. DARESBURY

CCP5 VISITORS PROGRAM CCP5 organises a visitors program which funds the
visit te the UK of overseas collaborators. We would normally expect a visitor to
visit three sites in the UK and give a lecture at each site. These lectures would he
open to all members of CCPS as well as members of the host university. The visit
would normally last between one or two weeks. CCUPS would pay for the cost of
travel to the UK and within the UK between universities. CCP5H would expect some
contribution towards acconmunodation expenses at the host university to he met by
the university. We will also consider longer collaborations or visits just one place if
this can be justified by the nature of the work to be done. If you have an overseas
collaborator who you would like to invite under tlus program, please make a request
to Dr. M. Leslie, SERC Daresbury Laboratory, Daresbury, Warrington, Cheshire.
UK Alternatively reply by Email to M.LESLIEQUK.AC. DARESBURY
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UMIST " Faraday Division

‘ Statistical Mechanics ROY AL s
\\\ S SOCIETY OF
B B CHEMISTRY

Statistical Mechanics
of Industrially Important Materials and Processes

- 8-10Tuly 1992 | |
The Manchester Conference Centre -~

First announcement and call for contributions:

The aim of this meeting is to focus attention on selected areas in which the tcchnitlués”bf statistical
mechanics are being applied to study materials and processes of direct industrial relevance. These
areas are polymer blends, cohesion and adsorption, and the rheology of powders and colloids.

Speakers invited include K. Binder (Mainz), Sir S.F.Edwards (Cambridge), R. Koningsveld
(Geleen), A.Lips (Unilever), L.Leibler (Paris), and L.Woeodcock (Bradford). In addition there
will be some short contributed talks and also a poster session. Facilities will be available for the
posters to be displayed for the whole duration of the meeting,

The meeting, which is being jointly sponsored by the Macro Group UK ind the SERC CCP5,

is being held over one and a half days at the new purpose-built Conference Centre at UMIST. The
location is close to the city centre and is well served by air, rail and road links. -

QOrganising Committee: Dr, J.H.R,Clarke (Chairman), Dr. RETS tepto, Dr. M.Cates, Dr. M Rodger

Please return this reply slip as soon as possible {(and ot later than 28th February 1992) to

br. R.ET. Stepto

Polymer Science and Technology Group

Manchester Materials Science Centre

University of Manchester and UMIST

MANCHESTER M1 7HS Tel. 061 200 3574  fax 061 200 3586

Please send further information and application forms concerning the conference on the
Statistical Mechanics of Industrially Important Materials and Processes.

ATy o[- S PR

-----------------------------------------------------------------------------------------

BE W <l o) ST RO

I would like to present a paper/poster:  yes/no (delete as appropriate)
and the tentative ttle I8 ..iciii criiriiie e e e et

signed e date...o i



. StatlcandDynamlc Studies of Finite Systems

A joint meeting beiween the Collaborative Computational Project Groups CCP5 and
CCP6 is to be held at Sussex University on Friday 17'* July 1992. It is anticipated that
the meeting will take the form of a workshop, with the following speakers being invited to
stimulate discussion through reviews of current techniques for studying clusters.

o Prof. R.J. LeRoy (Waterloo):- Computer simulation of the structural and spectroscopic
properiies of atomic and molecular clusters,

o Dr. A.J. Stace (Sussex):- Experimental studies of dynamic processes in atomic and
molecular clusters. .

s Dr P.A. Madd'en' (Oxfo'rd) Computatmna.l techmques for studying metal clusters.

‘s Prof. H. Haberland (Freiberg):- Expenmentaj studies of metal clusters

- The meeting will start at 10.30am in the School of Chemistry and Molecular Sciences,
Sussex University. There is no registration fee and refreshments and lunch will be provided
for those parlicipants invited to join the workshop.. - :

All those wishing to attend the workshop should reglster with Dr A J Stace Schooi of
Chemistry and Molecular Sciences, Universily of Sussex, Falmer, Brighton BN1 9QJ by the
1% of July.



POLYMER MODELLING
Axn International Conference Organised By
POLYGEN / MOLECULAR SIMULATIONS
in assoctation with
The Collaborative Computational Project No. 5 and Silicon Graphics
1o be held at
Polymer Science Centre, University of Reading, UK,
on
2nd - 4th September 1992 - .
This canference is open to all scientists in academia and industry who are interested in modelling
polymers Scientific topics have been chosen which span the wide range of length-scales and
time-scales present in polymer systems, from picosecond studies of atomistic madels, throngh
course-grain Monte-Carlo methods, to quantitative structure property relationships. Applications
for which new modelling methods are being developed, such as free energy calculations and
polvmers at interfaces, and the structural analysis of arnorphous and liquid crystalline polymers
through a combination of modelling and diffraction experiments, will all be addressed. The

invited speakers mclude:

Prof W A Goddard IIY, California Institute of Technology

Dir D N Theodorou, University of California Dr B Smit, Shell Research
Prof A J Hopfinger, University of Illinois Dr X Kremer, KFA Jilich
Dr A H Windle, University of Cambridge Prof K Binder, Universitdt Mainz

Dr G R Mitchell, University of Reading DrJ H R Clarke, UMIST
For further information please write to:

Dr M R Stapleton Dr P J Ludovice

Polygen / Molecular Simulations Potygen / Molecular Simulations
Abbots House 200 Fifth Avenue

Abbey Street. Waltham

Reading MA (2254

Berkshire RG1 3BD U.S. A

U K o



The CC'P5 PI"OgI"cUU Lil;n‘ary

W. Smith

October 25, 1991

News

We have received a munber of programs in the last year, Particularly welcome are the
programs for parallel cotnputers.

o MDCSPC2P - by W. Smith, A molecular dlynamics program for simulating ionic
systems with Born- Huggins-Mayer potentials. This is a parallel FORTRAN 77 pro-
graun designed primarily for the I[ntel iPSC machines. It can however be adapted
sasily to serial machines. It can sinulate constant volume or constant pressure
ensembles, the latter by sither Parrinello-Rahman, or Brown-Clark constant pres-
sure algorithms. ’L‘he par allel algouthm is the replicated data algorithm due to
bnuth - : -

. ¢ SL5. PRO by A Rame A molecular dynamics program for simulating protein
residues in vacuo. This is a parallel OCCAM program designed specifically for
trausputer based machines, The program uses the SLS-GO systollu [001) parallel
algorlthm of Raine, Fincham and Smith.

o SOTON_PAR - by M.R.S Pmche% Th1s is a chrectory of FORTRZUI pnallel
prograrus for simulating Lennarcb-lones atomic systems using the parallel link-cells
algortthins, The programs were written primarily for the Intel iPSC machines. 2-
and 3- dimensional programs are available, both comprised of a master program,
which resides on the host and a worker program, which resides on the network of
nodes.

s SFMK - by A.P. Lyubartsev. A FORTRAN program for Monte-Carlo - Self-
Counsistent Field simulation of the cylindical polyelectrolyte. Written and tested
on an IBM PC/AT-236.

All of these programs are available through the CCP5’ Program Library in the usual
ways (see below.)
Our thanks go to everyone who has contributed the above programs.

CCP5 Program Library Conditions of Distribution

The CCP5 Program Library provides programs and documentation [ree of charge to
acadernic centres upon application to Dr. W. Smith, TCS Division, $.E.R.C. Daresbury
Laboratory, Daresbury, Warrington WA4 4AD, U.K..Please supply a magnetic tape to
receive the copies. Industrial and commercial applicants should enclose a £100 handling
charge. No magnetic tape need be sent in this case. Listings of programs are available if



required. Please note that use of inappropriate packing for magnetic tapes (e.g. padded
bags) may result in them being returned without the required soltware, Please ensure
that these forms of packaging are not used. A list of programs available is presented in
the following pages.

All applicants will be required to sign an agreement not to exploit the
programs for comuercial purposes e.g. for resale or distribution as part or
whole ol a commercial product.

Readers should also note that we are authorised to supply the example programs
originally published in the book “Compater Simukation of Liquids”, by M.P. Allen and
D.J. Tildesley (Clarendon Press, Oxford 1987). These are supplied in the same manner
as the resident CCP5 programs. We are grateful to Mike Allen and Dowunic Tildesley
for their permission.

We should also like to remined our readers that we would welcome further contribu-
tions to the Program Library. The Library exists to provide support for the vesearch
efforts of everyone active in computer simulation and to this end we are always plaased
to extend the range of software available. If any of our readers have any programs they
would like to wmake available, please would they contact Dr. Sinith,

Please Note: For copyright reasons we are not able to supply the programs
CASCADE, SYMLAT, THBFIT, THBPHON and THBREL free of charge to
Universities outsude the United Kingdom.

Program from the Book: “Computer Simulation of Liquids” by M, P.
Allen and D. Tildesley, Clarendon Press, Oxford 1987.

[1¥

These programs originally appeared on microfiche in the book ‘omputer Siulation
of Liquids” by M. P. Allen and D. J. Tildesley, published by Oxford University Press,
1987. They are made freely available to members of CCPS5, in the hope that they will be
useful, The intention is to clarify points made in the text, rather than to provide a piece
of code suitable for direct use in a research application. We ascribe no comunercial value
to the programs themselves. Although a few complete programs are provided, our aln
has been to offer building blocks rather than black boxes. As far as we are aware, the
programs wotk correctly, but we can accept no responsibility for the consequences of any
arrors, and would be grateful to hear from you if you find any. You should afways check
out a routine for your particular application. The programs contain scie explanatory
cotunents, and are written, in the main, in FORTRAN-77. One or two routines are
writter in BASIC, for use on microcomputers. In the absence of any universally agreed
standard for BASIC, we have chosen a very rudimentary dialect. These programs have
been run on an Acorn model B computer. Hopeftully the translation of these prograims
into more sophisticated languages such as PASCAL or C should not be difficult,

M.P.Allen

CCP5 Program Library E-Mail Service

From January t 1991 it will be possible for CCPS members to get copies of CCP5 pro-
grams through E-mail automatically. To do so they should send an E-mail message
to info-server@uk.ac.daresbury. The contents of the e-mail message should be as
follows {Note: the use of upper and lower case is significant - this is a unix system!):



recguest sources
topic index CCOP/ceph
topic COP/eepd/program-nane

Where program-name is the name of the desired source code, A mail server will au-
tomatically process this message and return a copy of the source code to your e-maltl
address, Please note the lollowing however:

The program source will be veturned to you in uue formiat, which is a forim of
encocing most suitable for mail messages. [t can easily be decoded on any unix system
using the wudecode conunand. (Check your local unix men file for details). Also, to
speed the transfer, the source will be split into Rles of 1200 records each, so expect two
or three such Ales for the average CCP5 program. Once again, nudecode will help you
to sort things out.

Readers who do not have unix facilities should include the following lines at the start
of the above message:

line-limuit: nnnon
coding: off

Where nnnnn is the number of records in the source (in most cases 6000 should he
enough). The program will be sent in plain FORTRAN as a single file. It may take a
while to arrive, but be patient! Also beware in case your system mailer cannot handle
messages of this size.

Readers must realise that the terms of use and distrubution of the CCPH programs
that have applied hitherto will be maintained, Users should not redistribute or sell the
programs, nor is any lability accepted for their use, either by SERC or the program
authors. It is a requirement on the user that the programs be fully tested for their
intended purpose. Any bugs found should be reported to the librarian, for the benefit
of other users. o

Lastly readers should realise that this means of transfer does not include any program
documentation. So if you are unable to make sense of the programs, write for the
documentation!

We are grateful to Mr. P. Griffiths of Daresbury’s ITS Division for implementing
this facility.



THE CCP5 PROGRAM LIBRARY.

ADMILT  [MD,LJA/MIX,LE,TH+MSD+RDF] 4. Smith
CARLOS [MC,VS+Aquo, TH] B. Jonsson & 5. Romano _
CARLAN (DA,CARLOS structure analysis] B. Jousson,

& 5. Romano
CASCADE (LS,DIL,EM,TH+STR] M. Leslie & W. Smith

CURDEN [DA,Current Density Correlations] W. Smith
DENCOR [DA,Density Correlations] W. Smith

HLJ1 [(MD,LJA,LF, TH+MSD+RDF] D.H. Heyes

HL.I2 {MD,LJA&,LF,TH+MSD+RDF+VACF] D.M. Heyes
HLJ3 {MD,LJA,LF/LC, TH+MSD+RDF] D.M. Heyes

HLT4 [(MD,LJA,LF/CP+CT,TH+MSD+RDF] D.M. Heyes
HLJ5 [(MD,LJA/SF,LF,TH+MSD+RDF] D.M. lleyes

HLJ6 [MD,LJA,TA, TH+MSD+RDF] D.M. Heyes

HMDIAT [MD,LJD,G5+G4, TH+MSD+QC] S .M. Thompson .
HSTOCH [MD/SD,VS+BA,LF+C§,TH}_ W.F. van Gunsteren
& D.M. Heyes

MCN [MC,LIA,TH] 3. Corbin N
MCLSU [MC,LJA,TH]  C.P. Williams & S. Gupta _
MCMOLDYN  [MD/MC,LJS+FC+AQ,LF+QF/G5+0S, TH+RDF] A. Laaksonen
MCRPM [MC,RPE,TH+RDF]  D.M. Heyes

MDATQOM [MD,LJA,GS, TH+RDF+MSD+QC] S.M. Thompson
MDATOM [¥MD,LJA,LF, TH+MSD+RDF] D. Fincham
MDCSPC2P [PRMD,BHM,LF, TH+STF+RDF+VACF+MSD] W. Smith
MDCSPC4B [FRMD,BHM+FC, G5+G4, TH+STF+RDF] ¥. Smith
MDDTAT [MD,LJD,LF¥CA,TH+MSD} D. Fincham
MDD TATQ [MD,LJID+PQ,LF+CA, TH+MSD] D. Fincham
MDIOMS [MD,BHM,LF, TH+MSD+RDF+STF] D. Fincham
_ & M. Anastasiol

MDLIN [MD,LJL,GS+Q4, TH+MSD+GC]  S.M. Thompson.
MDLINQ [MD,LJL+PQ,G5+Q4, TH+MSD+QC] S.H. ThompSon
MD3DLJ_C [MD,LJA/MIX,LF/LC,TH+MSD+RDF] M. Bargiel,l

- W. Dzwinel, J. Kitowski and J. Moscinski
MDMANY [MD,LJS+FC,LF+QF,TH] D. Fincham & %. Smith
MDMIXT [(MD,LJS/MIX,LF+QF,TH] Y. Smith
HMDMPOL [(MD,LIS+FC/MIX,LF+QF,TH] W. Smith & D. Fincham
MDNACL (MD,BHM,LF,TH+MSD+RDF] ¥W. Smith
HDPOLY (MD,LJS,G5+G4, TH+MSD+QC] 5.M. Thompson
UDMULP [MD,LJS+PD+PG/MIX,LE+QF,TH] W. Smith
MDSGWP [(MD,LJA/SGWP,LF, TH+VACF+RDF+QC] W. Smith

) & K. Singer

MDTETRA (MD,LJT,G5+04,TH+MSD+QC] S.M. Thompson
MDZOID [MD,GAU,LF+QF , TH+MSD+RDF+VACF] W. Smith
NAMELIST [UT, Namelist emulation] K. Refson
NSCP3D (UT, Hard sphere packing]l M. Bargiel & J. Moscinskil
PIMCLJ [PIMC,LJA,MC,TH+RDF+QC] K. Singer % W. Smith
3CN [MC,LJA,RFD,TH] ¥. Corbin

1o



SEMK
SLS_PRO
SOTON_PAR
SURF
SYMLAT
TEQUILA
THBFIT
THBPHOY
THBRREL

Key:

[MC~SCF,Cylindrical Polyelec.] A.P. Lyubartsev
[MD,Proteins,LF, TH+STR] A. Raine
[MD,LJA,LC,TH] M.R.S. Pinches
[MD,BHM/TF/20,LF, TH+RDF]  D.M. Heves
[LS,PIL,EM+SYM, TH+STR]  Harwell '

[GP] 4. Wilton and F. Mueller-Plathe
[LS,PIL,EM,Potential fitting]  Harwell
[LS,PIL/3B,EN,Phonon dispersion]  Rarwell
[LS,PIL,EM,TH+STR]  Hazrwell '

Program typas: Mb

MC

PRMD
LS
sp
DA
UT

PING
GP

System models: LIJA

Algorithm:

L3ID
LIL
LJT
LJS
RPE
BHM

SGWP
TF
VS
BA
PD
Pq
MIX
GAU
FC
PIL
DIL
3B
2D
SF
FC
AQ

a5

Molecular dynéﬁiés'

Monte Carlo S
Parrinello-Rahmarn D
Lattice simulations

‘Stochastic dynamics

Data analysis

Utility package

Path Integral Monte Carle
Graphics program

Lennard-Jones at6m§f  o
Lennard-Jones diatomi¢ moléciules
Lénnard-Jones linear molecules
Lennard-Jones tetrahedral moleciles
Lennard-Jones site molecules
Restricted primitive electrolyte
Born-Huggins-Meyer ionics N
Spherical gaussian wavepackets
Tosi-Fumi lonics '
Variable site-site model

Bond angle model '

Point dipole model

Point quadrupole model

Mixtures of molecules =
Gaugsian molecule model
Fractional charge model
Porfect ionic lattice model
Defective ionic lattice model
3-body force model

Two dimensional simulation
Shifted force potential
Fractional charge model
Aqueous solutions '

Gear Bth order predictor-corrector

11



Q4 Quaternion plus 4th. order Gear P-C.

LF Leapfrog (Verlet)

QF Fincham Quaternion algorithm

s Sonnenschein Quaternion algorlthm
Lc Link-cells MD algorithm

cP Constant pressure

CT Constant temperature

TA Toxvaerd MD algorithm =

C4  Constraint algorithm '

EM  Energy minimisation’

SYM  Symmetry ddapted algorithm |
RFD Rossky-Friedman-Doll algorithmi.

Properties: TH  Thermodynamic properties.
MSD  Mean-square-displacement
RDF Radial distribution functlon o
STF  Structure factor ' B
VACF Veloc1t; autocorrelation” functlon" B
QC Quantum corrections o

STR Lattice strasses

12



Programs from the Book “Computer Simulation of Liquids™

I I B B B B B B T B R B T B I R R T T T T R T R T e I T T - B S R R
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Periodic boundary conditions in various geometries

5-value Gear predictor-corrector algorithm

Low-storage MD programs using leapfreg Verlet algorithm
Velocity version of Verlet algorithm

Quaternion parameter predictor-corrector algorithm

Leapfrog algorithms for rotational motion

Constraint dynamics for a nonlinear triatomic molacule
Shake algorithm for constraint dynamics of a chain molecule
Rattle algorithm for constraint dynamics of a chain molecule
Hard sphere molecular dynamics program

Constant-#VT Monte Carlo for Lennard-Jones atoms
Constant-HPT Monte Carlo algorithm

The heart of a constant $\mu$VT Monte Carlo program
Algorithm to handle indices in constant $\mu$VT Monte Carlo
Routines to randomly rotate molecules

Hard dumb-bell Monte Carlo program

A simple Lennard-Jones force routine §

Algorithm for avoiding the square root operation

The Verlet neighbour list

Routines to construct and use cell linked-list methed
Multiple timestep molecular dynamics

Routines te perform the Ewald sum

Routine to set up alpha fcc lattice of linear molecules
Initial velocity distribution

Routine to calculate translational order parameter
Routines to fold/unfold trajectories in periodic boundaries
Program to compute time correlation functions

Constant-NVT molecular dynamics - extended system method
Constant-NVT molecular dynamics - constraint method
Constant~NPH molecular dynamics - extended system method

Constant~NPT molecular dynamics - constraint method

Cell linked-1lists in sheared boundariss
Brownian dynamics for a Lennard-Jones fluid
An efficient clustering routine '

The Voronoi c¢omstruction in 2d and 3d
Monte Carlc simulation of hard lines in 2d
Routines to calculate Fourier transforms

13



.Avaﬂ.ébﬂi’.cy of the .Allén../ Tlldesleyexa.mple prdgrams. .

Steve Thompson,

School of Chemical Engineering,
Cornell University,
[thaca NY 14853

October 8, 1991

Appendix F of the book "Computer Simulation of Liquids” by M.P.Allen and D.J.
Tildesley describes a method whereby the example programs may be obtained from
the statistical mechanics group FTP facility at Cornell. As a number of people have
recently discovered, this facility is no longer operational as advertised, due to hardware
and software changes. However, the programs are still available. To obtain them, please
follow the procedure outlined here. The description below is taken from the HELP file
that is distributed by the file server; to obtain the Allen/Tildesley example programs,
simply use "ALLEN_TILDESLEY” as the package name (without the double quotes).

Please note that the internet address for cheme.tn.cornell.edu has changed to
128.84,243.48 (from 128.84.253.7 as previously listed). This address may change in the
future as the local network is reconfigured. If you use a name server, you should be
immune to these changes.

Other packages will become available as time allows; notice will appear in this
newsletter.

STATMECH is a file distribution service for the Statistical Mechanics commumity
that uses electronic mail facilities to deliver files. To communicate with STATMECH,
send an E-mail message to:

statmech@cheme.in.cornell edu

Commands are sent in the body of the message you send to STATMECH {not in the
subject line). Several commands may be sent at one time; just put one command per
line.

STATMECH Commands:

SENDME package Sends all parts of the specified package.
SENDME package.n Sends part 'n’ of the specified package.

LIST [pattern] Gives brief description of all packages
matching "pattern”, If pattern is omitted,

a description of all packages is sent.

HELP _ Sends this help file.

14



For each request you make, a transaction log is returned to you indicating the status
of the request, The status report will indicate whether the request was successfully
compieted, and when the file was or will be sent. Large files are sent only during off-
peak hours. _ _ _

Problems, questions, and comments about STATMECH service on this system should
he directed to "statmech-mgr@cheme.tn.cornell.edu”.

15



Molecular dynamics simulation of 'plastic deformation of 2-D solid *
(MD hydrodynamics at 1 K)

Witold Alda, Marian Bubak, Jacek Kitowski and Jacek Moscinski
Institute of Computer Science, AGH
al. Mickiewicza 30, 30-059 Cracow, Poland

Novernber 21, 1991

Abstfﬂét_
The purpose of presented computer experiments is the study of phenomena resembling plastic defor-
mation of materials. The simulation has been conceived as a qualitative observation of processes and as
a test of possibilily of obtaining effects anslogous to macroscopic ones. The system has been composed

of three elements: unmovable obstacle [orming a slif, piston, and plastic material. Although number of
moving particles in the model is very small impressive images of plastic deformation has been obtained.

1 Introduction

Recently molecular dynamics (M) [1}-[2] is being used for simulation of macroscopic phenomeni e.g. fluid
flows [3]~[5]. The purpose of presented computer experiments is the examination of phenomena resembling
plastic deformation of materials. The stimulation has been conceived as a qualitative observations of processes
and so a very simple system was applied: moneatomic molecules, 6/12 Lennard-Jones interactions and regular
initial structure. The other goal was to test the possibility of obtaining effects analogous to macroscopic ones
but achieved on a very small sample. We were also looking for the microscopic parameters range in which
these phenomena may be observed, We have already tried this, more or less succnsfully, with microscale
hydrodynamies [8]-{7}.

2 Model

In all simula.ti.ons the sys.r;em Ha;q Béen.c.o.fnp.bsed of three elements:
» unmovable obstacle forming a slit,
o piston,
e plastic medium.

The obstacle is built up of extremely heavy (10'%m4,, my, ~ mass of Argo'n}' particles and this makes
them actually unmovable although they interact with the rest of the system and are considered in the
Newtonian egquations of motion.

The piston alse consists of such heavy particles and could behave just like the obstacle, but externally
applied velocity moves it continuosly along the z—axis, and moving piston simply pushes the plastic medium.
[t should be stressed that piston movement is not affected by any means by the dynamics of the system.

*Poster presented at the Surmmer School of the NATO Advanced Study [mstitute "Micrescopic Simulation of Complex
Hydrodynamue Phenomena”, Alghero, Italy, July L5-26, 1991,
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Consequently its velocity can not be foo high to avoid unpredictable and unrealistic effects. Natural conse-
quence of the low velocity of the piston is that simmlation runs have to last about 10% = 10% timesteps and
this fact does not depend on the size of the sample.

Plastic medium is sornehow artificial. We have started with the mass, density and potentials of liquid
Argon, but after preliminary runs we were forced to enlarge ¢ parameter in L-J potential about five timeg
to get stronger bindings between particles and to let them behave more like a solid. All particles in plastic
medium are identical, and different colours in the figures (see below) are introduced only to enable observation
of separate layers movement,

3 Software and hardware environment

As a simulation program subsquent C-language and Fortran two-dimensional versions of our earlier basic
code for MDD simulation of particles with Lennard-Jones potentials have been applied [9]. We have also
used EDSIMP +3.0 [8] program [or the system initial structure editing, results visualisation and preparation
of ligures. Runs have been performed on PC/AT 486 25MHz, and on plug-in board with 1860, 40 Mz
DIOCESSOr,

4 Simulation runs and results . -
Large number of runs have had to be'pei:formed to choose instructive in.“lag.es.. In all runs plastic medium.
remained the same, and the shape and width of the slit as well as the piston velocity have been varying. In
this paper we present three runs with the same initial conditions, the same geometry and differing only in
the velocity of the piston. Number of moving particles in the presented system is small - equal to 784. In all
simulations the timestep was set to 10~ %s. To make the system behave like a solid rather then like a liquid
we have been obliged to “freeze” it by scaling temperature to 1K every several timiesteps of sirulation.
 Presented runs have been performed for three piston velocities: 20 x 104, 4x 10~4, 1 x 10~ A4/timnestep;
the snapshots of particle distributions are presented in Figures 1, 2, 3, tespectively. If can be seen that
the “nose” of the extracted medium keeps its shape well. However, with the fast piston movement medium
compresses significantly before the slit and then pours out like a liquid and presses the forehead {see the
sig-sag deformation of the central blue layer in the Figure 1). For runs with slower piston movement such
deformations do not occure. To complete these runs we needed 75000, 375000 and 700009 steps.

Images in Figure 4 show particles momenta in a relatively small time interval for the run with piston .
velocity v = 1 x 10“‘ﬁ/timestep. Every arrow represents a mean momentum of several particles (w 10).
Two items should be mentioned: the first is strongly coupled collective behavior of particles (seen in top and

bottom images), and the second is a complex wave movement which leads to chaotic motion between more
otdered stages (middle image).

5 Conclusions

Using a very simple system and a very small sample we have obtained quite impressive images of extraction,
flow and deformation of plastic material. The pictures are similar to real life observations or to results
obtained wilth direct numerical solutions of the Navier-Stokes equations. We treat it as a preliminary
study of subsequent, maybe more realistic simulations, aimed at the establishing of relationships between
microscopic parameters of the mediun and its macroscopic behavior in the plastic deformation process. We
intend to perform simulations for larger samples, vary the piston velocity in a wider range — especially for
lower velocities, and study carefully the wave propagation throug the medium.
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A Parallel Implementatlon of a Molecular Dynamlcs
Algorithm using the PCP Programmmg Paradigm and
its Apphcatlon to Orthogonal Metal Cuttmg
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Abstract |

be one of the miost important tools in thesretical con

densed matter physics. The basic inpit is 2 descrip-
tion of the interatomic interactions. The method has =~
been traditionally used to extend our knowledge con-’
cerning these interatomic forces and to explore equilib-
rium phase diagrams. More recent applications have . -

focussed on providing details beyond the current res-
olution of experiment. Here, we apply the method

riod (rg = 10~ sec), the CPU time required to simu-
late the chip formation process is enormous. For this
reason, we are exploring the utility of massively par-
allel computers, such as the BBN TC2000, to perform
MD simulations. We divide the large MD simulation
cell into many small sub-cella. Atoms in a given sub-

cell interact only with atoms in neighboring sub-cells. -
We parallelize over these sub-cells: The performance’
of the code running on 64 processors on the TC2000.
i5 comparable with a vectorized version running on a .

single Cray X/MP processor. However, with 96 pro-
cessors, we estimate our parallel efficiency to be about
60% (75% for the force routine). This performance,

though seemingly good, is limited by inherently serial -
sections.in the code (primarily the application of com-
plex boundary conditions). In order to fully exploit.
the 10 — 10* processors expected in the next genera-.

*Work performed under thc ausplces of the U s, Dcpartment s

of Energy by the Lawrence Livermore MNational Laboratory un-
der contract No. W-7405.1ENG-48.
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tion parallel supercomputer, we will need to eliminate

.. these serial sections. . Qur code uses the interleaved
"The inclecular dynarmc.s (MD) method has proved to_-

shared. memory; 'ta store ‘atomic positions and forces,

. We'estimate the shared-memory overhead to be about
" 50%. Ta our future work, we plan to explore a larger
. "domain decomposition scheme that assigns many sub-
- cells to a single domain. Each processor is assigned =

domain and the storage for that domain is private to
the processor. This scheme will win when the amount

-of inter-domain communication is small.
U Keywords:
to the single point diamond turning of simple metals,- - -
Because the simulation time-step must be'a small frac- <
tion (typically 1/50) of the interatomic vibrational pe- : -

Molecular Dynamics, Single Pomnt

D'i'a'mond Turning, Orthogonal Metal Cutting, BBN
“TC2000, Cray, X/MP, shared memory, private mem-
- ory; parallel efficiency,

1 Introduction

State of the art single point diamond turning (SPDT)
machines, such as the large optics diamond turning
machine (LOIYIM) operated by the Precision Engi-

- neering Program (PEP) at LLNL, routinely achieve

mirror- quality finishes without additional polishing!
In SPDT, a tool with a very sharp diamond tip (tip
radius < 100nm) is used to scrape a small amount of
material off a sutface in a controiled manner. Typ-
ical depths of cut are < 1 pm and can be as small
as a few nanometers. A cutting speed of ~ 1 m/s is
normally used, while speeds of severat hundred meters

. per'second are used for special applications. At these

depths of cut and cutting speeds, the entire chip for-
masion process occurs on time scales less than 1 gsec.
The work material moves 1 pm in 1 usec at a cutting
speed of 1 m/s. Also, the total number of atoms di-



rectly participating i the deformation is at most 10%,
These observations suggest that a molecular dynam-
ics model, which explicitly takes into account atomic
motion, may yield new and ugeful information about
the cutting process.

During metal cutting, there is very little flow of ma-
terial orthogonal to the cutting direction and most of
the relevant physics is contained in a two dimensional
model, For this reason, we have begun our molecular
dynamics study of metal cutting by performing two di-
mensional simulations containing at most 10° atoms.

We consider tip radit < 20 nm and cutting speeds of -

10-100 m/s. Even at these relatively fast speeds, mil-
licns of time-steps are required to simulate the chip
formation processes and a single calculation runs for
several hundred CPU hours. Fully three dimensional
calculations are beyond our present capabilities and
await the next generation teraflops machine. We an-
ticipate that this machine will contain ~ 10* very fast
processors {~ 100 megallops) and we are designing our
algorithms to be scalable to this processor count.

2 Molecular Dynamics Model
" of Orthogonal Metal Cutting

Molecular dynamiés modeling is very simple in pririci-
ple. Given the positions of all of the atoms, calculate
the force on each atom due to its neighbors and ad-
vance the positions with a finite difference integration
scheme. Both predictor-corrector and central differ-
ence are commonly used. In our simulations, we em-
ploy an embedded atom method {(EAM) to express the
forces between the atoms in a simple metal[l]. The to-
tal potential energy is written as:

Protat = Zé(?‘-, + ZF(‘O B (1)

with o
Z f("u) - (2)
_ e '

The first term is the usual two body interaction energy
and the second term is the energy required to embed
the atoms into the Jocal electronic charge density (p;).

The Newlonian equations of motion for the embedded
atoin method are

d¥z) , ,
Mo = =D (#(rg) + (Fpe) +
idk
Pl f (e N 2L £6)
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These equations are inherently nonlocal—they depend
on both the embedding densities pp and p;. They
must be solved in a two step manner. The embedding
density at all atomic sites is evaluated first, then the
forees may be calculated. Precise details concerning
the potential functions employed here may be found
in the recent paper by Holtan et. al[2}. The equations
are integrated by dpproxlmatmg t.he t.:me denvatwe

4’z (t-{-At Qz{i) +z(t - At) i

dt?z.’.‘-’r: o CALZ- i ( )
with a time- step (At) of a.bout 1/50 of the wbratlonal
period {7g).

The vibration peried in. simple mietals' is about
10712 seconds. In covalently bonded materials, such
as Silicate glasses, the vibrations are much faster and
1 ~ 10713 geconds. Thus, the time-step in our calcu-
lation is at most Af ~ 10~!* seconds. The clock time
for our best currently available processors is ~ 108
seconds. We expect no more than one order of mag-
nitude improvement in the near future. The best par-
allelism we can reasonably expect is one processor per
alom or one MD time-step per clock. In this one di-
mensional world of non-interacting atoms, we require
one second of CPU time to simulate one micio-second
{107°) of real time. However, life is three dimensional
and the computationatl ¢omplexity of the time-step it-
self costs us about one order of magnitude. The atom
interacts with at least 10 of its neighboring atoms,
the nature of this interaction ts complex and requires
many clocks to fetch the positions from neighboring
processors. These three effects cost us an additional
three orders of magnitude. We might still expect to
obtain one time-step per clock if we had available
10® — 10% processors per atom and the simulation of
a macroscopic piece of material (~ 10° atoms in one
grain in a metal) would require a truly massively par-
allel machine containing > 10'2 processors. Even so,
this machine will take months of dedicated CPU time
to simulate one second of real time. The current gen-
eration CM2 Connection Machine has ~ 103 foating
point parallelism. The simulation of 1 usec with 10°
atoms will take the CM2 ~ 100 years of dedicated
CPU time fo perform. Another directior, that could
revolutionize the performance of MD codes, is implicit
algorithms that increase the time-step by many orders
of magnitude. However, the equations are stiff and we
see little hope in this direction.

In our simulations of metal cutting, we have used up
to 10° atoms in two dimensions (16° are required in
three dimensions). We perform the calculation on the
TC2000 with ~ 10* atoms per processor and expect




' Thermostat

. Boundary atoms move to the - - o
- right at the cutting speed. - -

Figure 1: The g.ébl"r.ie'tr;g of our steady-state vaciable-
particle molecular . dynamics model. of orthogonal

metal cutting in {wo diménsions.

at least 10% seconds (3 years} of CPU time to simu-
late 1 usec! By performing the calculation for several
hundred hours, we have simulated times ‘as long as 10,
ns. This is the time scale for chip formation at cut-

ting $peeds of ~ 100 m/s We need at least two more

orders of magmtude in performance to sirnulate chip

formation at cutting speeds of 1 m/s and four orders

of magnitude beyond that {or the three dimensional

simulation of 1 psec with 10° atoms, using several hun-
dred CPU hours.

We define the computatlonal complexxty of an MD
simulation to be the number of atoms times the num-
ber of MD time-steps. In this regard, the calculations
presented here (10° atoms x10% time-steps) represent
some of the largest MD simulations ever performed.
Naturally, our measure must be multiplied by a mea-
sure of the complexity of the interatomic force caleu-
lation. We have considered nearest neighbor models
in which the number of neighbors in 2D is ~ 6 and the
number of neighbors in 3D is ~ 18, Materials, such
as Silicate glass, require a significantly more complex
(10 — 100 fold) description of the interatomic forces.

The cartoon in Figure 1 illustrates the geometry
of our steady state MDD} model of the orthogonal cut-
ting process. The MD simulation cell is a fixed “win-
dow” in the reference frame of the tool. All of the
motion is constrained to two dimensions. The bound-
ary atoms are used to impose the cutting speed—they
move to the right at the cutting speed. One of our
future goals is to couple this boundary region with a

continuum mechanies simulation outside the MD cell.
The boundary will dynamically relax, so that both
stress and strain are continuous across the interface,
Far from the tool tip, we expect the continuum me-
chanics solution to be more than adequate for both
elastic and plastic deformation. In order to produce
a steady state flow in our MD model, new atoms are
continuously inserted from the left, while atoms that
leave: the top or the right hand side of the cell are
thrown away, Next to the boundary, we place a re-
gion of thermostat atoms. A time dependent viscous
damping is added to the equation of motion for these
atoms(3, 4}:. -

s reeesnd 0
AT _.—"— c.ah:.'_._. .. .. R
2 = (—Tdum - __1): S (6)

he purpose of the th(,rmosta.t atorns is to draw away _
heat produced by doing work at the tool tip. The
remaining material atoms are free to dynamically re-
spond. . The tool atoms do not vibrate and are fed into
the work material at 1/5 the cutting speed until the
tip most atom reaches the desired depth of cut. The
tool atoms interact with the material atoms via the
purely repuIswe WCA poteritial model[ ]

One major failurz of the embedded atom method
is that it does not model the thermal conductivity of
simple metals. Theé thermal conductivity of simple
metals is primarily due to the “[ree—electrons.” The
EAM assumes that the electrons are always in ther-
mal equilibrium and their contribution to the force on
the atoms can be expressed within a local density ap-
proximation. The EAM includes only the “phonon”
contribution, from the center of mass motion of the
atoms, to the thermal conductivity. In order to model
the thermal conductivity due to the electrons, we are
introducing an additional viscous damping to the mo-
tion of the atorns, A local-temperature dependent ran-
dom force i3 used to exchange energy between the elec-
tronic and atomic degrees of freedom. The rate of ex-
change is known from the value of the electron-phonon
coupling. The local temperature is that of the elec-
trons. We plan to simulate the flow of heat through
the electron degrees of freedomn by nurmerically solving
the diffusion equation with the knewn thermal con-
ductivity of the electron gas. We are also introducing
heat flow into the tool in a similar manner—diamond
has a very high thermal conductivity. Coupled par-
ticle and continuum simulations of this type are cur-
rently at the forefront of computational physics. Our
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Figuie 2: A typical MD simulation cell. The afom at
the center of the circle interacts with all atoms inside
the circle. In the linked-cell domain decomposition
scherne, atoms in a given sub-cell interact with atoms

in neighboring sub-cells only.

two dimensional résults display considerable tempera-
Lure gradients at 100 m/s and little or none at 10 m/s.
Suggesting that, at the slower cutting speeds, the heat
generated per unit time is small and the phonon mech-
anisin has pleniy of time to propagate the heat out of
the systern, This may be all that is required at 1 m/s.

Qur molecular dynamics computer simulation code
is written in the C programming language. C provides
for complex data structures, pointer arithmetic, and
dynamical allocation of memory. All of which we find
indispensable for performing vartiable particle simula-
tions. When storage for a new atom is needed, it is
allocated [rom interleaved shared memory using the
shmalloc function. When an atom is removed, ils
storage is given to a buffer whick in turn is used when
required for new atoms. The atoms are connected with
a double linked-list. The structure for an atom con-
tains (in addition to the atomic positions, forces and
EAM density) a series of linked-list pointers to other
atoms. Two of which (labeled NEXT and PREVI-
QUS) are used to traverse the list of atoms either for-
wards or backwards. Both are needed to “reconnect”
the list when an atom is removed. New atoms are
always added to the end of the list.
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Table 1: The output from the UNIX profiler running
on the Sun SparcStation-1 for the top few routines.
The calculation simulated the motion of 32256 atoms.

Frcall

Jotime  secs ms/call name
768 76.53 23 3478.64 _force
§.1 8262 _ ~ mcount
1.9 8453 118376 002 rem
1.7, 86.26 21208 = 0.08 _bigfit_times
16 8782 .- div
1.3 89.14 10086. . ~ 0.13 _filetodec
1.0 90.13 338510 000 .umul
1.0 61.08. 22 . 4318 .bes
0.8. 91.85 . 22 3500 _kinetic K
0.6 9246 2306 . 0.26 .doprnt.
0.5 9295 537344 000 .urem
04 9337 smain

1. 42000

3 The Importance of the Force
. Calculation. .

The vast majority of the time, spent in any molec-
ular dynamics simulation program, is spent calculat-
ing interatomic forces. To illustrate this, we show in
Table 1 the output from the UNIX profiler on a se-
rial version of our code. The example was run on
a Sun SparcStation-1 which has a performance (~2
megaflops) comparable to a single node on the BBN
TC2000. The profiler monitors library routines as well
as those in the code. In this simulation, the force Tou-
tine used 77 times more CPU time than the boundary
conditions routine {the second most expensive routine
in our code}. Naturally, we place most of our eflort
into parallelizing the force calculation,

In order to understand how a parallel force routine
is designed, it is instructive to review how forces are
calculated in MD simulation codes. Figure 2 shows
a typical simulation cell. The algorithm used to cal-
culate the forces depends on the range of interaction
between the atorms. In materials with long ranged
Coulomb forces, such as Silicate glasses, every atom
interacts with every cother atom, In simple metals,
such as Copper and Nickel, the interatomic forces are
short ranged and every atom interacts with at most
a few dozen of its nearest neighbors. Here, we focus
on this latter case. Systolic Joop algorithms used to
parallelize the long range force calculation are a hot
research topic, currently being pursued by David Fin-
cham and coworkers(6].



There have been two algorithms developed to opti-
mize the force calculation for short ranged forces. The
CPU time, required to calculate the force, scales lin-
early with the system size for both algorithms. In the
Verlet neighbor list method(7], a list of zll neighbors
within the cut-off range plus a skin depth is main-
tained for every atom in the simulation. Whesn any
atom moves a distance equal fo the skin depth, the
entire neighbor list must be rebuilt. There are two
drawbacks to this method: it requires a storage lo-
cation for each neighbor of every atom and the CPU
time required {o rebuild the neighbor list scales as the
number of atoms squared. The second miethod, used
to calculate forces, is based upon the concept of linked
lists[8, 9]. The large simulation cell is divided into
many small sub-cells, the stee of which is determined
by the interaction range. A linked list is evaiuated for
every sub-cell. This linked list contains one entry per
sub-cell that points at the first atom in the sub-cell
and one entry per atom that points at the next atom
in the cell. The entry for the last atom in the sub-cell
contains the null pointer. The CPU time required to:
generate the linked list scales lineacly with the number
of atoms in the simulation and the memory ovérhead is
quite small—one pointer per atom. Because the linked
list method examines all atoms in the neighboring sub-
cells (the force is evaluated only for those within the
cut-off), the method runs slower than the neighbor
list methad for small system sizes on serial machines.
The cross over is ~ 10% —10% atoms. The neighbaor list
method performs well on vector supercomputers and
we find it useful to retain some of its spirit in our cade.
The best algorithm for parallel machines with vector
processors is a hybrid algorithm in which mint-lists
are created on the fly from the linked:cell lists. The
mini-list containg the addresses of all the atoms in a
given sub-cell and all of the atoms they interact with,
This allows cur code to perform well in serial mode on
vector supercomputers such as the Cray X/MP.

4 A Parallelization Strategy
for the BBN TC2000

Our current development machine is the BBN
TC2000, operated by the Massively Parallel Comput.
ing Initiative (MPCI) at LLNL. The MPCI TC2000
consists of 126 fast RISC microprocessors (Motorola
88100). Each processor is located on a separate board,
along with 18 megabytes of local memory. The nodes
are interconnected by a scalable “butterfly” switch. At
boot time, some of each processor’s local memory (6
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megabytes) is allocated to an interleaved shared mem-
ory pool. It takes about four times longer to access
this shared memory through the switch than to access
private memory, local to the processor’s board. Thus,
an efficient computer code must use private memory
for its computatlonaily intensive tasks. :

The development system on the MPCI TC?UOO is
aimed at a multi-user and multi-tasking environment.
A small namber of nodes (8) are dedicated to a pub-
lic cluster.. These run the familiar UNIX operating
system and- perform the edltlng, comptlmg and job
control that defines the user’s interface to the ‘ma-
chiné:  The remaiving nodes (118) aré’ assigned to
a gang scheduled cluster.: This is' the cluster where
parallel programs ‘are execited: The gang schedular
assures that each user’s task is run is & timely and
fair-share ‘manner. - Thé parallel programming tools
on the machine consist of BBN's extensions to FOR-
TRAN; the Parallel C Preprocessor (PCP)[10, 11] and
its extension to FORTRAN (PFP), an implementation
of message passing (LMPS) based upon the Argonne
miessage passing ‘systemn{12]," and’ various utilities to
monitor an execittitig program. We liave chogsen the C
programming language for our variable particle molec-
vlar dynamics primarily because, as yet, the FOR-
TRAN programming langiage does not support the
construets required for an efficient implementation. In
this report, we explore the ntility of interleaved shared
memory and the PCP paradigm for the implementa-
tion of molecular dynamics algotithms. Message pass-
ing schemes {or molecular dynamics ave concurrently
being explored on the TC2000 at LLNL by Tony De-
Groot.

PCP provides an extension of the single-program-
multiple-date (SPMD) programming model in the fa-
miliar C programming language. Each processor ex-
ecutes the same code and flow contral is placed into
the hands of the programmer. PCP introduces the
concept of a “team” of processors. A team may split
into sub-teams 1n order to divide up work. Each team
lias one master processor. We find the master block
{a section that only the master enters) most useful
in performing serial work on shared memory-—work
that all processors must know about before the cal-
culation can proceed. Flow synchronization is ob-
tained through the barrier statement, Every proces-
sor reaching a barrier waits until all members of its
team {including the master) reach that barrier. A
fast waiting algorithm has been implemented for PCP
runtime support. Additional flow control for critical
sections is accomplished with locks. A critical sec-
tion is a region of the code in which many processors



access the same resource and, to allow them to do
so, would cotrupt the results.

calculation., - .
Parallehsm is accomphshed w1t.h the forall loop

The for loop in C is similar to the do loop in FOR- B

TRAN. The forall loop divides the indices of a for
loop evenly amongst the available processors. Each
processor does the work for the value of the index it
knows about, Possibly one of the most useful aspects
of PCP is the transparent access tc both shared and
private memory. Declarations are made with the pri-
vate and shared storage class modifiers and dynam-
ical memory allocation is made using the prmalloe
and shmallae functions.
To see how these constructs are used in an MD code,
it is useful to examine the MD algorithm in more de-
tail, The MD algorithm has many features in common
with most computer simulation algerithemns:
1. Initialization
(a} read input file _
(b) initialize positions and velocities.
{c¢) bes-apply boundary conditions

2. Main Simulation Loop

(a) celler-generate linked-cell lists -
(b) force—calculate interatomic forces

{¢) advance-obtain new positions using central
difference

(d) kinetic-calculate kinetic energy
(e) output-accumulation and output
(f) bes-apply boundary conditions

(g) finish?—otherwise loop again
3. clean up and close files

The initialization block tepresents s small amount of
work that is performed only once. We place a master
block around this section and concentrate on the main
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Accumulating partial -
sums into a sharéd sum is 2 commonly encountersd ex= -
ample.” PCP provides the lock({&Ilock-variable) and" -
unlock(&lock.variable) functions to isolateé critical . -
sections. The lock variable is stared in shared memory. . -
The first processor entering the critical section séts the
lock variable to locked and proceeds with the caleu-:
lation. Meanwhile, the remaining processors test the
lock variable to see whether it is locked:  When' the -
first processor finishes the t:a.lcﬂl'atioﬁ; it sets the lock - -
variable to unlocked; The next prccessor to find it -
unlocked mmledlately Iocks 1t. and procecds wnth the'-'. o

simulation loop. The bulk of the work is performed in
the force routine and we discuss that first.

Our force routine consists of three pieces (the cal-
culation of the EAM' density, the interatomic forces
and the tool at.om forces) as shown in the following
code &'agment :

for{ i Caxg i440) {

o e -_

» :0:' < nxp 340
for{ j = 0; j < myitj+¥ ){"
tor{ k = 0; X < nz; k+¥+ }{ " |

aptr = coll[11[j] [k]"..ﬁiﬁﬁrt_PtI';.f
while( aptr != NULL ) -/ e
{ .
sam_density_work; S
aptr = aptr— >next; -
.}

1}

for( i = 0; i < nx; i++ ){
for{ j = 0; j < ny; j+ ){
for{ k = 0; k < nz; k++ ){ -

a_ptr '=_ coll (i1 [j1Ek1, start_ptr,_ B
while( a_ptr != HULL )
{
atomic_force work;
a_ptr = a_ptr— >next;
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t.ptr = first_tool atom; = -
while{ t_ptr != NULL }
tool forca_work;

t.ptr = t_ptr->next;

As described by Rapaport[13], the use of linked-cell
lists introduces a “natural” domain decomposition’
paratlelism into the MD aigorithm. We simply con-
vert the three for loops into a single forall. As each
processor encounters the loop, it does all of the work
for the sub-cell it is assigned to. Care is taken to
assure that each processor has private copies of all pa-
rameters in the force calculation. The positions of the
two inferacting atoms are copied into private memory
while the total force on each atom is accumulated into
shared memory. In that each sub-cell containg ~ 10
atoms, the number of atoms in the simulation must be
>> 10% to provide sufficient parallelism for our present
machine (~ 100 processors). We {ypically run the sim-
ulation with > 103 atoms. The serial version of our
code takes advantage of the fact that forces are equal
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Iigure 3: The instantanecus force (load) on the tool
as a function of indentation for a 2D EAM simulation
containing 43440 atoms in 160 layérs and a tip radius
~ Hnm. o o

and opposite—the pair interaction is only calculated
once. This imposes the placement of locks at each pair
calculation and the resulling speed-up does not excead
6-7. By performing twice the work, we eliminate this
“race” condition and have achieved speed-ups ~ 75 on
96 precessors, o -

The while loop used [or the tool force calculation is
characteristic of linked-list data structures. The bulk
of the work throughout the rest of the program con-
sists of loops of Lthis type. PCP does not provide a
construct for parallelizing this loop, even though all
of the work for each atom pointer is intrinsically par-
allell This is because the addressing in memory is
random and there is no a priort way to divide the
work. We convert this while loop into a forall loop by
defining an atray of “ficst atom peinters.” These are
generated once per time-step at the end of the bound-
ary conditions routine (assuring load balancing). The
length of the array is equal to the number of processors
executing the program (obtained from the PCP read
only variable NPROCS). The work is divided evenly
amongst the processors as follows:

forall{ int i = Q; i <« HPROCS; i += 1 )

{

aptr = first_tool_atom[il;
n.ptr = first_tocl_atom[i+1];
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Figure 4: The ¢alculated shearing stress field for an
elastic indentation of 3 layers in the system containing
43440 atoms in 160 layers in 2D. Fach atom is shaded
by the local expectation value of the shearing stress.’

o w.h':i.:l'e("'.é.;ptr’ = nptr )

- ‘toolforée.work:
a.ptr = a.ptr->next;

The linked-cell list generating routine (cecller)
presents a special problem in that all of the work is
in eritical sections. However, by introducing a sepa-
rate lock variable for each sub-cell, most of the race
condition is eliminated. The boundary conditions rou-
tine {bes) performs the work of creating and remov-
ing atorns and generating the overall linked-list data
structures. This work is inherently serial and, as we
shall see, limits the performance of our code for large
processor counts. [n a constant particle number sim-
ulation, however, this work need be performed only
once.

5 Test Problem Results

As described above, we are applying the molecular dy-
namics method to orthogonal metal cutting. This is
a dynamic tribological problem in which two interact-
ing surfaces are In relalive motion. In our case, the
diamond surface is significantly harder than the metal
surface and we model it as infinitely hard, choosing
to concentrate on the elastic and plastic deformation
of the work material. Before studying the more gen-



F1gure .5':::_'Th_e_-' calculated shearing stress field for’a
plastic indentation of 6 layers in the system containing_

43440 atomis in. 160 layers in 2D, Bach atom is shaded: - :

by the local expcctatlon va.lue of the shearlng stress'

eral problem of slzdmg ‘surfacés; we s have found it i
structive to ﬁrst study the mdentatlon of a stat.:onary
3urrace SR . B } Lo .

A vast amount of mfbrmat[od is known concernmg--._ B
the indentation of metal surfaces[l‘i]—thls is theex:. .. °

perimental method of measuring “surface hardness.”

The results presented here are for a two dimensional
simulation of an embedded-atom material. We are
currently extending the work to three dimensions. The-
work material containg 43440 atoms in 160 layers ini-
tially on a triangular lattice. The tool tip radius is ~
5 nm. We perform the calculation in an iso-thermal
and quasi-static manoer: all of the material atoms are
coupled to a thermostat at room temperature and the
indentation rate (1 fayer per 1000 Einstein vibrational
periods) is constant and slow enough to allow all of
the material atoms and dislocations to relax to equi-
librium, Faster rates do not allow this and results
obtained at faster rates do not represent the exper-
imentally measured properties. Qur calculalion ran
for 1.5 x 10° MD time-steps. Shown, in Figure 3, is
the resulting load on the tool as a function of inden-
tation (1 layer & lg). Between 0 and 3 layers, all of
the delormation is elastic and the load rises linearly
with indentation, At 3.5 layers, the matesial yields by
crealing a dislocation that propagates down one side.
The load relaxes slightly, until at 4.5 layers, stress be-
gins to build on the other side. At 5.5 layers, that side
yields as well. Further indentation produces further
plastic work of the material. Figures 4 and 5 display
our calculation of the shearing (deviatoric) stress field
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Figure §: A_sna.pshot from’ our molecula.r dynarmcs.:-.i

. sunulatlon of the’ orthogonal cut(.mg of an EAM mia-
© terial in two diniensions contammg ~> 100000 atoms in

200 la.yers The simulation is performed at toom teri- -

“peratiir ‘and: the depth of cut is 32 layers (~ 8 hm).: -
_The atoms are shaded by the Iocal éxpectation value:
“of the shearmg streds and the matetial flows from the -
le[t to l:he rlghf. at 100 m/s past the statlona.ry tool '

'at 3 and 6.layers respcctweiy Stress is an mIterently
'm'u:roscopm concept ard, to miake connection with'the

microscopic MD model, we must perform an ensemble
average over a finite region of space. In cur caleula-
tion, we stop the tool at the desired indentation and
average the microscopic stress tensor within each sub-
cell for 5,000 MD time-steps. The figures are gener-
aled by shading the stoms with the local expeclation
value of the shearing stress. The circular pattern in
Figure 4 is the well-known Hertzian elastic stress field, -

Our sumulation has many features in common with
experiment[15, 168]. Micro-indentation experiments,
bowever, are performed at a constant load. When &
critical load is achieved, the tool suddenly jumps for--
ward. This corresponds to the initial yield as shown in
Figure 3 and the jump is clear across to the next build
up of stress. The micro-hardness (load divided by the
area of contact), calculated from our simulation, is
H ~ 3Y, where Y is the ultimate yield strength of
the material. This is 10 — 100 times larger than ex-
pected for a macroscopic hardness, IHowever, recent
experiments on this microscopic length scale, observe
a dramatic increase in hardness{16]. We conclude that
when the deformation occurs on a length scale much
smaller than the material grain size, the work required
to plastically deform the surface is the work of “creat-
ing” dislocations in addition to Lhe work required to




Figure 7: A closé up-of the region near the tool tip for the snapshot shown in the previous figure. The figure
displays ~ 10000 atoms. The primary slip band takes the form of a grain boundary and, as indicated by the
arrows, a small grain is formed on the fatigued surface. The simulation is forming localized bands of intense shear
as found in ultra-high-speed machining.

move them. Ancther interesting result from our sim-
ulation, 1s that when the tool is removed, the disloca-
tions anneal out—they propagate back to the surface
leaving no sub-surface damage behind! The time scale
for this dislocation motion is nanoseconds and simu-
lations of shorter times will not observe effects of this

type.

Of far more technological significance is our MD
simulation of metal cutting—two interacting surfaces
in relative motior. Shown in Figure 6 is a snap-
shot from our orthogonal cutting simulation contain-
ing ~ 100000 atoms in 200 laters in 2D, a tip radius
of 20 nm, a depth of cut of § nm, at room tempera-
ture, and at a cutting speed of 100 m/s. This speed is
about two orders of magnitude faster than the speed
we would like to run the code at {~ 1 m/s}, Shading
is used again to represent shearing stress and many
active shear bands are clearly evident. The primary
shearing of material occurs along a curve that runs
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from in front of thé chip, underneath the tocl and onto
the clearance face. This curve is a grain boundary in-
terface and is observable in Figure 7. Figure 7 shows
a close up of the region near the tool tip. Underneath
the clearance face is a small grain on the surface that
has been generated by the primary shear band. This
structure is strongly reminiscent of the mechanism by
which wear particles are believed to be generated on
fatigued surfaces[17, 18].

The ultimate success of any computer simulation
model ts determined by how well it reproduces experi-
mental measurements and its ability to help interpret
and extend our description of reality and the applica-
tion of this description to useful technology. In Fig-
ure 8, we show a comparison of our simulations with
the recent measurements of Moriwaki and Okuda[19).
Qur results are preliminary. However, we find a rather
interesting result—the specific energy {the work per-
formed by the tool per unit volume of material re-
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Figure 8:" The specific energy (work per unit vol-
ume of material removed) plotted versus the depth
of cut normalized by the 'tool tip'radius. The open
squares are the experimental measurements of Mori-
waki and Okuda for the micro-machining of Copper at
23 m/s. The solid circles are the molecular dynamics
results. The simulations were performed for tool tip

radil 1.25nm, 2.5um, 5.0nm, and 20.0nm at cutiing:

speeds of 10 and 100 m/s.

moved), when plotted versus the depth of cut divided
by the tool tip radius, falls onto a universal curve!
There are two distinct regions of this curve. Tor
depths of cut much greater than the tip radius (d >
1 pm), we find 5 ~ (d/r)", with ¢ & —0.2, For small
depths of cut, ¢ & —0.8. These two regions occur be-
cause of differences in the mechanism of plastic delor-
mation. At large scales, the deformation occurs along
grain boundaries, with little or no deformation within
the grain. The exponent of ¢ & —0.2 is well-known for
macroscopic metal cutting[20]. At smaller scales, all
of the deformation occurs within 2 grain (grain sizes
are typically ~ 1 um). The work performed by the
tool is the work required to break and reform every
bond in the path of the tool. We are pleased that the
simulation agrees with experiment over the two orders
of magnitude for which we have done the calculation.
Complete reports of both our indentation simulations
and orthogonal metal cutting simulations in two di-
mensions are currently being prepared for submission
to the Journal of Applied Physics. A preliminary re-
port ol the indentation simulation was presented at
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Table 2: A comparison of single processor performance
on the BBN TC2000 and the Sun SparcStation-1 simu-
lating the motion of 32256 atoms in three dimensions.

- TC2000(sh)  'TC2000(pr) Spare-l
Total(sec) - B51.17 284,89 14461
celler - 1.50 080 040
force ; 540.32 27844 138.19
advio - - . 4.23 2.43 1.25
kinetic - - 264 149 2,01
bes o 249 1.74 2.76

the. MRS Symposium on Atomic Scale Calculations
of Structure in Materials(21] and a preliminary report
of the orthogonal metal cutting simulations was pre-
sented at the 1990 Annual Meeting of the American
Society of Precision Engineers{22].

6 ~Performance Results

Our parallel molecular dynarmics algorithm has been -
implemented- on the BBN- TC2000 using the PCP:
programming paradigm and has been used to gen- -
erate the results des¢ribed above. In this section,
we present performance results for the code running
on the TC2000 with up to 100 processors and com-
pare to the performance of the Cray X/MP and:
a commonly available desktop scientific workstation,
the Sun SparcStation-1. The performance of the
RISC Dased Sparc CPU (~ 2 megafiops) is compa-
rable to the RISC based Motorola 88100 (~ 3 — 4
megaflops) and we use the Spare-1 as cur base unit
of performance. The current memory configuration
(6 megabytes of interleaved shared memory per node)
of the TC2000 at Livermore allows us to fit up to
~ 5 x 10% atoms in core (~ 100 bytes per atom). Sim-
ulating the motion of 5,366,592 atoms on 108 proces-
sors, our code performs one 3D time-step in 20 min-
utes of CPU time and one 2D time-step in 4 minules
of CPU time. The factor of & difference in perfor-
mance is due to the additional degree of freedom per
atom and a factor of 3 increase in the number of inter-
acting neighbors in 3D over 2D. Timing comparisons
with fewer processors are prohibitively expensive for
this large system size. Qur present simulation code
is fully three dimensional and the bulk of our future.
calculations will be with this code. Thus, we present
here, timing comparisons for 3D EAM molecular dy-
pamics simulations containing 4032, 32266 and 258048



Table 3° CPU times to simulate one molecu‘[ar dynamics time-step of a 3D EAM material containing 4032 atoms .

on the BBN TC2000 with 1 — 96 processors.
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PIOCessors 1 2 4 8 12 16 24 32 48 64

Total(sec} 68.73 34.756 17.69 9.20 6.18 4.77 3.39 265 203 162 156
celler 0.19° 0.09 0.05 003 002 002 001l 001l 00f 001 0.0¢
force 67.31- 3380 17.14 870 5.85 443 3.056 233 168 131 121
adv+io 0.56° 03L 017 011 006 0.08 009 007 0.09 0.06 0.09
kinetic 034 018 910 0.05 0.04 004 003 003 004 004 0.05
bes 0.33° 027 024 021 021 020 021 020 020 020 02!

atoms. All of our calculations are performed with 64
bit fleating point precision. The benchmark calcula-
tions were performed on a quiet system—no other jobs
in the gang scheduled cluster.. :
Shown in Table 2 are timings for the code execuhng

on a single processor for the Sparc-1, the TC2000 us-.

ing only node private memory, and the TC2000 using
interleaved shared memory for the ATOM and CELL
structures. In both cases, the processor has a private
copy of all parameters {other than atomic pesitions)
that define the calculation. The serial code running on

the Spare-1 assumes forces are equal and opposite and

hience performs about half the operations of the paral-
lel code to achieve the same useful work (a molecular
dynamics time-step).. The shared memory overhead
is about a factor of two and appears to be uniform
throughout the code. As described above, the basic
loop in our code is: .

a.ptr = first. atom.ptr[z]
n.ptr = first.atom.ptrii+til;
while{ a_ptr != n_ptr )
iV apres
mora_work;

a_ptr = _ptﬁ: >next

The pointer variables (aptr, nptr) are private
to the processor, while: the starting pointers
(first.atom.ptr) are shared. The private floating
point variable x_p is used to copy the positions of the
atoms into local private memory for the calculation.
The additional work (especially for the force routine)
should far exceed the overhead for this copy. Atoms
travel from sub-cell t¢ sub-cell and, to perform vari-
able particle simulations, we dynamically create and
remove atoms [rom anywhere in the list. Thus, the
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storage for the ATOM structure is equally likely to be

in any node’s memory. If we were to determine a pri-

oriwhich atoms are in'which processor’s local inemory,

we should expect to obtain a considerable speed-up.

A larger domain decompcsition scheme, that assigns

a set of atoms to each node, achieves the desired map-

ping. However, interdomain interactions and diffusion .
complicate the program structure and effect load bal- -
ancing. Neévertheless; this may be the only solution -
and we will pursue it in our future. work. Consid-.
ering the factor of two in operations performed, the.
TC2000 using private memory is comparable to the.
Sparc-1.. We had expected the TC2000 to be ~ 1.5
times faster. The difference is most likely due to the.

PCP constructs used to obtain parallelism, none of

which exist in the serial code. The celler routine is

an extreme example in which the PCP code locks ev-

ery inner loop.

The Cray X/MP vector supercomputer, operated.
by the Open Computing Facility (OCF) at LLNL, is
representative of the class of computer currently used
to tun large scale scientific codes. The clock speed of
the X/MP (9.5 ns) is about § times the clock speed of
the Motorola 88100 and Sparc-1 killer microprocessors
(50 ns) and this would be all of the performance gain
we would find on the Cray if we do not take advantage
of the vector capabilities. Furthermore, we anlicipate
that future generation kifler micros will have vector
subsystems. As deseribed above, our force routine
generates “mini-lists” from the linked-cell lists. The
GATHER/SCATTER scheme, as described by Fin-
cham and Ralston[23], is used to vectorize the force
calculation. We obtain a speed-up of 12.5 over the
Sparc-1 for a single node on the 4 processor X/MP,
A detailed analysis of the forece routine reveals that
~ 50% of the time is spent in the scatter section, in
which no useful work is performed! We have devised 2
memory intensive scheme to vectorize the scatter sec-
tion. However, it is prohibitively memory expensive



Table 4; CPU times to simulate one molecular dynamics time-step of a 3D EAM material containing 32256 atoms

on the BBN TC2000 with L — 96 processors.

Processors 1 2 4 8 12 16 24 32 48 64 96
Total(sec) 551.17 276.70 140.26 71.31 48.64 36.94 2578 20.26 14.66 11.89 9.35
celler 1.50 0.75 038 019 013 010 0.08 0.06 005 005 0056 .
force 540.32 270.50 136.30 68.56 46.26 34.73 23.72 1822 1271 996 T.73.. .
adv+io 4,22 212 110 057 040 034 029 030 026 025 0.25
kinetic 263 132 066 034 023 017 032 010 008 007 007

bes _ 2.49. 201 182 165 161 159 157 158 156 155 1.55

Table 5: CPU times to simulate one molecular ‘dynamics timésfélﬁ of a 3D EAM'nié;teriél'é'on.t;iinirig 258048

atoms on the BBN TC2000 with 1 — 96 processors.

Processors 1 2 4 - 8

i2 16 24 32 48 64 96
Total(sec) 442420  2221.09 112590 57242 38840 29571 20630 160.01 11637 93.56 7248
cetler 1Ly 5.97 3.03 - 1.54 1.07 081 0.59 0.48 03¢ 036 -0.35
force 4340.06 2172.74 109473 550.70 369.33 278.38 190.04 - 144.32° 101.14 78.76: 57.82
adv-+io 3171 15.96 8.38 4.33 310 248 217 201 - 1856 167 168
kinetic 2072 10.40 521 = 265 179 - 135 092 0.70 0.50~ - 0.40 - 0.31
bes 19.88 . 16.01. - . 1449 .- 13.20  13.06  12.60 1257 © 1250 1247 12.36 - 12.32

when the motion of more than a few hundred atoms
is simulated.

The partially vectorized Cray version performs half
the operations per time-step as does the parallel ver-
sion and contains none of the parallel overhead. Given
the timings in Table 2, we require a speed-up of at least
48 on the TC2000 to obtain comparable performance
with the Cray—the same number of MD time-steps in
the same wall clock time. Shown in Table 3, 4, and 5
are timings for 3D EAM simulations with 4032, 32256,
and 258048 atoms, respectively. The timings were ob-
tained with the get64bitclock() function and were
performed on a quiet system-—no other jobs in the
gang scheduled cluster. Several observations may be
made:

1. With small processor counts, the force calculation
is by {ar the dominant part of the calecnlation.

2. We begin to exhaust the available parallelism for
the small system with large processor counts.

3. The boundary condifions routine has not been
parallelized and is becoming comparable to the
force routine for large processor counts. We must
eliminate this serial section if we are to ever take
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advantage of the 10% - 10* p'.)focessors'c'xpécted in
the next generation parallel supercomputer,

4. The force routine achieves only 75% efficiency
with 100 processors. In order to achieve 75%
efficiency with 1000 processors, we must obtain
97.5% efficiency with 100 processors.

5. The timings scale better than expected with sys-
tem size! The linked-cell algorithm is expected to
scale linearly with the number of atoms. The time
required with 258048 atoms is actually less than
the expected 64 fold increase from that with 4032
atoms. This 15 undoubtedly due to the many-fold
increase in available parallelism.

6. We achieve a speed-up of 48 with ~ 64 proces-
sors. This is the performance required to do the
same useful work as the partially vectorized Cray
code. It must be re-iterated that this is for a full
production MD code!

Figure ¢ is a plot of the parallel efficiency of the var-
tous routines in our MD code simulating the molion of
32256 atoms. The parallel efficiency is defined to be
the time to execute on one processor divided by the
time to execute on n processors divided by the number



neering Program (PEP) at LLNL. Ilis continuing en-
couragement is gratefully acknowledged. The compu-
tational aspects of the MD model presented here have
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dering was made possible with the help of Mike Alli-
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have been possible without the generous support of
the Massively Parallel Computing Initiative at LLNL.
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Very efficient Molecular Dynamics Codes for
Multi-million Particle Systems

Z.A. Rycerz!
Central Research Laborarory Hitachi Ltd., Tokye 185, Japan.

Timing results for two O(N) MD programs for the 31muht10n of
large 3-D short-range interaction systems are given. The programs
are based on two recently published codes [1,2] and they have been
developed. and - optimized for “the Hitac. M-series serial computers
(M-280,M-680, M-880).  The" first program called MDSPIH
corresponds to the scalar pyramid described in paper [1] and it
does not use' any nearest-neighbour (NN) list, while the second one
called HISPNL {2} uses a NN [list. Consequently the first one requires
less computér memory: (memory for this program does not depend
on the choice of cut-off radius R¢) but is about 2.5 times slower
than the HISPNL program. Both programs are truly order of N
- programs_and their cpu time for the calculation of forces tn. (per
time: step: and per, particle) is.. strictly proportmnal to the average

- number of NN contained in the: R;" sphere (“av“4“RcP/3, where. o is
the number density), This ¢pu time contributes to 90-95% of c¢pu

time for: the entire simulation -and can be S1mply expressed- as:
a) MDSP1H program : . S

b) “HISPNL program, S S
th = Nay X ([‘mt +T1qJNTUPDA) L (2)

“ where 1mt and Tass are the cpu times per smgle interaction (i.e.
per a single local neighbour) that are needed for the calculation of
interactions (distances, forces, potentials, virial ...) and assignment
of NN, respectively. NTUPDA is the frequency of the NN list updating
(typically 10 to 20) and T in eq. (1) combines both Tjn; and Tass
(these times cannot be separated in that code). The tests have been
performed for nay from 33.5 which corresponds to R¢ equals a half
side of a cube containing N=64 particles (R¢=H(64)) up to nay=113
(R¢=H(216)) and over very large range of N (from N=64 to
N=8788000) showing very stable values of Tjp; and Tyss cpu times.
On the Hitac M-880 single processor serial computer with 64 bit
word length these times are equal to:

T = 1.5+0.1ps | (3a)
Tint = 0.56+0.03us - (3b)

Tass = 0.9£0.1us = =~ (3c)

'On lcave of absence from: Department of Chemistry, The University of
Western Ontario, London, Ontarig, Canada N&6A 5B7.
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As an example in Table 1 are given the cpu times per time step
and required memory (in brackets) for these programs on the
M-880 computer for selected sizes of 3-D systems (for HISPNL,
NTUPDA=20).

Table 1. Cpu time per time step (in seconds) and required central memory (in Mb;
the values given in brackets}) for the HISPNL/MDSPIH programs on the Hilac M-880 main
frame,

S _ system size N. L
code ' ' : S
- | 128 | 1000 |110592{1000000;
0.0027 | 0.020 2.4 | 193 |
CSPNL L en | (22e)
sp |0-0085| 0.050 | 82 | 503 |
. - e 14| (118

‘Both programs can be “easily adopted for- the simulation of 2-D
systems,  An estimated- cpu time' for' a 2-D version of the HISPNL
program on- the M-880 computer-and for similar conditions to those
quoted in ref. [3} is between 2 and 3 seconds per step for N=105
and therefore, almost two times less than for the LL.C method on
the Cyber 205 vector computer [3]. o

Presently, work on the vectorized MD code based on the method
described in refs. [4,5], as well as on an MD code for the simulation
of large multi-ionic systems with direct Ewald summation used for
the coulombic forces, are in progress. Preliminary estimation of cpu
times for these vectorized codes om the Hitac S-820 vector
computer (single processor, 4 ns clock period) are as follows: 2-2.5 s
per time step for N=106 (3-D, short-range interaction, ngy=33.5),
(0.3 s per step for N=106 (2-D, short-range interaction, ny¢=5) and
order of 10 cpu second per time step for N=106 (3-D, multi-ionic
systems). Therefore, an estimated cpu time for a 2-D simulation of
1000 time steps and N=106 is order of 5 cpu minutes on the S-820
supercomputer. More detailed data regarding the speed
performance of these new vector programs will be published in the
near future.

The M-880 is equipped with- huge memory (up to 2Gb main
memory plus 8 Gb fast extended memory with the speed transfer
of 2.2 Gb/s) that makes it possible to simulate 3-D MD systems
containing up to 90 millions of particles by the MDSPIH program
and up to 45 millions by the HISPNL program. For 2-D systems
these figures may be increased by factors of 1.5 (MDSPIH program)
and 2 (HISPNL program), respectively. On the S§-820 supercomputer
it 1s possible - in terms of cpu time and memory requirements (up
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to 12.5 Gb combined memory) - to simulate the systems as large as
N~108 particles. In a 2-D case such a simulation would require
order of 30 cpu seconds per time step.

[t should be pointed out that those vector programs are very
suitable for multiprocessor vector computers. Typicaily more than
85% of the total cpu time in these programs is consumed just for
the calculation of mutual interactions between particles and this is
performed over vectors of length N [4], This part of the calculation
can be simply (and arbitrary) divided into smaller parts (sub-tasks)
that can be calculated independently, and therefore at the same
time, on different processors,
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A Visit to the United Kingdom

. G. Malenkov, _
B ~ Tnstitute of Physical Chenistry,
" Academy of Scicrces of the USSR,
Leninsky Prospect, 31 .
Moscow LLTOLS,
USSR

June 3, 1991

" In December 1989 T recaived an invitation from Dr W Sthith to visit the UK within-
the [ramework of the CCP5 project. This invitation was (itite unexpectsd and I was’
vary glad to accept ik, A year and a hall before, Professor J 5 Rowlinson had visited
our Lahoratory and we had had many intevesting and stimulating discussions. [ was
aceuainted, ol course, with the work of some British research groups which were involved
in computer simulation of physical chemical systems on the nolecular level; and our
Lahoratory regularly received CCPS Newsletters, With the help of FAX and TELEX
the schedule of my two week journey was soon worked out.” As [ am involved in‘computer
simulation of various aqieous systerns, both biclogical and inorganic, [ wanted to visit,
besides Dareshury Laboratory, Birkbeck College in London, J § Rowlinson’s laboratory
in Oxford and a group involved in X-ray structural analysis of DNA and polynucleotides.
Dr W Smith suggested [ visit Protessor W [uller’s group in Keele.

I had planned to arrive in London on the Tth of May 1990 but my entrance visa
was not reacdy, so [ arrived on the 12th. [ spent two days, Monday and Tuesday, in
very intensive and stimulating discussions with Julia Goodfellow and her colleagues.
The work performed in J Goodfellow’s group is very close to my interests, Being a
crystallographer by education, T have been Interested for & long time in the structure
of water and aqueocus solutions, hydrogen bond patterns in crystals and hydration of
biopolymers. I discussed all these problems in Birkbeck. My one hour lecture was
dedicated to computer simulation of the DNA bydration shell.

On Wednesday [ walked to the Royal Institiztion. T plunged there into the atmosphere
of ruineralogy and inorganic chemistry. We discussed with Professor C R A Catlow and
his stuclents the probleins of the structure and lattice dynamics of oxides and silicates,
diffusion of adsorhed molecules in zeolites and other topics. [ told Professor Catlow
about our works (performed by b M Frank-IKamenetskii and myself} on the Monte Carlo
simulation of the zeolite A - water system. The unique atimosphere of this Institution,
where modern computers with excellent molecular graphics are surrounded by a XIX'th
century interior and where the presence of M [aracday’s spirit can still be felt, stimulated
fruitful discussions.

My schedule in London was very tough, so I had very little time for sight-seeing and
cultural progranune. [ spent four hours in the British Museuw {one needs at least an
order of magnitude more time to get even a superficial idea about what is exhibited
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there) and, due to the courtesy of Julia Goodfellow, saw Coriolanus at the Barbican,
Perhaps it was not bad [or the first visit to London. [ spent a pleasant time in J
Goodlellow’s house and walked along London streets,

On Thursday at nine o’clock in the morning [ was on the train to Oxford. Two
hours later [ was met by Professor J Rowlinson at the rallway station. He took me to
his laboratory, then [ walked a little ancl we et near Exeter College where we had our
lunch. Profassor J Rowlinson showed ine to the roow lor the guests of the College with
a huge sitting room where [ could give a reception lor a least 20 guests (unfortunately [
had not so many acquaintances in Oxford!) and a very cosy bedroom, At four o’clock [
gave a lecture on the computer simulation of water in simall pores of zeolite and carbon
adsorbants. Some prople from the Royal [nstitution were also present. After the sewinar
[ had discussions with the researcheres at the laboratory and saw some experimental
equipnient. The Physical Chemdstry Laborptory Headed by Professor J § Rowlinson s a
modern, well-equipped Laboratory where experimental, theovetical and computational
works ave optimally combined. The main directions of the work of the Laboratory
are very close to those of the [ustitute of Physical Chemustry where [ work. [t was
very pleasant for me to hear Professor Rowlinson's high appreciation of experiments on
adsorhtion performed at the Laboratory of Adsorbtion in our Instituts.

At seven o'clock [ was lnvited to dinner at the College. Some fellows of various
specialibties were present so therve was very intevesting general discussion. :

Though T had read something about Oxloed, reality surpassed all my expectations.
The atmosphere in the city, in the College, and especially during the dinner was so
anusual that [ felt absolutely unprepared for it. [ am very grateful to Professor J 3
Rowlinson that [ have had the opportunity to spend seme days in that wonderful place.

On Iriday T went by car with some young colleagues from the laboratory to a meeting
in Southatmpton, Talks on molecular dynainics situlation of monoclayers, Langimuir-
Blodget Rlms, micelles and polymers performed in Oxford, Southampton, Manchester
and, perhaps, other places were given there. After lunch an absorbing lecture covering
all the mentioned subjects was delivered by M Klein, Unfortunately too little time
was lelt for the discussion. After the meeting we returned to Oxtord and [ enjoyed the
hospitality of Mrs and Professor Rowlinson.

On Saturday Mrs and Professor Rowlinson took me to Stratford-npon-Aven, this
sacred place where the genius of warld culture was born and died. We saw there a very
original production of “Cowmedy of Brrors™,

On Sunday I crossed half of Britain and left the train in Warrington, I was met by
Dr W Smith who brought e at first to the hostel and then to his home, How different
British famnilies are but all [ met were extremely corcial and hospitable. Alter dinner {
was taken to Cthester a small town full with historical monwments, where one can teel
hreath of history,

Dareshury Laboratory is an ideal place lor a scientist to work. I shall not describe it
for it will be well-known to most of the readers. Surrounded by country and picturesque
{andscape it creates all the possibilities for creative work, lor concentration of strength
and mind. But I had uo tine for such concentration. Seminar on Monday, visit to
[eele and seminar there on Tuesday, discussions, discussions, discussions. In my lecture
at Daresbury [ spoke about some approaches we used in our work on the simulation
of agueous systems: the F-structure concept, dynamical criteria of hydrogen honding
in simmulated liquid and the application ol Grivisova-Grivisov formula for estitmation of
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the diffusion coeflicient in capillars and porous media. In Keele [ gave a talk on the
structure of the DNA hydration shell, It was a somewhat diflerent version of my talk in
Birkheck for the majority of the audience were crystallographers directly involved in the
determination of the polynucleotide structure. Unfortunately Professor W Fuller was in
Moscow at the tiine, but [ had very interesting discussions with his colleagues. I had an
opportunity to discuss some problems of the state of adsorbed molecules in zeolites as
well. _ o

A short excursion to the Daresbury Laboratory impressed me greatly. Such a variety
ol methods, approaches and subjects of investigation! _ -

And I am again in the train, making its way to the North, to Glasgow. [ saw
tremendous landscapes through the window. [ was met by Dr David White at the
station. The third lecture on DNA hydeation, the third version of it. [ tried to make
it more popular, for specialists in different fields were present. And then again to the
South, back to Oxtord. _ _

Professor J Finney met me at the station at 5 pm on Friday. The atmosphere
in Rutherford Laboratory is somewhat different from that in Dareshury. Perhaps it’s
haecause they are given counters of radiation there, Again such a variety of methods and
objects. Most ol all [ was impressed by the determination of the strueture of a rather
complex satple using only powder neutron diffraction data. Work on the structure of
the surface of liquid water, on biopolymers and many others were also very interesting.
For me the day ended with & rabbit pie in the pub in the international company of J
FFinney and his colleagues. After this informal meeting scientists from the Lab returned
to their working places and T went to bed in a small cosy hotel on the bank of the
Thames. Next morning [ was taken to Heathrow by car through Robin Hoodian forests.
This was the end of my fascinating trip to Britain in the merry month of May.

[ am very grateful to the CCPS project and to Bill Smith who organised my un-
forgettable journey, to J Goodfellow, J S Rowlinson, D White, § Finney and ail their
colleagues for their hospitality and patience. [ am also grateful to Dr £ Heinzinger and
to Max-Planck-Institut [ir Cheraie in Mainz where [ currently have the opportunity
to work quietly. In the bustliug life of Moscow [ could not have found the time and
tnspiration to weite this story. ‘
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An Appreciation of Allan Grivisov (1937-1991)
3 G N‘[a‘ienkdv;._ T
[nstitute of Physical Chemistry, ..
Academy of Sciences of the USSR, . -
Leninsky Prospect, 31

Moscow [17913,.
USSR,

June 5, 1991

Allan: Grivtsov died on the [2th January 1991, Born on April the 15th 1937 in
Moscow, he was one of the pioneers and enthusiasts of molecular dynawmics simulation.
Allan was a student of the Chair of Biophysics headed by Professor L A Blumenfeld
when the idea of molecular dynamics simulation came to hi. At that time he did not
know that this method had alveady been used by other scientists. e approached 5 [
Shnol, lecturer in biochetmstry, a very broad-minded scientist and a man of deep under-
standing of the problems of natural sciences (it was he who proposed to his student A M
Zhabotinsky to study Belousov’s reaction) for advice. $ E Shnol said his brother, E £
Shrel, a imathematician, got lnterested in the problemn, The first of A Grivtsov's works
on molecular dynamics simulation is an unpublished report (37 type-written pages),
written by him in eollaboration with E E Shuel in 1967, [ts title was “On the numerical
mmodelling of the molecular motion in a liquid”. A Grivtsov started to propagandize the
method. e spoke at various scientific conferences (some of his remarks wers published
in the discussion sections of the conlerences’ proceedings) trying to stimulate the interest
ol the specialists in various felds. After the discussion at the conference on the theory
of adsorbtion he heeame a scientific worker of the [nstitute of Physical Chemistry. He
performed, as far as [ know, the first works on simulation of structuralisation ol Hquid
near the solid wall and of adsorhtion. He was one of the Arst who usaed moelecular dynan-
ics simlation to study motions in a polymer chain. His candidate (Ph.[>. equivalent)
thesis, written in 1973 was entitled “Mwmnerical experiments on modelling totions of the
molecules”. Soon, just after publication of Rahman and Stillinger’s work he elaborated
an oviginal, very efficient algorithm for simulation of rigid wultiatomic molecules and
wrote a prograimme to simulate water,

A Grivtsov simulated dislocations in crystals, the deformation of a molecular crystal,
dynamics ol the polymer crystal, studied influence of mpurity on the strength of a
crystal and performed many other excellent picneering works. He delivered lectures,
organised seruinars, workshops and schools. Due to this activity computer simulation
hecame rather popular in the TISS5R. 1 would like to mention four workshops on the
application of mathematical methods to study of polymers. At these workshops, which
took place in Pushchino (a scientific centre to the South from Moscow), the efforts of
mathematicians, theoreticians, molecular binlogists and polymer scientists were united.
For several years he headed a very prestigious seminar on the computer sunulation of
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polymers and condensed matter at Moscow University, [t s impossible to enumerate all
the scientific events in organisation of which A Grivtsov took part,

A Grivtsov had many disciples. He taught them to be strict in formulation of the
tasks and the methods chosen to fulfil them. He thought a lot about fundamental prin-
ciples of computer simudation and his contribution to their development was invaluable.

His lavourite creation was his group in the I[nstitute of Physical Chewstry. By
and by after hard efforts and struggle it turned into the Laboratory of Mathematical
Modelling of the physico-chemical processes, He passed away when he was 53 years old.

A list of A Grivesov's publications comprises more than 70 itemns. For the most part
they are abstracts, short conununications and preprints, almost all in Russian. This
hrilliant scientist knew loreign languages rather poorly. Best of all he could read and
speak in Dsperanto, bat few scientists are Huent in this actificial language and there is
practically no scientific literature in it. It is one of the reasons why he is not as well
known in the world as he deserves to be, The main reason was his modesty and the
difliculty ol travelling abroad [or a real sciantist during the years when he was in his
prime.

List of mcun publications of Allan Gnvtsov

L. On th@ %Llllf,tluahmtlon of hquld near the sollcl %urhce Doklady é\kadéuﬁﬁ
Nauk S35R. v. 190, N4, p.868, 1970
2. Numerical modelling of the deformation of the molu ulal erystal, [hl(l. v, 315
NI, p.148-151, 1974 (with V S Yushchenko and E D Shehukin)
Numerical modelling of the motion of a linear polymer chain. Ibid.; v.220,
N3, p.1096-1098,1975 (with N K Balabayev and E E Shnol) '
t. On the analysis of the mechanism of the adsorbtional decrease of the strength,
“Fizico-khimicheskaya mekhanika maserialov” N1, p.31, 1876 {with V 5 Yush-
-chenko) _
5. Stability and dynamics of a drop on the solid state surface. “Kolloidnyi
Zhurnal” v.39, N2, p.335-338, 1977 (with V § Yushchenko and E D Shchukin)
6. Heterogeneous crystallization (Kinetics and computer simulation). A book.
~ {with D Fedoseev and P Chuzhkeo) Moscow, Nauka, 1978 (A Grivisov wrote
a chapter about molecular dynanics stmulation - one of the hest manuals in

[v)

the world)

=1

Geometrical sense of the temperature of the ergodic systern. Zhurn, Fizich-

eskol Khimii, v.54, N1, p.250, 1980

8. Molecular dynamics study of the distribution of the kinetic energy in the
polyvethylene molecule. Vysokomoleculyarnye soyedineniya, v.23b, p.124-123,
1981 {with N K Balabayev)

9, Nwmnerical modelling of rotational erystalline states of the n-parafin Doklady
Akademii Nauk, v.227, N2, p.412-415, 1984 (with M A Mazo, N I Balabayey
et al)

(0. Diffusion of the molecules in narrow pores. Kolloidnyi Zhurnal, v.5, p969,
1982 (with L A Grivisova, N V Churaev, L ' Chutkova)

1. Numerical modelling of protein molecular dynamics. Molekulyarnaya Bi-

ologiya, v 17,N3,p.587-816,1983 {with G G Malenkov and L V Abaturov}
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12.

13.

Mathematical modelling of the adsorbtional processes [n: Adsorhtsiya i ad-
sorhenty, Moscow, Nauka, 1987, p.81-87

Geometrical eriterion of the hydrogen bond in computer simulated water.
Zh.Strukturnoi Khimii, v.28, N2, p.81-85, 1937 (with G G Malenkov and M
M Frank-Kameneiskii)

. Molecular dynamics simulation of the vitrification ol two-dimensional Lennard-

Jones fluid. Rasplavy, v.1, N6, p. 101-106, 1939 (with M [ Kotelyansky and
M A Mazo) .

All these publications are in Russian. English translations ol the most part of journals
are available. - S :
Below I give the full list of A Grivtsov’s publications in English, including abstracts:

L

T

[

=

Mechanical behaviour of solid polymer - imitation by molecular dynamics
method [n: Molecular Mobility in Polymer Systems. P.336. Leipzig, 1981
(with N K Balabaev et al)

Molecular dynamics simulation of motion in solid polywmers rotation phase of
n-alkane, Polymer Bull. v.12, N4, p 303-309, 1984 (with M & Mazo, E F
QOleynic et al)

Molecular dynamics simulation ol the n-alkanes rotator phasa In: Physical op-
tics of dynamic phenomena and processes in macromolecular systems. p.413-
425, Berlin, 1985 (with M A Mazo, E F Oleyuic et al}

Motecular dynamics simulation of water: adsorbtion of water on -tridimite.
J. ColL.I nterface Sci., v.126, N2, p.397-407, 1988 (with L T Zhuravlev, &G A
Gerasimova and [ G Khazin)

Molecular dynamics simulation of liquids contacting the solid surfaces. Sym-
posit on the structure of liquids and solutions August 24-27. Vesprem,
Ahbstracts p.37-39, 1987

QOn the thermodynamically correct molecular dynamics simulation of water.
[nternational conference on solution chemistry. Jerusalem August p. 102, (989

~(with M M Frank-Kamenetskii and D L Tytik)
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Efficient calculation of the pressure in the canonical ensemble

for inverse power central force models

Mihaly Mezei

Department of Chemistry and
Center for Study in Gene Structure and Function,

Hunter College and the Graduate Center of the CUNY,
New York, NY 10021, USA.

The pressUre in the canonical ensemble is obtained as a
function of the virial sum vl:

with_

v (X3 ,'Ei éijjsl_.'. ) . _: _.?: |  ' (2)

I
AV

i<j
where k is the Boltzmann féétor; T ié.the.absoiute.temperature, N
is the number of particles in the system, V is the volume, rij is
the interparticle vector and €34 is the energy of interaction
between particles i and j. In general, calculation of the virial
sum requires the calculation of the forces on the particles, a
non-negligible amount of extra work (unless the force-biased

displacement scheme?

is used where the forces are alsoc needed
anyway) and is thus rarely done. However, if €14 depends only on
lrj3] (i.e. there is only one interaction center per particle)
and the interaction follows an inverse power law (or is a sum of

inverse power terms) the contribution of particles i and j to the

virial sum can be obtained with negligible extra work, since
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simple application of the chain rule shows that

(x.Z (2/]eh™ = - n/l|? . (3)
Thus the calculation of the virial sum in this case reguire only
the separate accumulation of the contributicns to the total
energy from the various distance powers during the simulation and
their multiplicatioq with the corresponding exponent n after the

simulation.
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Determining nearest image in non-orthogonal periodic systems,

- Mihaly Mezei:

Department of Chemistry and
Center for Study in Gene Structure and Function,

Hunter College and the Graduate Center of the CUNY,
Nesw York, NY 10021, USA.

The simulation of crystalline systems where the crystal axes
are non~orthogonal, raises the question of finding the neareét
image of a particle. Smith has reoentl? showed (1] that 1if a
sultably chosen gpherical cutoff is imposed on the interactions
then the nearest image can be conveniently determined in the non-
orthogonal system defined by the crystal axes and then simply
transformed back to the orthogonal laboratory frame. The purpose
of this note is to describe a relatively simple procedure to find
the nearest image without the imposition of the spherical cutoff.

Assume that the columns of the matrix H contain the vectors
spanning (in the orthogonal system) the unit cell corresponding to
the nonorthogonal system. The coordinates of a peoint in the
orthogonal system, x, are given as

x = Hsg (1)
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where g gives the fractional coordinates of the same point in the

non-orthogonal system {1s, 1<l for pointg inside the cell). Assume

k
that a particle is in the center of the cell that is alsc the
center of the coordinate system, A point s is to be examined if

it possesses an 1mage that might be nearer to the center. The

various images of g can be described as
c, H {2)

where d is the dimension of the space (e.g. three for crystals)

and Ck is either -1, 0 or 1, Thus the distance of an image

degcribed by ¢ is

1 d 2

i + > =

He kglckﬂ_kf

] l2 é . . . é

|Hs | +k,%:1ck o) (H .H) + zkilckrﬁ_k.mgn = (3)
- o 2

F¥ +k,%=10“ c, (H _-H/) + 2k§1ck (s.8°) . {d)

2 .
Here H K stands for the k-th column of the squaere of the matrix
H. As described in [l], simple translations along the non-
orthogonal axes c¢an ensure that the point g will be inside the

unit cell and if its distance from the center (the first term in

{3y and (4)) is less than the smallest half-width of the unit
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cell then it will be the nearest image. For larger distances,
however, images outside the simulation c¢ell may lie closer to the
cell center, In this case, more work is needed to obtain the
values of ¢ that minimize (4).

The first term is independent of ¢ and therefore will not
affect the minimum. The second term depends only on ¢ and the
cell axes and therefore 1t can be calculated once at the

~beginning of the calculations for all 3¢ possible ¢. The last
term contains d different coefficients that depend on g - these
have to be calculated each time., The number of possibilites to be

. ' d d .
examined can be Ffurther reduced from 3  to 2 by recognizing that
for each direction k,ck can be only 0 or HSIGN{sk} since 38 is
already assumed to be translated inside the cell. We are thus

. . d
left with comparing 27 values of the type
S(ec) + (c.B} _ (3)

: 2 \ . . ’
where B =2{(g.H ). As half of the ¢, §to be considered is =zero,

k k k

d

{5) can be evaluated rather fast for the 2 cases.

Once the value of Ck minimizing (4) is obtained, the nearest
image can be simply obtained as

Hs +cH . (6)

The second term can again be prepared at the beginning of the

calculation for all 3d posaible ¢,
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ABSTRACTS

A. Survey of Molecular Dynamics and Monte Carlo Appliéétiohs of the CM-2 Connection Machine
Computer

by

-~ Bruce M. Boghosian - . ..
.. Thinking Machine Corporation. - -. .. .
.o 245FirstStreet. .. . ...
ot Cambridge MA. USA. ... .

This talk will survey the applications of the CM-2 Connection Machine Computer in the fields of molecular
dynamics (MD) and Monte Carlo (MC) simulations. The survey will begin with fixed interaction topology MD
codes, such as those used to study macromolecular dynamics and dislocation dynamics in crystalline laitices,
Next, it will cover MD with general long-range forces, and describe an algorithm that maps this problem to the
CM-2's hypercubic communications network in a way that makes full usc of the network’s maximum theoretical
bandwidth. Next, it will describe "fluid” MD codes for the CM in which the forces are short range so that the
full N-body problem is wasteful, but where the interaction topology is dynamic. Finally, Monte Carlo work on
the CM will be discussed, including a Quantum Monte Carlo cade for the study of the ground-state properties
of the hydrogen molecule without making use of the Born-Oppenheimer approximation in the treatment of the
nuclei.

Simulations of Disordering in Adsorbed Multilayers Using a DAP
R.M. Lynden-Bell and H. Xu, |
- University Chemical Laboratory, Lensfield Road,
Cambridge CB2 1EW, U.K.

The distributed array computer (DAP) is well snited for simulations of a few Iayers of adsorbed molecules on
the solid substrate. Each layer can be represented by either a DAP vector (64 molecules) or a DAP matrix
(4096 molecules). In the low temperature solid phases where molecules retain their relative positions, there are
no problems in evaluating forces and moving molecules in a standard molecular dynamics simulation. At higher
temperatures the molecules begin to disorder and to move. This process starts at the surface and occurs layer
by layer. In order to evaluate the forces efficiently, the molecules must be resorted into cells from time to time.
Logical masks are useful for dealing with partially filled layers.

We have been particularly concerned with molecular motion. Use of iogiéhl niask.é in the smalfler simulations
allows us to track those molecules which do not change layers so that the intra-layer diffusion constants may be
evaluated.

Results will be presented for simple multilayers, stepped sucfaces and freezing together of two approaching
surfaces.
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Pearls and Perils of Paraliel Processing

Allan R. Larrabee, Bocing Corporation.

Some characteristics of parallel code generation and factors which atfect the programmer’s acceptance of paraliel
programming tools are briefly discussed. Included are hardware considerations, language overlays, analysis tools,
debug and correctness problems, standards and portability.  Tools mentioned include STRAND, Linda, The
Force, Schedule, GMAT, and KAP, The trade-off between time spent in code development {and "dusty deck"
Forlran conversions) and the speedup that may be gained is considered from the parallel programmer’s poiné
of view as well as a comparison of the speedups due o hardware improvements, better algorithms, and
paraliclism. Some comparisons between the use aof global memory versus local memory and between Fortran
and the C language are made. Parallel processing via distributed hardwares communicating over networks is
only bricfly mentioned. Presented also are some pI‘CdlC[lOl’IS of the future dcvclopments that may and others
that may not oceur in this rclatwciy new area of computcr science. - = - :

“* Multicomputer Moleculak Dynamies - - =« -

I Dawdchl‘.am : SRR AR
Umvert;lty of Kecle Staffordshire, STS SBG UK
and
SERC Daresbury Laboratory

This talk will first briefly review the well-established algorithms for multicomputer molecular dynamics, namely
the circulating data, replicated data and Spatial decomposition methods, Expericnce using Occam and Fortran
on Transputers will be described. The 1 1nc0rp0ra[10n of nelghbour lists in the circulating data method will also
be mentioned. :

The problem of long-range forces will be studied. - The effective-pair-potential approximations of Adams
parallelise simply, but are not very efficient for ionic systems. Although a straight-forward implementation of
the Ewald sum involves a communication overhead, this is the most practicable method for typical problems
involving ionic materials. For large ionie systems the particle- partlcle/partrclc-mesh approach is uscd

Three- and four-body forees can be lmplemcntcd w1thm the cuculatmg data methods ina number of ways and
these will be analysed and compared. For polymers it is possible to ensure that such forces only involve pairs
of groups. Otherwise the many-body list can be assigned to particular processors, or distributed over all
processors. If it is necessary to locate interacting triples, as in a molecular fluid, this can be done by a triple
circufation, or by construetion from a pair list.

Finally the work of the Palermo group on dynamic load-balancing for inhomogeneous systems will be reviewed.
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Supercomputers, Molecular Pynamics and Hydrodynamics
by

D.C. Rapaport, Physics Department,
Bar-[lan University.

Algorithms designed for large-scale molecular dynamics simulation on vector and parallel computers are
introduced, and the results obtained when these methods are applied to the modeling of fluid fiow at the
microscopic level are described. The molecular dynamics approach has been used to reproduce the familiar
hydrodynamic- effects - of vortex formation in obstructed. flow: and convective. roll development in a
Rayleigh-B’enard cell; although the studies carried out so far involved between 20 and 270 thousand particles
(depending on the problem}, considerably larger systems will be needed for more detailed exploration in the
future. In order to lay the foundation far work of this kind, feasibility studies addressing muiti-million particle
systems have been carried out on computers such as the Cray YMP and a 64-node Intel iPSC/2, using
computational methods developed specifically for the vector and distributed processing environments.

Systolic Loop Methods for Molecular Dynamics Simulation Generalised for Macromolecules
by

: AR.C: Raine
Cambridge Centre for Molecular Recognition,
Department of Biochemistry,
Tennis Court Road, -
Cambridge, :
CB2 1OW. .~

A generalisatiou of the efficient systolic loop methods of Raine, Fincham and Smith, for the molecufar dynamics
simulation of liquids is presented, which allows the simulation of complex macromolecules such as proteins.
Simple rules for the division of the work are described which allow the three-and four-body interactions necessary
to represent covalent bonds to be evaluated without departing from the original systolic Ioop scheme.
Additionally, a method for parallelising the SHAKE algorithm for constraining bond- lengths is deseribed, The
implementation of a molecular dynamics program, which ruas on a Meiko Computing Surface, and which uses
these ideas is also described, Performance figures are given which demonstrate that the generalised molecnlar
dynamics program retains the efficiency and scaling behaviour of the original method.
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Biomolecular Energy Calculations using a Transputer array
by

Julia M. Goodfellow and D.M. Jones
Department of Crystailography
Birbeck College
Malct Street, London

We have been using a Meiko Computing Surface and the Edinburgh Conciirrent Supercomputer Centre to study
the interactions of biomolecules. In our first application we have written and used a parallel versions of an
energy minimization program used to analyse ligand protein interactions. Secondly, we have attempted a much
harder project in which we are partially parallelising a Monte Carlo code which is used to caleulate free encrgy
differences on mutating one amino acid to another as in a protcin engineering experiment..  'We are currently
comparing this- parallel code with resuits obtained from running several independent simulations with 1o
communication between pracessors. - . . :

Refinement of Protein Structures Using Restrained Molecular Dynamics
by

Garry Taylor
Department of Biochemistry, University of Bath,
Claverton Down, Bath, BAZ 7AY.

The use of ‘simulated annealing' in the refinement of atomic structures of macromolecules from X-ray or two
dimensional NMR data will be discussed.  The method has been implemented in two computer packages:
XPLOR, from Prof. Brunger at Yale, and GROMOS, from Prof. van Gunsteren at Groningen. The method
has allowed convergence either more quickly, or from a cruder starting model, and is proving a useful tool
particularly in molecular replacement studies, where the unknown crystal structure is structurally related to a
known protein structure. Previous refinement procedures required iterative cycles of least squares refinement,
with a relatively smali radius of convergence, and periods of manual rebuilding of the model using computer
graphics: this procedure would take several weeks.. Although simulated annealing is more costly in computing
requirements, access to fast processors has allowed reasonablc run times, All the examples discussed in the talk
were carricd out on a Convex C210 processor at the Oxford Centre for Molecular Sciences, which was ideally
suited for the large problems tackled using the method. The high memory bandwidth, Fast scalar and vector
processing allowed refinemeant of, in the largest case, foot and mouth disease virus with 8000 atoms and 135,000
x-ray abservations in 8 days - a task which on a microvax II would have taken 1.5 years!
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VYectorization of Algorithms for Monte Carlo
Simulations in Lattice Models

by

D.P. Landau
Centre for Simulational Physics,
The University of Georgia,
Athens, GA 30602, USA.

The study of phase transitions and critical phenomena in lattice models of condensed phases using Monte Carlo

methods is computationaily quite demanding: For systems with only near-nieighbor interactions, the sampling

© of the lattice can be organized'so that it is fully véctorizable. This is accomplished by subdividing the lattice

into sublattices containing nioninteracting sites each of which can then be treated as a single vector, For simple

* Ising-lattice gas miodels, multiple sites can be packed intd each word and the ¢ombination of multisite coding

" and vectorization can increase the speed of the calculation by up to two orders of magnitude on the CYBER 205
{or ETA10) supercomputers, . Some of the progress which has been made using this approack to study static
and dynamic critical phenomena in systems with up to 2x107 sites will be reviewed.

Parallelism in Computatiorial Chemistry I.'"Hype_rcubc—connected Multicomputers
by

M.F. Guest and P. Sherwood,
S.E.R.C. Daresbury Laboratory,
Daresbury, Warrington, WA4 4AD, UK.
- and .
) J.H.van Lenthe, *
State University of Utrecht, -
Transitorium IIf, Padualaan 8, - -
Utrecht-De Uithof,
The Netherlands,

An account is given of experierice gained in implementing computational chemistry application software, including
quantum chemistry and macromolecular refinement codes, on distributed memory paraliel processors. In
quantum chemistry we consider the coarse-grained implementation of Gaussian integral and derivative integrat
cvaluation, the direct-SCF computation of am uncorrelated wavefunction, the 4-index (ransformation of
two-electron integrals and the direct-Cl calculation of correlated wavefunctions. In the refinement of
macromolecular conformations, we describe domain decomposition technigues used in implementing general
purpose molecuiar mechanics, molecular dynamics and free energy perturbation calculations.

Attention is focussed on performance figures obtained ‘on the Intel iPSC/2 and iPSC/860 hypercubes, The

present performance is compared with that obtained on a Convex C- 220 minisupercomputer, and from this data
we deduce the cost effectiveness of parallel processors in the field of computational chemistry.
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Simulation of Brownian Dynamics:
A Problem Apparently Difficult to Parallelise

by

E.R. Smith
Department of Mathematics,
La Trobe University,
Bundoora, Vic. 3083,
Australia.

We consider a system of N particlcs mteractmg with a palr potent:al $(r} in penodlc boundary conditions with

a simple cubic cell of side L. The particles have hard cores of radius @ and exeécute Brownian motion in a
suspendirig fluid of viscosity .. The fluid obeys penodlc boundary conditions and a stick bourdary condition
on the surfaces of the sphcrcs The stochastic equations of mation are solved with a first order solver and
includes a random force term chosen with covariance miatrix proportmnal to the mobility matrix p(rr): 1f the
net force and torque on particle j are F; and Tj, then these are related to the velocity V; and angular velocily €
by the relation

7,
Eu( |

j k

Problems which arise are:

()how to interpret periodic boundary cond:tlons for hydrodynamms, .
(i)how to approximate the mobility matrix in pericdic boundary conditions;
(iiYhow to ensure that the approximate mobility matrix used is positive definite;
{(iv)how to implement a simulation in a reasonable time;

(v)development of parallel algorithms to implement Brownian dynamics.

(1))We describe the physical basis of sclf-consistent i'ntc.'rprctation of periodic boundary conditions and how to
extract quantities like zera frequency viscosity from them.

(i))In {rec boundary conditions, two approaches to approximating the mobility mamx have been used:

(a)To expand p(r,r,) in powers of [a/r,].

(b)To expand ,u(r r.) using a spherical harmomc expans;on to a finite valuc LM, of the angular momentum index
t. These are bnefly described, with extensions to periodic boundary conditions,

(iii)We first derive an inverse friction matrix T which comriects expansion coefficients for fluid velocity at a
particle surface to expansion cocfficients for the induced force density on the particle surfaces. We prove that
this when this T matrix 1s calculated using a finite spherical harmonic expansion with 1<t<t__. the T matrix is
positive definite for all values of £, =1. We then construet u as a partial inverse of this T ard prove that these
approximate mobility matrices are positive definite for all ¢, The construction and proof are valid in both
free and periodic hydrodynamic boundary conditions. Further, in free boundary corditions, cxplicit calculation
shows that for ¢,,.=1, the spherical harmonic expansion is not equal to the inverse power expansicn to any
particular power of [a/ |7, |]-

(iv)We note that serial computation times for the elements of the spherical harmonic expansion of T are O(N*x’}
in periodic boundary conditions, where & is the magnitude of the largest wave vector used in the Fourier part
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of the Ewald form for the mability matrix. Serial times for the inverse power series are O(N"} if terms up to
fa/}r, |7 are used. The Choleski decomposition of the T matrix, necessary to construct 4 in the spherical
harmonic expansion takes computation times which are G(N’), but with a much smaller constant than those in
the computation of the elements of T. Whichever form of the mobility matrix is used in a Brownian Dynramics
simulation, a further Choleski decomposition of g is needed, and that takes computation times which are O(N’).

(v)The processes involved in caicufating the original T matrix from which we derive p

and may be calculated on array computcrs with aigorithms whose computation times are predominantly
concerned with on chip computation rather than data transfer, However, the Choleski decompositions of T and
# are matrix manipulation procedures whose computation times appear to depend an massive data transfers,
which may well take more time than the actual computation. Some of the problems of producing parallet
algorithms for these processes are discussed. - - SR . o

- Dedicated Parallel Computers for Molécular Dynamics Simulations: . . = - -~ -

AF.Bakker
Delft University of Technology, .- -~ -~ . . i
.. Applied Physics,. - e o

" Although supercomputers have opened ways to perform large-scale computer experiments, ouly a smalt group
of physicists and chemists use them as a standard facility due to their costs and.- availability. -

As a low-cost alternative, special purpose computers have proven to be very efficient: supercomputing power
al minicomputer costs.. For example, The Delft Molecular Dynamics Processor (1982) has a speed comparable
to the CRAY-1 for molecular dynamics (MDY calculations, yet it's costs were only. 100 kf,  It’s paralle] and
pipelined- architecture is partly hard-wired (force calculation pipe) and the algorithm is micro- coded. Other
new parallel MD machines have been developed and built at IBM (San Jose) using a Fortran optimized basic
instruction set for MD caleulations (Spark), and at AT&T Bel laboratories (Murray Hill) optimized for
three-body-interactions MD calculations (ATOMS).

At Delft a new MD processor (2.5 Giga FLOPS), is now under constriction, and will be a multi-purpose, C and
FORTRAN programmable parallel computer. It’s architecture, that will be discussed, is tailored to "local
environment problems”, such as found in MD calculations, and is based on the "linear processor array” concept.



GROMACS: A Hybrid Architecture for Molecular Dynamics
by

' .. Herman J. C Bcrendscn o
Labora[ory of Physw‘tl Chemlstry, University of Groningen, N]Jenborgh 16 9?47 AG GRON]NGEN The
Netherlands,

Molecular Dynamics simulations of complex molecular systems as hydrated biological macromolecules involve
a range of atomic interactions of varying complexity. Non- bonded interactions between atom pairs are relatively
simple but involve 100-30C N interactions where N is the number of particles in the simulation. They also
involve parameters depending on pairs of atom types. Bonded interactions include 3- and 4- body interactions,
which are considerably more complex but involve only 1-2 N interactions. The updating of velocities and forces
and further data analysis also is an order-N process, but one in which programmable flexibility is required.

The MD process can be functionally subdivided into three processes of different characteristics:

1. Neighbour searching: produces list pairs of particles within a prescribed range. Characteristics: low-accuracy
integer operation based on particle coordinates,

II.Non-bonded interactions; produces forces on pé‘r.t.icl.e'.s based on pair list. Functional form of forces must be
flexible and includes parameters depending on particle types.. Characteristics: 32 bit floating point operations,
fixed algorithm if tabulated functions are used very high speed required.

IIl.Bonded interactions and update:: produces bonded forces, updates velocitics and coordinates, selected data
analysis.  Characteristics: . flexibility required, variety of algorithms, operations based on particle number,
dominantly floating point operations.

We are desigoing a spécial-purpose hybrid MD machine, called GROMACS (Groningen Machine for Chemical
Simulation), which consists of three functional parts for the functional processes I, II, I, all communicating
through standard transputer links,.. I is a special network of 200 T212/414 transputers; Il is a pipelined unit
based on floating point ALU’s; Il is a general purpose network with about 100 T800 transputers. GROMACS
is designed to handle simulations according to the program package GROMOS.

This is a joint project of the Department of Computer Science (E.J. Dijkstra, H. Bekker, S. Achterop, W.
Halang) and the Laboratory of Physical Chemistry (W.F. van Gunsteren, HJ.C. Berendsen) of the University
of Groningen, supported by the Foundation for Applied Research (STW) of the Netherlands Research
Organisation (NWO), '
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Classtcal & Quantum Simulations of Novel Condensed-Matter Systems
by

Farid F. Abraham,
IBM Almaden Research Centre, San Jose, CA.

We will describe some recent investigations of the statistical mechanics of novel materials systems using classical
and quantum simulation methods. Examples may include studies of the phases of quasi two-dimensional
physisorbed films on graphite, the structure and dynamics of solid membranes, the interpretation of puzzling
images of the graphite surface using the Atomic Force Microscope (AFM), and the melting of the Abrikosov
flux solid in high-Tc superconductors. . For the rare-gas films, we will feature the microstructure of the
incommensurate phases of classical krypton and: quantum hefium: simulated by molecular dyramics and path
integral Monte Carlo and show that the reentrant fluid is a domain-wall liquid with a hexagonal pattern for
krypton and a striped pattern for helium.  The $olid membrane is a natural two-dimensional generalization of
the linear polymer, aud thcory suggests that a compact structure occurs for this two- dimensional random surface
moving in three dimensional space. We will describe molecular dynamics simulations of the scif-avoiding
“tethered” membranes and show that, in contrast to previous belief, this membrane does not crumple but remains
in a "flat" state.- Using the AFM to investigate the graphite surface structuré, the experimental issue has been
the large variety of measured images. - A classic example is the puzzle that only "every-other-atom" may be seen,
We have developed an smpirical graphite potential and have calculated the image resulting from a graphite flake
passing over the graphite surface at an arbitrary angle. - Our generated images mimic the experimental pictures
“of many groups. Finally, we present Monte Carlo simulations of the intérmediate flux state accessible in high-Tc
superconductors where the Abrikosov flux lattice is melted over a significant portion of the (H,T) phase diagram
and where an entangled flux liquid may exist.

Multiprecessor Chemistry
by

Kent R. Wilson
Departmeat of Chemistry,
B-039 University of California,
Sar Dicgo La Jolla,

CA 92093, USA.

Our experience will be described in using a four processor MIMD Silicon Graphics system on three types of
problems of interest to chemists. First, a test of density functional quantum mechanics as run using a Fortran
compiler which automatically partitions the job across processors.  Secoad, the computation of molecular
dynamics of chemical reactions in solution. Here the problem partitions naturally across processors, since
ensemble averages of sets of independent trajectories are needed.  Third, "presentation quality' molecular
graphics for filming the molecular dynamics of chemical processes, in which an algorithm is implemented which
dynamically repartitions the jobs among processors, automatically adjusting for frame to frame changes in the
image as well as for the shifting demands of other job sharing the same processors. A stereo film will be shown
illustrating the results of both multiprocessor dynamics and graphics.
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Simulations in Non-Spacefilling Geometries: Molecular Dynamics of the Rhinovirus
by

B.M. Pettiit
Department of Chemistry,
University of Houston,
Houston, TX 77004

erus parhcles have over a half m:lhou coat atoms and whllc that would seem to 11m1t the appllcabﬂlty of
computer simulations they aiso posses icosahedral symmetry.. There are 60. asymmectric units of roughly
triangular shape made up of 4 protcins that form the viral protein coat.  Each of the asymmetric units contains
over 7000 heavy atoms._ Using the point group symmetry as a boundary condition, computer stmulations of the
minimum energy structure and cquations of motion have been. performed for an entire virion,- - In such a
simulation cell linear momentum is no longer a constant of the équations of motion.. . Several otlier aspects of
sitch non- spaccﬁl!mg geomctr:cs such as the occurrence of anttpcnodlc boundanes will be dlscussed

'Ihe cold vitus is a mcmbcr ofthe p:cornawrus famtly Thls g,10up of viruses con51sts ofa sphcncal protem coat
filled with RNA and solvent, . The picornavirus assembly is roughly 300 Ain diameter. . Antiviral compounds
of the oxazole (isoxazolc-heptane-phenoxy- oxazole) have been developed by the Sterling Winthrop Research
Institute. These have been shown to have biological activity against thie picornavirus family, of which cold
viruses are members... Results will be presented. for the dynamics of a single asymmetric' unit with free
boundaries and with 1cosahcdral boundaries. The motions with and without an antiviral drug wiil be compared
and contrasted. Particular mechanisms of drug action may be related to specific molecular details of the bound
ligand. e
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CCP5 Workshop Report Solid State Iomcs Daresbury
| La,bora,tory 7 November 1991

Comp11ed by W. Srmth RN
10 November 1991 ...

The meeting began with a talk by Dr. D.M. Heyes of Guildford University on the
subject of computer simulation of bariura sulphate (Barite). The work was the basis of
a collaboration with M.P. Dexter (a summer student) and BP (Sunbury-on-Thames).
Dr. Heyes described preliminary. results of molecular dynamics computer simulations
of crystalline barium sulphate at room temperature: Surprisingly little is known about
the physical properties of this common material. Dr. Heyes began by describing how a
suitable potential model was obtained, which was adequate for calculating the Madelung
constant and the lattice parameters. He also described the work undertaken to imple-
ment a suitable MD program capable of handling the complexities of the unit cell and
exploiting the Fincham implicit algorithm for the rotational motion of the sulphate ons
with quaternions. Preliminary results were given, including internal energy, {for which
exceptional agreement with experiment was obtained) and pair radial distribution func-
tions. Dr. Heyes concluded with some practical queries, such as the verification of the
rotational equations  of motion, the thermostatting of the system and the significance
of the Fourier contribution in the Ewald summation for calculating the electrostatic
potential. .

Mr. P.J.D. Lindan of the Umver51ty of Keele presented the results of molecular dy—
namics calculations of the thermal conductivity of the ionic solids calcium fluoride and
uranium dioxide. The work, which was a collaboration with Prof. M.J. Gillan at Keele,
was motivated by the need to understand the anomalous temperature dependence of
the thermal conductivity of uranium dioxide at high temperatures. The calculations,
which were based on the Green-Kubo technique, yielded good agreement with exper-
iment for calcium fluoride. For uranium dioxide, very close agreement was found for
temperatures below 2000 K, but a large discrepancy existed above this. It was shown
that the discrepancy arose from the effect of electronic excitations. Mr. Lindan went on
to discuss two methods of performing molecular dynamics simulations using the shell
model. The first was conjugate gradient minimisation of the shell configurational energy
at each time step, and the second, the use of fictitious adiabatic dynamics to generate
shell trajectories. Both these methods achieve the aim of keeping the system on the
Born-Oppenheimer surface during the simulation. :

Prof. N. Greaves of Daresbury Laboratory prov:ded a surmmary of the current un-
derstanding of ionic transport in silicate glasses. This proved to be a multidisciplinary
talk, with contributions from experimentalists, theorists and simulators. Experimentally
ionic transport (of ions such as Cs*, Rb* etc.) shows Arrhenius behaviour and there Is
a remarkable drop in conductivity in glasses where mixtures of ions are present. This is
the so-called “mixed-alkali” effect. Prof Greaves described the model currently used to
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explain these phenomena. In accordance with structural deferminations (such as XAFS
- X ray Absorption Fine Structure) the glass is described by a modified random network
(MRN) in which the ions congregate and move in “channels” in the glass. The movement
is via & hopping mechanism which involves the making and breaking of oxygen-metal
bonds. The activation energy of the ion migration thus involves a2 binding energy con-
tribution from the metal-cxygen bonds and a bond ordering energy arising from the
redistribution of silicon-oxygen bonds as the ion migrates. A theory by §. Gurman was
used to account for the bond ordering energy terms. Further insight into the phenomena
of ion migration was provided by MD simulations by Vessal et al. which strongly en-
dorsed the basic model. Finally, a simple Monte Carlo model incorporating a “memory
effect” designed to mimic long lived distortion of the lattice by the migrating ions was
shown to possess a pronounced “mixed alkali” effect, thus oﬂ'ering somme clue as to the
origin of the effect in glasses.: ' ;

V. Nield of Oxford University descrlbed some neutron scaLtermg studies of djsor-
der in silver halides. Silver bromide possesses a rocksalt. structure up to the melting
point {701K), while silver iodide, which is in the 8 phase at NTP possesses a complex
phase diagram, including an « phase (which is fast jon conducting) and a rocksalt low
temperature phase. Both systems have been examined by neutron diffraction at the In-
stitut Lane-Langevin. The reverse Monte Carlo (RMC} method: of McGreevy has been
used to determine the structure underlying the observed neurton diffraction. At 420K,
the studied temperature, the location of the silver ions in crystalline silver iodide were
found by RMC to be almost entirely in the tetrahedral sites. RMC starting structures
in octahedral, tetrahedral trigonal and liquid like sites within the lattice of anions all
gave the same result. The occupancy of the tetrahedral sites diminished as temperature
increased: Work is continuing on the higher temperature data to see how much evidence
there is for the order-disorder transition previously observed by Raman and Brillouin
scattering. A bragg peak anomalously observed at 740 K may be related to this. The
structure factor of silver bromide has been measured to within 0.25 K of the melting
tempreature. There is considerable diffuse scattering even at room temperature and just
below melting only two Bragg peaks are observed. Large anharmonic vibrations of sil-
ver ions arise in the < 111 > direction, which.lead to a few. percent interstitials in the
(1/4,1/4,1/4) site near the melting point. The pre-melting disorder is thought to be a
transition to a fast ion conducting phase which is interrupted by melting.

Dr. P. Madden of the University of Oxford continued the theme of silver halides in
a talk on the mechanism of the a — 8 phase transition in silver iodide. The springboard
for this study was the deceptively simple silver iodide potential of Vashista et al., which
Tallon had shown to give a very accurate description of the phase diagram. Dr. Madden’s
MD simulations employed the same potential, but imposed rigid, cubic periodic bound-
aries on an 864 ion system in the a phase. Within the unit cell of this phase the silver
ions can in principle reside on a variety of sublattices (six in all), all of which are com-
prised of tetrahedral sites. Formally, these sublattices are equivalent, but the occupation
of any one has influence on the occupation of the others. Simulations show that at high
temperature (900K) the probability of a silver ion being on any sublattice is equivalent.
However at lower temperature (500K) it becomes apparent that the occupancy of the
sublattices shows a distinct preference. Fluctuations from uniform occupancy of all sub-
lattices are long lived. Furthermore, the simulations show that the diffusion of the silver
ions at high temperature, becomes arrested at lower temperatures. (Note: the fixed cubic
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periodic boundary means that the iodine ions retain a body centred cubic lattice at all
times.) Examination of the low temperature structure with computer graphics shows
that only four of the six possible sublattices are occupied, but with a kind of partial
ordering rerniniscent of the 8 phase. It is Dr. Madden’s conjecture that this ordering
is 2 true precursor of the 8 phase, the transformation to which is thus signalled in the
crystal structure from a remarkably long way away in the a phase.

Dr. W. Smith gave the first of two talks on sodium S”-alumina. This system has
been studied intensively by molecular dynamics, in a collaboration with Prof, M.J.
Gillan of Keele University. The material is a superionic conductor, particularly at high
temperature, where the sodium lons are responsible for carrying the current. The crys-
tal structure is hexagonal and complex, with the sodium ions confined to almost two-
dirnensional “conduction planes” between spinel blocks {(alumininm oxide). The material
is usually prepared in a nonstoichiometric condition, with vacancies in the conduction
planes, a facf which is crucial to the conductivity. The high temperature simulations
(600~1200 K} clearly showed the diffusion of sodium ions that enables the conductivity.
At Jow temperature however (<500 K} the sodium vacancies become localised into an
ordered structure called a vacancy superlattice, the structure of which is dependent on
the vacancy concentration in the conduction planes. Concurrent with the formation of
the vacancy superlattice is marked reduction in conductivity, leading to a non-Arrhenius
temperature dependence. The activation energies calculated compared well with experi-
mental determinations by Engstrom et al. The vacancy superlattice was first postulated
by Boilot et al. from diffuse x-ray scattering experiments. A recently developed theory
by Gillan, which owes much to the simulations, is able to account fully for the Boilot
results. A detailed knowledge of the structure of the superlattice, including the precise
structure of the vacancies themselves, proved to be crucial in accounting for the observed
results,

Mr. T. Bush of the University of Kent at Canterbury (in collaboration with Dr.
A. Chadwick) gave the second talk on Sodium #7-alumina. In this case the system was
doped by neodymium ions in the conduction planes. (The facility with which the sodium
content of the material may be exchanged for a variety of optically active ions suggests
technological applications such as waveguide lasers and novel phosphors.) The impor-
tant question to be addressed was the structure of the conduction planes, in particular
the immediate environment of the necdymium ions. The methods used to resolve this
question included experimental determinations {(XAFS and x-ray powder diffraction on
the Daresbury Synchrotron) and molecular dynamics simulation, Constant temperature
and pressure molecular dynamics simulations have been performed on the Nd®+/Na*
B7-alumina system at a series of temperatures and exchange concentrations, in an effort
to characterise the jonic behavior of the system. Results of the simulations have been
compared with the current experimental data, and conclusions can be drawn on the
structural basis for the optical performance of Nd®F /Na*t #”-alumina phases. Addition-
ally, insight has been obtained into the marked variation of sodium diffusion coefficients
at increasing levels of neodymium ion content.

The final speaker was Dr. X. Zhang of the Royal Institution (in collaboration with
Prof. C.R.A. Catlow,) who described a molecular dynamics study of oxygen diffusion in
the ceramic: YBa,Cu306.91. The system was studied at high temperature (1400-1800 K)
using Born model potentials. The diffusion of the oxygen at high temperature was found
to occur mainly within the Cu(1)-0 basal plane by a vacancy mechanism and the oxygen
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diffusion coefficient {D=3.7x10~% exp(-0.99eV/kT) crn®s~*) was in good agreement with
experimental results, A detailed examination of the diffusion mechanism was undertaken,
with the assistance of molecular graphics techniques. The oxygen vacancies were found
to migrate between the O(1),0(4) and O(5) sites, but not to O(2) and O(3) sites, while
the jump paths for the diffusion were found to be O(1)-0(5)}, 0(1)-0(4) and O(4)-0(5).
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REPORT ON THE CCP5 WORKSHOP
"BEYOND THE PAIR POTENTIAL"

KEELE UNIVERSITY, 15-16 APRIL 1991

The subject of this meeting was the important advances in methods for calculating the
energetics of condensed matter that have happened in the last few years, These advances
recognise that for many (perhaps even most) materials, the energy cannot be adequately
represented in terms of pair potentials, and that one needs an approach that derives the
energy from the quantum mechanics of the electrons. The talks given at the meeting
reflected the main strategies that are being pursued to achieve this aim. These include the
first-principles approach based on density-functional theory and pseudopotentials, the
Hartree-Fock method, and the more approximate but much simpler methods based on
tight-binding theory or the CNDO approximation.

The meeting was organised because the subject was seen to be important and of general
interest both within CCP5 and more widely. The enthusiastic response and the large
participation fully confirmed this - there were 91 registered participants, many of them
from overseas. A total of 16 papers and 8 posters were presented during the one-and-a-half
days of the meeting. The set of abstracts of these papers and posters is produced below.
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MODELLING 6-8 COORDINATED MG, CA AND O

J.A. Stuart and G.D. Price
Department of Geological Sciences
University College

. Gower Street
Loodon WCIE 6BT. .

~ M. Leslie
SERC Daresbury Laboratory
Daresbury o
- Warrington. - WA4 4AD,

Abstract

The programme CRYSTAL, developed by Causa et al (1) allows us to calculate energ1es
and electronic characteristics for crystal structures of modest complexity. The method used
is the Periodic Boundary Hartree Fock Linear Combination of Atomic Orbitals. As with

everything in life, this is a compromise: it is less computationally demanding than methods
such as LAPW, but rather more so than electron gas caiculations.

There are some attractions in a compromise at this level, It is in particular capable of
examining the properties of crystal structures which are not experimentally accessible. This
we felt might be a useful tool for the preparation of parameterized potential surfaces, which
could be sampled systematically, rather than only at those points which could be made to
exist. As we aiready had a project under way examining the distortion of MgQ and CaO
using CRYSTAL, we decided to extend this and to attempt to fit the surface generated by
distorting the unit cell thombohedrally from the B1 to the B2 structure. This fitting is of
interest not only because of the geological significance of the system, but because it involves
a continuous transition from six-fold to eight-fold coordination of both cation and anion.

The static electronic energy of MgQ in 65 ceils was determined, and that of CaO in 58.

This allowed us to prepare energy surfaces for each. The fitting was done using a
modification of the programme THBFIT by Leslie. Initially a simple pair potential was
fitted. Work is in progress to improve upon this.

(1) Pisani, C,; Dovesi, R.; Roetti, C.,, Hartree-Fock Ab Initio Treatment of Crystalline
Systems. Lecture Notes in Chemistry v 49 (1988) Springer, Heidelberg,

Dovesi, R.; Pisani, C.; Roetti, C.; Causa, M.; Saunders, V.R. CRYSTAL 88,
Program No. 577, QCPE, Universit of Indiana, Bloomington, Indiana, U.S.A.

63



- CALCULATION OF INTERIONIC POTENTIALS IN OXIDES

J.H. Harding
AEA Industrial Technology,
Harweil Laboratory -
. Dideot .
Oxon 0X11 ORA.

éﬂd'- o

N.C. Pyper
Inorganic Chemistry Department
University of Cambridge
Lensfield Road
_ Cambridge

Abstract
We report progress in the calculation of interionic potentials in oxide materials using
methods developed by Wood and Pyper (1986a,b). A particular problem in oxides is the

energy required to create the ion in the crystalline environment. This, the rearrangement
energy, may be written as

ERe(Oz)'—Em(O)—an(e)

Thls energy is h1ghly sensitive to the details of the ermronmental potentxal since the omde
dianion is unstabie in the gas phase.

When the ion wavefunctions have been calculated for the correct environment, the
interionic potential may be obtained from

U(R) = < ‘pf-'f (?‘1,!‘2,..., fn) IHI IPCJ" (FI,PZ..., rﬂ) >

where H is the standard crystal hamiltonian and | We, (rl,rz,...., rn) > the crystal
wavefunction.

Results are presented for MgQ and preliminary results are presented for U0

& Wood CP and Pyper NC (1986a); Phil. Trans. Roy. Soc. A320 71
o Pyper NC (1986b); Phil Trans. Roy. Soc. A320 108, :
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O-H VIBRATIONAL FREQUENCIES IN LIQUID WATER FROM
COMBINED AB INITIO AND COMPUTER SIMULATION
METHODS

Kersti Hermansson
Department of Chemistry,
Uppsala University,
Box 531,
$-75121 Uppsala,
Sweden

Soren Knuts
Department of Quantum Chemistry,
Uppsala University,

Box 518,

§- 75120 Uppsala,

Sweden.

Abstract:

The molecular-level structure and dynamics of liquid water and ionic aqueous solutions
constitute a particular challenge to computational chemists and physicists. The difficuity
lies in the accurate modelling of short- and long-range interactions of the polarizable water
molecule and simultaneously incorporating this model in a statistical-mechanical
description of liquids. We have been exploring a way to combine the techniques of
quantum chemistry and statistical-mechanical computer simulations to study the internal
O-H vibrations of water molecules in liquid water.

A number of system configurations were selected randomly from the atomic positions from
a Monte Carlo simulation on buik water (MCY potential, 300 K)). For each configuration,
ab initio calculations, of MP2 type (i.e. including electron correlation effects) were
performed on a water pentamer supermolecule surrounded by point charges to mimick
distant water neighbours out to 15 A. Intensity-weighted densities-of-states have been
calculated and compared with experimental spectra. The results of this pilot-study are in
quantitative agreement with the experimental band position and band width, It appears
that the success of these computations relies on a model which incorporates (i) ab initio
calculations with a large supermolecule, long-range electrostatic interactions and electron
correlation effects, (ii) the determination of an anharmonic potential curve (force constants
up to fourth order), and (iii) a quantum- mechanical treatment of the vibrational problem.
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- SIMULATIONS OF METALLIC SURFACES

K.D. Hammonds, B.D. Todd and R.M. Lynden-Bell
University Chemicat Laboratory,
. Lensfield Road
Cambridge. .

Abstract

Sutton and Chen(l) have recently suggested a relatwely smlple many-body potential for
metals of the form: . S _

V-_ E (af/n}) C \/—Z (aj{?u) )

j=l

where Vl is the potennal energy of atom i, af is the f e latt:lce parameter and £an energy
parameter, Note that the attractive part of the potential is a many-body term - the energy
of an atom cannot be computed as a sun of separate pair interactions. The character of the
potential may be changed by altering the values of m and n (from Whlch C is also
determined) and thus different f.c.c. metals may be accounted for. '

Animportant aspect of the potential of Sutton and Chen is that despite being more complex
than a pair potential it does not require orders of magnitude more computer time to use.
A metal- atom molecular-dynamics program only runs twice as slowly, at most, than a
similar Lennard-Jones program. Methods such as the Car-Parrinello technique require
very large computmg resources for even a moderate number of atoms. E

Metal surfaces aré icnown to undergo a surface relaxauon il which the top few layers of
atoms are contracted towards the bulk. This behaviour is to be contrasted with that of
molecular erystals where outward relaxation occurs. Extrapolating this behaviour to a
stepped metal surface leads to the conclusion that the rather exposed step atoms should be
even more contracted toward their neighbours than surface terrace atoms. Energy
minimisation calculations based on the Sutton-Chen potential show that this is indeed the
case. The closest interatomic distances observed are those between step atoms and their
neighbours directly below them., It is the many body term in the potential that is responsible
for this behaviour. A simple pair potential would give an outward relaxation.

The molecular-dynamics technique is being used to investigate the way in which the surface
of a metal starts to disorder as the temperature is raised. Results will be presented for flat
(100) and (111) surfaces and also various stepped surfaces. Results for Rh, Pt and Ir - which
are modelled with different indices m and n - will be compared.

(1) Suiton, A.P. and Chen, J., 1990, Phil. Mag. Lett., 61, 139,
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CHEMOS : SELF CONSISTENT MOLECULAR DYNAMICS OF
COMPLEX SYSTEMS

- AM. Stoneham: - -
AEA Industrial Technology
Harwell Laboratory

Abstract

Most theoretical physicists yearn for "first principles”, for the words "a priori” represent a
virtue, even if (like most virtues) it is claimed more often than found. Theoretical chemists
and biologists, not to mention those in technology, are aware that there are many important
problems for which the most basic methods are not yet helpful. It is this type of problem
which I shall address; perhaps the title of my talk should have been "the niche for
semi-empirical methods", Such methods, when used properly, can have several advantages:
they are simple enough for many useful calculations to be done on a PC; they exploit well-
known and mdely-srudled methods; they are self-consistent in the usual sense. The key to.
their extended value is the way they can be embodied in molecular dynamics, unlike static
approaches, does not need to be told an answer in advance; indeed, one example showed.
behaviour of biological molecules which appears to be a new form of trammtter/receptor _
interaction.

The basic ideas of the method are simple. An initial geometry is selected and a reasonable
(but incomplete) iteration to self consistency achieved. Analytical forces are found for that
geometry, and molecular dynamics started. At each time step, a chosen number of iterations
to self-consistency (typically 12) are carried out, and the process continues. External fields
and force fields can be applied, and there are other options relating to finding saddle points
or handling especially light ions. Damped dynamics can be used to optimise geometries.
Clearly the strategy can be extended to methods which are closer to first principles, though
it often suffices to give good qualitative and sensible quantitative predictions. This is so
for the three examples of applications I shall discuss:

(1) Does the Scanning Tunnelling Microscope really measure geometries of molecules?
Here the results offer an explanation of why CO absorbed on metals is not seen in the STM:
the tip causes reorientation, and the predicted image (tunnel current versus probe position)
does not have the structure anticipated.

(2) Should breathers be seen in polyacetylene? This is an example where simple
interatomic potentials do not work (the bonding pattern changes dynamically) and where.
the behaviour after excitation to an electronic excited state has interesting subsequent
dynarnics.

(3) The neurotransmitter serotonin (which controls your sleep and sex life) acts by

interaction selectively with receptors. The selectivity is partly by shape (the jig-saw picture)
and partly by a molecular event (probably electron or proton transfer) at the receptor. We
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have looked at the interactions with model receptors, and find a novel catalysed proton
transfer. This may be characteristic of a range of biological processes, and it illustrates how

self-consistent molecular dynamics can point to phenomena not easily recognised in other
ways.

AB INITIO MD OF LIQUID AND AMORPHOUS SILICON

I. Stich
Cavendish Laboratory (TCM)
et o Cambridge: CB3OHE: s e

An éxtensive ab initio molecular dynamics (AIMD) study of liquid and amorphous silicon
will be presented. In this scheme the interatomic potential is explicitly derived from the
electronic ground-state treated with accurate density functional techniques. The present
AIMD results show important differences when compared to results based on empirical
potentials. These differences will be discussed in detail. '

The AIMD provides an excellent description of the local order in the liquid. Analysis of
the valence electronic charge density shows persistence of some covalent bonds in the melt.
These bonds give rise in several system time correlation functions to well identifiable
features associated with stretching vibrations. In the liquid the covalent bonds are
continuously forming and breaking in response to atomic motion. On average the majority
of bonds are broken leading to a fast diffusion and to the metallic behaviour of the melt.

The mode] amorphous sample was obtained by simulated quench from the melt. A cooling
rate of 101 K/s was sufficient to recover a tetrahedral network starting from the metallic
liquid having average coordination larger than 6. Dramatic changes in physical properties
are observed upon cooling, In particular a gap forms in the electronic spectrum indicating
a metal to semiconductor transition. The as-quenched structure has average coordination
very close to 4, but contains several coordination defects as weil as a large fraction of
distorted bonds. Subsequent annealing reduces the amount of strain and the number of
defects present in the system. The average structural, dynamical and electronic properties
of the model sample are in impressive agreement with the available experimental data. A
detailed analysis of the structural relaxation processes accompanying annealing will be
presented and compared with recent experiments.

* Work done at the International School for Advanced Studies, Trieste, Italy in
collaboration with Profs, R. Car and M. Parrinello.

73



THE INTERACI‘ION OF A POINT CHARGE WITH AN
'ALUMINIUM (111) SURFACE

M.W. Finnis
MPI fuer Metaliforschung
Institut Werkstoffwissenschaft
Seestrasse 92
L 7000 Stuttgart 1
Germany

Abstract

The self consistent response of an Al(111) surface to the external potential of a negative
electronic charge is calculated, as a furiction of the position of the external charge. The
metal atoms are represented by norm-conserving pseudopotentials on a periodically
repeated slab of three atomic planes separated by five atomic layers of vacuum, with twelve
atoms per unit cell. Comparison of the energy is made with two classical models: (a) the
classical continuum model (CCM) of a metal, in which a surface is characterised by the -
position of the image plane, and (b) a discrete classical model (DCM), in which the atoms
are tredted as polarisable poiiit charges.. The CCM gives an accurate description of the
interaction ‘energy when the charge is more than about 2.5 Angstrom from the surface -
atomic layer. At closer approach a strong corrugation appears in the interaction encrgy,-.:
which becomies lower over atomn sites than hollow 51tes L : : T

The image plane position with the CCM ﬁtted to the self- con51stent calculatlons, is 51tuated
0.15 Angstrom outside the geometrical surface (jellium edge). Separate calculations with
an external charge of half an electron show the significance of non-linear response; with
this weaker external charge, the effective image plane is 0.29 Angstrom outside the
geometrical surface and the non-linear effect on the energy is relatively small. - The
interaction energy even at small distances is well described by the DCM, which correctly
prediets the site dependence of the image interaction, :



AB INITIO CALCULATION. OF DEFECT ENERGETICS IN.
ALUMINIUM

A. De Vita and M.J. Gillan* '
Physics Department
Umver51ty of Keele
Keele =
Staftordshlre STS 5BG

*Also InTec
Harwell Laboratory,
" AEA Technology, =~
Oxfordshire. ' OX11 ORA.

Abstract

A detailed study of the energetics and electronic structure of the vacancy, the interstitial -
hydrogen, and substitutional hydrogen in buik aluminium is presented. The calculations
aré based on the supercell approach; with the bare Coulomb potential for hydrogen and a-
BHS ab initio pseudopotential for aluminium in the Kleinman-Bylander representation, -
the energy functional minimisation being pérformed with  the conjugate” gradients®
technique. Some special features which optimise the computational strategy for the high
density free-electron-like metal environrment will be discissed. The physical quantities-
studied are the vacancy formation energy, migration eflergy and volume of formation, the -
hydrogen relative energies at different interstitiai sites, the diffusional hydrogen migration -
and vacancy-binding energies, and the hydrogen heat of solution, Preliminary results will
be given for the aluminium self- interstitial, The host lattice full relaxation is found to be
determinant for the impurity energy profiles, and the highly localised screening-charge
distributions deviate significantly from the predictions of the spherically averaged jellium
models. Results compare well with experiment and with some precedent theoretical work,
supporting the adequacy of the present techmque for the study of large metal defective
systems energetics.



ON THE POSSIBILITY OF OBTAINING AN EFFECTIVE PAIR-

WISE ADDITIVE INTERMOLECULAR POTENTIAL VIA AN AB

INITIO ROUTE BY FITTING TO A COOPERATIVE MODEL OF
CONDENSED PHASE CONFIGURATIONS

Mihaly MéZei' .
Department of Cherrustry
- and
Hinter College
and the'. . ..
Graduate CerH ¢ of the CUNY,
- New. York,
NY 10021,
USA

Abstract

The paper demonstrates the fea51b1hty of obtaxmng an effectwe palrwrse addmve
intermolecular potential for liquid water at room temperature by fitting a pairwise additive
functlon to the cooperattvely calculated energles and vmal sums of sm:ulated hquld water N
trying d1fferent furictional forms has been demonstrated as well as the importance of
including the virial sum into the fitting process. The cooperative eriergies and virial sums
were calculated with the Campbell-Mezei model (derived from ab initio dlmer energies) '
that includes a dipole polarisation term( 1,2).

The technique is not tied to arly particular coopetatiee model and thus could be used in

conjunction with any of the explicit cooperative techmques mentioned in the
announcement. :

1. Camp'bell', ES, Mezex, M, J. Chem. Phys 1977, 67, 2338 .'
2. Campbell, E.S.; Mezei, M., Mol. Phys. 1980, 41, 883.
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AB INTTIO EMBEDDED-CLUSTER TECHNIQUES

" R.Nada

Royal Institution
21 Albermarie Street
London W1X4BS.

Abstract

A variety of computational schemes are becoming available which allow the electronic
structure of clusters embedded in a crystalline environment to be mveSUgated by usmg._

ab-initio: quantum-mechanical techniques.. They can have important applications in
catalytic studies, and in the characterisation of local defects in solids. Different approaches. -
adopt different models for- describing the' two subsystems (the cluster and the outer
medium), and for takmg into account their mutual short- and long-range interactions,

After briefly reviewing existing proposals, a specific embedding scheme is considered (C.
Pisani, R. Dovesi, R. Nada and L. Kantorovich, J. Phys. Chem. 92, 7448 (1990)) that .

embodies in a self-consistent procedure the effects on the cluster solution of orthogonality N
constraints and of Coulomb and exchange fields generated by the crystal-line environment. .

The problem is treated at an ab-initio Hartree-Fock level of appraximation; the solution .
for the perfect host crystal is obtained by means of the CRYSTAL program (R. Dovesi, C.
Pisani, C. Roetti, M. Causa and V.R. Saunders, QCPE Program No 577, 1989). Exampies
are provided concerning defects in covalent, ionic and molecular crystals in order to
illustrate the different types of correction to the crystal solution, and to evidentiate
capabilities and shortcomings of the method. The possible influence of long-range
polarisation of the outer medium on the electronic structure in the cluster region and on

defect formation energy is considered. -
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RESTRICTED-BONDING PAIR POTENTIAL FOR SILICON

Graeme J. Ackland
Departmerit of Physics,
University of Edinburgh,

Kings Buildings,
Edinburgh. -

Abstract

Numerous receént attempts have been made to derive empirical potentials for use in
simulations. Various attempts have been made based on many-body forces, embedded -
atom approaches and expansion in cluster terms. The main feature underlying all these-
approaches has been their lack of transferability between coordinations without -
reparameterisation. This failure is put into sharp focus by the relatwe ease mth which s111con s

can be treated by psuedopotentlal electromc structure calculanon S

Here, we presert an empmcal treatiment of sﬁlcon snmply in terms of restncted bondlng- -
pair potentials. We show that this level of approximation allows a simple qualitative
description of the main features of silicon polytypes, point defects; surfaces and ciusters -
and exhibits a degree of transferab1l1ty without reparametensatwn hitherto unreahsed by :_
emplnCal models . - AU . e .

Conﬂguratxons found by ernpmcal methods are wewed not as an end in themselves, but as

a method of generating plausible geometries for investigation by ab initio methods and a
guide to the type of interaction suitable for Monte Carlo simulations. - :
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DENSITY DEPENDENT POTENTIALS FOR SIMULATIONS OF
SIMPLE METALS -

Alison B. Walker

School of Physics
University of East Anglia

Norwich. NR4 7TJ

and

Roger Taylor
Division of Informatics
- National Research Councilof Canada = . . . - . -
oo Ottawa. K1AORSG, - . i oo

Abstract

The total energies for simple metals have been calculated in terms of a density dependent
pair potential and an explicitly density dependent term (the volume potential). The
potentials are based on a first-principles nonlocal pseudopotential theory with a correction
term in the volume potential to allow for the effects of the density dependence of terms
beyond second order in perturbation theory, adjusted to give the observed equilibrium
density. Simple analytic forms have been obtained for the pair and volume potentials. The
constant volume forms of the pair potentials are known to be superior to those of the
effective medium theory (EMT) in dealing with eg phonons and electron transport and it
is likely that they should be more reliable than EMT when generalised to handle
inhomogeneous systems.
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DEFORMATION DIPOLE POLARISABLE ION POTENTIALS FOR
MOLTEN SALTS

R.L. McGreevy,
Clar'e idon Laboratory
- Parks Road
Oxford OX13PU,

Abstract

- We have simulated the structure of molten CsCl using a deformation dipole’ poiarisable
ion potential, where ions have both point charges and dipoles. The magnitude of a dipole
is determined by the local electric field and the repulsive interaction between neighbours.
This produces significantly better agreement with experimental results than rigid ion or

shell model simulations, can run much faster than a shell model simulation and parameters
are simpler to denive.

AB INITIO LDF CLUSTER CALCULATIONS OF DEFECTS IN
SOLIDS

R. Jones
Department of Physics
University of Exeter
Exeter
EX4 4QL.

Abstract

LDF calculations are intrinsically more efficient than Hartree- Fock ones and are capable
of yielding accurate structural information on solids. For real-space basis functions, cluster
methods are superior to supercell ones. Here we describe a fast LDF procedure useful for
clusters as large as 100 atoms. We apply the method to various defects in solids. Since
defect structures cannot usually be experimentally resolved, it is essential to compute other
measurable.quantities. These include local vibrational modes and hyperfine parameters.
~ - Several applications of calculating the former aarg described.



THE K.P METHOD IN TOTAL ENERGY CALCULATIONS

1.J. Robertson and M.C. Payne
Cavendish Laboratory
- Cambridge

Abstract

Calculation of the total energy of a rietailic system requires a large mimber of k-points and

is consequently very time consuming. We describe the Kp method which allows the rapid

evaluation of very accurate data at a large number of k-points from exact data at very few
‘k-points. The result is a reductmn m computauonal umes over tradltlonal methods of up
" to several orders of magmmde =

We demonstrate the method in operation for a dlverse range of alummmm structures. We
carefully analyse ail those errors present, those due 1o the Kp method and those due 1o the
use of a finite number of k-points. We demonstrate that for these structures, the extra error
introduced by the k.p method is negligible.

PERIODIC AND CLUSTER HARTREE-FOCK CALCULATIONS IN
SILICATE SYSTEMS

C.R.A. Catlow,
Royal Institution,
21, Albermarle Street,
London, WI1X4BS,

Abstrzict_

Hartree Foék .I'nethods. can play a majdr' role in the 's.tudy of the pfo'péftiES of both perfect
and defective inorganic materials. The range and limitations of the techniques wiil be
discussed with special reference to three recent studies:

e Electronic structure studies of 4 and 6 coordinate silicate minerals.
o Investigation of the activation of methanol in zeolite ZSM- 5.
@ Derivations of interatomic potentials for 4l20s.
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SIMULATIONS OF AMORPHOUS SILICON.

G.J. Morgan and J. Holender

Physics Depanment
University of Leeds

Abstract

We have used the Stillinger-Weber potential with two- and three- body components in
standard molecular: dynamics to study amorphous silicon. ' We start with the basic
amorphots model of Wooton, Winer and Weaire composed of 216 ators and put toger.her
blocks of such atoms to create a stricture of more than 100,000 atoms. _This structure is
then heated rapidly to remove periodicity, followed by rapid cooling to zero l:emperature
The calculated structure factors agree extremely well with experimental meastirements on
amorphous silicon.

ANGULARLY lePENDENT MANY BODY POTENTIALS WITHIN
TB HUCKEL THEORY

D.G. Pettifor, M. Aoki  and P. Alinaghian
Department of Mathematics
Imperial College of Science, Technology and Medicine,
London. SW72BZ.

Abstract

Recently a new anguliarly-dependent many-body potential for the bond order has been
denived within TB Huckel theory by doing permurbation theory about the bond. This
provides explicit analytic expressions for the dependence of the o, &, or ¢ bond orders
on the local atomic ermronment Apphcauons 10 transition metals and semi-conductors
will be dlscussed y



MOLECULAR MODELLING OF AROMATIC POLYESTERS

P. Lautenschlager and J. Brickman
- Technische Hochschule Darmstadt, -~
..+ Institut fur Physikalische Chemie I, - R
: Petersenstrasse 20, .. ... . oo
6100 Darmstadt,
Germany

K. Plerloot ERRREE
I_aboratonum vOor Quantumcherme
. KU, Leuven, _
. CelestunenlaanZDOF e
3001 beuven'-Heve'rlee;“ N
Belgium.

lepe van Runten, Betty Coussens and RobertJ Meler L
DSM Research, -
P.O. Box 18,
6160 MD Geleen,
The Netherlands.

Abstract

An important characteristic of a polymer chain is its conformation, as it is directly related
to the structure of both crystalline and amorphous states, thus determining mechanical
properties, optical properties (non-linear optical materials), electrically conducting
properties and the stiffness of polymer chains (liquid crystalline polymers, LCP’s). Chain
conformation is mainly determined by the rotational degees of freedom. An approach
finally leading to the capability of molecular design, therefore involves the determination
of the corresponding rotational energy profiles.

Both the lack and difficulty of obtaining the necessary and accurate experimental data urge
for a theoretical approach. The purpose of this paper is essentially to discuss the merits of
various theoretical methods. An integrated approach employing ab-initio, semi-empirical
(AM1) and force field (CVFF) methods to study torsional barriers in conjugated aromatic
molecuiar systems is presented. It is the_first time that such an attempt including full
geometry optimisation up to the ab-initio evel is reported. First, we have focussed on-
monomer-like units of polyparahydroxybenzoic acid (PHBA) and polyethylene
terephthalate (PET). Coupling between the torsional motions was studied with the
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semi-empirical AM1 method as well as with the Consistent Valence Force Field.
Molecular Dynamics simulations were carried out on single chains; the relation between
MD resuits and chain flexibility is discussed as weil as the consequences of the uncertainty
in barrier heights for the MD results and the calculated persistence length.

Large differences between results obtained by .t.he' different levels of calculation were
obtained. This as well as the lack of sufficient and accurate experimental data hampers
progress in modelling the properties of the con}ugated aromatic molecules investigated
here. e

In a second step we searched for a calculational method that would predict the rotational
barriers correctly. Resuits of the semi-empirical AM1 and MNDO-PM3 calculations were
compared with experimental gas-phase structural data. Benzaldehyde was also subjected
to a large variety of ab-initio basis sets, up to the correlated level. Being computationally
very demanding, we could not find the ab-initio results to lead to the correct potentials,
even when performed at the hlghest level repon‘.ed here. However, by iniroducing one
‘pragmatic scaling factor, it was found that the AMI method reproduced the expenmentai
resuits within 15%, which is a very imp

(conjngated) polymers,

The third step in the process, currently in progress, is the development of a force field based
on the correct, i.¢. involving the scaled AM1 data, potentiais, This will subsequently enable
us to perform the necessary Monte Carlo and Molecular Dynamics caliculations which will
now, in principle, lead us to the correct energeucs and dynamics of the system under
investigation.

COMPUTER SIMULATION OF THE GLASS TRANSITION

R. Boscolo and R.L. Jacobs
Mathematics Department,
Imperial College ,
London. SW7.

Abstract . -

We have carried out compurer simulations in a model of a transition-metal-boride glass
(NgoB70) with the aim of observing and understanding the glass transition. Various
quantities such as the specific heat and the mean-square atomic displacement show

physically significant changes in behaviour near the transition. This behaviour is examined
and anatysed.
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TOTAL ENERGY PSEUDOPOTENTIAL CALCULATIONS ON
PARALLEL COMPUTERS

M.C. Payne
Cavendish Laboratory,
Madingley Road
Cambridge CB3 OHE

Abstract

The Car-Parrinello scheme( 1) has made it possible to perform ab initio molecular dynamics
simulations. Using the capabilities of conventional supercomputers, simulations can be
performed for unit cells containing up to 100 atoms and for simulation times of the order
of picoseconds. These numbers will appear relauvely small to those who are accustomed
to performing simulations using empirical potentials. There is no, obvious way of
significantly increasing either the number of atoms in the unit cell or the length of the
simulations on a single processor computer without a fundamental change in computer
technology. However, both of these quantities can be significantly increased by using the
larger number of processing units available in parallel machines. The recent availability
of low cost, high speed processors such as the Intel i860 makes such a course particularly
attractive at the present time. In the present talk [ shall discuss the use of parailel
computers for total energy pseudopotential caiculations and describe the prospects for
performing large ab-initio simuiations on such machines in the future. . .

1. R.Car and M. Parrinello, Phys. Rev, Lett. 55, 2471 (1985).

AB INITIO MOLECULAR DYNAMICS : A CLASSICAL TOOL TO
STUDY QUANTUM EFFECTS

R. Car,
IRRMA,
Lausanne,
Switzeriand.

Abstract

The talk will give a brief intraduction to the principles of ab initio molecular dynarmics.
Recent progress in the technique will be reviewed. with emphasis on new directions, such
as the calculation of free energies. o



RMC OR 'WHEN DO YOU NEED A POTENTIAL’

R.L. McGreevy

Clarendon Laboratory
Parks Road
Oxford OX13PU

Abstract

[t is rare that computer simulations of disordered systems based on an empirical potential,
however complex produce structures that agree with the available diffraction data within
its known errors. It is generally very difficult to modify potentials to improve the level of
agreement, 5o while such simulations may give a good uaderstanding of the gype of structure
in the system they are unsuitable for investigating structural details. Ab initio simulatons
are usually too smalf to glve mformanon on anythmg other than short range order

Reverse Monte Cario (R\/IC) samulauon is a meumd of structural modellmg that uses
experimental diffraction data.'in place” of a potendal.. It is applicable to many different
types of system and data.- [ will describe the algorithm briefly and then illustrate its use in
studies of both simple and complex sysiems (e.g. expanded Caesium and fast ion conducting
glasses) where potentials are difficult to develop. In particular I will stress the detailed
information that is contained in dlfframmn data and 'r.he ways in which. this n‘ught be used
to provide information on potentials. - T T PRI

SIMULATION OF NON-ADIABATIC PROCESSES

A.J. Fisher
Clarendon Laboratory
Parks Road
Oxford. OX13PU.

Abstract

Considerable experience bhas now been gained in generating accurate adiabatic energy
surfaces for molecules and solids by ab initio and semi—empirical techniques. However,
many questions in the theory of chemical reactions and defect processes invoive
non-adiabatic phenomena, where the Born-Oppenheimer approximation fails. We
describe how approximate information about such processes can be obtained and give an
example of such a calculation involving the F-centre in alkali halides.
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The CCP5 Literature Survey 1990

W. Smith
October 22, 1991

In the following pages we present the CCP5 Literature Survey for 1990,

This year, by way of a bonus, we have a supplement to the usual INSPEC survey in
the form of a directory of papers published in the journal Molecular Simulation, provided
to us by the editor in chief N. Quirke, to whom we offer our thanks.

Al the references included in the main list are selected from the IN-
SPEC database and are reproduced with the permission of INSPEC, the
Institution of Electrical Engineers. The INSPEC database covers all areas of
physics, electronics and computing. It follows from the above paragraph that
INSPEC is not responsible for missing references, nor for any typographical
errors, which may have resulted from our retyping of the computer printout.
We are grateful to Mr. Geoff Jones, Head of Selective Services at INSPEC
for his advice and assistance, :

Finally, we thank Mrs. C.M. Smith for proof reading the pages presented here and
Miss A .P. Haskayne of the Daresbury Reprographic Service for typing it all.






CCP35 LITERATURE SURVEY

Correlations between short-range order parameters during short-range order reactions.
Gahn, U, and Pitsch, W.
Acta Metall. (USA), vol.37, 2455-62 (1989).

Monte Carlo renormalization group study of three-state and four-state Potts model on
two-dimensional random triangie lattice. -
Huang Wu-qun, Chen Tian-lun and Xin Yun-wei : ' C
Acta Phys. Sin. (China), vol.38, 659- 64 (1989) In Chmese Enghsh translauon in:
Chin. J. Phys. (USA).

Calculation of the entropy of a fluid by a Mont'e"Ce'rl'dsi'niuIatidn based'on free 'volume.“
Byoung-Jip Yoon and Scheraga, H.A.
THEQCHEM (Netherlands), vol.58, 33-54 (1989)

The molecular dynamics of the B-spiral of the polypentapepude of elastin in "state III" :
with 2.9 pentamers per turn.
D.K. Chang and Urry, D.W. '
THEOCHEM (Netherlands), vol.58, 303- 12 ( 1989)

Computer simulations of the dynamics of multicomponent ioh exchange and adsorption in
fixed beds - gradient-directed movmg ﬁmte element method

"Yu, Q. and Wang, N-HL. - = :
Comput. Chem. Eng. (UK), vol 13,915-26 (1989)

Structure modeling of molecular liquids for the systems benzene, hexafluorobenzene and
their equimolar mixture.

Ostheimer, M., and Bertagnolli, H.

Z. Phys. Chem, Neue Folge (West Germany), vol.162, 171-89 (1989)

Computer simulation of depolarized light scattering from diatoms with hard core and
square well interactions at low temperatures.

Gray, M.G. and Schieve, W.C,

J. Chem. Phys. vol.91, 5296-301 (1989)

Electrical properties of polarizable ionic solutions. 1. Theoretical aspects.
Caillol, I.M;, Levesque, D. and Weis, J.J.
J. Chem. Phys. vol.91, 5544-54 (1989)

Electrical properties of polarizable ionic solutions. II. Computer simulation results.
Caillol, J.M., Levesque, D. and Weis, J.J.
J. Chem. Phys. vol.91, 5555-66 (1989)

A Monte Carlo simulation of water molecuies near a charged wall.
Aloisi, G., Foresti, M.L., Guidelli, R. and Bames, P.
J. Chem. Phys. vol.91, 5592-6 (1989)
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Velocity correlations in the molecular dynamics ensemble: computation of the distict
diffusion coefficients. .

Raineri, F.O., and Friedman, H.L.

J. Chem, Phys. vol.91, 5642-7 (1989)

Adiabatic dynamics of the solvated electron in liquid ammonia.
Sprik, M. and Klein, M.1.
J. Chem. Phys. vol.91, 5665-71 (1989)

Lattice Lorentz gas.
Ernst, M.H. and van Velzen, G.A. _ B
J. Phys. A, Math. Gen. vol.22, 4611-32 (1989) .

Corrections to scaling for diffusion in disordered media.
de Alcantara Bonfim, O.F. and Berrondo, M.
J. Phys. A, Math. Gen. vol.22, 4673-9 (1989)

Shear-induced flow birefringence in a simple fluid: NEMD study
Sang-Rak Kim
J. Korean Phys. Soc. vol.22, 319—22 (1989)-

Anisotropic bond percolation using the large cell Monte Carlo real space renormahzanon ;
group method. - -
Choeong-Seob Kim and Min-Ho Lee
J. Korean Phys. Soc. vol.22, 328- 35 (1989) .

Monte Carlo simulation of a two d1mcns1onal amsotroplc planc rotator model
Romano, S. :
Liq. Cryst. vol.6, 457-66 (1989}

Molecular dynamics and carbon- 13 relaxauon in the ncmanc and smectic A Cand B
phases of 50.7.

Lewis, 1.S., Shams, Z., Tomchuk, E. and Bock, E.

Mol. Cryst. Lig. Cryst. vol.173, 49-59 (1989)

Computer-simulation of gold-redistribution in silicon. .

Gdanitz, H. and Schmalz, K.

Diffus. Defect. Data, Solid State Data B, Solid State Phcnom (L1chtenstem), vol. 6—7
159-64 (1989)

Structural and electronic properties of crystalline and glassy calcium-zinc compounds. I.
Trigonal prismatic ordering of tetrahedral close packing.

Hafner, J. and Tegze, M.

J. Phys. Condens. Matter, vol.1, 8277-91 (1989)

Structural and electronic properties of crystalline and glassy calcium-zine cornpounds I
Electronic density of states.

Tegze, M. and Hafner, J.

J. Phys. Condens. Matter, vol.1, 8293-303 (1989)

What do Landau free energies really look like for suuc'mr'arphase wanisitions?

Giddy, A.P., Dove, M.T. and Heine, V.
J. Phys. Condens. Matter, vol.1, 8327-55 (1989)
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An explicit expression for finite-size corrections to the chemical potenttal
Smit, B. and Frenkel, D.
J. Phys. Condens Matter. voll 8659- 65 (1989)

Investigation of the rccoﬂ ﬂuxcs ina SlO;/SI ta:get by means of thtc Ca:lo s:mulatxon
Vizkelethy, G.
Radiat. Eff. Defects Solids, vol.108, 295-306 (1989)

Carbon: the nature of the liquid state. : o
Galli, G., Martin, R.M,, Car, R, andPa.mne]lo,
Phys Rev Lett vol 63 988 91 (1989)

Comparison between clustcr Monte Carlo aIgon thms in the Ismg model
Wolff, U. _
Phys. Lett. B, vol 228 379 82 (1989)

Monte Carlo simulations of a two—dunensmnal charged polymer cham
Takashima;, J., Takasu, M. and Hiwatari, Y. " - L
Phys. Rev. A, Gen. Phys. vol.40, 2706-11 (1989)

Water-like melting behaviour ofSiQ, investigated by the molecular dynamics simulation
technique.

Vessal, B,, Arnini, M., Fincham, D. and Catlow C.R.A: IR TR

Philos. Mag. B, Phys. Condens Matter Electron. Opt. Magn Prop v0160 753 75 (1989)

Monte Carlo study of the liquid CdTe surface.
Wang, Z.Q., Stroud, D, and Markworth, AJ.
Phys. Rev. B. Condens. Matter, vol.40, 3129-32(1989)

Molecular-dynarics study of anharmomc effects in SlllCOﬂ.
Wang, C.Z., Chan, C.T. and Ho, K.M.
Phys. Rev. B. Condens. Matter, vol.40, 3390-3 (1989)

Monte Carlo simulation of transformations in SiC.
Kabra, V.X. and Pandey, D.
Phase Transit. vol.16-17, 211-29 (1989)

Monte Carlo calculation of the dependence of conformational free energy of polyethylene
chains on degree of stretching, molecula: mass and temperature.

Varyukhin, S.Ye. and Zaitsev, M.G.

Vysokomol, Scedin. A (USSR), vol.31, 1858- 64 (1989) in Russian. English translatmn in
Polym. Sci. USSR (UK) BLDSC: 0046 80200

Properties of Lennard-Jones mixtures at various temperatures a.nd energy ratios w1th a
size ratio of two,

Huber, M.L. and Ely, J.F. ST '

Report NIST/TN-1331, Nat. Inst. Stand &Technol Washmgton DC USA (May 1989)

Global simulations on scalar, vector and parallel LCAP typc supercomputers S
Clement, E. SR
ICS 88. Third International Conference on Supercompuung Proceedmgs, -
Supercomputing 88, Boston, MA, USA, 15-20 May 1988, (St. Petersburg,FL USA: Int
Supercomputing Inst, 1988) p.63-78 vol.1)
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Computer simulation of random ballistic deposition.

Jullien, R. and Meakin, P,

Universalities in Condensed Matter. Proceedings of a Workshop, Les Houches France,_
15-25 March 1988 (Berlin, West Germany: Springer-Verlag 1988) p.199-205 '

Dynamics and damage spreading in cooperative systems: a numerical search for -
universality. .
Stauffer, D. ' o
Universalities in Condensed Matter. Proceedings of a Workshop, Les Houches, France, .
15-25 March 1988 (Berlin, West Germany: Spnnger—Ver]ag 1988) p-2469 -

Relaxation of the incoherent density-density correlanon funcnons of bmary soft—sphercs '
glasses and jump motion of atoms near the glass transition.

Pastore, G., Bemu, B.; Hansen, J.P., Miyagawa, H. and Hiwatari, Y.

Dynamics of Dlsordered Materials, Proceedm gs of ther ILL Workshop, Grenoble, France,
26-28 Sept. 1988 (Berlin, West Germany: Springer-Verlag 1989) p.86-90 o

Solution of t}uee-dlmensmnal problems of the theory of elas t101ty usmg the Monte Ca.rlo
method. B T Do
Pobedrya, B.E. and Chistyakov, P.V.

Appl. Math. Mech. vol.52, 270-4 (1988) ..

Reachon of an irregular parncle with a gas Monte Carlo method for the solunon of the i'
pellet-grain model. e B : . .
Rajamani, K.

Chem. Eng. Sci. vol.44, 2345-53 (1989)

Non-Maxwell velocity distributions in equilibrated fluids. .
Zhu, $.-B., Lee, ]. and Robinson, G.W.
Chem. Phys. Lett. vol.163, 328-32 (1989). - . .

Analysis of the orientational order induced by different ;:}o'teﬁti"al"medels'.fOfCOﬁ. . ;
Frattini, R., Gazzillo, D., Sampoli, M. and Vallauri, R
Chem. Phys. vol.138, 33746 (1989)

Computer sirnulations of hydrated proteins.
Clementi, E.
J. Mol. Liq. vol.41, 233-9 (1989)

Self-exchange velocities in molten (L1 Nd, K)Cl of the eutecuc composmon reﬂecnng the
Chemla effect for the internal mobilities.

Endoh, A. and Okada, 1.

Z. Nat.forsch. A, Phys. Phys. Chem. Kosmophys vol 44A 1131 6 (1989)

Molecular dynamics simulation of electron-transfer reactions in solution. o
Zichi, D.A., Ciccotti, G., Hynes, J.T. and Ferrario, M.
J. Phys. Chem. vol.93, 6261-5 (1989)

Molecular dynamics study on the collapse of A-type zeolite framework. I. Temperature
dependence and prediction of melting phenomena, _

Mee Kyung Song, Jae Min Shin, Hakze Chon and Mu Shick Jhon

J. Phys. Chem. vol.93, 6463-8 (1989) . e
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Tunneling of hydrogen between molecules in solution.
Schmidt, P.P,
J. Phys. Chem. v01,93, 6610-14 (1989)

Cavity potential in type I gas hydrates.
Rodger, P.M.
J. Phys. Chem. vol.93, 6850-5 (1989}

Universal finite-size scaling amplitudes of interfacial free energies in Monte Carlo
simulations. '
Park, H. and den Nijs, M. _

J. Phys. A, Math. Gen. vol.22, 3663-71 (1989)

Directed percolation in 2+1 dimensions.
Grassberger, P.
J. Phys. A, Math. Gen. vol.22, 3673-9 (1989)

A neutron diffraction and molecular dynamics investigation of the structure of vitreous |
beryllium fluoride. _ o
- Wright, A.C., Clare, A.G., Ethenngton G Smclan', R.N. , Brawer, S. A and cher
M. e
J. Non-Cryst. Solids, vol.111, 139-52 (1989)

The dynamics of gallamine: a potent neuromuscular blocker, A determination by quantum
‘mechanics and molecular dynamics. 1. In vacuo studies. :

Saldanha, J.W., Howlin, B., Du Toit, L. and Palmer, R.A,

J. Comput. Chem. vol.10, 975 81 (1989)

Potential of a deuterium moIccular trappad in an extcmal field of scrcened pomt cha:ges
with FCC-symmetry.

Langanke, K.

Mod, Phys. Lett. (Singapore), vol.3, 1031-8 (1989)

Dual ensemble and fluctuations for systems with randor elements.
Muga, J.G. andLevine, R.D.
Mol. Phys. vol.67, 1209-23 (1989)

Effects of intermolecular interactions on depolarized Rayleigh scattering intensities of
fluids of linear molecules. A computer simulation study,

Barreau, A., Chave, A., Dumon, B., Thibeau, M. and Ladanyi, B.M.

Mol. Phys. vol.67, 1241-60 (1989)

Specific heats for simple molecular fluids from molecular dynamics simulations,
Toro-Labbe, A., Lustig, R. and Steele, W.A.
Mol. Phys. vol.67, 1385-99 (1989)

Hard gaussian overlap fluids.
Rigby, M.
Mol. Phys. vol.68, 687-97 (1989)

Computer simulation and perturbation theory of fluids modelled using three- and six-site
Lennard-Jones potentials.

Gupta, S.

Mol. Phys. vo0l.68, 699-710 (1989)
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Vapour-liquid equilibria for Stockmayer fluids. :
Smit, B., Williams, C.P., Hendricks, E.M. and De Leeuw, S.W.
Mol. Phys vol.68, 765-9 (1989)

Nonequilibrium constant temperature molecular dynamics study of the atomic diffusion in
glasses.

Massobrio, C., Pontikis, V. and Ciccotti, G.

Diffus. Defect Data, Solid State Data A Defect D1ffus Forum (I.Jechtenstem) vol 66-69
281-7 (1989)

A Peierls distortion in the liquid state: local order of liquid As.
Bergman, C., Pellegatti, A., Bellissent, R., Menelle, A., Ceolin, R and Gaspard IP
Physica B, vol. 156-157, 158-60 (1989)

Shear-induced anisotropy of the structure of dense ﬂmds
Hess, O., Loose, W., Weider, T. and Hess, S, -~
Physn:aB vol. 156—157 505 7 (1989)

Suppressing cnucal slowmg down in two-d;mensmnal Ismg model s1mu1anons by the :
" muldgrid Monte Carlo method. : : : o : : =
Stoll, E.P.

J. Phys., Condens. Matter, vol.1, 6959-66 (1989)

Hot phonon effects on electron high- held transport in GaAs T
Mickevicius, R. and Reklaitis, A. ' o
J. Phys., Condens. Matter, vol.1, 9401-12 (1989)

Monte Carlo renormalization of the three- dlmenswnal Ism g model

Blote, H.W.J., Compagner, A:, Croockewit, J.H., Fonk, ¥.T.J.C., Heringa, J.R.,
Hoogland, A., Smith, T.S. and van Willigen, A.L. :
Phisica A, vol 161, 1-22 (1989)

Phase transitions in self-dual Ising models with multispin interac ti.tm.s and a field.
Heringa, J.R., Blote, H.-W. and Hoogland, A.
Phys. Rev. Lett. vol.63, 1546-9 (1989)

Noise-induced escape from attractors in one-dimensional maps.
Beale, P.D.
Phys. Rev. A, Gen. Phys. vol.40, 3998-4003 (1989)

Collective excitations in a liquidsemimetal: molecular-dynamics simulation of the dynamics
of liquid bismuth

Dzugutov, M. and Dahlborg, U.

Phys. Rev. A, Gen. Phys. vol.40, 4103-6 (1989)

Chain-chain aggtregation in three dimensions: a test of the Smoluchowski theory.
Debierre, J.-M.
Phys. Rev. A, Gen. Phys. vol.40, 4804-7 (198%)

Wetting transitions near the bulk critical point: Monte Carlo simulations for the Ismg
model.

Binder, K., Landau, D.P. and Wansleben, S.

Phys. Rev. B, Condens. Matter, vol.40, 6971-9 (1989}
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Domain growth and freezing on the triangular lattice.
Kang, H.C. and Weinberg, W.G.
Phys. Rev. B, Condens. Matter, vol.40, 7059-65 (1989) .

Molecular-dynamics studies of the mixed cyanides. II, Orientational fmezmg
Lewis, L.J. and Klein, M.L. .
Phys. Rev. B, Condens. Matter, vol.40, 7080-90 (1989) . . .

Monte Carlo calculations of adsorbate structures and the role of the vibrational entropy in
phase transitions at surfaces.

Persson, B.N.J.

Phys. Rev. B, Condens. Matter. vol.40, 7115-23 (1989). -

Monte Carlo study of transient states of order in YBa,CuOz. - .
Burmester, C.P. and Wille, L.T.
Phys. Rev. B, Condens. Matter, vol.40, 8795-9 (1989)

The onset of disorder in Al(110) surfaces below the meltmg pomt R
Stoltze, P, Norskov, J.K. and Landman, U, o
© Surf. Sci. vol.220, L693-700 (1989)

Monte Carlo method in quantum systems.
Imada, M. and Miyashita, S.
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Phys. Lett. B, v0l.233, 197-200, (1989)

Brownian motion in an 1sothcrmal-1s0banc bath mass and size dcpendcnce
Rull, L.F., de Miguel, E., Morales, J.J. and Neuvo, M.J. o
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Comments At. Mol. Phys. vol.23, 311 21 (1990)
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Guimaraes, M.M.L., Regueiras, P.F.R. and Cruz-Pinto, 1.J.C.
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J. Chem. Phys. vol.92, 2118-20 (1990}

Branched polymers in a wedge geometry in three dlmensmns o
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- J. Chem. Phys. vol,92, 2043-54 (1990)
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of the kinetics of isomerization in liquid n-butane.

Brown, D. and Clarke, JHR.

J. Chem. Phys. vol.92, 3062- 73 ( 1990)

End-point distributions for dense-phase chains in two dir'nch's"i(.:)ﬁs'-.:;_ o
© Tuthil], G.F.
J. Chem. Phys. vol.92, 3179-83 (1990)

Vibrational quantum correction for the Lennard-Jones ﬂuxd a formahsm of effecnve
intermolecular potentials depending on mass and temperature.

Byoung Jip Yoon, Mu Shik Jhon and Scheraga, H.A,

J. Chem. Phys. vol.92, 3748-55 (1990)

Molecular dynamics sirulations of the structure and dynam.lcs of conﬁned polymcr melts.
Bitsanis, I. and Hadziioannou, G.
J. Chem. Phys. vol.92, 3827-47 (1990)

Computer simulation of ammonia on graphite. IT. Monolayer melting..
Cheng, A. and Steele, W A,
J. Chem. Phys. vol.92, 3867-73 (1990)

Kinetic model for heterogeneous catalysis: cluster and pcrcolatlon propcmes
Kolb, M. and Boudeville, Y. . :
J. Chem. Phys. vol.92, 3935-43 (1990)

Pressure induced amorphization of ice Ip.
Tse, J.S. and Klein, M.
J. Chem. Phys. vol.92, 3992-4 (1990)

Pa;u- dynam]cs in hard- sphere fluids.
Leegwater, JLA.
J. Chem. Phys. vol.92, 4394-8 (1990)

A composition density functional theory for mixtures based upon an mfimtely
polydisperse reference. II, Freezing in hard sphere mixtures.

Kofke, D.A. and Glandt, E.D. :

J. Chem. Phys. vol.92, 4417-23 (1990)

SMITH-91/263 28



Coil to rod transitions in Monte Carlo simulations of a short polyelectrolyte. I. New
thermal and screening effects.

Brender, C.

1. Chem. Phys. vo0l.92, 4468-72 (1990)

Calculation of the molar volume of electron solvation in liquid ammonia. .-
Marchi, M., Sprik, M. and Klein, M.L.. . .. S :
J. Phys. Chem. vol.94, 431-4 (1990)

Selection of configurations for parameterization of two-body interaction potcnnals
Carpenter, LE., Yeus,III, W.T., Locker Carpenter, 1. and Hehre, W.J.
J. Phys. Chem. vol.94, 443-7 (1990) L

Dependence of ion beam mixing on the incident ion energy and film thickness in the Al/Pd.
system. Lo
Hyon Kyuong Kim, Dae Won Mun, Jong Ho Kim, hee Jag Kang, Jong Han Song, L
Hong Gyu Jang, Kwang Ho Jeong, Chung Nam Whant, Smith, R.J. and Rhym Ycol Loe

J. Korean Phys. Soc. (South Korea), vol.23, 23-30 (1990)

' Thermodynarmc calculation for liquid lithium using one—component-plasma system
Lai, S.K: e o

J. Non- Cryst Sohds vol.117- 118, 513 16 (1990) , ' '
(Seventh International Conference on Liquid and Amorphous Metals: LAM 7, Kyoto Japan,
4-8 Scpt 1989) L

Isorhermal 1sobar1c molccular dyna.rmcs sxmulatxon of polymorphlc phase transmons in
alkali halides.

Ruff, I, Baranyai, A., Spohr, E. and Hemzmger K

J. Non- Cryst Solids, vol.117-118, 597-600 (1990) S '
(Seventh International Conference on Liquid and Amorphous Metals LAM '7 Kyoto, J apan,
4-8 Sept.1989) : .

The structure of glassy zinc chloride; a reverse Monte CArlo study

Pusztai, L. and McGreevy, R.L.

J. Non-Cryst. Solids, vol.117-118, 627-30 (1990) . '

(Seventh International Conferenco on Liquid and Amorphous Meta]s LAM 7 Kyoto T apan,
4-8 Sept. 1989) : S L _ _ _

Molecular dynamics of the structure and transport propertles of amorphous AgI
Trullas, J., Giuro, A. and Silbert, M. _

J. Non- Cryst Solids, vol.117-118, 635 7 (1990)

(Seventh International Conference on Liquid and Amorphous Metals: LAM 7, Kyoto Japan,
4-8 Sept.1989)

Monte Carlo simulation studies of surfacc properties of iiquid metals.

Ishida, A., Hasegawa, M. and Watabe, M. =

J. Non-Cryst. Solids, vol.117-118, 650-3 (1990)

{Seventh International Conference on Liquid and Amorphous Metals LAM 7 Kyoto Japan,
4-8 Sept.1989) _

Singlo-clustor Mohte .Carl'o'dyna'mios' for thc Is.i'n'g. 'modol..{ .
Tamayo, P., Brower, R,C. and Klein, W,
J. Stat. Phys. vol.58, 1083-94 (1990)

SMITH-91/263 29



Vapour liquid equilibrium of a pure fluid from test particles method in combination with
NpT molecular dynamics simulatons.

Moller, D. and Fischer, J.

Mol. Phys. vol.69, 463-73 (1990)

The bulk viscosity of a square-well fluid, - :
Joslin, C.G., Gray, C.G., Michels, J.P.J. and Ka.rkheclc J
Mol. Phys. vol.69, 535-47 (1990)

Cluster analysis and connnuum percolanon of 3D square-wel! phases MC and PY soluuons
Heyes, D.M. . . : L
Mol. Phys. vol.69, 559 69 (1990)

Potential dependence of structiral and dynamical properties of simple liquid.. - - ..
Sang Rak Kim
New Phys (Korean Phys Soc ) (South Korea), vol.30, 1-5 (1990). In Korean

Improved integral equation for h1 ghly supercooled hqu1ds numerlcal tests for soft~sphere
fluids.

- Kambayashi, S. and Hiwatari, Y. - :
Phys. Rev. A, Stat. Phys. Plasmas Flmds Reiat Intcrdlsc1p Top vol 41, 1990 6 (1990)

- Transport-driven reorientation in a square lamce—gas model
Szabo, G. and Szolnoki, A. :
Phys Rev A Stat Phys Plasmas Fluxds Relat Interd1301p Top vol.41, 2235 8 (1990)

Molecular dynanmcs algonthm on the Connecnon Machme

Greenwell, D.1., Kalia, R.K., Patterson, J.C. and Vashishta, P.-

Int. J. High Speed Comput. (Smgapore vol.1 no.2, 321-§ (1989) .
“(Scientific Applications of the Connection Machine Conference; Moffert F1e1d CA USA.
12-14 Sept.1988) ' _

Percolation expression for Ising fully frustrated square 1att|ce _—
Kasai, Y. and Ohnaka, K :
Prog. Theor Phys (Japan), vol 82 1057 65 (1989)

lefuswn in concentrated lamce gases mtermedlate mcoherent dynamlcal scattermg
function for tagged particles on a square latucc

Kumer, R, and Kehr; K. W, R

Phys. Rev. B, Condens. Matter, vol. 41 2784 93 (1990)

Computer models for amorphous silicon hydrldes
Mousseau, N. and Lewis, L.J.
Phys. Rev. B, Condens Matter, vol 41, 3702-7 (1990)

Vectorization of Monte Carlo pamcle tsansport an archltectural study usin g the LANL
benchmard *‘GAMTEB’. o
‘Burns, P.J,, Christon, M., Schweitzer, R, Lubeck OM Wasserman HJ

Simmons, M.L. and Pryor, D.V.

Proceedings of Supercomputing ’89, Reno NV USA 13 17 Nov.1989 (New York NY
USA: ACM 1989)p.10-20 o

SMITH-91/263 30



Molecular dynamics, coupled oscillators, resondnces and reactmty
Lefebvre, R.
Ann. Phys. (France), vol.15, 1-20 (1990). In Frcnch

"Model systems for DNA and its environment: suitability and accuracy in thcorcncal '
calculations. -
Pack, G.R., Wong, L, and Lamm, G.

Int. J. Quantum Chem. Quantum Biol. Symp. (USA), no.16, 1-15 (1989)
(International Symposium on Quantuzm Biology and Quantum Pharmacology, St. Augusnne,
FL,, USA, 1-8 April 1989)

Molecular mechanics studies of sequence-specific repair of DNA Alkylated by EMS in thc
lacl gene of Escherichia coli.

Foley, C.K,, Pedersen, L.G., Darden, T.A. and Anderson, M.W.

Int. J. Quanrum Chem, Quantum Biol, Symp. (USA), no.16, 35-44 (1989)

(International Symposium on Quantum Biology and Quantum Pharmacology, St. Augusnnc,
FL, USA, 1-8 April 1989)

On the pair correlation function of an intercalated fiuid.
" Wielopolski, P.A., Evans, D.J. and White, I W.
Chem. Phys. Lett. vol.166; 602-4 (1990) - -

Tracer diffusion in hard-sphere liquids from molecular dynamms s:mu]atlons o
Easteal, A.J. and Woolf, L.A. .
Chem. Phys. Lett. vol.167, 329-33 (1990)

A linear algorithm for calculating spin corre}atxons in hadromc colhsmns
Knowles, L.G. : :
Comput. Phys. Commun. vol.58, 271-84 (1990)

Phase transition and critical behavior for XY rnodcl on 2-dimensional random tnangle
lattice. ¥
Jin Ke, Chen Tian-lun and Huang Wu-qun

Commun. Theor. Phys. (China), vol.12, 99-107 (1989)

The gcncrahzed van der Waals parntlon function. V. Mixture of square-well ﬂulds of
different sizes and energies. .
Kun-Hong Lee, Dodd, L.R. and Sandler, S.1.
Fluid Phase Equilib. vol.50, 53-77 (1989) -

Parellization of the Ising model and its pcrformaﬂce evaluation.
Heermann, D.W. and Burkitt, A.N.
Parallel Comput. vol.13, 345-57 (1990)

Monte Carlo method in the theory of solunons SRS
Sheykhet, LI, and Simkin, B.Ya. ST
Comput. Phys. Rep. vol.12, 67-133 (1990)

Computer simulation of high fluence oxygen profiles in silicon.

Bussmann, U. and Hemment, P.L.F.

Nucl. Instrum, Methods Phys. Res. B, Beam Interact. Mater. At. (Netherlands), vol B47
22-8 (1990}

SMITH-91/263 3l



Light- and heavy-ion channeling profiles in silicon. = .

Dekempeneet, EH.A., Zalm, P.C., Van Hoften, G. and Pohttek 3. o
Nucl. Instram. Methods Phys. Res. B, Beam Interact. Mater. At, (Netherlands), vol, }348
224-30 (1990)

{Thirteenth Internatonal Conference on Atomic Collisions in Solids, Aarhus, Denmark
7-11 Aug.1989)

Melting and freezing of small argon clusters.
Wales, D.J. and Berry, R.S. . S
J. Chem, Phys. vol.92, 4283-95 (1990)

Computer simulation of reptation theories. II. Reptatin g-rope model..
Ottinger, H.C,
J, Chem. Phys. vol.92, 4540-7 (1990)

Statistical structure of soluble COI'lJll gated polymers II Loca.hzatton effects and electron .
self-trapping. Ll o
Viallat, A.

J. Chem. Phys, vol.92, 4557-65 (1990) .

The ice/water interface: 2 molecular dynarmcs sunuIauon usmg the snnple pomt cha:ge .
model.

Karim, O.A., Kay, P.A. and Haymet, A.D.J.

J. Chem. Phys. vol.92, 4634-5 (1990)

Monte Carlo simulation of covalent surfaces.

van der Eerden, J.P,, Lia Guang-Zhao, De Jong, E. and Anders, M.J,

J. Cryst. Growth (Netherlands, vol.99, 106-11 (1990) REE
(Ninth International Conference on Crystal Growth: ICCG -9, Sendai, Iapan, R
20-25 Aug.1989)

On loss of accumcy and.nonumqueness of soluttons generated by equwalent lmeanzauon
and cumulant-neglect methods.

Fan, F.-G. and Ahmadi, G.

J. Sound Vib. vol.137, 385-401 (1990)

Interplay of the atomic and elect:romc structure in molten and glassy mctals

Hafner, J.

J. Non-Cryst. Solids, vol.117-118, 18-26 (1990) - > - L
(Seventh International Conference on Liquid and Amorphous Meta]s LAM 7, Kyoto, Iapan
4-8 Sept.1989) . . _

Structure of expanded liquid caesium. L

Hoshino, K., Matsuda, N., Mori, H. and Watabe, M.

J. Non-Cryst. Solids, vol.117-118, 44-7 (1990)

(Seventh International Conference on Liquid and Amorphous Metals: LAM 7, Kyoto ki apan,
4-8 Sept.1989) )

Polyanionic clusters in liquid alkali-lead compounds. . .

Hafner, J,

J. Non-Cryst. Solids, vol.117-118, 64-7 (1990} . ' ' '
(Seventh International Conference on Liquid and Amorphous Metals LAM 7, Kyoto P apan,
4-8 Sept.1989)

SMITH-91/263 3z



A mofecular dynamics study of liquid copper near the melting point.

Arai, T., Yokoyama, I. and Waseda, Y.

J. Non-Cryst. Solids, vol.117-118, 96-9 (1990)

(Seventh International Conference on L:qmd and Amorphous Metals: LAM 7, Kyoto J apan
4-8 Sept.1989) :

Local structure and energetics in a model glass.

Watanabe, M.S. and Tsumuraya, K. -

J, Non-Cryst. Solids, vol.117-118, 187-90 (1990)

(Seventh International Conference on Liquid and- Amorphous Metals: LAM 7, Kyoto J apan
4-8 Sept.1989)

Structurat and electromc properues of Ca-Zn glasses

Tegze, M. and Hafner, J. -

J. Non-Cryst. Solids, vol.117-118, 195 8 (1990) [ ' s
(Seventh International Conference on quuld and Amorphous Metals: LAM 7 Kyoto, I apan
4-8 Sept.1989) e

The topological characterlsncs and electron bondm g in sn:nple and metal-metallold systems
- crystal, liguid, glass versus Penrose lattice, - . A,
Bratkovsky, A.M. and Smirnov, A.V.

J. Non-Cryst. Solids, vol.117-118, 211-14 (1990)

(Seventh International Conference on Liquid and Amorphous Metdls LAM 7, Kyoto, I apan
4-8 Sept.1989)

Critical exponent for the loop erased self-avoldm g walk by Monte Carlo methods
Guttmann, A.J. and Bursill, R.J. : :
J. Stat, Phys vol 59 1- 9 ( 1990)

Viscous drag by cellular automata.
Duarte, J.LA.M.S. and Brosa, U.
J. Stat. Phys. vol.59; 501-8 (1990) -

Coordination numbers for biomolecular hydration: & quantitative method based on pattem
redcognition analysis of Monte Carlo snnulanons of aqueous solunons :
Marchese, F.T. - :

J. Comput. Chem. vol 11, 374- 81 (1990)

Evaluation of the uuxed-ox1de fuel melnng lm:ut at low bumups
Komoda, 8., Hosokawa, T. and Kinjo, K. : : .
Kemtcchmk (West Germany) vol.55, 112- 6 (1990)

Statistical mechanics of a ng1d bubble h1gher denvauve qua.ntum gravny oni sphencal
random surface embedded in E3, - :
Koibuch, H. and Yamada, M, - - =

Mod. Phys Lett A (Smgapore vol. 4 2417 28 (1989)

Mathemancal rnodelm g of the mteractlon of three parucles [Interrnolecular forces CIE
composite materials). : T
Malmeister, A.K.

Mech. Compos. Mater. vol. 25 141 4 (1989) Translanon of Mekh Kompoz Mater
(USSR), vol.25, 200-3 (1989)

SMITH-91/263 33



A monte Carlo renormalization group study of Ising model on 2-dimensional random triangle
lattice. .
Chin. Sci. Bull. (China), vol.35, 278-82 (1990).. .

Employing the Ising representation to implement nonlocal Monte Carlo updating in O(N)
models. |
Patrascioiu, A.

Nuovo Cimento B (Italy), vol.105B, ser.2, 91-5 (1990)

Atomic resolution studies of solute-atom segreganon at gram boundanes expenments and
Monte Carlo simulations. R
Seidman, D.N., Hu, J.G,, Kuo, S.-M., Krakauer, B.W. and Oh, Y., Seki, A.

Colloq. Phys. (France), no.C-1, 47-57 (1990). o
(International Congres on Intergranular and Interphase Boundaries in Matcnals, Pans,.:_ .
France, 4-8 Sept 1989) P o . -

CUbIC [001] tmst CSL gram boundanes study by mcans of random walk

Argyrakis, P, Doni, E.G., Sarikoud:s, T\, Hairie, A, and Blerns, G.L.

Colleq. Phys. (France), no.C-1, 67-9 (1990) o
. (International Congres on Intergranular and Intcrphasc Boundanes in Matenal 5 Pans,___ _
France, 4-8 Sept.1989) e o

Equilibrium composition of interphase bouhdaﬁés._:-. o

Wynblatt, P. and Dregia, S.A.

Collog. Phys. (France), no.C-1, 757-66 (1990).

(International Congres on Intergranular and Interphase Boundancs in Materials, Paris,
France, 4-8 Sept.1989) e o

Tricritical trails on a square lattice with impenetrable linear boundary: computer
simulation and analytic bounds. :

Chang, 1.S., Meirovitch, H. and Shapir, Y. o § _
Phys. Rev. A Star, Phys. Plasmon Fluids Relat. Interdiscip. Top vol 41 1808 22 (1990)

Phase separation in binary nonadditive soft-sphere rmxtures o
Hoheisel, C.
Phys. Rev. A, Stat. Phys Plasmon Flmds Relat Interd:sc1p 'Iop vol41 2076 92(1990}

Computer simulation for structure formation from self—assembling polymers
Balazs, A.C., Hu, J.Y., Lentvorski, A.P., Lewandowski, S. and Lantman, C. _
Phys. Rev A Stat. Phys Plasmon Flmds Relat Intcrdlsmp Top. vol.41, 2109-13 (1990)_

Nearest-neighbor distance distributions and self-ordenng in d1ffusnon-controlled '
reactions. I. A+A simulations,

Argyrakis, P. and Kopelman, R.
Phys. Rev. A, Stat. Phys. Plasmon thds Relat. Interdiscip. Top v0141 2114- 20 (1990)_-

Nearest-neighbor distance dlst:nbutlons and sclf—ordcnng in d1ffus1on controllcd
reactions, Il A+B simulatons, -

Argyrakis, P. and Kopelman, R, ) ' _
Phys. Rev. A, Stat. Phys Plasmon Fluids Relat. Interdiscip. Top. v0141 2121 6 (1990)

On pcrturbanon cxpansmn for associated fluids.
Nezbeda, 1. and Kolafa, J.
Czech. J. Phys. (Czechoslovakia), vol.40, 138-50 (1990)

SKITH-91/263 34



First-principles calculation of the activation energy for diffusion in liquid sodium.
Guo-Xin Qian, Weinert, M., Fernando, G.W. and Davenport J. W
Phys. Rev. Lett. vol.64, 1146 9 (1990)

Monte Carlo study of the order-parameter d.lStl‘lbl}tlon m the four-dzmenswnal Ising spm :
glass. .

Reger, J.D., Bhatt, R.N. and Young, A.P.

Phys. Rev. Lett. vol.64, 1859-62 (1990)

Group theory and the diffusion of molecules, dynarmcs and structure
Evans, M.W. and Heyes, D.M. '
Phys. Scr. (Sweden), vol.41, 304-15 (1990)

Liquid arsenic: comparison of ab i initio and pair- pmentlal pmdlcuons of molccuiar o
structure. ~

Li, X.-P., Allen, P.B,, Car, R., Parrinello, M, and Broughton, 1. Q

Phys. Rev, B, Condens. Matter, vol.41, 3260-3 (1990)

Computer simulations of radiation damage in amorphous sohds

~ Laakkonen, J. and Nieminen, R.M.

Phys. Rev. B, Condens. Matter, vol.41, 3978- 98(1990)

Molecular dynamics simulations of supercooled lithium chioride glass:
~Shao Jun, Shu Guang-Yu, Xu Hua, Cheng Zhao-Nian, Chen Nian- Y1
Acta Phys. Sin. (China), vol.39 245-33 (1990). In Chinese

Distribution of microscopic holes with dlfferent radn in moltcn L1C1 I
Tang Zheng-quan and Shao Jun . L
Chin. Phys. Lett, (China), vol.7, 181-3 (1990)

A nonlocal free-energy density-functional apprOxim'atior; for the electrical double layer.
Mier-y-Teran, L., Suh, S.H., White, H.S. and Davis, H.T.
J. Chem. Phys. vol.92, 5087-98 (1990)

Diffusion, adsorption, and reaction in pillared clays. I. Rod-like molecules in a regular
pore space.

Sahimi, M.

J. Chem. Phys. v0l.92, 5107-18 (1990)

Computer simulation study of the 8-point in three dimensions. L Self-avoiding walks on a
simple cubie latticed.

Meirovitch, H, and Lim, H.A.

I. Chem. Phys. vol.92, 5144-54 (1990)

Computer simulation study of the 8-point in three dimensions. IL Trails on a simple cubic
lattice.

Meirovitch, H. and Lim, H.A.

J. Chem. Phys. vol.92, 5155-61 (1990) - L

A molecular dynamics study of the hexane/water interface. ~
Carpenter, LL. and Hehre, W.J.
J. Chem. Phys. vol.94, 531-6 (1990)

SMITH-91/263 35



A breakdown of equilibrium statistical mechanics?
Keirstead, W.P. and Wilson, K.R.
J. Chem. Phys. vol.94, 918-23 (1950)

Monte-Carlo simulation of heterogeneous thin film growth

Natori, A., Fukuda, M., and Yasunaga, H.

J. Cryst. Growth (Nethcrlands). vol.99, 112-15(1990y o
(Ninth International Conference on Crystal Growth: ICCG - 9 Senda.l Japan, o
20-25 Aug.198%) '

Kinetics of crystal growth on the solid-on-solid model.

Uchida, T., Sato, F, and Wada, K.

J. Cryst. Growth (Netherlands, vol.99, 116-19 (1990) S
(Ninth International Conference on Crystal Growth ICCG -9, Sendai, Japan,
20-25 Aug.1989) o

Lattice-gas model simulation of crystal shapes.. .

Saito, Y. and Ueta, T. o

J. Cryst. Growth (Netherlands, vol.99, 171-4 (1990) _
(Ninth International Conference on Crystal Growth: ICCG -9, Sendai, Japan, S
20-25 Aug.1989) o

Universal distance ratios for 2d SAW: Monte Carlo and exact series results _
Lam, P.M. - B
J. Phys. A, Math. Gen vol 23 L325 8 (1990)

Finite-size scaling study of non-equlibrium percolation.
Lironis, G., Heermann, D.W. and Binder, K.
J. Phys. A, Math. Gen. vol.23,1.329-34 (1990} .

Bond-site percolation; empirical representauon of critical probabilities.
Yanuka, M. and Englman, R.
J. Phys. A, Math. Gen. vol.23, L339- 45 (1990)

Ballistic chain-chain aggregation in d=1-3.
Debierre, J.-M. and Turban, L.
J. Phys. A, Math. Gen. vol.23, 1421-9 (1990)

The wapping transition in dynamic (invasion) and st:afic'percblhtidn; o
Pokorny, M., Newman, C.M. and Meiron, D.
J. Phys. A, Math. Gen. vol.23, 1431-8 (1990)

Molecular dynamics study of binary alloys near the glass transition.”
Hiwatiari, Y. and Miyagawa, H.
J. Non-Cryst. Solids vol.117-118, 862-70 (1990)

Molecular dynamics study of crystallization of the soft-core model.

Tanemura, M., Matsuda, H., Ogawa, T., Ogita, N. and Ueda, A, - .

L. Cryst. Growth (Netherlands), vol.117-118, 883-6 (1989)

(Seventh International Conference on Liquid and Amophous Metals: LAM 7, Kyoto, Japan,
4-8 Sept.1989)

SMITH-91/263 36



Dynamical correlations in binary soft-sphere glasses.

Mivyagawa, H. and Hiwatari, Y.

J. Cryst. Growth (Netherlands), vol.117-118, 903-6 (1989) . _

(Seventh Internationat Conference on Liquid and Amophous Metals: LAM 7 Kyoto, Tz apan,
4-8 Sept.1989)

Effects of quenching rate on liquid-glass transitions.

Lai, S.K. and Lin, M.S,
J. Cryst. Growth (Netherlands), vol.117-118, 907-10 (1989). - L '
(Seventh International Confercm.c on L1qu1d and Amophous Metals LAM 7 Kyoto, I apan,
4-8 Sept.1989) S e _ _ _

First principles MD simulation of liquid and amorphous seleniumd:

Hohl, D. and Jones, R.O.

J. Cryst. Growth (Netherlands), vol.117-118, 922-5 (1989)

(Seventh International Confcrence on L1qu1d and Amophous Metals LAM 7 Kyoto, ] apan,
4-8 Sept.1989) _ o

Dipolar atoms and spin paired species in Na-NaBr solutions. - .

© Xu, L.F, Selioni, A. and Parrinello, M.

J. Cryst. Growth {Netherlands), vol.117-118, 926-9 (1989)

(Seventh International Conference on Liguid and Amophous Metals: LAM 7, Kyoto J apa.n,
4-8 Sept.1989)

Atomic structure and bonding mhqmd GaAs e
Zhang, Q.-M., Chiarotti, G., Selloni, A., Car, R. and Pamnello. M.__ e

J. Cryst. Growth (Netherlands), vol.117-118, 930-4 (1989)

(Seventh International Conference on Liquid and Amophous Metals: LAM 7, Kyoto, Japan,
4-8 Sept,1989)

Distance measurement and structure refinement with NOE data. -
Baleja, J.DD., Moult, and Sykes, B.D.
J. Magn. Reson. vol.87, 375-84 (1990)

Vapour-liquid equilibria for quadrupolar Lennard-Jones fluids.
Smith, B. and Williams, C.P. :
J. Phys Condens. Matter, vol.2, 4281- 8 (1990)

Structural transformanon and supcnomc bnehav:or of a hlgh angle g:ra.m bounda:y in
CaFs: a computer simulation study. _ _

Maunier, C. and Pontikis, V.

Colloq. Phys. (France), no.C-1, 245-50 (1990). . _

(International Congress on Intergranular and Interphase Bound.mes in Matenals, Pans, __
France, 4-8 Sept.1989) o _ '

Computer simulation of <101> tilt grain boundary structures in BCC metals. N
Paidar, V.. . _

Collog. Phys. (Francc), no. C 1 299 304 (1990) : :

(Internadonal Congress on Intergranuiar and Interphase Boundanes in Matenals, Pans,_
France, 4-8 Sept.1989) :

SMITH-91/263 a7



Computer simulation of metal-semiconductor and semiconductor-semiconductor interfaces.
Matthai, C.C. and Ashu, P,

Collog. Phys. (France), no.C-1, 873-8 (1990)

(International Congress on Intergranular and Interphase Boundancs in Matcnals Pa.rls. _
France, 4-8 Sept.1989) S

New critical behavior in the dense two-dimensional classical Coulomb gas
Jong-Rim Lee, and Teitel, S.
Phys Rcv Lctt vol 64, 1483 6 (1990)

Glassy kmenc bamers bctwccn conformauonal substratcs in RNA

Fernandez, A.
Phys. Rev. Lett. vol.64, 2328-31 (1990)

New percolation structure in dﬂute mufcrromagnenc Potts models
Fried, H. and Schick, M. e :
Phys. Rev. B, Condens. Matter vol41 4389 402 (1990)

First- and second-order transitions in the quantum hard-rod system by Monte Carlo

" simulation.

Mallezie, F.
Phys. Rev. B, Condens. Matter, v0141 4475 9 (1990)

Equilibrium quasicrystal phase of a Penrose ulmg model
Lei-Han Tang and Jaric, M.V,
Phys. Rev. B, Condens. Matter, vol 41, 4524w46 ( 1990)

Dynamics of first-order transmons in two-d.lmenswnal systems w1th long-range
interactions. .-
Laradji, M., Grant, M,, Zuckermann, M.J. and Klein, W.
Phys. Rev. B Condens. Matter, vol.41, 4646-52 (1990)

Monte Carlo renonmalization-group study of domain growth in Lhe Potts modcl ona.
triangular lattice,

Roland, C. and Grant, M.

Phys. Rev. B, Condens. Matter, vol. 41 4663-8 (1990)

Light-hole contribution to noise and dlffusmn in p- type germamum dt Iow temperarures
Mitin, V. and Van Vliet, C.M.
Phys. Rev. B, Condens. Matter, vol.41, 5332 40 (1990)

Atomistic sirnulation calculations on the structures of conducung polymcrs I Pnsune
polyacetylene and polyparaphenylene. N
Corish, ., Hanratty, V.C.A., Morton-Blake, D. A Bemere, F and Morm, A
THEOCHEM vol 66 41 51 (1990)

Atomistic mmulatton investigations of thc structures of conductmg polymcrs ]I Doped
polyacetylene and polyparaphenylene.

Corish, 1., Hanratty, V.C.A., Margrita, J.-P., Morton Blake, D.A,, Bemere, F. and
Morin, A. .

TI-IEOCI—IEM, vol.66, 53-65 (1990)
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Study of phasc boundaries for site-bond percolatlon
Liu Yunpeng and Zheng Moasheng
Chin. Phys. Lett. (China), vol.7, 234-6 (1990)

Estimation of effective diameters for molecular flmds
Ben-Amotz, D. and Herschbach, D.R.
J. Phys. Chem. vol.94, 1038-47 (1990)

A new intermolecular energy calculation scheme: applications to potenitial surface and
liquid properties of water.

Wallqvist, A., Ahlstrom, P. and Karlstrom, G.

J. Phys. Chem v0l.94, 1649-56 (1990)

Analytical intermolecular potential functions from ab initio sclf—consmtcnt-ﬁeld calculanons
for hydration of methylamine and methylarnmoénium ion. - P
. Sung Sooi Wee, Seungmoak Kim, Mu Shik Thon and Scheraga, H A

J. Phys. Chem, vol.94, 1656-60 (1990) - o

Relative partition coefficients for organic solutes from ﬂu1d sunulatlons.-- SR
" Jorgensen, W.L., Briggs, J.M. and Leonor Contreras, M. - ERTE
J. Phys. Chem vol 94 1683 6(1990)

Molecular dynaxmcs study on the shear viscosity of moltcn Nazo 25102;- - o
Ogawa, H., Shiraishi, Y., Kawamira, K. and Yokokawa,T e e
J. Non- Cryst Solids, vol. 119; 151-8 (1990) - o "

The chemical potential of liquid xenon by computer Sunulatmn
Rittger, E. : :
Mol. Phys. vol.69, 853-65 (1990) L

Fluctuation phenomend at a fisst-order phase transition,
Henderson, J.R. and van Swol, F,
J. Phys. Condens.Matter, vol.2, 453‘7 42 (1990)

Radiation effects of amorphous Pd308120 alloy by N+ ion.’
Okamoto, Y., Takagi, R. and Kawamura, K. -
Radiat. Eff, Defccts Solids, vol.113, 303-14 (1990)

Short-wavelength collectiv modes in 2 bmary ha:d spherc mlxture
Marchetti, M.C. and Sinha, S,
Phys Rcv A Stat. Phys Plasmas FIu1ds Relat Interchscxp Top v0141 3214—26 (1990)

Phase dxagram ofa systcm of hard sphcrocyhnders by computer sunulanon
Veerman, J.A.C. and Frenkel, D. S
Phys. Rev. A, Stat. Phys. Plasmas Flulds Relat Intcrd1501p ’I’op voi 41 3237 44

Diffusion annihilation in one chmensmn and kmeucs of the Ism g model at zero tempcrature
Amar, ].G. dnd Family, F. -
Phys. Rev. A, Star. Phys, Plasmas Fluids Relat. Interchsmp Top vol 41, 325 8- 62 ( 1990)

Dynamics of defects in superionic fluorites.
Gillan, M.J.
J. Chem. Soc. Faraday Trans. vol.86, 1177-82 (1990)
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Brillouin-scattering and computer-simulation studies of fast-ion conductors. A review.
Comins, 1.D., Ngoepe, P.E. and Catlow, CR.A.
J. Chem. Soc. Faraday Trans. vol.86, 1183-92 (1990).

Concentration effects on defect stability in calcium ﬂuonde_. .
Byrne, D.G., Corish, J. and MacDonaill, D.A. L
J. Chem. Soc. Faraday Trans. vol.86, 1193-5 (1990)

The entropy of a point defect in an 1on1c crystal.
Jacobs, P.W.M.
J. Chem. Scc. Faraday Trans. vol.86, 1197-201 ( 1990)

Car-Parrinello methods.
Payne, M.C, Teter, M.P. and Allan, D.C. -
J. Chern. Soc. Faraday Trans. vol.86, 1221 6(1990)

Atomic mechanism of solid- l1qu1d phase transmon in FCC metals with ; a la:ge stack:mg—fault
energy.

Chudinov, V.G. and Andreev, V.V.

- Phys. Status Solidi A (East Germany), vol 118, 415«23 (1990)

Smart scattering matrices for single collision electron Monte Cai'l'o'c'alc'iul'atidris'. B
Filippone, W.L. and Woolf, S.. = .

International Topical Meeting on Advances in Rcactor Phys1cs, Mathemiatics and
Computation, Paris, France, 27-30 April 1987, (Glf-sur Yvette, }-rance CEN dc Saclay
1987) p.389-99 vol 1

Quantum Monte Carlo simulation of hydrogen plasmas.

Theilhaber, I. and Alder, B.J. .

Strongly Coupled Plasma Physics. Proceedings of the Yamada Confercnce XXIV Lake
Yamanaka, Japan, 29 Aug.-2 Sept. 1989, (Amsterdam, Ne:herlands North- Holland 1990),
p.65-80 o .

Dynamic simulation of mixed quantum—claSsical sYstems

Kalia, R.K., Vashishta, P., De Lecuw, S.W, and Harris, J. . .

Strongly Coupled Plasma Phys1cs Proceedings of the Yamada Conference XXIV ‘Lake
Yamanaka, Japan, 29 Aug.-2 Sept.1989, (Amsterdam, Netherlands: North-Holland 1990),
p.93-100

A two-dimensional polymer chain ‘with short—range mteracnons R

Takasu, M., Takashima, J. and Hiwatari, Y. . L
Strongly Coupled Plasma Physics. Proceedings of the Yamada Conference XXIV Lake
Yamanaka, Japan, 29 Aug.-2 Sept.1989, (Amsterdam, Netherlands: Norl:h Holland 1990),
p.679-82 ST

The short-timc dynamics of zi test pai'ticle in a'den's'e fluid.

Wokyung Sung and Friedman, H.L.

Chin. J. Phys. (Taiwan), vol.28, 37-48 (1990) :

(Sixth R.O.C.-R.O.K. Symposium on Condensed Matter and Staustlcal Phys1cs, Hsmchu,
Taiwan, 19-20 Jan.1990) L _ o
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MC study of the effects of shear on the phase transition of binary mixtires.

Chan, C.K.

Chin. J. Phys. (Taiwan), vol.28, 75-8 (1990} : S

(Sixth R.0.C.-R.0.K. Symposium on Condensed Matter and Sratmtlcal Phys:cs, Hsinchu,
Taiwan, 19-20 Jan. 1990)

Transport coefficients of liquid N, computed by tolecular dynamlcs
Hobheisel, C. and Luo, H.
Nuovo Cimento D (Italy), vol.12D, ser.1, 499-509 (1990)

From macroscopic to atomic motions in liquid metalé;_' B
Larsson, K.-E., Dzugutov, M. and Gudowskd, W. -
Nuovo Clmcnto D (Italy), vol. 12D ser. 1 559 86 (1990)

Investigation of an electromagnetic calorimeter bascd on hqmd krypton S
Aulchenko, V.M, Klimenko, $.G,, Kolachev, G.M., Leontiev, L.A., Onuchin, A P
Panin, V.S., Pril, Yu.V., Rodyakin, V.A,, Rylin, A, V , Tayursky, V. A

Tikhonov, Yu.A., Cantoni, P., Frabetd, P.L., Stagni, L., Lo Bianco, G., Palomibo, F., -
Manfredi, P.F., Re, V. and Speziali, V. -
Nucl. Instrum. Methods Phys. Res. A, Accel. Spectrom. Detect. Assoc, Equip, -~ -~
(Netherlands), vol.A289, 468-74 (1990}

New tools for the simulation and design of calorimeters.

Womersley, W.J.

Nucl. Instrum. Methods Phys. Res. A, Accel. Spectram. Detect Assoc Equlp
(Netheriands), vol.A289, 475 81 (1990)

Non-Newtonian molecular dynamics and thermophysical propemes

Hanley, H.J.M. and Evans, D.J, L

Int. J. Thermophys. (USA), vol.11, 381-98 (1990} S ' '
{Second United States - Japan Joint Scmmar on Thermophysmal Pmpemcs, Galthersburg,
MD, USA, 23 June 1988}

Local structure and stabil'i:'ry' in a mode] glass."
Tsumuraya, K. and Watanabe, M.S.
J. Chem. Phys. vol 92, 4983 92 (1990)

Dynamics of entangled linear polymer mclts a molecular dynarmcs sunulanon
Kremer, K. and Grest, G.S.
1. Chem Phys. vol 92, 5057 86 (1990)

Calculated thermodynamxc properties and phasc transitions of sohd N2 at tempcrature
0 <£T £ 300 K and pressures 0 £ P < 100 GPa.

Belak, J., LeSar, R. and Etters, RD. .

J. Chem, Phys. vol.92, 5430 41 (1990)

Monte Carlo simulation of phasc cthbna for the two-chmensmnal Lennard Iones ﬂuxd in
the Gibbs ensemble. -

Singh, R.R,, Pitzer, K.S., de Pablo, 1.J. and Prausmtz I M

J. Chem. Phys vol.92, 5463-6 (1990)

Nonequilibrium computer simulation of a salt solution.
Zhu, S.-B., Lee, 1., Zhu, J.-B. and Robinson, G.W.
J. Chem. Phys. vol.92, 5491-8 (1990}
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Tonic dynamics in computer simulated molten LINO,. I1I. Effect of the potential well on the
ranslational and reorientational motions.

Kato, T., Machida, K., Oobatake, M. and Hayashi, S.

J. Chem. Phys. v0l.92, 3506-16 (1990)

Dynamical aspects of anisotropic correlations in supercooled liq'uids: |
Mountain, R.D. and Thirumalai, D.
J. Chem. Phys. v01.92, 6116-23 (1990)

Static and dynamic properties of the Widom-Rowlinson moxel mixture, I
Borgelt, P., Hoheisel, C, and Stell, G,
J. Chem. Phys. vol.92, 6161-5 (1990) ..~ -

Molecular dynamics simulations of hydrocarbon Chains,
Karaborni, S. and O’Connell, J.P.
J. Chexn. Phys. vol.92, 6190-4 (1960) .

Simulations of the premelting of AI(110).
Stoltze, P. :
J. Chem, Phys. vol92, 6306-21 (1990) . -

Monte Carlo studies on aqueous solution of methylamine and acetonitrile. Hydration of sp3
and sp nitrogen.

Dunn,IH, W.J. and Nagy, P.I.

J. Chem. Phys. vol.94, 2099-105 (1990) .

Molecular dynamics simulations of model micelles. IV. Effects of chain length and head
group characteristics.

Karaborni, S. and O’Connelt, J.P.

J. Chem. Phys, vol.94, 2624-31 (1990) .

Perturbatzon calculation of thermodynmmc propernes of hquld bcnzene usmg the s1x
centre Lennard-Jones potential,

Sun, T.F., Schouten, J.A. Ten Seldam, C.A. and Biswas, § N

Mol. Phys. vol.69, 615-23 (1990)

Molecular-dynamics simulation of argon physi'SofBed' on nia'g'ne's'iu.tﬁ oxide.
Alavi, A. and McDonald, LR.
Mol. Phys. vol.69, 703-13 (1990)

Correlation functions in nonNewtonian Couette flow. A group theory ard molecular
dynamics approach.

Evans, M.W. and Heyes, D.M. i

J. Chem. Soc. Faraday Trans. vol.86, 1041 9 (1990)

Lattice gas antomata with time-dependent collisior rules. i
Binder, P.M. and Emst, M.H.
Physica A, vol.164, 91-104 (1990)

The influence of surface structure on growth of Sl(GOl)ZXl from 't.ﬁc'v..'c.'lpdr ﬁhés'e.
Rockett, A.
Surf. Sei. vol.227, 208-18 (1990)

SMITH-91/263 42



Two-dimensional disclinational model of glass. .

Likhachev, V.A, and Mikhailin, A.L

Sov. Phys. J. vol.32, 516-20(1989). Translation of: Izv. Vyssh Uchebn Zaved 1“12
(USSR}, vol.32, 18-23 (1989)

Universal geometrical module for modelling pame]e paths in three- dimensional ; geomctry.
Rozin, $.G., Figedi, S. and Fomina, LA,
Vestsi Akad Navuk BSSR Ser. Fiz. Energ Navuk (Byelorussxan SSR). no. 1 8-10 (1990)

Propemes of strongly coupled muin -ionic plasmas

Dewitt, HE., Slattery, W.L. and Stingfellow, G.S.-: .. -

Strongly Couplcd Plasma Physics. Proceedings of the Yamada Conference XXIV Lake
Yamanaka, Japan 29 Aug,-2 Sept.1989, (Amsterdam, Netherlands: North Holland 1990)
p.635-48 _

Production of excited electrons in e+e- interactions
Martinez, M., Miquel, R, and Mana, C. o
Z. Phys. C, Pant. Fields (West Germany), vol.46, 637 42 (1990)

A simulated cooling process for protems
Tesch, M. and Schulten, K. . '
Chem. Phys. Lett. vol.169, 97- 102 (1990)

- Molecular dynamics calculations of energy transfer to polymer surfaces, -
Gelb, A., Sumpter, B.G. and Noid, D.W. . .,
Chem. Phys. Lett. vol.169, 103-8 (1990} -

Monte Carlo calculation of phase equlhbna in ternary systems.:
Lim, S.H:; Murch, G.E: and Qats, W.A.. .
CALPHAD Comput Coupling Phase Dlagr Thcnnochem voI 14 27 39 (1990)

Prediction of gas PVT data with effective intermolecular potentials using the Haar-
Shenker-Kohler equation and computer simulations. :
Saager, B., Lotfi, Bohn, M. and Nguyen, V.N.

Fluid Phase Equilib. vol.54, 237-46 (1990)

A study of parallel molecular dynamics algorithms for N-body dimulations on a transputer
system.

Li, J., Brass, A., Ward, D.J. and Robson, B.

Parallel Comput. vol.14, 211-22 (1990)

Monte CArlo simulation of CL and EBIC contrasts for isolated dlslocanons
Czyzewski, Z. and Joy, D.C. _ .
Scanning, vol.12, 5-12 (1990) -~

- Molecular dynamics simulation of diffusion of snnplc gas molecules ina short cham
~ polymer.. - . _

Takeuchi, H. and Okazalq K

J. Chem. Phys. vol.92, 5643-52 (1990)

On the concept and chstnbution of rcactlvc sites in dxssocnatlve chemsorpuon

Kara, A. and DePristo, A.E.
J. Chem. Phys. vol.92, 5653-60 (1990)
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Monte Carlo test of electrostatic persistence length for short polymers
Reed, C. and Reed, W. _
J. Chem. Phys. vol.92, 6916-26 (1990)

Short-range structure of liquid pyrrole,
. Gamba, Z. and Kiein, M.L. e
J. Chem. Phys. vol 92, 6973-4 (1990)

Umvcrsal fimte -size scalm g amphtudcs on a toris for thc mangular Ismg lamce gas
Park, H. L
J Phys A, Math Gen vol.23, 1789 800 (1990)

2 Computer sunulauon of cluster decay
Bedanov, V.M.
Mol. Phys. vol.69, 1011-24 (1950)

Design of a high performance multlprocessor machme bascd on transputers w1th
applications to Monte Carlo simulations. . .

Hey, AJ.G. and Ward, J.S.

International Topical Meeting on Advances in Reactor Physics, Mathematics and -
Computation, Paris, France, 27-;30 April 1987 (G1f-sur chtte France: CEN de Saclay
1987) p.457-68 vol.1 T

CHOQZ-B1, the new 'electricite de France’ PWR: calculanon scheme of neutron leakages
from the reactor cavity. _

Champion, G., Thiriet, A., Vergnaud, T., Bou.rdet, L N1ma1 .T -C. and

Brandicourt, G

International Topical Meeting on Advances in Reactor Physics, Mathematics and-
Computation, Paris, France; 27- 30 Apnl 1987 (Glf-SlJI Yvettc France: CEN de Saclay
1987} p.509-22 vol.1 - e _ S

Study of atmospheric neutrino interactions with the Frejus detector: .

Longuemare, C.

Ninth Workshop on Grand Umﬁcanon, Aix- los—Bams, France, 28- 30 Apnl 1988
(Singapore: World Scientific 1988) p.159-69 - _

Molecular dynamics studyes of glassy states: supercooled liquids and amorphized solids.
Yip, S.

Strongly Coupled Plasma Physics. Proceedings of the Yamada Conference XXIV, Lake
Yamanaka, Japan 29 Aug.-2 Sept.1989, (Amsterdam, Netherlands: North-Holland 1990)
p-149-62

Molccular—dynanucs stndy of binary alloys dynamlcal correlanons of the supercooled
liquids near the giass transition of binary soft-sphere mixtures.

Miyagawa, H. and Hiwatari, Y.

Strongly Coupled Plasma Physics. Proceedings of the Yamada Conference XXIV, Lake
Yamanaka, Japan 29 Aug.-2 Sept.1989, (Amsterdam, Netherlands: North-Holland 1990)
p.167-70 . _

Effect of the quantum electrons to formation of a crystalhne order in alkah mctals
Nagano, S. and Ohnishi, 8. -~ '
Strongly Coupled Plasma Physics. Procccdmgs ot the Yamada Conference XXIV Ld_ke
Yamanaka, Japan 29 Aug.-2 Sept.1989, (Amsterdam, Netherlands: North-Holland 1990)
p.171-4
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Weight estimate of a Monte-Carlo method for calculating higher moments of additive particle
transport characteristics with multiplication.

Lappa, A.V. .

Zh. Vychisi, Mat. Mat. Fiz. (USSR), vol.30, 122- 34 (1990). In Russian, Enghsh

translation in: USSR Comput. Math. Math, Phys. (UK)

Electrostatic and packing contributions to the structure of water and aqueous electrolyte
solutions.

Holovko, M.F,, Kalyuzhny, Yu.V, and Heinzinger, K

Z. Nat.forsch. A Phys. Phys. Chem. Kosmophys. (West Gcrmany, vol, 45A 687 94 (1990)

Monte Carlo simulation of aqueous solsutions of Li+ and Na* using many—body potentxals.
Coordination numbers, ion solvation enthalpies, and the relative free energy of solvation.
Cieplak, P. and Kollman, P. :

I. Chem Phys v0l.92, 6761-7 (1990)

Ciustcr model for the monoclinic to cubxc transmon in SFq clusters N
Torchet, G., de Feraudy, M-F., Raoult, B., Farges, J., Fuchs, A H. and Pawley. G S
J. Chem. Phys. vol.92, 6768- 74 (1990) .

Free-energy model for the inhomogeneous hard-sphere fluid mixture: mpIet and
higher-order direct correlation functions in dense fluids, : >
Rosenfeld, Y., Levesque, D. and Weis, J.-J.

J. Chem. Phys. vol.92, 6818-32 (1990} .

Models of polymer and solvent dynamxcs
Fixman, M. .
J. Chem. Phys. vol.92, 6858-66 (1990)

A theoretical study on the mechanism of charge transfer state fornationof - -
4-(N,N-dimethylamino)benzonitrile in an aqueous solution. K
Kato, S. and Amatatsu, Y.

J. Chem. Phys. vol.92, 7241-57 (1990)

Molecular dynamics studies on molten alkali hydroxidcs. L Statid pfol::crﬁés of molten
LiOH. .

Oksazaki, §., Ohtori, N. and Okada, 1.

J. Chem. Phys. vo0l.92, 7505-14 (1990)

Interface response function for a model of sodium: a molecular dynamics study
Tymczak, C.J. and Ray, J.R. . :
J. Chem. Phys vol .92, 7520-30 (1990)

A pphc ation of thc molecu 1ar-dynarmcs tcch n1que for snnulauons of an oscﬂlatm g
thermochemical system,

Gorecki, J, and Kwaczynski, A.L.

J. Chem, Phys. vol.92, 7546-53 (1990)

Diffusion in supercooled liquids via normal mode analysis.

Madan, B., Keyes, T. and Seeley, G.
J. Chem. Phys. vol.92, 7565-9 (1990)
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Location of melting point at 300 K of nitrogen by Monte Carlo simulation.
Meijer, E.J., Frenkel, D,, LeSar, R.A. and Ladd, A.J.C.
J. Chem. Phys. vol.92, 7570-5 (1990)

Computer simulations of polyelectrolyte chains in salt solution.
Christos, G.A. and Carnie, S.L.
J. Chem. Phys. vol.92, 7661-77 (1990)

Molecular dynamics computer simulations of silica surface structure and adsorption of
water molecules. : : .
Garofalini, S.H.

J. Non-Cryst. Solids, vol.120; 1-12 (1990) - :

{Tenth University Conference on Glass Scxence, Umvcrsny Park PA USA 7. 9 J une
1989) o

Free energy calculation of a soft sphere solid using an’adaptive, importance sampling
Monte Carlo algomhm

Kulver, R. _ :

J. Comput. Chem. vol. 11, 5 I 1-17 (1990)

Monte Carlo study of static corrclatlons in Jattice gases with nearest and next nearest
neighbour exclusion. o : o
Chaturvedi, D.K. and Murch, G 1:. .

Solid State Ion. Diffus. React. vol.38, 255- 60 (1990)

Accounting for fluctuations in a lattice model of microemulsions. -
Dawson, K.A., Walker, B.L. and Berera, A.
Physica A, vol.165, 320-51 (1990)

Spectrum of relaxation time scales for metastable RNA foldmg
Fernandez, A. _
Physica A, vol.165, 352- 60 (1990)

Critical phenomena at surfaces.

Binder, K. and Landau, D.P..

Physica A, vol.163, 17-30 (1990)

(17th TUPAP International Conference on Thermodynarics and Statistical Mechanics -
STAPHYS 17, Rio de Janeiro, Brazil, 31 July - 4 Aug.1989)

Sol-gel transition: a model for percolation. .

Adam, M., Delsanti, M., Munch, J.P. and Durand, D

Physica A, vol.163, 85-93 (1990) ' '

(17th IUPAP International Conference on Thermodynamlcs and Stat:sncal Mec hamcs -
STAPHYS 17, Rio de Janeiro, Brazil, 31 July - 4 Aug.1989)

Fractal decomposition of exponential operators with apphcanons to many-body theories and
Monte Carlo simulations.

Suzuki, M.

Phys. Lett. vol.146, 319-23 (1950)
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- Computer simulation studies of anisotropic systems.l XVIII. Re-entrant phase separation in
nematogenic mixtures of cylindrical and spherical particles.
Hashim, R., Luckhurst, G.R. and Romano, S.
Proc. R. Soc Lond. A, Math, Phys. Sci. vol.429, 323-39 (1990)

Analysis of high energy ion scattering for the S1(1 1 1)7>(7 DAS model computer simulation.
Yanagisawa, J. and Yoshimori, A. _ _
Surf, Sci. vol.231, 297-303 (1990)

Monte Carlo simulation of binary Ar-Kr films in thin pores.
Piotrovskaya, E.M. and Brodskaya, E.N. R
Vestn. Leningr. Univ. Fiz.Khim. (USSR),no.1, 106-9 (1990). In Russian -

- Mass transport in conducting polymers: an experimental and computer simulation study.
Morin, A., Beniere, M., Pekker, S., Beniere,F., Morton-Blake, D.A,, Hanratty,
V.C.A. dnd Corish, L.
Electronic Properties of Conjugated Polymers II1. Basm Models and Appllcatlons
Proceedings of an International Winger School, Kirchberg, Austria, 11- 18 March 1989
(Berlin, West Germany: Springer-Verlag 1989) p.38- 41 L o _

Diffusion on two-dimensional percolation clusters W1th mulufracta.l Jump probablhtles
Martin, H.O. and Albano, E.V.. . -
Z. Phys. B, Condens. Matter (West Gcrmany), vol 80 147 52 (1990)

Hypemetted chain approximation for ion dJStl'lbl.lthn in reverse uncclles
Bratko, D. _
Chem. Phys. Lett. vol.169, 555-60 (1990)

Onset of polymerization in silica sols.
Feuston, B.P. and Garofalini, S.H. . -
Chem. Phys. Lett. vol.170, 264-70 (1990)

Analytic expression for the transmission cocfhc1cnt in quanrum mechamcal transmon state
theory.

Voth, G.A.

Chem. Phys. Lett. vol.170, 289-96 (1990)

Techniques for achieving thermal equilibrium in molecular dynamics calculations for
solids. Wu, E.Y. and Friauf, R.J.
Comput. Phys. Commun. vol.59, 259-66 (1990)

An efficient method ofbookkeeping next nclghbours in molecular dynam]cs sunulanons
Amold, A. and Mauser, N. . . :
Comput. Phys. Commun, v0159 267 75 (1990)

A fast vectorized Fortran 77 program for the Montc Carlo simulation of the
three-dimensional Ising system.

Heuer, H.-O.

Comput. Phys. Commun. vol.59, 387-98 (1990)

Simulations of fluid seif-avoiding membranes. |
Ho, J.-8. and Baumgartner, A.
Europhys. Lett. (Switzerland), vol.12, 295- 30'0 (1990)
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Molecular dynamics of proteins with the OPLS potential functions. Simulation of the third
domain of silver pheasant ovomucoid in water.

Tirado-Rives, J. and Jorgensen, W.L.

J. Am. Chem. Soc. vol.112, 2773-81 (1990)

The effect of polarization energy on the free energy perturbation calculations.
Ramnarayan, K., Rao, B.G. and Singh, U.C. - :
J. Chem. Phys. vol.92, 7057-67 (1990)

Layering transition in cylindrical pores.
Peterson, B.K.
J. Chem. Phys. vol.93, 679-85 (1990)

The transition temperatures and dynamics for the argon xenon N=7 mixed cluster series.
Robertson, D.H: and Brown F.B. - : o
J. Chcm Phys vol.93,702-10 (1990)

The transition tcmperatu:es and dynamlcs for thc a.rgcn-xenon N-'! mlxed cluster series.
Robertson, D.H. and Brown F.B, :
J. Chern Phys vol, 93 702 10 (1990)

Molecular dynarmcs investi gauon of dccply qucnchcd hqulds
Ju-xing Yang and Gould, H.; Klein, W. and Mountain, R.D,
J. Chem, Phys vol 93,711- 23 (1990)

Equation of state of cham mclcculcs
Boublik, T., Vega, C. and Diaz-Pena, M.
J. Chem. Phys vol.93, 730-6 (1990)

Computer simulation of ﬂmds interacting with ﬂucruatmg walls o
Lupkowski, M. and van Swol, F. -
J Chen. Phys vol. 93 737-45 (1990)

Equation of state of athermal Jamtice chams cffects of polydxspcmty
Hertanto, A. and Dickman, R.
J. Chem. Phys. vol.93, 774-8 (1990)

Molecular arrangements and conformations of hqu1d n-tridecane chains confined between
two hard walls,

Vacatello, M., Yoon, D.Y. and Laskowski, B.C:

J Chem Phys vol 93, 779 86 (1990)

Monte Carlo sunulanon of Iatnce rnodels for macromolccules at htgh dcnsmcs -
Reiter, I, Edling, T, and Pakula, T. : : :
J. Chem. Phys vcl 93, 837- 44 (1990)

Molccular dynarmcs s1rnulat10ns of the structm'c cf gelauon/percolaucn clusters and random
tethered membranes.

Grest, G.S. and Murat, M,

J. Phys. (France), vol.51, 1415-30 (1990)

Time evolution of the catalytic oxidation of carbort mcrtcltide cn a diso’rdereti substratum,
Albano, E.V.
J. Phys. A, Math. Gen. vol.23, L545-9 (1990)

SMITH-91/263 48



Resolving the order of phase transition in Monte Carlo mmulanons :
Fukugita, M., Ming, H.,, Okawa, M. and Ukawa, A, :
I. Phys. A, Math Gen. vol.23, L561-6 (1990) '

Monte Carlo simulation of a kinetic Ismg model for dendritic growth. -
Harris, R. and Grant, M.
J. Phys. A, Math. Gen. vol.23, L567-71 (1990)

Anew efficient Monte Carlo techmque
Lee, Koo-C. ' C
J. Phys. A, Math. Gen. vol.23, 2087 106 (1990)

Shortest path of SAWs with bridges: series rcsults.
Barat, K., Karmakar, S.N. and Chakrabarti, B.K.
J. Phys. A Math, Gen. vol. 23 2217 22 (1990)

Guided replication of random chain: a new Montc Carlo method
Garel, T. and Orland, H.~ ' : :
J Phys A Math Gen vol 23 1621- 6(1990)

New algorithm for constramed mole&.ular dyunanucs s1mu1atmn of 11qu1d benzene and
napthalene. : S - :
Baranyai, A, and Evans, D. G

Mol. Phys. vol.70; 53-63 (1990)

Dynamic properties of supemoole,d Lennard Jones 11qu1ds a molccular—dynaxmcs study
Brakkee, M.1.D. and de Leeuw, S.W.
J. Phys. Condens. Matter, vol.2, 4991-5003 (1990) - -

Solvation and ionisation of élkali metals in liquid ammonia: a path integral Monte Carlo
study,

Marchi, M., Sprik, M. and Klein, M.L. :

J. Phys. Condens. Matter, vol.2, 5833-48 (1990)

A test of the titmescale separation in solutions containing mteracung Browman-type
‘particles.

Hoheisel, C.

J. Phys. Condens. Matter, vol.2, 5849- 54 ( 1990)

Theory of transport coefficients of snrnple ﬂmds
Tankeshwar, K., Pathak, K.N. and Ranganathan, S.,
J. Phys. Condens. Matter, vol.2, 5891 905 (1990)

Monte Carlo study of mﬁmte-dlmcnsmnal ccliular automata
Zabolitzky, J.G. = :
Physica A, vol 163 447 57 (1990)

Layer by !ayer meltmg of argon ﬁlms on graphlte a computer 31mu1at10n study.- .
Phillips, J.M.
Phys. Lett. A, vol.147, 54-8 (1990)

Collective modes and liquid structure theory of metallic Rb.
March, N.H., Pathak, K.N. and Ascough, J.A.
Phys. Chem. Liqg. vol.21, 203-6 (1990)

SMITH-91/263 49



The phase structure of the U(1) I-hggs-femuon lattice theory
Stephanov, M.A. and Tsypin, M.M, _
Phys. Lett. B, vol.242, 432-6 (1990)

The acceptance probability in the hybrid Monte Carlo method.
Gupta, S., Irback, A., Karsch, F. and Petersson, B.
Phys. Lett. B, vol. 242 437-43 (1990)

Molecular-dynamics studies of the thermal properties of the solid and 11qu1d FCC metals
Ag, Au, Cu, and Ni using many-body interactions. _
Holender, J.M.

Phys. Rev. B, Condens. Matter, vol.41, 8054 61 ( 1990)

Properties of liquid arsenic: a theorcucal study
Li, X.-P.
Phys. Rev. B, Condens. Matter, vol.41, 8392 406(1990)

Phase diagram and low-tcmperamre behavmur of oxy gcn ordenng m YB a2Cu 302; using
ab inttio interactions.

Ceder, G., Asta, M., Carter, W.C,, Kmltchman M de Fontamc.D Mann,ME and
Stuiter, M _

Phys. Rev. B, Condens Mattcr, vol.41, 8698-701 1990y

Numerical investigation of a model for oxygen ordering 1nYBa2Cu306+x S
Aukrust, T., Novotny, M.A., Rikvold, P.A. and Landau, D.P.
Phys. Rev. B, Condens. Mattcr, vol.41, 8772-91 (1990)

A computer simulation investigation of surface dlsordenn g in absorbcd muln]ayers
Lynden-Bell, R.M,
- Surf. Sci. vol.230, 311 -22 (1990)

Investigation of radiation effects in Hiroshima and Nagasalu using a general Mome
Carlo-discrete ordinates coupling scheme.

Cramer, S.N. and Slater, C.Q.

Trans. Am. Nucl. Soc. vol.61, 138-40 (1990) .

(1990 Annual Meeting of the American Nuclear Socmty (papcrs in summary form only
received), Nashville, TN, USA, 10-14 June 1990)

Monte Carlo calculations of surface pcék' ihténsity.
Shao Qiyun, Cheng Huansheng, Xu Hongjie ==
Nucl. Tech. (China), vol.13, 61-.7 (1990) InChmese B

Non-Maxwell velocity distributions in ethbrated fluxds o
Zhu, S.-B., Lee, J. and Robinson, G.W. .
Chem. Phys. Lett. vol.169, 355-61 (1990)

Evolution of the discommensuration patterns in incommensurate phases.

Parlinski, K. .. ..

Ferroelectrics (UK), vol. 104 73-84 (1990)

(Seventh International Meeting on Ferroelectricity (IMF-7), Saarbrucken, West Germa.ny,
28 Aug.-2 Sept.1989)

SMITH-21/263 - 50



Macroscopic laws for immiscible two-phase flow in porous media: results from numerical
experiments.

Rothman, D H.

J. Geophys. Res. vol.95, 8663-74 (1990)

Discussions on intensity and attenuation of a Y-famlhes observamon of mountain emulsmn
chamber.

Zhu Qingqi, Ding Linkai, Wang Guangjun, He Yudong and Jing (:uu-u

High Energy Phyus. Nucl. Phys. (Chma), vol.14, 296-302 (1990)

Quantum effect and one-body chss1pat10n ' '
Li Zhuxia, Shi Yijin, Wu Xizhen, Wang Zhonggi and Zhuo lehong Lo
High Energy Phys Nucl. Phys ((.hma) vol 14, 352 g (1990) In Chmese :

Size of an inflated vesicle in two dlmenswns
Maggs, A.C., Leiber, S., Fisher, M.E. and Camacho; C J
Phys. Rev A, Stat. Phys Plasmas Flmds Relat, Interchsmp Top vol 42 691 5 (1990)

Exact molccular dynamics and kmenc theory results for thermal transport coefﬁments of
the Lennard-Jones argon fluid in & wide region of states. -

Borgelt, P. Hoheisel, C. and Stell, G.

Phys. Rev. 4, Stat. Phys. Plasmas Fluids Relat. Interdiscip. Top. vol.42, 789-94 (1990)

Monte Carlo study of correlated continuum percolation: umversahty and percolation
thresholds.

Sang Bub Lee and Torquato, .-~ -

Phys. Rev. A, Stat. Phys. Plasmas Flulds Relat Intcrdlsmp Top vol 41, 5338—44 (1990)

Microcanonical simulation of first order phase t:ransmons
Sanchez-Velasco, E. :
Phys. Lett. A, vol.147, 175-8 (1990)

Tunable fractal shapes in self-avoxdmg polygons and'plénar vesicles, -
Camacho, C.J. and Fisher, M.E.
Phys. Rev. Lett. vol.65, 9-12 (1990)

Phase diagram of noncompact scalar electrodynarnics.
Baig, M., Dagotto, E., Kogut, J. and Moreo, A.
Phys. Lett. B, vol.242, 444-50 (1990)

Comments on the phase diagram of the three and four-state chirai Potts model, -
Angeles d’Auriac, J.C., Hansel, D. and Maillard, J.M..
Rev. Bras. Fiz. (Brazil), vol.19, 349-66 (1989)

Elecromigration in thin films of Au on GaAs.

Tang, P.F., Milnes, A.G., Bauer, C.L. and Mahajan, S.-

Advanced Electronic Packagmg Materials Symposmm, Boston, MA USA 27 29 (1989)
p-341- 5

Taylor expansion of effcct:tve Harmltomans by Montc Carlo srrnulauons wnh fixed block
spins.

Pinn, K.

Z. Phys, C, Part. Fields (West Germany), vol.47, 325- 31 (1990)

SMITH-91/263 51



Simulation of range profiles for boron implantation into S$i0,/Si and Si,N4/Si0,/Si targets.
Posselt, M., Feudel, T, and Thater, G.
Appl, Phys. A, Solids Surf. (West Germany), vol.A51, 1-5 (1990)

Montze Carlo simulations of crack growth and crack patterns in two-dim'eﬁsi(jn'a’.l model
systemns.

Shimamura, §., Kuriyama, K. and Kashiwagi, Y

J. Mater. Sci. Lett, vol.9, 756-8 (1990)

NonMaxwell distributions in equilibrated "f'1u'i'd's'.' m
Zhu, Z.-B., Lee, J. and Robinson, G.W. :
Chem. Phys. Lett. vol.170, 368 72 (1990)

Molecular dynarmcs study of thc depolymenzanon reaction in s1mp1c polymers
Blaisten-Barojas, E. and Nyden, M.R.
Chern Phys. Lett. vol.171, 499-505 (1990)

Mulnpamole Monte Carlo moves: algonthm for solxds w1th free-cncrgy detenmnanon
Singer; S8.J. .
Comput. Phys, Commun. voI 59 463-70 (1990)

On the isolation of possible artifacts due to cubic penodxc boundary cond.mons '_ o
Evans, MW,
Comput. Phys. Commun. vol.59, 495-7 (1990). . ..

Molecular dynamics simulation of ferrous and ferric ions in water, -
. Guardia, e. and Padro, J.A, . SRR
Chem. Phys. vol.144, 353- 62 (1990)

On the generation, by a random method of spanal atormc configurahons of some _
Cu-As-Se system glassy alloys. :
Varquez, I., Villares, P., Marquez, E. and hmcnez-Garay.

Mater. Chcm Phys. (Smtzerland), vol.25, 399-416 (1990)

On effective computation of expectations in large or mﬁmte dJmenszon
Bouleau, N.
J. Comput. Appl. Math. (Netherlands, vol.31, 23-34 (1990)

Monte-Carlo simulations on the simple cubic Ising lattice with the dipolar and nearest
neighbor interactions.

Watarai, S. and Nakanishi, A.

Ferroelectrics, vol.104, 313- 18(1990)

(Seventh International Meting on Ferroelecmcny (IMF 7), Saa.rbrucken, West Gcrmany,
28 Aug.-2 Sept.1989)

Computer simulation of ion beam mixing.:

Han, 8.H., Kulcinski, G.L. and Conrad, J. R : '

Nucl. Instmm Methods Phys. Res. B, Beam Interact Mater At vol }345 701 6 (1990)
(Ninth International Conference on Ion Beam Analysis, ngston, Ont., Canada,

26-30 June 1989)

Calculation of collisional mixing
Koponen, I. and Hautafa, M,
Nucl. Instrum. Methods Phys. Res. B, Beam Interact Matcr At. vol B47 3?5 92 (1990)

SMITH-91/263 52



Molecular-dynamics simuldtions of the photodissociation of ICI adsorbed on 2 MgO(001)
surface.

McCarthy, M.L and Gerber, R.B.

J. Chem. Phys. vol.93, 887-93 (1990)

Trajectory studies of OH vibrational excitation propensmcs in t.he reactlon of O(iD)
with H,

Goldfield, E.M. and Wiesenfeld, I.R.

J. Chem. Phys. v01.93, 1030-40 (1990)

Role of local configurations in'a Langmuir-Hinshelwood surface reaction: kinetics and
compensation.

Kang, H.C., Jachimowski, T.A. and Weinberg, W.H.

J. Chem. Phys vol.93, 1418-29 (1990)

Orientation and shape of flexible polymers in a slit. ©
van Vliet, .LH. and ten Brinke, G. |
J. Chem. Phys. vol.93, 1436:41(1990y "~ =

The effect of density variation on the structure of liquid hydrogen chloride. ‘A Monte
Carlo study.
Steinhauser, O,, Boresch, S. and Bertagnolh H- - . R

. J. Chem. Phys. vol.93, 2357-63 (1990) R

Polymier chain in annealcd randotq m'edi'a.
Baumgartner, A. and Chakrabarti, BK. -
J Phys. (France), v0151 16’?9 82(1990)

Relxablhty of non-linear oscﬂlators subjectcd to combmcd pcnodlc and random loadm £
Spencer, B.F., Tang, J. and Hilal, C.G. ' :
J. Sound Vib. vol. 140 163 9 (1990)

Nonlocal Monte Carlo algonthm for self—avmdmg wa]ks with ﬁxcd endpomts
Caracciolo, S., Pelissetto, A, and Sokal, A.D.
J. Stat. Phys. vol 60, 1-53 (1990)

Computcr simulation of cqu1ax1al dendrite sol1d1ﬁcat10n of alurmmum alloy
Kubo, K.
J. Ipn. Inst. Met (Japan) vol 54 816-25 (1990)

New dcvelopmcnts in the theory of rmcroclusters
Sugano, S.
Phys. Scr. Vol. T (Sweden), vol. T31, 72-7 (1990) . S
'~ (9th International Conference on Vacuum Ultraviolet Radiation Physws, VUV9 Honoluiu,
HI USA 1? 21 July 1989)

Molccular—dynanucs studies and neut:ron—scattenng expenments on methylcne chlonde
IT. Dynamics. :
Kneller, G.R. and Geiger, A.

Mol. Phys. vol.70, 465-83 (1990)

Monte Carlo simulations of liquid n-butane. o '
Almarza, N.G., Enciso, E., Alonso, J., Bermejo, £.J. and Alvarez, M. -
Mol. Phys. vol.70, 485- 504 (1990)

SMITH-91/263 53



Molecular-dynarrucs study of glass formanon in the LiySi0, system.
Habasalkd, J.
Mol. Phys. vol.70, 513-28 (1990)

The role of molecular flexibility in simulations of water, -
Barratt, J.-L. and McDonald, L.R.
Mol. Phys. vol.70, 535-9 (1990)

Three-particle contribution to the configurational entropy of s1mp1e flu1ds | S
Baranyai, A. and Evans, D.J. C
Phys. Rev. A, Stat Phys. Plasmas FlllIdS Reldt Interchsmp 'I‘op vol 42 849 57 (1990)

Pair annihilation of pointlike topolo g1cal defects i in the ordenng process of quenched
systems. _ o

Toyoki, H.

Phys. Rev. A, Stat. Phys. Plasmas Fluids Relat, Interdlsmp Top vol. 42 911 17 (1990)

Monte Carlo renormalization-group study of self—orgamzed crltlcahty
Grossmann, B, and Hong Guo and Grant, M
Phys. Rev. A, Stat, Phys Plasmas Flmds Relat Intcrchsmp Top v0141 4195 8 (1990)

Velocity autocorrelation function of a two-dlmensxonai class1cal clectron ﬂmd
Singla, B., Tankeshwar, K, and Pathak, K.N.
Phys. Rev A, Stat. Phys. Plasmas Fluids Relat. Interd:smp Top vol 41, 4306 11 (1990)

Current flow under anomalous-diffusion condmons chy walks o e
Zumofen, G., Blumen, A. and Klafter, J. S R
Phys. Rev. A, Stat. Phys. Plasmas Fluids Relat. IﬂtcrdlSClp Top vol.41,; 4558 -61 (1990)

'Solvmg the s1gn problcm in quantum Monte Carlo dynarmcs
Mak, C.H. and Chandler, D.
Phys. Rev A, Stat. Phys. Plasmas Fluids Relat. Interd.lsmp I‘op vol.42, 5709-12 (1990)

Equation of state of hard D-dimensional hypcrsphcms - _
Luban, M. and Michels, J.P.J. . B
Phys, Rev A, Stat. Phys. Plasmas Fiuids Relat. Intcrd:scxp Top vol. A1, 6796-804 (1990)

Shear flow near solids: epitaxial order and flow boundary conditions.
Thompson, P.A. and Robbins, M.O. N
Phys. Rev. A, Stat. Phys. Plasmas Fluids Relat. Interdiscip. Top. vol.41, 6830-'7 (1990)

Wetting transitions at the argon-solid-CO, interface: molecular-dynamics stuchcs
Sokolowski, S. and Fischer, J. _
~ Phys. Rev. A, Stat, Phys. Plasmas Fluids Relat Intcrchsmp Top. v0141 6866-70 (1990)

Topological characteristics of metal-metalloid glasses: crys'tal,' quuid', g!as verstis Penrose
lattice,

Bratkovsky, AM. and Smn'nov AV.

Phys. Lett. A, vol.146, 522-8(1990)

The structure of molten salts.

McGreevy, R.L. and Pusztai, L. o
Proc. R. Soc. Lond. A, Math. Phys. vol. 430, 241- 61(1990) L

SMITH-91/263 54



Is there a contraction of the interatomic distance in small metal particles?
Hansen,L.B., Stoltze, P,, Norskov, J.K., Clausen, B.S. and Niemann, W,
Phys. Rev. Lett. vol.64, 3155-8 (1990)

Kinetics of radiation-induced segregation of impurities in FCC metals at the thermal stage
of the collision cascade.

Chudinov, V.G., Goshchitskii, B.N., Moseev, N.V, and Andreev, V.V.

Phys. Status Sohd1 A (East Germany), vol.119, 437-42 (1990)

Direct evaluatlon of chenucal potennals in substltutlonal sohd solutmns from Monte Carlo
simulations.

Lim, §.H., Murch; G.E. and Qates, W.A. - -

Philos. Mag. B, Phys. Condens. Matter Electron Opt Magn Prop vol. 62, 159 72 (1990)

Thermodynamic properties ofbinary ailoys from Montc Carlo snnulanons
Lim, S.H., Hasebe, M., Murch, G.E. and Oates, W.A. - L
Philos. Mag B, Phys. Condens Matter Electron Opt Magn Prop vol. 62 173 91 (1990)

Quasielastic response with a real- ume path-mtcgml Monte Carlo method
Carraro, C. and Koonin, S.E. - - : RO
Phys. Rev. B, Condens. Matter, vol 41 6741 50 (1990)

Monte Carlo study of two-step defect meltmg
Janke, W, and Kleinert, H.
Phys. Rev. B, Condens. Matter, vol.41, 6848 63 (1990)

Growth and dynamical roughening of 1dea1 quasmrystal facets |
Jaszczak, J.A., Saam, W.F. and Yang,B. = S
Phys. Rev. B, Condens Matter, vol.41, 6864 9 (1990)

Finite-size scaling of the Ising model in four dxmenswns
Pik-Yin Lat, and Mon, K.X. '
Phys. Rev. B, Condens. Matter, vol.41, 9257- 63 ( 1990)

Oxygen ordering and the tetragonal-orthorhombic phase transition in YBazcu307_5-.
Wille, L.T.
Phase Transit. vol.B22, 225-44 (1990)

Defect analysis by ion channelling: Monte Carlo simulations of the dechannelling and
backscattering effects of loop dislocations in a silicon crystal.

Mazzone, AM.

Microscopy of Semiconducting Materials 1989, Proceedmgs of the Royal Microscopical Society
Conference, Oxford, UK, 10-13 April 1989, p.581-6

- Improvement of thermodynamical Monte Carle simulations of SU(2) pure lattice gauge field
theory - an approach to continuum physics limits. _
Zhu Zhengkun, Zhang Xiaoze and Sa Benhao
Chin. Phys. vol.10, 383-9 (1990)

Parallelization of a molecular dynarmics non-bonded force algorithm for MIMD architecture.

Clark, T.W. and McCammon, J.A.
Comput. Chem. vol.14, 219-24 (1990)

SMITH-91/263 55



Two-proton bremsstrahiung. - -
Kleiss, R. and van der Marck, S.
Nucl, Phys. B, Part Phys. vol.B342, 61- 94(1990)

Proton glass dielectric susceptibility compared with Monte Carlo and bound chargc
semiconductor mexiel predictions.

Schmidt, V.H., Trybula, Z., He, D., DPrumbheller, 1.E., Stigers, C ‘and Howell, F. L
Ferroelectrics vol 106, 119-24 (1990) .

(Seventh International Ferroelecmcny (IMF- 7) Saa.rbruckcn West Germany,

28 Aug.-2 Sept.1989) . - _

Phase diagram for ferromagnetic system with Potts symmetry in four dlmensmns
Caracciolo, 8., Parisi, G. and Paternello, S.. -~ ... S .
Europhys. Lt:tt (watzcrland vol.4, 7-14 (1987)

Molecular dynarmcs‘ studies of lanthanum chlonde solutions.. -
Meier, W., Bopp, P., Probst, M.M., Spohr, E. and Lin, J.-L.
J. Phys. Chem. vol.94, 4672-82 (1990)

On the molccular-dynanucs study ofa phase transmon ina quas:crystal model
Parlinski, K., Denoyer, F. and Lambert, M. . Ny _
J. Phys. (France), vol.51, 1791-6 (1990)

A new Monte Carlo model for dense poli'ﬁ’l.c.r:s.' o
Allega, AM.
J. Phys. A, Math. Gen. vol.23, L675- 80(1990)

Exact transition temperature for an Ismg model in thréé'd'i'rﬁchsi.bns'. o
Grensing, D., Huber, A., Juttner, H.-U,, Ruge, C. and Munier, M.
J. Phys. A, Math. Gen. vol.23, L681-7 (1990)

Absence of phase transitions in self-dual Ising models with multisite inferactions and a
field.

Monroe, J.L.

J. Phys. A, Math. Gen. vol.23, LL689-95 (1990)

True self-avoiding walks on a percolation cluster. -
Sang Bub Lee and Myoung Jin Lee
J. Phys. A, Math. Gen, vol.23, 3263-70 (1990)

Relaxation in DLA with surface tension.
Novotny, M.A,, Tao, R. and Landau, D.P. . - - ..
J. Phys. A, Math. Gen. vol.23, 3271-8 (1990) - -

On the description of atomicmotons in dense fluids by the gcnerahzed Langevin equation:
statistical properties of random forces. :

Sese, G., Guardia, E. and Padro, J.A.

J. Stat. Phys. vol.60, 501-18 (1990)

Dedicated processor for studying Ising model on random lattice. L

Talapov, A.L., Andreichenko, V.B., Dotsenko, VI.S. and Shchur, L.N,

JETP Lett. v0151 182-5 (1990). Translanon of: Pis’'ma Zh. Eksp. Teor. Fiz. (USSR),
vol.51, 161-3 (1990)

SMITH-917263 56



Structure of some molten salts, - - .
Salgic, 8., Gurbuz, H. and Gumus, '
Doga Turk Fiz. Astrofiz. Derg. (Turkey), vol. 14 257 64 (1990)

Computatonal studies of the structure of carbon dioxide monolayers physisorbed on the
basat plane of graphite. _

Hammonds, K.D., McDonald, LR, and Tildesley, D I

Mol. Phys vol.70, 175 95 (1990)

Dctcnmnanon of thc mutual dlffusmn cocfficmnt of a bm ary ‘mixture by non- ethbnum
molecular dynamics viewed as a sedimentation experiment... -

Raineri, F.Q. and Friedman, H.L.

Mol, Phys. vol.70, 209-13 (1990) . .-

A comparison between molecular-dynamics and theoretical results for the structure of fluids
of hard ellipsoids.

Talot, J., Perera, A. and Patey, G.N.

Mol. Phys v01.70, 285-97 (1990)

Bond forces and pressure in dJatcnmc hqmds o
: Gao, I. and Weiner, J.H.- : e
Mol. Phys. vol.70, 299- 318 (1990)

Trapping kinetics and excitation self-organization in one-dimensional topologies: Monte
Carlo simulation. :

- Schoonover, R, and Kopelman, R.. - _—
Mol. Cryst. Lig. Cryust. vol.183, 181-6 (1990) o :
{4th International Conference on Unconventional Photoacnve Sohds ban Iose CA USA. ,
15-18 Oct.1989)

Potentials and correlation functions for the copper halide and silver iodide melts. .
I. Static correlations. _

Stafford, A.J., Silbert, M., Trullas L. and Giro, A.

J. Phys. Condcns Matter, vol.2, 6631-41 (1990)

Potentials and correlation functions for the coppcr ha_hde and sﬂvcr 1od1de melts
IL Time correlation functions and ionic transport properties.

Trullas, J, and Giro, A.

J. Phys. Condens. Matter, vol.2, 6643-50 (1990)

Condensation of vapor in the presence of a2 noncondensable gas at low prcs sures.
Elafify, M.M. and Corradini, M.L. :
Nucl. Eng. Des. (Netherlands), vol.121, 103-11 (1990)

Ergodic convergenée. in liquids and glésses -
. Mountain, R.D. and Thirumalai, D. L
Int. J. Mod. Phys. C, Phys, Comput (Smgapore) vol 1, 77 89 (1990)

Solute-atom segregation: an oscillatory Ni profile at an internal interface at Pt(Ni).

Kuo, S.-M,, Seki, A., Oh, Y. and Seidman, D.N.
Phys. Rev. Lett. vol.65, 199-202 (1990)

SMITH-91/263 57



Next-to- lcamng-loganthm calculation of direct photon productlon
Baer, H,, Chnemus, J. and Owens, I.F.
Phys. Rev. D, Part, Fields, vol.42, 61-71 (1990} . .

Low-temperature properties of a model glass. I. Elast:ic dipole model e
Grannan, E.R., Randeria, M. and Sethna, J.P. S
Phys. Rev. B, Condcn Matter, vol.41, 7784-98 (1990)

Interaction potential forSi0O,: a molecular-dynamics study of structural corrclat:l{)ns
- Vashishta, P., Kalia, Rajiv, K., Rino, J.P. and Ebbsjo, I.. = - = . :
Phys. Rev. B, Conden. Matter, vol.41, 12197-209 (1990) .-

Interface roughening in the three-dimensional Ising model. o
Mon, K.K., Landau, D.P. and Stauffer, D.
Phys: Rev. B, Conden. Matter, vol.42; 545-7 (1990) . ... . -

Monte Carlo calculation of free energy for a FCC Iamce gas model o |
Mon, K.K. and Binder, K. o .
Phys. Rev. B, Conden. Matter, vol.42, 675 9 (1990)

Nonclassical wetting behavior in the sohd—on—sohd 11mn of Lhc thrce d1mens1ona1 Ismg
model. e g N
Gompper, G., Kroll, D.M. and Lipowsky, R.

- Phys. Rev. B, Conden. Matter, vol.42, 961-4 (1990) - . -

Percolation and phase transitions of hard-corc partlcles on lattlces w1th pa1r mteractmns
Chin-Kun Hu and Kit-Sing Mak L L _ .
Phys. Rev. B, Conden. Matter; vol.42, 965 8 (1990)

Shadow wave-function variational calculations of crystalline and liquid phéées of 4He,
Vitiello, S.A., Runge, K.J,, Chester, G.V. and Kalos, M.H.
Phys. Rev. B, Conden. Matter, vol.42, 228-39 (1990)

Subpicosecond interconversion of bu’ckle& and s'ynimetric dimers on .Si(IIOIOI).. e
Weakliem, P.C., Smith, G.W. and Carter, E.A.
Surf. Sci. (Netherlands, vol.232, 1.219-23 (1990)

Monte Carlo calculation of the sensit vny of funcuonals to changc in conﬁ guranon of the
region of radiation transfer. : o .

Panin, M.P.

Sov, At. Energy, vol.67, 939-42 (1989). Translation of; At. Energ (USSR), vol.67, 475-6
(198%)

Density profiles of semi- diIute polymer solutions near a hard wall' MOnte CarIo simulation.
Shih, W.Y., Shih, W.-H. and Aksay, LA, L

Interfaces Bctwecn Polymers, Metals and Ceramics Symposmm, San Dlego, CA USA,
25-27 April 1989 (Piitsburgh, PA, USA: Mater. Res. Soc. 1989) p.169-74 -

Medium-range order and phonon density of states of a-GeSe,. -

Vashishsta, P., Kalia, R.K., Antonio, G.A. and Ebbsjo, L. : '
Condensed Matter Theories, Vol.4, Proceedings of the 12th Intcmauonal Workshop,
Taxco, Mexico, 14-20 Aug.1988 (New York, NY, USAA: Plenum 1989) p.35-42

SMITH-%1/263 58



Stability of a binary colloidal suspension and its effect on colloidal pmcessmg.t-. .
Shik, W.Y., Wei-Heng Shih, Jun Liu and Aksay, LA. . S
Processing Science of Advanced Ceramics Symposmm, San D1ego, CA USA, Lo
27-28 April 1989 (Pittsburg, PA USA Mater Res. Soc. 1989) p.73-82

Constrained random walks and vortex ﬁiaments in turbulence theory
Chonin, A.L o
Cornmun Math Phys (West Gennany), vol, 132 519 36 (199)

An algonthm to construct quasxlamces and study percolanon on t.hem o
Babalievski, F. and Peshev, O.
Comput. Phys, Commun. (Netherlands), vol.60, 27-30 (1990)

Concurrent molecular dynamics simulation of spinodal phase transition on transputer
arrays. :

Bruge, F. and Fornili, S.L.

Comput. Phys. Commun. (Netherlands), vol.60, 31 8 (1990)

A distributed dynamic Joad balancer and its Implementauon on multl transputer systems for
molecular dynamics sirnulation : e )
Bruge, F. and Fornili, S.L.

- Comput. Phys, Commun; (Netherlands), vol.60, 39 45 (1990) -

Molecular dynamics simulation program of order N for condensed matter I MDPYRS 1:
scalar pyramid, short-range interaction. e : T
Rycerz, Z.A. and Jacobs, P.W.M,

Comput. Phys. Commun. (Netherlands), vol.60; 53.74 (1990)

Monte Carlo simulation of hydrophobic hydration for pedagogmal purposes
Andaloro, G. and Sperandeo-Mineo, P.M,
- Eur. Y. Phys. vol.11, 275-82 (1990)

Molecular dynamics with electronic transitions.
Tully, J.C.
J, Chem. Phys. vol.93, 1061-71 (1990) .-

Monte Car]o study of fluid-plastic crystal coexistence in hard dumbbells. -
Singer, S.J. and Mumaugh, R.
J, Chem. Phys. vo0l.93, 1278-86 (1990}

Molecular dynamics algorithm for condensed systems with multiple ume scales
Tuckerman, M.E., Martyna, G.J. and Berne, B.J. - : :
L Chem Phys vol. 93 1287 91 (1990)

Hard- sphere ﬂmds msuie sphencal hard pores Grand canomcal ensemble Monte Carlo
calculations and integral equation approxlmanons : S

Sloth, P, .

I Chem Phys vol 93 1292 8 (1990)

Instantaneous nonnal mode analys1s asa probe of c]uster dynachs
Adams, J.E. and Stratt, R M. :
J. Chem. Phys. vol.93, 1332-46 (1990)

SMITH-91/263 59



Dynamics of diffusion in small cluster systerns, .. .. .
Beck, T.L., and IIMarchioro, T.L. . ¥
J. Chem. Phys vol, 93 1347~57 (1990)

New insight into cxpcnmental probes ofcluster mell:mg
Adams, J.E. and Stratt, R.M. .
J. Chem. Phys. vol.93, 1358 68 (1990)

Accurate solutions of a }n ghly asymrnetnc elcctrolyte Molec ular dynanucs sunulaﬂon and
integral equation. . SR : :

Linse, P, ' e

J. Chem. Phys. vol.93, 1376-85(1990). - .. - ...~ ...~

Triplet direct correlation functions in the bard-sphere fluid. . . .. . .. . .
Curtin, W A,
J. Chem. Phys. v01.93, 1919-25 (1950)

Hydrogen bonding in qumdﬁietﬁanbl -
- .. Martsumoto, M: and Gubbins, K.E...
J. Chem. Phys, voL.93, 1981-94 (1990)

Multipolar electrolyte solution models. I. Computer simulation of the charged and dipolar
hard sphere mixture. '

.. Eggebrecht, J. and Ozler, P.. .
J. Chem. Phys. vol.93, 20'04 15 (1990)

Isothermal-isobaric molecular dynaiics simulation of 11qu1d water o
Ruff, I. and Diestler, D.J.
J, Chem. Phys. vol.93, 2032-42 (1990). . .

A jump motion of siall molecules in glassy polymersa molecular dynamlcssunulauon
Takeuchi, H.
J, Chem. Phys, vol.93, 2062-7(1950)

Energy transfer and reaction dynamics of matrix-isolated I,Z-diﬂuoroemarié-'d.{._:.h |
Raff, L.M,
J. Chem. Phys. voi.93, 3160-76 (1990)

Tracer diffusion of interacting particles on incomplete Iattices: effective medium
approximation.

Silverberg, M., Ratner, M.A., Granek, R. and Nitzan

J. Chem. Phys. v0l.93, 3420-6 (1990) - :

Nonhydrodynamic molecular motions in a complex liquid: temperature dependent dynamics in
- pentylcyanobiphenyl .

Deeg, FW,, Greenf1e1d S R, Stankus, J. J Newell v.J. and Fayer, MD

L. Chem. Phys vol.93, 3503- 14 (1990)

The melting line of the Weeks-Chandler- Anderson Lé_nnérdJ ones reference s.ys'tém.

de Kuijper, A., Schouten, J.A. and Michels, J.P.
L. Chem. Phys. vol.93, 3515-19 (1990)

SMITH-91/263 60



Computer simulation results for the dielectric properties of a highly polar fluid. -
Kusalik, P.G.
J. Chem. Phys. v0l.93, 3520-35 (1590)

Ising model on an icosahedral quasilattice:
Okabe, Y. and Niizeki, K.
J. Phys. A, Math, Gen. vol.23, L733- 8(1990)

Potential dependence of memory effecrs of the veloc:ty autocom:lauon function in dcnse
fluid. .

Sang Rak Kim

J. Korean Phys Soc (South Korea), vol 23 308 12 (1990)

Thermodynamic properties of ordered CsCl type mtermetalhc compounds from Monte Carlo
simulattons.

Lim, §.H., Murch, G.E. and Oates, W.A.

J. Phys. Chem Sohds vol 51 1047 52 91990)

Monte Carlo study of the Ising model phase r:ransmon in terms of the percolatlon transition
of 'physical clusters’.

D’Onorio De Meo, M., Heermann, D.W. and Bmder, K._ _

J. Stat. Phys. vol.60, 585 618 (1990) ' S

Critical exponents for two- dimensional tracer diffusion through a changing back- ground at
concentrations c=c

Powell, I.R., Pink, % A. and Quinn, B,

J. Stat. Phys. vol.60, 729-33 (1990)

A combined quantum mechamcal and molecular mechamcal potennal for molecular dynamics
simuiations.

Field, M.J,, Bash, P.A, and Karplus, M.

J. Comput. Chem. vol.11, 700-33 (1990)

Computer simulation of laser backscattering from fiber sarfaces.
Cheng Luo and Bresee, R.R.
J. Polym. Sci. B, Polym. Phys. vol.28, 1755-70 (1990)

Density-functional aproach to two-dimensional classmal ﬂl.lldS
Takamiya, M. and Nakanishi, K.
Mol. Phys. vol.70, 767-81 (1990)

Depolarized interaction-induced llght scattermg a k:metlc theory approach
Szamel, G. and Piaseckd, J. ' o
Mol. Phys. vol.70, 783-95 (1990)

Kinetic phase transitions in a surface-réaction model with diffusion; computer simulations
and mean-field theory.

Jensen, I, and Fogedby, H.C. ' '

Phys. Rev. A, Stat. Phys. Plasma Fluids Relat. Interdiscip. Top. vol.42, 1969- 75 (1990)

Molecular dynamics of liquid SiO, under high pressure,
Rustad, J.R., Yuen, D.A. and Spera, F.J.
Phys. Rev. A, Stat, Phys. Plasma Fluids Relat. Interdiscip, Top. vol.42, 2081-9 (1990)

SMITH-917263 31



Distinct and self-terms of mass-current correlation functions of binary atomic liguids,
van den Berg, H.P. and Hoheisel, C,
Phys. Rev. A, Stat. Phys, Plasma Fluids Relat. Imerdlsmp Top. vol.42, 2090-5 (1990)

Monte Carlo simulation of two-dimensional hard elhpses
Cuesta, J.A. and Frenkel, D.
Phys. Rev. A, Star Phys. Plasma Fluids Relat. Interchsc:p Top Vol.42, 2126-36 (1990)

Comment on "Prewetting at a solid-fluid interface via Mante Carlo s1mu1atxon
Velasco, E., Tarazona, P., Finn, J.E. and Monson, P.A. '
Phys. Rev. A Stat. Phys. Plasma Fluids Relat. Interdiscip, Top. vol.42, 2454 9 (1990)

A theoretical study of the infrared absorption spectra of large water clusters.
Buffey, L.P., Brown, W.B. and Gebbie, H.A.

J. Chem. Soc Faraday Trans. vol.86, 2357-60 (1990)

(Symposiun on Large Gas-Phase Clusters, Coventry, UK, 12-14 Dec 1989)

A computer simulation of high-dose ion 1mplamat:on mto'amorpho'us materials.
Yuanj Bo and Yu Fuchun
Nucl. Sci. Tech. (China), vol.1, 82-3 (1990)

Test of single cluster update for the three- dlmensmnal XY model
Janke, W.
Phys. Lett. A (Netherlands), vol.148, 306-12 (1990)

Dynamical correlations in liquid sodium.
Jain, K.C,, Gupta, N., Pratap, A, and Saxena, N.S..
Phys. Lett. B (East Germany), vol.160, 433-41 (1990)

Computer simulation of de-mixing in solid solution oxides.
Ling Zhang and Murch, G.E.
Philos. Mag. A, Phys. Condens.Matter Defects Mech. Prop vol.62, 267-14 (1990)

Quanwmm isoenthalpic-isotension method for studying sohd phase ransformations.
Ray, J.R. .
Phys. Rev. B, Condens. Matter, vol.41, 6994-7 (1990)_

Dynarics of ordering processes in annealed dilute systems: island formation, vacancies at
domain boundaries, and compactification.

Shah, P.J. and Mouritsen, O.G.

Phys. Rev. B, Condens. Matter, vol.41, 7003-18 (1990)

106-particle molecular-dynamics study of homogeneous nucleation of crystals in a
supercooled atomic liquid.
Swope, W.C. and Andersen, H.C.

~ Phys. Rev. B, Condens. Matter, vol.41, 7042-54 (19%0) =~ .

First-principles calculation of emperature-composition phase diagrams of semticonductor
alloys. _

Wei, S.-H,, Ferreira, L.G. and Zunger, A.

Phys. Rev. B, Condens. Matter, vol.41, 8§240-69(1990) .

SMITH-91/263 67



Molecular-dynamics study of amorphization by introduction of chemical disorder in
crystalline NiZx,.

Massobrio, C., Pontikis, V. and Martin, G.

Phys. Rev. B, Condens Matter, vol.41, 10486-97 (1990)

Deep-inelastic neutron scattering from liquid 4He.
Sosnick, T.R., Snow, W.M. and Sokol, P.E.
Phys. Rev. B, Condens. Matter, vol.41, 11185-202 (1990)

Mechanisms of phase transitions between commensurate and incommensurate phases
Parlinski, K. and Denoyer, E .
Phys. Rev. B, Condens. Mattcr vol.41, 11428-36 ( 1990)

Extra results for the two-dimensional Ising model in a magneuc field; tests of finite-size
scaling theory. : o o

- Stosic; B., Milosevic, 8. and Stanley; H.E. - :
Phys. Rev B, Condens. Matter, vol. 41 11466 78 (1990)

Quasi-two-dimensional diffusion- lmnted aggregauon
Bi Lingsong and Wu Zigin. . '
Phys. Rev. B, Condens. Matter, vol, 41 11591 2 (1990)

Cell-cluster and self-consistent calculauons for a model sodmm chlonde crysta.l o
Cowley, E.R., Gross, J., Zhaoxin gong and Horton, G.K.
Phys. Rev. B, Condens, Matter, vol. 42 3135 41 (1990)

Molecular-dynamics study of hquld Nan KPb Rbe and Cst alloys
Reijers, H.T.J., van der Lugt,W. and Saboungi, M.-L, ..
Phys. Rev. B, Condens Matter, vol.42, 3395 405 (1990

Monte Carlo studies of finite-size effects at first-order transmons;
Challa, M.S.S., Landau, D.P. and Binder, K. .
Phase Transit. vol.B24-26, 343-69 (1990)

Adatoms, strings and epitaxy on singular surfaces. -
Chason, E. and Tsao, J.Y.
Surf Sci, (Netherlands, vol.234, 361-70 (1990). . .

The upgraded ring loss radiation monitoring system at the AGS..

Bennett, G.W., Beedle, E., Castillo, V. and Witkover, R.L.

Proceedings of the 1989 IEEE Particle Accelerator Conference. Accelerator Science and
Technology, Chicago, IL, USA, 20-23 March 1989 (New York, NY, USA IEEE 1989)
p.1477-9 vol.3 L R

Non-local cluster update algorithms for spin modcls

Coddington, P.D. and Baillie, CF. .

Applications of Transputers 2. Proccedmgs of thc Second Intemauonal Conference on
Applications of Transputers, Southampton, UK, 11-13 July 1990 (Amsterclam Netherlands:
10S 1990) p.488-94 .

Molecular dynamics of an in vacuo model of duplex d(CGCGAATTCGCG) in the B-form
based on the AMBER 3.0 force field.

Srinivasan, J., Withka, .M. and Beveridge, D.L.

Biophys. J, vol.58, 533-47 (1990)

SMITH-91/263 63



A vectorized algorithm on the ETA-10Q for MD simulation of parncles in a box interacting
by long-range forces, .

Wang, 8.C., Chan, CKL and Li, S.P.

Comput. Phys Commun, (Netherlands), vol.60, 181 6 (1990)

A technique for improving the link-cell method
Morales, J.J. and Nuevo,M.J. =
Comput. Phys. Commun. (Netherlands), v0160 195 9 (1990)

On the use of the Verlet neighbor list in molecular dynarmcs
Chialvo, A.A. and Debenedetti, P.G.
Comput. Phys. Commun. (Netherlands), vol.60, 215-24 (1990)

Electronic states of Sb, Bi; Au and Sn clusters on GaAs(110). - . -

Menon, M. and Allen, R.E.

J. Vac. Sci. Technol. B, Microelectron. Process. Phenom. (USA), vol. 8 no. 4 900 2 (1990)
(17th Annual Conference on the Physics and Chemistry of Semiconductor Intcrfaces,
Clearwater Beach, FL., USA, 31 Jan -2 Fcb 1990)

Ion implantation model cousndenng crys tal structure cffects
Hane, M. and Fukuma, M L
IEEE Trans Elcctron Dev1ces, vol 37 1959 63 (1990)

A Montc Carlo study of granular relaxatzon
Duke, T.AL, Barker, G.C. and Mehta, A.: -
Europhys. Lett. (Smtzcrland) vol 13, 19 24 ( 1990)

Semianalytical freatment of solvatlon for molecular mechamcs and dynarmcs e
Still, W.C,, Tempczyk, A., Hawley, R.C. and Hendrickson, T o
J. Am, Chem. Soc. vol.112, 6127 9(1990)

Computer simulation of steady-state d1ffus1on -con trolled reacuon rates in dlspersmns of
static sinks: effect of sink sizes, T

Lihua Zheng and Chiew, Y.C,

J. Chem. Phys. vo0l.93, 2658-63 (1990} - - -

Computer simulations of domane growth under steady shear flow. -
Ohta, T., Nozaki, H. and Doi, M.
J. Chem, Phys. vol.93, 2664-75 (1990)

Molecular dynamics studies of polar/nonpolar ﬂuld mixtures, I Mlxmrcs of Lennani Jones
" and Stockmayer fluids. C y :

de Leeuw, S.W,, Smit, B. and W1111ams C P.

J. Chem. Phys. vol 93, 2704- 14(1990)

Monte Carlo simulations of hydrophobtc polyclcct:rolytes Ewdence for a structural
transition in response to increasing chain ionization:: : SR
Hooper, H.H., Beltran, S., Sassi, A.P., Blanch, H.W. and Prausmtz,.T M

J. Chem. Phys, v0l.93, 2715 23 (1990)

SMITH-91/263 64



~ Coil to rod transitions in Monte Carlo simulations of & short polyelectrolyte. II. Natural
screening and a new thermal effect.
Brender, C.
J. Chem. Phys. vol.93, 2736-40 (1990)

Structural and dynamical behavior of model fluids at high and low densities.
Schaink, H. and Hoheisel, C. -
J. Chem. Phys. vol.93, 2754-61 (1990)

Molecular dynamics calculation of the equation of state of alkanes.: . - .
Toxvaerd, §S.
J. Chem. Phys. vol.93, 4290-5 (1990)

Prediction of the thermodynamic properocs of dssocxatm 4 Lennard J ones ﬂmds theory and
simulation, . . .

Chapman, W.G.

J. Chem. Phys. vol.93, 4299-304 (1990)

Calculation of the potential of mean force usmg molecular dynamlcs w1th lmear consl:ramts:
an application to a conformational transition in a solvatcd decpudo _

Elber, R. _ o

J. Chem. Phys. vol.93, 4312-21 (1990)

Monte Carlo dynamics of a dense system of chain molecules constramed to lie near an
interface. A simplifiecd membrane model.

Milik, M., Kolinski, A. and Skolnick, J.

J. Chem, Phys. vol.93, 4440-6 (1990)

Site-site correlations in short chain fluids.
Yethiraj, A., Hall, C.K. and Honnell, K.G.
J. Chem. Phys. vol.93, 4453-61 (1990)

Molecular dynamics simulations of diffusion of small molecules in polymers; effect of chain
length.

Takeuchi, H.

J. Chem. Phys. vol.93, 4490-1 (1990)

Molecular dynamics simulation of time-resolved fluorescence and nonequilibriur solvation of
formaldehyde in water.

Levy, R.M., Kitchen, D.B., Blair, J.T. and Krogh-Jespersen, K.

J. Chem, Phys. vol.94, 4470-6 (1990) _

The microcanonical weight function: application to molecular dynamics simulations.
Litniewski, M.
J. Chem. Phys. vol.94, 6472-8 (1990)

Simulations of hi gh-pressurc condensed helium.
Swaminathan, P.K. and Murthy, C.S.
J. Chem. Phys. vol.94, 6479-83 (1990)

Solvent polarization and hydration of the chlorine anion.

Sprik, M., Klein, M.L. and Watanabe, K,
J. Chem. Phys. vol.94, 6483-8 (1990)

SMITH-91/263 65



Critical properties of non-equilibrium systems without global currents: Isingmodels at two
temperatures.

Biote, H.W.J.,, Heringa, J.R., Hoogland, A. and Zia, R K.

J. Phys. A, Math. Gen. vol.23, 3799-808 (1990)

Molecular dynamics without effective potentials via the Car-Parrinello approach.
Remler, D. K. and Madden, P.A.
Mol. Phys. vol.70, 921-66 (1990)

Classical multicomponent fluid structure near solid substrates: Born-Green-Yvon equation
versus density-functional theory. -

Sokolowski, S. and Fischer, J.

Mol. Phys. vol.70, 1097-113 (1990)

On theory of order parameters in (nematic) liquid crystals beyond homogeneous molecular
field approximation.

Slechta, J.

Mol. Cryst. Lig. Cryst. vol.185, 13-33 (1990)

Molecular dynamics simulations of phenyl-4-(4-benzolyloxy-)benzoyloxybenzoate in the
crystalline and nematic phase. : _

Jung, B. and Schurmann, B.L..

Mol. Cryst Liq, Cryst. vol.185, 141-53 (1990)

Simulation of polytype fonnauan in zinc squhlde
Engel, G.E.
J. Phys. Condens. Matter, vol.2, 6905-19 (1990)

The gas-liquid transition of the two-dimensional Lennard-Jones fluid..
Rovere, M., Heermann, D.W. and Binder, K. :
J. Phys. Condens. Matter, vol.2, 7009-32 (1990)

Time-reversibie equilibrium and nonequilibrivm isothermal-isobaric simulations with
centered-difference Stoermer algorithms.

Holian, B.L., De Groot, A.]., Hoover, W.G. and Hoover, C.G.

Phys. Rev. A, Stat. Phys. Plasmas Fluids Relat. Interdiscip. Top. vol.41, 4552-3 (1990)

One-dimensional kinetic Ising model with competing spin-flip and spin-exchange dynamics:
ordering in the case of long-range exchanges.

Droz, M., Racz, Z. and Tartaglia, P.

Phys. Rev. A, Stat. Phys. Plasmas Fluids Relat. Interdiscip. Top. vol.41, 6621-4 (1990)

Monte Carlo study of induced bond orientational ordering in two-dimensional liquid-crystal
models.

Gingras, M.J.P,, Holdsworth, P.C.W. and Bergersen, B.

Phys. Rev. A, Stat. Phys. Plasmas Fluids Relat. Interdiscip. Top. vol.41, 6786-95 (1990)

Large-scale surface to surface transport for photons and electrons via Monte Carlo

Burns, P.J., Maltby, J.D. and Christon, M.A,
Comput. Syst Eng. vol.1, 75-99 (1990)

SMITH-91/263 66



Dynamic computer simulation of concentrated hard sphere suspensions. I Simulation
technique and mean square displacement data. :

Cichocki, B. and Hinsen, XK.

Physica A (Netherlands, vol.166, 473-91 (1990)

Computer simulations of nearest- nclghbor dIStl‘lletan func tions and related quannt:les for
hard-sphere systems. : : :
Torquato, S. and Sang Bub Lee

. Physica A (Netherlands, vol.167, 361-83 (1990) .- - ... ..

Comment on finite 2D quantum Heisenberg ferromagnet..
Takahashi, M.
Prog. Theor. Phys. (Japan), vol.83, 815 18 (1990)

Thermodynamics of a fiuid of hard D d1mens1onal sphcres Pcrcus-Ye\nck a.nd
Camaahn-Starling-like results for D=4 and 5.

Gonzalez, D.J., Gonzalez, L.E. and Silbert, M. o

Phys. Chem. Lig. vol.22, 95-102 (1990) . ... - ..

Cluster dynamics for fully frustrated systerns. S
Kandel, D., Ben-Av, R. and Domany, E.
Phys. Rev. Lett. vol.65, 941-4 (1990)

Monte-Carlo study of the melting and sohdaﬁcanon of COpper s
Smolander, K.1.
Phys. Scr. (Sweden), vol.42, 485-91 (1990)

Monte-Carlo simulation of the backscattering effects of IDOp dislocation in a sﬂsmon
crystal. _

Mazzone, A.M.

Phys. Status Solidi A, (East Germany), vol.120, 379-85 91990)

Atomic motions in fiquid KPb a molecular-dynamics mvesugaucm S
Toukan, K., Reijers, H.T.J,, Loong, C-K,, Price, D.L. and Saboungi, ML.
Phys. Rev. B. Condens. Matter vol.41, 11739-42 (1990)

Inclusion of thermal motion in crystallographic structures by restrained molecular
dynamics.

Gros, P., Van Gunsteren, W,F. and Hol, W.G.J.

Science, vol.249, 1149-52 (1990)

Effective molecular dynamics in induced cholesterics.
Lev, B.L, Ovcharenko, A.L, Tolmachev, A.V., Tomchuk, P.M. and Chesnokov, E.D.
Ukr. Fiz. Zh, (Ukrainian SSR) vol.35, 1197- 9 (1990). In Russian

Large scale calculations of the structure and dynamics of dense matter..

Younger, S.M.

ATIP Conf. Proc., no.206, p.193-203 (1990) . - :

(7th American Physical Society Topical Conferencc on Atormc Processes in Plasmas,
Gaithersburg, MDD, USA, 2-5 Oct.198%)

The order-disorder interface tension in guantum chmmodﬁamics and spin models.
Rummukainen, K.
Comment. Phys.-Math. (Finland), no.117, p.1-35 (1990) .

SMITH-91/263 67



Monte Carlo simulation study on solvation energy of polar solutions.. = .
Saito, M. and Kakitani, T. _ L
Chem. Phys.Lett, (Netheriands), vol, 172 169 74 (1990)

Vibrational dephasing in computer sunulated molten L1N03.
Kato, T., Machida, K., Oobatake, M. and Hayashi, S.
J. Chem. Phys. vol.93, 3970-7 (1990)

On the determination of rate constants from cquilibrium.'molecma: d).mami.cs éimﬁlaﬁOns.
Brown, D. and Clarke, J.H.R.
J. Chem, Phys. vo0l.93, 4117-23 (1990} -

Dynamic friction on rigid and flexible bonds. :
Beme, B.J., Tuckerman, M.E., Straub, J. E and Bug, A, L R
J. Chem, Phys v0l.93, 5084- 95 (1990) -

Molecular-dynamics simulation of aqueous rmxtures methanol acetone, and ammonia.
Ferrario, M., Haughney, M., McDonald, L.R. and Klein, M.L..
J. Phys. Chem. vol.93, 5156- -66 (1990)

Glass formation in continuous cooling processes a molecu}ar dynarmc study of a -
monodatomic metal systemnt . S
Kondo, T., Tsumuraya, K. and Watanabc, M.S.

I. Phys. Chem. vol.93, 5182-6 (1950)-

On the coupling between the intrinsic angular momentum of molecules and the fluid
vorticity.

Hong Xu and Ryckaert, J.-P.

J. Chem. Phys, vol.93, 5234-9 (1990)

Molecular dynamics simulation of single ions in aqueous solutions: effects of the flexibility
of the water molecules.

Guardia, E. and Padro, J.A.

J. Phys. Chem. vol.94, 6049-55 (1990).

Monte Carlo sxmulanons on the llke-charged guamdnuum guamdmwrn ion pan' in water.
Boudon, §., Wipff, G. and Maigret, B.
J. Phys. Chern. vol.94, 6056-61 (1990)

Computation simulation of ionic liquid transition into vitreous state by the Monte Catlo
method.

Shiff, V.K.

J. Non-Cryst. Solids (Netherlands). vol.123, 36-41 (1990) .

(XVth International Congress on Glass, Leningrad, USSR, 3-7n July 1989) .

Molecular dynamics and !F NMR investigation of mixed alkali ﬂuonde glasses,
Uhlherr, A., Macfarlane, D. and Bastow, T.J. :
L. Non-Cryst Solids (Netherlands), vol.123, 42-7 (1990) - T
(XVth International Congress on Glass, Leningrad, USSR, 3-7n July 1989)

Computer simulation of glass structure.

Soules, T.F.

J. Non-Cryst. Solids (Nethcrlands), vol.123, 48-70 (1990)

(XVih International Congress on Glass, Leningrad, USSR, 3-7n July 1989)

SMITH-91/263 68



Hydrogen-bond geometry around siugar molecules: comparison of crystal statistics with
simulated aqueous solutions.

Van Eijck, B.P., Kroon-Batenburg, L M.J. and Kroon, J.

J. Mol. Struct. (Netherlands), vol.237, 315-25 (1990)

(Horizons in Hydrogen Bond Research, Proceedings of the IXth Workshop, Ze1st S
Netherlands, 10-15 Sept.1989)

Correlation length finite size scaling investigations.

Berg, B.A. and Alves, N.A,

Nucl. Phys. B, Proc. Suppl. (Netherlands), vol.17, 194-8 (1990) -

(1989 Symposium on Lattice Field Theory, Capri, Italy, 18 21 Sept.1989)

A 3-dimensional Z3 systematic model; comelamn lengths ata ﬁrst order phase t:ransmon
Gupta, S., Irback; A., Petersson, B., Gavai, R.V. and Karsch, F.. S o
Nucl. Phys B, Proc. Suppl (Netherlands), vol.17; 199- 203(1990) S
(1989 Symposium on Lattice Field Theory, Capri, ltaly, 18-21 Sep't.1989) IR

* The Z3 three dimensional Potts mode! with anufexmmagncuc adn:uxmre
Billoire, A., Lacaze, R. and Morel, A. :
Nucl, Phys, B, Proc. Suppl. (Netherlands); vol. 17 230 3 (1990) =
(1989 Symposium on Lattice Fleld Theory, Capn Italy, 18-21 SepL1989)

Crumpling transitions in fluid random surfaccs
Catterall, S.M.
Nucl. Phys. B, Proc. Suppl. (Netherlands), vol 17 643 6 (1990)
(1989 Symposium on Lattice Field Theory, Capri, Italy, 18-21 Sept,1989) -

Changes in the structure of liquid aluminium during fast coolmg

Trushin, O.S., Stepanyuk, V.S. and Katsnel’son, A.A.

Mosc, Univ.Phys. Bull. (USA), vol.44, 86-7 (1989). Translauon of: Vesm Mosk Uruv 3,
Fiz. Astron. (USSR), vol.44, no.5, 85-7 (1989) :

The intermediate states of single-phase short -range order reactions - Monte Carlo study
Gahn, U. and Pitsch, W,
Acta Metall. Mater. vol.38, 1863-70 (1990)

Computer-simulation study of conductivity in a two-dimensional binary fluid mixture.
Pandey, R.B.
Phys. Rev. A, Stat. Phys. Plasmas Fluids Relat. Interdiscip. Top. vol.42, 3363-7 (1990)

Dynamic cross correlation in isotopic two-component liquids: molecular-dynamics calculation
results compared with predictions of kinetic theory.

van den Berg, H.P. and Hoheisel, C,

Phys. Rev. A, Stat. Phys. Plasmas Fluids Relat. Interdiscip. Top. vol.42, 3368-73 (1990)

- Free-energy density functional for the mhomogeneous hard—sphcrc fluid: apphcanon to
interfacial adsorption. _ : . : :
Kierlik, E. and Rosinberg, M.L. R o '

Phys. Rev. A, Stat. Phys. Plasmas Fluids Reiat Interdxsmp Top vol 42 3382-7 (1990)

Activation-energy landscape for metastable RNA folding.
Fernandes, S. and Shakhnovich, E.I
Phys. Rev. A, Stat. Phys. Plasmas Fluids Relat. Interdiscip. Top. vol.42, 3657-9 (1990)

SMITH-91/263 69



Comparative STEM and FEGSTEM anelysis of grain boundaries in steels.
Faulkner, R.G., Little, E.A. and Adetunji, G.J. _
Mater. Charact. vol.25, 83-97 (1990)

Shear induced asymmetric cross- correlatmn functlons in hquld water: 2 computer
simulation. . '
Evans, MW,

Phys. Lett. A (Netherlands), vol.149, 328-30.(1990) .- ..

Quantum critical phenomena in one-dimensional bose systems
Batrouni, G.G., Sclettar, R.T. and Zimanyi, G.T.
Phys Rev. Lett. vol.65, 1765-8 (1990)

Ab mmo molecular—dynanncs srudy of defects on the reconstmcted S1(001) surface
Ihara, S.,Ho, S.L., Uda, T. and Hirao, M.. . ... . R
Phys. Rev. Lett. vol.65; 1909-12 (1990)____ ST

Model for diffusion with interactions and trapping on reahz.auons of the percolauon model.
Halley, J.W., Johnson, B. and Valles, J.L. : .
Phys. Rev. B Condens Matter, vol.42, 4383- 7 (1990)

Correction-to- scalm g exponent for self—avmdm g walks
Lam, P.M.
Phys. Rev. B, Condens. Matter, vol.42, 4447 52 ( 1990)

Anatomy of a conformatlonal change hmgcd lid” mouon of the mosephosphase 1somerase
loop.

Joseph, D., Petsko, G.A. and Karplus, M. ... .

Science, vol.249, 1425-8 (1990)

The intexﬁcltion of kinks in the 'n.enl'ocal' Freﬁkel-:}:(dntbrbﬁa model o
Braun, O.M., Zelenskaya, LI. and Kivshar, Yu.S.
Ukr. Fiz. Zh. (Ukrainian SSR), vol.35, 1235-40 (1990). In Russian_

Model kinetic equations for dense gases and liquids. -
Tokarchuk, M.V. and Omelyan, 1.P.
Ukr. Fiz. Zh. (Ukrainian SSR), vol.35, 1255-61 (1990). In Russian

Compurational studies of structure and transport propeérties of amorphous solids,
Laakkonen, J.

Helsinki Univ, Technol., Espoo, Finland thesis, 21 June 1989, Espoo, Finland: Helsinki
Univ, Technol. (1989) 20pp o _ o

Molecular modeling in protein design and engineeﬁn g -
Momany, F.A.
- Images of the Twenty-Frist Century, Proceedings of the Annualintgernational Conference
of the IEEE Engineering in Medicine and Biology Society, Seattle, WA, USA, 9-12 Nov.1989)
(New York, NY, USA: IEEE 1989) p.1897-8 vol.6 _ .

SMITH-91/263 70



Molecular dynamics calculation of rutile-fluorite phase transition ininduced by uniaxial
compression.

Kusaba, K., Syono, Y. and Matsui, Y.

Shock Compressmn of Condensed Matter - 1989, Proceedings of the American Physu:al
Society Topical Conference, Albuquerque, NM, USA, 14-17 Aug.1989% (Amstcrdam,
Netherlands: North-Holland 1990) p.135-8 - :

Enhanced interdiffusion of GaAs-AlGaAs imorfaces following ion implantation and rapid
thermal annealing. -

Kahen, K.B., Rajeswaran, G., Petcrson D.L., Zheng, LR. and Ott, ML. L

Ion Beam Processmg of Advanced Electromc Materials Symposium, San chgo, CA USa,
25-27 April 1989 (Pittsburgh, PA, USA: Mater. Res. Soc. 1989) p.291-6

Acceleration of molecular dynamics simulation of order N with ne1ghbour hst
Rycerz, Z.A.
Comput. Phys, Commun. (Netherlands), vol.60, 297-303 (1990)

Vectorized code for the three-dimensional spm-exchange kinetic Ismg model on cubic and
diamond lattices. T :

Desalvo, A., Erbacci, G. and Rosa, R. Lo

Comput Phys Commun (Nethcrlands), vol. 60 305 10 (1990)

Hybrid moiecular dyna.rmcs
Heermann, D.W., Nielaba, P. and Rovere, M. - :
Comput, Phys. Commun. (Nethcrla.nds), volGO 311 18 (1990)

Bimolecular reaction A+B — Oat steady state on fractals: anomalous rate law and reactant
self-organization.

Clement, E., Kapelman, R. and Sander, L M.

Chem. Phys. (Netherlands), vol.146, 343-50 (1990)

Low-energy photon scattering mmulanons w1th thc Montc Carlo code ACCEP’I’
Cleri, F,

Nucl. Instrum. Methods Phys. Res, A, Accel. Spectrom. Detect. Assoc. Eqmp
(Netherlands), vol.A295, 231-40 (1990} -

A direct determination of ARMAalgorithms for the simulation of stationary random
processes,

Mignolet, M.P. and Spanos, P.D.

Int. J. Non-Linear Mech. vol 25, 555-68 (1990)

Computer simulation of Frank Kasper type 1cosashedral quasi- crystals
- Hafner, J, and Krajci, M, _
Europhys. Lett, (Switzerland), vol. 13 335-40 (1950)

Spectralshifts and structural classes in microsolutions of rare gas clusters containing a
molecular chromophore.

Perera, L. and Amar, F.G. :

J. Chem. Phys. vol.93, 4884-97 ( 1990)

Microscopic simulation of chemical oscillations in homogeneous systems.

Baras, F., Pearson, J.E. and Malek Mansour, M.
J. Chem. Phys. vol.93, 5747-50 (1990)

SMITH-91/263 7t



Quantum Monte Carlo calculations with model potentials: quadratic accuracy.
Yoshida, T. and Iguchi, K.
J. Chem. Phys. vol.93, 5783-5 (1990)

Analysis of 4 model for the ripple phase of lipid bilayers.
Scott McCullough, W., Perk, J.H.H. and Scott, H.L. :
J. Chem. Phys. vol.93, 6070-80 (19%0)

Infrared laser-mduced chaos and conformauonal dxsorder ina model polymer crystal
melting vs. ablation.: = . .. o _ o
Sumpter, B.G.; Voth, G A, Noxd,DW and Wunderhch B.. . .

J. Chem. Phys. vol.93, 6081-91 (1990) . - - o

Spectral dimension of fluid membranes. .. . -~ . .. .
Komura, S. and Baumgartner, A.
I. Phys. (France), voL.51, 2395-8 (1990) . ..

- Molecular dynamics study of the structure of expanded liquid caesium. .
Mori, H., Hoshino, K. and Watabe, M. e
J. Phys. Soc Jpn. (Japan), vol.59, 3254 9(1990)

Computer simulation of stochasucally gmwm 4 mterfaces wuh a conservauon law
Chakrabarti, A.
J. Phys. A, Math. Gen. vol.23, L919 22 (1990)

A Monte Carlo study of the dynarmcs of thc Ismg SK model
Colbomne, S.G.W. ..
J. Phys. A, Math, Gen. vol. 23 4013 24 (1990)

The 3-state Potts model in (2+1) dlmenswns.-_. : o
Hamer, CJ., Aydin, M., Oitmaa, J. and He, H.-X.
J. Phys. A, Math: Gen. vol.23, 4025-38 (1990).. -

Universal distance ratios for two-dimensional self-avoiding walks: corrected conformal-
invariance predictions.

Caracciolo, S., Pelissetto, A. and Sokal, A.D.

J. Phys. A, Math Gen. vol.23, 1.969-74 (1990).

New methods of forming glasses and related amorphous solids. -
Soga, N.
J. Non-Cryst. Solids (Netherlands), voI 123, 363 76 (1990)

Molecular dynarmcs simulations and quantum mechanical studies of the hydrogen bond in
water cluster systems. _

Moore Plummer, P.L.

1. Mol. Struct. (Netherlands), vol.237, 47-61 (1990) - -

Monte Carlo simulation of liquid alkyl ethers with OPLS potenual funcnons o
Briggs, .M., Matsui, T. and Jorgensen, W.L. :
J, Comput. Chem. vol. 11, 958-71 (1990)

Hydration of superoxde studied by molecullafzdyhanﬁ.cs sirhul.aﬁdﬂ's._ B
Shen, I., Wong, C.F. and McCammeon, J.A.
J. Comput. Chem. vol.11, 1003-8 (1990)

SMITH-91/263 72



Quantum molecular dynamics: a new algorithm for linear a.nd nonlinear electron transport in
disordered materials.

Kalia, R.K., Vashishta, P., Yang, L.H., Dech, FW and Rowlan L.

Int. I. Supcrcomput Appl vol.4, 22- 33 (1990)

First principles molecuiar dyna.rmcs studles of liquid and sohd sodlun:L _
Davenport, I.W., Guo-Xin Qian, Fernando, G.W. and Weinert, M.. .. . -~
Int. J Supcrcomput Appl v014 122-30, (1990)

A time-saving a.lgonthm for gencrahzed Langevm dynarmcs mmulauons w1th arb1trary
memory kemels.

Nilsson, L.G. and Padro, J.A.

Mol, Phys. vol.71, 355- 67 (1990)

Non-local free-energy dcnsny-funcuonal theory apphcd to the elcctncal double laycr

1. Symmetrical electrolytes. . _
Zixiang Tang, Mier-y.Teran, L. Daws, H T Scnven, L. E and Whlte. H S

Mol. Phys. vol.71, 369- 92(1990) . o T

Lennard-Jones mixtures in slit-like pores: a comparison of simulation and ~
density-functional theory.

Sokolowski, S. and Fischer, J.

Mol. Phys. vol.71, 393-412 (1990) ...

Molecular-dynamics simulation of moltcn alkah carbonatcs
Tissen, J.T.W.M, and Janssen, G.J.M.. :
Mol. Phys. vol.71, 413-26 (1990)

The square-well fluid: its properties and represcntation.. L .Comp'reséi.bil'ity factor. . ';
de Lonngi, D.A., Lonngi, P.A, and Alejandre, J.
Mol. Phys. vol.71, 427-40 (1990)

Molecular dynamics study of amorphization induced by chemical disorder in crystalline
NiZr, Massobrio, C.

Colloq. Phys. (France), no.C-4, 35-61 (1950)

(Multilayer Amorphisation by Solid-State-REaction and Mechanical Alloying International
Symposium, Grenoble, France, 21-23 Feb.1990

Simulation technique for hard-disk models in two dimensions. .
Fraser, D.P., Zuckermann, M.J. and Mouritsen, O.G. :
Phys. Rev. A, Stat. Phys. Plasmas Fluids Relat. Interdiscip. Top vol 42 3186~95 ( 1990)

Monte Carlo study of the escape of a minor species.
Barakat, A.R. and Lemaire, J.
Phys. Rev. A, Stat. Phys. Plasmas Fluids Relat. Interdiscip. Top. vol 42 3291 302 (1950)

Damage spreading.

Herrmann, H.J.

Phys. A (Netherlands), vol.168, 516-28 (1990) : '

{Third Bar-llan Conference on Frontiers in Condensed Matter Phys1cs Ramag Gan Israel,
8-11 Jan.1990)

SMITH-91/263 73



-+ Cluster Monte Carlo algorithms.. .
Jian-Sheng Wang and Swendsen, R.H.
Physica A (Netherlands), vol.167, 565-79 (1990)

Metastability and nucleation in Ising models W1th Swendsen~Wang dynmmcs
Ray, T.S. and Jian-Sheng Wang
Physica A (Netherlands); vol. 167 580-8 (1990)

Logarithmic corrections in the survwal probab111ty for random walks in random trappmg
environments.. : - _ . _
Kohler, J.

Physica A (Netherlands), vol.167, 650.62 (1990)

Statistical thermodynamics of the cluster solid- 11qu1cl transition.
Labastie, P, and Whetten, R.L. . .
Phys. Rev. Lett (U SA), vol.65, 1567 70 (1990)

Random energy model for the kmcncs of RNA fold.m g
Fernandes, A
Phys. Rev. Lett. (USA), vol.65, 2259-61 (1990) . .. -

Radiative neutron capture on 3He,
Carlson, J., Riska, D.O., Schiavilla, R. and Wiringa, RB
Phys. Rev. C. Nucl. Phys. vol.42, 830-6 (1990)

Application of the Monte Carlo cohercnt—anomaly method to two-chmcnsmnal lamcc -gas
systems with further-neighbor interactions. Lo Lo
Patrykiejew, A. and Borowski, P,

Phys. Rev. B, Condens. Matter, vol.42, 4670-6 (1990)

Universality of continuum percolauon
Sang Bub Lee _
Phys. Rev. B, Condens. Matter, vol.42, 4877-80 (1990) .

Atomic structure and bonding in liquid GaAs from ab initic molecular dynamlcs
Zhang, Q.-M,, Chairotti, G., Selloni, A., Car, R. and Parrinello, M. :
Phys. Rev. B, Condens. Matter, vol.42, 5071 81 (1990)

Molecular-dynamics simulations of amorphous Si.. .~
Drabold, D.A., Fedders, P.A., Sankey, O.F. and Dow, J.D.
Phys. Rev. B, Condens. Matter, vol.42, 5135-41 (1990)__ -

Monte Carlo study of liquid GaAs: bulk and surface propertles :
Wang, Z.Q. and Stroud, D. _
Phys. Rev. B, Condens. Matter, vol.42, 5353-6 (1990)

Effect of finite system size on thermal fluctuations: implications for meltmg

Robbins, M.O., Grest, G.S. and Kremer, K.
Phys. Rev. B, Condens Matter, vol.42, 5579-85 (1990)

SMITH-$1/726) 74



Mechanisms for ion and Te-induced intermixing of GaAs-AlGaAs interfaces.

Kahen, K.B. and Rajeswaran, G.

Advances in Materials, Processing and Devices in I1I-V Compound Semiconductors
Symposium, Boston, MA, USA, 28 Nov..-2 Dec.1988 (Pittsburgh, PA, USA: Mater, Res.
Soc. 1989) p.477-82

Formation of nanocrystalline structure by shock wave propagation through amorphous
materials. .

Psakhie, S.G., Korostelev, S.Y. and Vorobyov, V.L

Shock Compression of Condensed Matter - 1989. Proceedings of the American Physical
Society Topical Conference, Albuquerque, NM, USA, 14-17 Aug 1989, (Amsterdam
Netherlands: North-Holland 1990) p.157-9 L .

Stress and energy flux in the vicinity of a shock front. .

Hardy, R.J. and Karo, A.M.

Shock Compression of Condensed Matter - 1989. Proceedings of the Amencan Phys1cal
Saciety Topical Conference, Albuquerque, NM, USA, 14-17 Aug.1989, (Amsterdam
Netherlands: North-Holland 1990) p,161-4

Lattice defects generated by ion implamation into submicron Si areas.

Tamura, M., Shukuri, S. and Kawamoto, Y.

Ton Beam Processing of Advanced Electronic Materials Symposmm, San D1ego, CA USA,
25-27 April 1989 (Pinsburg, PA, USA: Mater. Res. Soc. 1989) p.143-534

Atomistic Simulation of Materials: Beyond Pair Potentials. Proceedings of an international
Symposium.

New York, NY, USA; Plenum (1989), ix+469 pp.

Conference heid at: Chicago, Il, USA, 25-30 Sept.1988

Computer simulation of ergodicity and mixing in dynamical sys'te.ms.
Sperandeo-Mineo, R.M. and Falsone, A,
Am. J. Phys, vol.58, 1073-8 (1990)

NPT ensemble Monte-Carle simulation of ethanol in water.
Lilly, Jr.,, A.C., Beers, F.J. and Schug, J.C.
THEOCHEM (netherlands), vol.68, 69-75 (1990)

The A + A — O reaction in a critical peréolation system.
Vitukhnovsky, A.G., Kiriakova, N.V. and Sokolov, I.M.
Chem. Phys. Lett. vol.173, 521-3 (1990)

Simulation of spatial distributions of implaated ions in amorphoiJé elements.
Abdel-Hady, M.M.
Acta Phys. Hung (Hungary), vol.67, 263-73 (1990)

Crossed molecular beams study of the reaction D + H, —> DH + H at collision energies of
0.53 and 1.01 ev

Continetti, R.E., Balko, B.A. and Lee, Y.T.

J. Chem. Phys. vol.93, 5719-40 (1990)

On the nature of orientational transition in crystalline A-TCNB.

Kuchta, B., Luty, T. and Etters, R.D.
J. Chem. Phys. vo0l.93, 5935-9 (1990)

SMITH-?{1263 75



Fluids in equilibrium with disordered porous materials. Integral equation thcory
Fanti, L.A., Glandt, E.D. and Madden, W.G.
Y. Chem. Phys vol.93, 5945-53 (1990)

Molecular dynamics studies on molten alkali hydroxides. II. Rotational and transitional
motions of ions in molten LiOH.

Okazaki, S., Ohtori, N. and Okada, 1.

J. Chem. Phys. vol.93, 5954-60 (1990)

Dynamics of an ammonium ion in water: molecular dynamics s1mu1at10n
Karim; O.A. and Haymet, A,D.J. ' e :
J. Chem. Phys. vol.93, 5961-6 (1990)

Computer simulation study of the conformational statistics of long chain hydrocarbons in
cylindrical potentials. :

Yamamoto, T.

J. Chem. Phys. vol.93, 5990 70 (1990)

Computational study of transition dynamics in 55 atom clusters
Stillinger, F.H. and Stillinger, D.K. -
J. Chcm Phys vol 93, 6013 24 (1990)

Nonaddmvny in an analynca] mtermolccular potenual thc water-watcr mteract:lon
Saint-Martin, H., Medina-Llanos, C. and Ortega-Blake, L.
J. Chém. Phys. vol 93, 6448-52 (1990)

Spatial dependence of time-dependent friction for pair diffusion in a simpie' fluid.
Straub, J.E., Bemne, B.J. and Roux, B.
J. Chem., Phys vol.93, 6804- 12(1990)

Reactant segregation in a Langmuir- I—hnshelwood surface reacuan
Kang, H.C., Weinberg, W.H. and Deem, M.W. :
J, Chem. Phys. vol.93, 6841-50 (1990)

Influence of optimal cavity shapes on the size of polymer moleculeé' in random media,
Honeycutt, J.DD, and Thirumalai, D.
J. Chem. Phys. vol.93, 6851-8 (1990)

Computer experiments on the internal dynamics of crystalline polyethylene: mechanistic
details of conformational disorder.

Sumpter, B.G., Noid, D.W. and Wunderlich, B.

J. Chem. Phys, vol.93, 6875-89 (1990)

Are classical molecular dynamics calculations accurate for state-to-state transition
probabilities in the H + D, reaction?

Meishan Zhao, Truhlar, D.G., Blais, N.C., Shcwenke, D W. and Kouri, D. J

J. Phys. Chem. vol.94, 6696- 706 (1990) - L

Effects of chain length of surfactants on the intérfacial tension: molecular dynamics
simulations and experiments.

Smit, B., Schiijper, A.G., Rupert, L.AM. and van Os, N.M.

J. Phys. Chem. vol.94, 6933-5 (1990)

SMITH-91/263 76



Molecular dynamics simulation of liquid mixtures of acetonitrile and chloroform.
Kovacs, H,, Kowalewski, J. and Laaksonen, A.
J. Phys. Chem. vol.94, 7378-85 (1990)

Disorder induced adsorption of polymers.
Baumgartner, A. and Renz, W.
J. Phys. (France), vol.51, 2641-51 {1990} -

Fluctuations in the flat and collapsed phases of polymenzed membranes
Abraham, F.F, and Nelson, DR. .~ . . . . L
J. Phys. (France), vol.51; 2653 72 ( 1990)

Morphologlcal evolunon in DLA under rotat:mg ﬂow |
Nagatani, T, and Sagues, F.-- . - o
J. Phys. Soc. Jpn. (.Tapan),vol 59 3447 50 (1990)

Density discontinuities in short polymer chams modelled as hard sphere sequences
Fleming, R.J.
- J. Phys. A, Math. Gen. vol.23, 4481-9 (1990) . .

Monte Carlo test of a hyperscaling relation for the two;dixﬁeheionai seif-'evoidih g wa.lk 1.
Caracciolo, S., Pelissetto, A. and Sokal, A.D.
J. Phys, A, Math. Gen. vol.23, 4509-17 (1990)

Experimental and theoretical characterization of the YBa,CuO7/YBa,Cu,sOy phase
transformation.

Fendorf, M., Burmester, C.P., Wille, L.T. and Gronsky, R. -

J. Less- Common Met. (Sw1tzer1and) vol.164-165, 84-91 (1990) L

(1990 European Materials Research Society (E-MRS) Spring Meetmg Symposmm A
"High-T¢ Superconducting Materials’ Strasbourg, France, 29 May-1 June 1950)

Thermodynamics of oxygen ordenng in YBaZCu;,Oz

de Fontaine, D., Ceder, G. and Asta, M.

J. Less- Common Met. (Switzerland), vol.164-165, 108-23 (1990) '
(1990 European Materials Research Society (E-MRS) Spring Meeting Symposium A
'High-T¢ Superconducting Materials’, Strasbourg, France, 29 May-1 June 1990)

A molecular dynamics study of Zr0O,-Si0, system,
Damodaran, K.V., Nagarajan, V.S. and Rao, K.J. -
1. Non-Cryst. Sol:ds (Netherlands), vol.124, 233-41 (1990)

Monte Carlo study of lactone formation k1netlcs
Alemany, P. andVilaseca, E.
J, Mol. Struct. (Netherlands), vol.239, 193 203 (1990)

Conserving energy during molecular dynamics simulation of water, prot'eiris,"and' pi'oteins
in water.

Kitchen, D.B., Hirata, F., Westbrook, J.D., Levy, R., Kofke, D. and Yarmush, M.

J. Comput. Chem vol. 11 1169-80 (1990)

Computer simulation studies of anisotropic systems. XIX. Mesophases formed by the
Gay-Bemne model mesogen.

Luckhurst, G.R., Stephens, R.A. and Phippen, R.W.

Lig. Cryst. vol.8, 451-64 (1990) :

SMITH-91/263 17



Computer simulation of a biaxial liquid crystal.
Allen, M.P.
Lig. Cryst. vol.8, 499-511 (1990)

Effective lattice models for two-dimensional quantum antiferromagnets.
Sachdeyv, S. and Jalabert, R.
Mod. Phys. Lett. B (Singapore, vol.4, 1043-52 (1990)

A new MCRG calculation of the critical behavior of the 3D Ising model - prehmmary
results, Baillie, C.F,, Barish, K.N., Gupta, R. and Pawley, G.S. . : _

Nucl. Phys. B, Proc. Suppl (Nethcrlands) vol.17, 323-7 (1990) -

(1989 Symposium on Lattice Field Theory, Capn, Italy, 18-21 Sept. 1989)

Interface tension and structure at cnncal temperatum in the Potts model :
Rurmmukainen, K. o

Nucl. Phys. B, Proc. Suppl. (Netherlands), vol. 17 339 42 (1990)

(1989 Symposmm on Lattice Field Theory, Capri, Italy, 18-21 Sept.1989) . .

Far-infrared studies of molecular dynamics and interactions in N, N—dimeﬁﬁﬂfbﬁﬁ'aiﬁide.
Buchrner, R. and Yarwood, J.
Mol. Phys. vol.71, 65-77 (1990}

Monte Carlo simulation of a two-dimensional hexagonal monolaayer of point dipoles.
Sane, R.N.
Mol. Phys, vol.71, 509-22 (1990)

Molecular-dynamics simulation results for the pressure of hard-chain ﬂmds o
* Denlinger, M.A. and Hall, C.K. - :
Mol. Phys vol.71, 541 59 (1990)

Molecular—dynamlcs mmulatmn of watcr clusters w1th ions. |
Brodskaya, E.N, and Rusanov, A.L
Mol. Phys. vol.71, 567-85 (1990)

Computer simulations of liquid water: ﬁ"eatméﬁt of ldﬁg&ange interactions.
Prevost, M., van Belle, D., Lippens, G. and Wodak, S.
Mol. Phys. vol.71, 587-603 (1990)

Model suspensions of deformable paruclcs
Grimson, M.J. and Barker, G.C.
Mol. Phys. vol.71, 635-52 (1990)

Phase diagram and critical phcnomena of a trlangula.r anufcnomagnenc Ismg spm model
with competing interactions. : -
Jong-Jae Kim

New Phys. (Korean Phys. Soc. ) {South Korea), vol.30, 383-91 (1990). In Korean,

Percolation of interacting diffusing partlcles
Selinger, R.B. and Stanley, H.E.
Phys. Rev. A, Stat. Phys. Plasmas Fluids Relat Intcrdlsmp Top vol. 42 4845 52 (1990)

A computer simulation of nemaiic droplets with radial boundary conditions.
Chiccoli, C., Pasini, P., Semeria, F. and Zannoni, C.
Phys. Lett. A (Netherlands), vol.150, 311-14 (1990)

SMITH-91/263 18



Computer simulation on the threefold coordinated oxygen atom in vitreeous silicon dioxide.
Dianov,E.M., Egibyan, A.V., Akopyan, S.A., Rustamyan A.E,, Sokoloy, V.0, and
Sulimov, V. B . .

Phys. Status Solidi B (East Germany) vol 161, 55 64 (1990)

B-B direct contact in amorphous NisgB,4 system based on molecular dynamics.
Stepanyuk, V.S., Kawsnelson, A.A., Szasz, A. and Trushin, O.S.
Phys. Statwus Solidi B (East Germany) voi.161, K77-9 (1990)

Finite-size scaling of the three-dimensional Ising model.
Weston, R.A.
Phys. Lett, B, (Netherlands), vol.248, 360-6 (1990}

Core stucture of a dissociated easy-glide dislocation in copper investigated by molecular
dynarnics.

Huang, J., Meyer, M. and Pontikis, V.

Phys. Rev. B, Condens. Matter, vol.42, 5495-504 (1990)

Dual percolation threshold in two-dimensional microporous media.
Zhi-Xiong Cai, Mahanti, S.D., Solin, 5.A. and Pinnavaia, T.J.
Phys. Rev. B, Condens. Matter, vol.42, 6637-41 (1990)

Comment on 'Finite-size effects at temperature driven first-order transitions’.
Billoire, A., Lacaze, R., Morel, A, Gupta, S., Irback, A. and Petersson, B,
Phys. Rev. B, Condens. Matter, vol.42, 6743-4 (1990)

Ab initio calculation of properties of carbon in the amorphous and liquid states.
Galli, G., Martin, R.M., Car, R. and Parrinello, M
Phys. Rev. B, Condens. Matter, vol.42, 7470-82 (1990)

Application of the complex Monte Carlo method and quasiclassical approximation to the
statistical problems of wave propagation in disperse media. II. Calculation of the
transparency coefficient of disperse media.

Filinov, V.S. and Sheremet, LK.

Radiophys. Quantum Electron. vol,32, 1116-20 (1989), Translation of: Izv. Vyssh.
Uchebn, Zaved. Radiofix. (USSR), vol.32, 1506-11 (1989)

A novel topological compression mechanism in a covalent liquid [SiO,].
Stixrude, L. and Bukowinski, M.S.T.
Science, vol.250, 541-3 (1990)

Study of the elastic nucleus-nucleus scattering amplitude.

Shabel’skii, Yu.M.

Sov. J. Nucl. Phys. vol.51, 887-90, (1990). Transiation of: Yad. Fiz. (USSR), vol.51,
1396-402 (1990)

Computer simulation of oxygen precipitation in CZ-silicon during rapid thermal anneals.
Schrems, M., Pongratz, P., Budil, M., Potzl, H.W., Hage, J., Guerrero, E. and

Huber, D.

ESSDRC 90. 20th European Solid State Device Research Conference, Nottingham, UK,
10-13 Sept.1990 (Bristol, UK: Adam Hilger 1990) p.201.4

SMITH-91/263 79



" Higher ordcr corrections to the process e+e- — W'y
Miquel, R., Mana, C. and Martinez, M.
Z. Phys. C, Part. Fields (Wcst Germany), vol.48, 309 14 (1990)

SMITH-91/263 80



CCP5 LITERATURE SURVEY - ADDENDUM

Parallel computers and molecular sunulauon :
D. Fincham
Molecutar Simulation, vol.1, (1987} 1,

A Monte Carlo simulation study of orientational domain clusters in the planar quadrupole
model. '
M.P. Allen and S.F, O’Shea

Molecular Simulation, vol.1, (1987) 47.

A computer sirnulation of the adsorption and chffuswn of benzene and toluenc inthe
zeolites theta-1 and silicalite.

A K. Nowak, A.K. Cheetham, §.D. Pickett and S. Ramdas

Molecular Simulation, vol.1, (1987) 67.

* Dissipative irreversibility from Nosé’s reversible mechanics.
W.G. Hoover, M.A. Posch, B.L. Holian, M.J. Gillan, M. Mamschal and C. Massobno
Molecular Simulation, vol.1, (1987) 79

The detailed balance energy-scaled displacement Monte Ca.rlo algorithm.’
M. Mezei, K.A. Bencsath, S, Goldman and S. Singh
Molecular Simulation, vol.1, (1987) 87.

Percolation transition in the parallel hard-cube model fluid.
F. van Swol and L..V. Woodcock
Molecular Simulation, vol.1, (1987) 95."

On the application of Widom's test particle method to hbrﬁogenédus and ihho'moge'net)u's i
fluids.

U. Heinbuch and J. Fischer

Molecular Simulation, vol.1, (1987) 109,

A fast-convergent Monte Carlo Method for surfaces with high potential barriers to
movement of adatoms. :

N.M. Clift and N.G. Parsonage

Molecular Simulation, vol.1, (1987) 121.

Is the isotropic atom-atom model potential adequate?
S.L. Price
Molecular Simulation, vol.1, (1988) 135.

Molecular dynamics studies of the dielectric constant of dipolar fluids: dependence on
molecular shape.

P.A. Wielopolski and E.R. Smith

Molecular Simulation, vol.1, (1988) 157.

A near-neighbour algorithm for metropolis Monte Carlo simulations.
Mihaly Mezei
Molecular Simuiation, vol.1, (1988) 169.

SMITH-91/373 1



A leap-frog algorithm for stochastic dynamics.
W.F. van Gunsteren and H.J.C. Berendsen
Molecular Simulation, vol.1, (1988) 173.

Computer simulation of the structures and cross correlation functions of spherical-top
molecules in the liquid state.

M.W. Evans, K.N. Swamy, G.C. Lie and E. Clementi

Molecular Simulation, vol.1, {(1988) 187.

Computer simulation studies of zeolite structure.
R.A. Jackson and C.R.A. Catlow '
Molecular Simulation, vol.1, (1988) 207.

Solute-induced water structure: computer simulation on a model system.,
R. Noto, M. Migliore, F. Sciortino and S.L. Fornili
Molecular Simulation, vol.1, (1988) 225,

New rigid body equations of motion for molecular dynarmcs
J.W. Perram and .G, Petersen
Molecular Simulation, vol.1, (1988) 239.

The microcrystal melting transition. Lo
N. Quirke
‘Molecular Simuiation, vol.l (1988) 249,

Large timesteps in molecular dynamics mmulanons o
D. MacGowan and D.M. Hayes | ' ' N
Molecular Simulation, vol.1, (1988) 2’?7.

The use of supercomputers and microcomputers in computauonal chcrmstry _]Ob tum-_ .
around time as a criterion for the choice of system. o
S.J. Zara, D.Nicholson and J. Barber

Molecular Simulation, vol.1, (1988) 299.

Concurrent molecular dynamics simulation of ST2 water on a transputer array.
F. Bruge, V. Martorana and S.L. Fornili
Molecular Simulation, vol.l, (1988) 309.

Error estimation in molecular dynamics experiments with a tabulated mtcrmolecular
interaction potential.

M.G. Kiselev, B.G. Abrosimov, LI. Vaisman and Y.M. Kessler

Molecular Simulation, vol.1, (1988) 321

Modified proximity criteria for the analysis of the solvation of polyfuncuonal solutc
Mihaly Mezei o
Molecular S1mu1ation,_v01.1, (1988) 327.

Effect of initial positions on the simulation of water networks in crystal hydrates. =~

P.L. Howell and J. M. Goodfellow
Molecular Simulation, vol.1, {1988) 333.

SMITH-91/373 2



An efficient way to conserve the total energy in molecular dynamics snnulanons boundary
effects on energy conservation and dynamic properties. '

O. Teleman

Molecular Simulation, vol.1, (1988) 345

Reverse Monte Carlo simulation: a new techmque for determlnanon of d.lsordered
structures.

R.L. McGreevy and L. Pusztai

Molecular Simulation, vol.1, (1988) 359,

On the approximation of solvent effects on the conformation and dynamics of cyclosporin A
by stochastic dynamics simulation techniques.

Shi Yun-Yu, Wang Lu and W.F. van Gunsteren

Molecular Simulation, vol.1, (1988} 369.

Molecular dynamics of coat proteins of the human rhinovirus.
Wan F. Lau, B. Montgomery Pettitt and T.P. Lybrand
Molecular Simulation, vol.1, (1988) 385.

Solvent effects on the shape of a tetrarner.
P. Padilla and S. Toxvaerd _
Molecular Simalation, vol.1, (1988) 399, -

On the atomic velocities in molecular and Langevin dynamics sirmulations of soft-sphere
systems,

M. Canales and J.A. Padré

Molecular Simutation, vol.1, (1988) 403.

Self-diffusion in electrostatically stabilized colloidal suspensions using Brownian dynamics.
W.E. TeGrotenhuis, C.J. Radke and M.M. Denn
Molecular Simulation, vol.2, (1989) 3.

Monte Carlo study of the Buckingham exponential-six fluid.
L.R. Dodd and 8.1. Sandler
Molecular Simuiation, vol.2, (1989) 15.

Fluctuation simulations and the calculation of mechanical partial molar properties: - =
P.G. Debenedetti
Molecular Simulation, vol.2, (1989) 33.

Grand canonical Monte Carlo simulation for solubility calculation in supercritical =~ -
extraction.

M. Nouacer and K.S. Shing

Molecular Simulation, vol.2, (1989) 55,

Monte Carlo simulations of the chemical potential and free energy for trimer and hexamer
rings.

R.E. Randelman, G.S. Grest and M. Radosz -

Molecular Simulation, vol.2, (1989) 69,

Computer simulation of the dielectric properties of hqu1d waer.
H.J. Strauch and P.T. Curnmings o
Molecular Simulation, vol.2, {1989) 89.

SMITH-31/373 3



Simulation of a hard-sphere fluid in biocontinuous random media.
I.-A. Park and J.M.D. MacElroy
Molecular Simulation, vel.2, (1989) 105.

Phase equilibria of quadrupolar fluids by simulation in the Gibbs ensemble.
M.R. Stapleton, D.J. Tildesley, A.Z. Panagoitopoulos and N. Quirke
Molecular Simulation, vol.2, (1989) 147.

Monte Carlo simulation of fluids in curved three-dimensional "sp'a'cc. - _ .. . )
L.A. Fanti and E.D. Glandt
Molecular Simulation, vol.2, (1989} 163.

The dielectric constant of the TIP4P and SPC pomt charge models for water at ordmary
and high temperatures, _ L .
H. Gordon and S. Goldman

Molecular Simulation, vol.2, (1989) 177. .

A new equilibration algorithm for Monte Carlo simulations.
E. Yurtsever
Molecular Simulation, vol.2, (1989) 189.

Direct calculation of the excess free energy of the dense Lennard-Jones ﬂmd o
M. Mezei
Molecular Simulation, vol.2, (1989) 201.

Monte-Carlo simutation of molten CsCl using a ’deformation dipole’ polarisable ion .
potential. _ _ :

P.R. Gartreil-Mills and R.L. McGreevy
Molecular Simulation, vol.2, (1989) 209,

Monte Carlo simulations on mixtures of the Kihara pomt—mse and .i'Od-'liﬁé'r.i‘ibl'eCﬂIes.:' .
R. Kantor and T. Boublik _
Molecular Simulation, vol.2, (1989) 217.

The role of computer simulation in studying fluid phase equlllbna
K.E. Gubbins
Moeolecular Simulation, vol.2, (1989) 223.

Predicting the Rheology of complex fluids.
L.V. Woodcock
Molecular Simulation, vol.2, (1989)253. .

Microscopic simulation of rheology: molecular dynamics computations and percblétidﬁ_'
theory.

D.M. Heyes and J.R. Melrose

Molecular Simulation, vol.2, (1989) 281.

Molecular graphics and the computer simulation of liquid crystais.. - "
M.P, Allen '
Molecular Simulation, vol.2, (1989) 301.

A simulation study of ammonium nitrate in aqueous solution. - -
P.AM. Walker and M.P. Allen
Molecular Simulation, vol.2, (1989) 307.

SMITH-91/373 4



Simulation studies of a Lennard-Jones liquid in mxcroporcs
JM.D. MacElroy and S.-H. Suh :
Molecular Simulation, vol.2, (1989) 313,

Computer simulation of the location of para-xylene in silicalite.
S.D. Pickett, A K. Nowak, A K. Cheetham and J.M. Thomas
Molecular Simulation, vol.2, (1989) 353.

Capillary condensation: a molecular simulation study. -
I.P.R.B. Walton and N. Quirke
Molecular Simulation, vol.2, (1989} 361.

Lennard-Jones mixtures in a ¢ylindrical pore, A companson of simulation and density.
functional theory. '
G.S. Heffelfinger, Ziming Tan, K.E. Gubbins, U.M.B. Marconi and F. Van Swol
Molecular Simulation, vol,2, (1989) 393,

The computer simutation of superconducting ceramic oxides.
W.C. Mackrodt -
Molecular Simulation, vol.3, (1989) 1.

The computer simulation of uranium dioxide. -
M.J. Gillan
| Molecular Simulation, vol.3, (1989) 15.

Molecular dynamics modelling of polymer materials.
JH.R. Clarke and D. Brown
Molecular Simulation, vol,3, (1989) 27.

Industrial applications of simulation studies in solid state chemistry.
C.R.A. Catlow, P.A. Cox, R.A. Jackson, 5.C. Parker, G.D. Price, $.M. Tomlinson and . -
R, Veirivel :
Molecular Simulation, vol.3, (1989} 49,

Molecular design with transparatlel supercomputers.
D.N.J. White, J.N. Ruddock and P.R. Edginton
Molecular Simulation, vol.3, (1989) 71.

Molecular dynamics simulation of transition metals on silicon substrates. . .
C.C. Matthai
Molecular Simulation, vol.3, (1989) 101.

A study of the staistical mechanics of sillium.
D. Weaire, J. Wejchert and F. Wooten
Molecular Simulation, vol.3, (1989) 115.

Molecular dynarnics simulation of silica glass.
B, Vessal, M. Leslic and C.R.A. Catlow
Molecular Simulation, vol.3, (1989) 123.

Generation of fractal silicas by negative pressure rupturing of SiQ, gléss.

J. Kieffer and C.A. Angell
Moiecular Simulation, vol.3, (1989) 137.

SMITH-91/373 5



Molecular dynamics simulation of the fast ion conductor 8-BiOs,
D.A. Mac Dénaill, P.W.M., Jacobs and Z.A. Rycerz
Molecular Simulation, vol.3, {1989) 155.

Preliminary analysis of water molecule distributions in proteins.-
JI.M. Goodfellow, N. Thanki and J.M. Thomton
Molecular Simutation, vol.3, (1989) 167.

Atomistic computer modelling in advanced materials R & D.. .
M. Heggie
Molecular Simulation, vol.3, (1989) 183.

Computer simulation by molecular dynamics as a tool for modelling of molecular systems.
W.F. van Gunsteren
Molecular Simulation, vol.3, (1989) 187,

The force-biased algomhm for the irregular close pack:mg of equal ha:d spheres
I, Moscinski, M, Bargiel, Z.A. Rycerz and P.W.M. Jacobs
Molecular Simulation, vol.3, (1989) 201.

Simulations on the primitive electrolyte environment of a high chargc den51ty
polyelectrolyte. A sampling problem and its solution, -

H. Gordon and S. Goldman

Molecular Simulation, vol.3, (1989) 213,

Test of the inverse Monte Carlo method for the calculation of interatomic potential energies
in atomic liquids.

M. Ostheimer and H. Bertagnolli

Molecular Simulation, vol.3, (1989) 227.

Computer-aided topological analysis of the Faujasite lattice I: exact solution for zeolite-X.
G. Melegari and O. Ori
Molecular Simulation, vol.3, (1989) 235.

A molecular dynamics simulation study of rigid and non-rigid hard dumb-bells. -
M.P. Allen :
Molecular Simulation, vol.3, (1989) 251.

On the accuracy of some common molecular dynamics algorithms,
P.M. Rodger
Molecular Simulation, vol.3, (1989) 263.

Reorientation correlation functions, quaternions and Wigner rotation matrices. -
R.M. Lynden-Bell and A.J. Stone
Molecular Simulation, vol.3, (1989) 271.

A method to calculate the g-coefficients of the molecular pair correlation function from
molecular dynamics simulations. '
G.R. Kneller and A. Geiger

Molecular Simulation, vol.3, (1989) 283.

Evaluation of the adaptive umbrella sampling method.
M. Mezei :
Molecular Simulation, vol.3, (1989) 301.

SMITH-21/373 [



The glassy wall boundary for simulations of inhomogeneous systems.
H.L. Gordon and S. Geldman
Molecular Simularion, vol.3, (1989) 315,

Computer-aided topological analysis of the Faujasite lattice II: Monte Carlo solution for
zeolite-Y.

G. Melegari and Q. On

Molecular Simulation, vol.3, (1989) 325.

On the possibility of finding a sultabie potent:lal model for llqmd COZ
R. Frattini, D, Gazzillo, M. Sampoli and R. Vallauri
Molecular Simulation, vol.3, (1989) 337,

Minimum image convention coding of microcomputers.
UK. Deiters
Molecular Simulation, vol.3, (1989) 343.

Modelling studies of crystalline PEEK. o -
M.A. King, D.I. Blundell, J. Howard, E.A. Colboumc andJ Kcndnck 3
Molecular Simulation, vol.4, (1989) 3. L

Simulation of steady state and transient polymer growth kinetics . Application ot PEEK.
G. Goldbeck-Wood and D.M, Sadler -
Molecular Simulation, vol.4, (1989) 15,

Thermal expansion of ideal polymer crystals; application to polyethyl'ene.
T.H.K. Barron and K.J, Rogers
Molecular Simulation, vol.4, (1989) 27.

Structure-property relationships in Hquid crystals: can modelling do better than. -
empiricism? :
D.A. Dunmur and M.R. Wilson.

Molecular Simulation, vol.4, (1989) 37,

Computer simulation of liquid crystal films.
M.P. Allen
Molecular Simulation, vol.4, (1989) 61.

Ab initio materials science and engineering using themolecular dynamics methods for total
energy pseudopotential calculations.

M.C. Payne, E. Tarnow, P.D. Bristowe and J.D. Joannopoulos

Moelecular Simulation, vol.4, {(1989) 79,

Experimental investigation of the electronic structure in metallic solids.
R.G. Jordan and P.J. Durham
Molecular Simulation, vol.4, (1989) 93.

Ab initio calculations of the structure and properties of large atomic clusters. -
R. Jones
Molecular Simulation, vol.4, (1989) 113.

Computer simulations in zeolite catalysis research.
C.1.J. Den Quden, B. Smit, A F.H. Wielers, R.A. .Tackson andA K. Nowak
Molecular Sitnulation, vol.4, (1989) 121.

SMITH-21/373 7



Experimental and simulation studies of electro-rheology.
P, Bailey, D.G. Gillies, D.M. Heyes and L.M. Surcliffe
Molecular Simulation, vol.4, (1989) 137,

Electronic structure calcuiations of high T¢ materials. - .
W.M. Temmerman, P.A. Sterne, G.Y. Guo and Z. Szotek
Molecular Simulation, vol.4, (1989) 153,

Atomistic simulation of new materials: pitfalls and p'rornisés.
AN. Cormack _
Molecular Simulation, vol.4, (1989) 165,

Alkaline earth impurity segregation at the basal [0001} and 'pris.m {1010} 's'ur.facc's' of
U-Alzog. .
P.R. Kenway, S.C. Parker and W,C, Mackrodt

Molecular Simulation, vol.4, (1989) 175.

Simulation of adsorbate-induced surface reconstruction. -
P.A.D.M.A. Dale and D.W, Bullett
© Molecular Simulation, vol.4, (1989) 187.

Molecular dynamics simulations of some small organic molecules: problems and results of
free energy calculations for conformational transitions of ribose, malic acid and tataric
acids.

P.EW. Stouten and B.P. van Eijck

Molecular Simulation, vol.4, (1989) 193,

Can various classes of atomic configurations (Delaunay simplices) be distinguished in - -
random dense packings of spherical particles?

VY.P. Yoloshin, Yu.l. Naberukhin and N.N, Medvedev

Molecular Simulation, vol.4, (1989) 209.

Linked lists and the method of lights in molecular dynamics simuolation - search for the
best method of forces evaluation in sequential MD codes.

W. Dzwinel, M. Bargiel, J.Kitowski and J. Moscinski

Molecular Simulation, vol.4, (1989) 229,

Hexagonal-string phases in suspension flow.
A.J. Hopkdns, F.S. Jardali and L..V. Woodcock -
Molecular Simulation, vol.4, (1989) 241,

Dissociation of Aup (n=3, 4) micfoclusters: a moleéulﬁ'rdyharhics s.iniljlatio'n._' |
S. Katircioglu and S. Erkog
Molecular Simulation, vol.4, (1989) 247.

‘The practical calculation of interionic potentials.
J.H. Harding
Molecular Simulation, vol.4, (1990) 255 .

The practical calculation of interionic potentials in solids using electron gas theory;
N.L, Allan, D.L. Cooper and W.C. Mackrodt
Moleculiar Simulation, vol.4, (1990) 269.

SMITH-91/373 ' g



Interatomic potentials in conducting polymer systems.
D.A. Morton-Blake
Molecular Simuiation, vol.4, (1990) 285,

The spin-coupled approach to electronic structure. -~
D.L. Cooper, J. Gerratt and M. Raimondi
Molecular Simulation, vol.4, (1990) 293,

A user’s guide to polansabllmes and dmpersxon cocfﬁcwnts for ions in crystals
P. W, Fowler : :
Molecular Simulation, vol.4, (1990) 313

Is beryllium carbide ionic?
P. Tole and P.W. Fowler : :
Molecular Simulation, vol.4, (1990) 331

Deriving an empiricat potemJal for fcrroclectnc Lle03 SR
S.M. Tomlinson, C.R.A. Catlow, H. Donnerberg and M. Lesl:e
Molecular Simulation, vol.4, (1990} 335. .

Interatomic potentials for Micas.
D.R. Collins and C.R.A. Catlow
Molecular Simulation, vol.4, (1990) 341.

Computer simulation study of the chemical potential of argon adsorbed in .graphi'te.-'_ _ L
A. Cheng and W.A. Steele
Molecular Simulation, vol.4, (1990) 349,

A new Monte Carlo simulation technique for the study of cpitaﬁciai crystal growth 5
D.A. Faux, C.K. Hall and J. Bermholc . S
Molecular Simulation, vol.4, (1990) 361.

Isobaric and isothermal molecular dynamics simulations of diatomnic sys'té.m's. .
V.N. Kabadi and W.A. Steele :
Molecular Simuiation, vol.4, {1990) 371,

Collective correlation functions in shear flow: a non-equilibrium molecular dynamics and -
group theory statistical mechanics treatment. :
M.W. Evans and D.M. Heyes

Molecular Simulation, vol.4, (1990) 399,

Comment on reverse Monte Carlo simulaton.
R. Evans
Molecular Simulation, vol.4, (1990) 409.

Potentials for molecular dynamics simulation o.f silicéte glﬁéses.--. - .-
B. Vessal, M. Amini, M. Leslie and C.R.A. Catlow
Molecular Simulation, vol.5, {1990) 1

The effect of a crystalline environment on calculatcd clcctron densmcs -
R.W. Grimes
Moiecular Simulation, vol.5, (1990) 9.

SMITH-21/373 G



Four important factors in the ab initio determination accurate inter-ionic potentials.
N.C. Pyper
Molecular Simulation, vol.5, (1990) 23.

Pair potentials from ab initio calculations for use in MD simulations of molten alkali .
carbonates.

G.J.M. Janssen and J.T.W .M. Tissen

Molecular Simulation, vol.5, (1990) 83.

Solute trapping af a répi.dly nibving sol.i.d/li'qﬁid mterface for a Lerihéfdehés a'l'lc')'y. -
S.J. Cook and P. Clancy
Molecular Simulation, vol.5, (1990) 99,

A new Monte Carlo method for direct calculation of the critical size and the formation work
of a microdrop. -
5.V. Shevkunov, P.N. Vorontsov-Velyaminov and A.A. Martsmovsk:t

Molecular Simuiation, vol.5, (1990) 119, .

Molecular dynamics simulation on a parallezl boxﬁpufér. _ -
- H. Heller, H. Grubmiillerand K. Schulten
Molecular Simulation, vol.5, (1990) 133,

A Monte Carlo simulation of nematic and discoetic ordering m a pblyméﬁé 'qullx'i'd éi'ystal. .
D.R.R. Everitt and C.M. Care
Molecular Simulation, vol.3, (1990) 167..

Computation confirms contraction: a molecular dynamics study of liquid methanol, water -
and a methanol-water mixture.

P.E.-W. Stouten and J, Kroon -

Molecular Simulation, vel.5, (1990) 175.

Molecular dynamics simulations with interaction potentials including polarization.
Development of a noniterative method and application to water.

T.P, Straatsma and J.A. McCammon :

Molecular Simulation, vol.5, (1990) 181.

Molecular dynamics simulation of the fast ion conductor 8-BiyOs. II. Sub-lattice
structure. D.A. MacDénaill, PW.M. Jacobs and Z.A. Rycerz
Molecular Simulation, vol.5, (1990) 215.

Orthobaric densities from simulations of the liquid vapouf interface. :
A. Lotfi, J. Vrabec and J. Fischer :
Molecular Simulation, vot.5, (1990) 233,

Grand canonical ensemble Monte Carlo simulation on a transputcr array
5.J. Zara and D. Nicholson 3
Molecular Simulation, vol.5, (1990) 245.

Free energy calculations of pharmaceutically important propertiés.

P.M. King, C.A. Reynolds, J.W. Essex, G.A. Worth and W.G. Richards
Molecular Simulation, vol.5, (1990) 265.

SMITH-91/373 10



Computer simulation of macromolecules.
IM. Goodfellow
Molecular Simulation, vol.5, (1990) 277.

Brownian dynamics simulations of electro-rheotogical fluids, II: Scaling laws. h
D .M. Heyes and J.R. Melrose _
Molecular Simulation, vol.5, (1990) 293,

Evaluation of a model potential function for Ar graphite interaction using computer
simulation. e o
D. Nicholson, R.F. Cracknell and N.G, Parsonage

Motlecular Simulation, vol.5, (1990) 307.

Mechanism for stabilising water clathrates.
P.M. Rodger
Molecular Simulation, vol.5, (1990) 315.

Continuum percolation of 2D and 3D simple fluids.
D.M. Heyes and J.R. Melrose
" Molecular Simalation, vol.5, (1990) 329.

Self assembly of bilayers in a lattice model of amorphiphile and solvent systems. o
D. Brindle and C.M. Care -
Molecular Simulation, vol.5, (1990) 345.

Molecular dynamics simulation on the connection machine.
A. Windemurh and K, Schulten
Molecular Simulation, vol.5, (1991) 353.

Molecular dynamics simulation studies of the deusity and temperature dependence of
self-diffusion in a cylindrical micropore.

T. Demi and D. Nicholson

Molecular Simulation, vol.5, (1991) 363,

Integer interparticle distances in molecular dynamics simulation,
W. Dzwinel, M. Bargiel, J. Kitowski and J. Moscinski -
Molecular Simuiation, vol.5, (1991) 383.

A new version of the insertion particle method for determining the chemical potential by
Monte Carlo simulation. '
I. Nezbeda and J, Kolafa

Molecular Simulation, vol.3, (1991) 391.

Distance-scaled force biased Monte Carlo simulation for solutions containing a strongly
interacting solute.

M. Mezet

Molecular Simulation, vol.5, (1991) 403.

Convergence of the chemical potential in aqueous simulations.

M. Mazor and B.M. Pettitt
Molecular Simulation, vol.6, {1991) 1

SMITH-91/373 11



Grand moiecular dynantics: a methed for open systems.
T. Cagin and B.M. Pettitt
Molecular Simulation, vol.6, (1991) 5.

Reaction field simulations of monatomic and diatomic dipolar f1u1ds
B. Saager, J. Fischer and M. Neumann S
Molecular Simulation, vol.&, (1991) 27.

Large scale molecular dynamics on parallel computers using the link-cell algonthrn
M.R.S. Pinches, DJ. Tildesley and W. Smith '
Molecular Simulation, vol.6, (1991) 51.

Convergence properties of Monte Carlo simulations on flaids.
J. Kolafa
Molecular Simulation, vol.6, (1991) 89,

Monte Carilo simulation of tetrahedral chains II: Properties of "first self-avoiding walks™
and their usability as starting configurations for dynamic relaxauon mechanisms:

G. Zifferer

. Molecular Simulation, vol.6, (1991) 103.

Generalized Vcrlet algomhm for cfﬁcwnt molecular dynanucs s:mulatlons with long range
interactions.

H. Grubmiiller, H. Heller, A, Windemuth and K. Schulten

‘Molecular Simulation, vol.6, (1991) 121. '

Study of clustcrmg in nonideal ion plasma by a ‘combitied open ensemble Monte Carlo -
cluster expansion method.

A.A. Martsinovski, S.V. Shevkunov and P.N. Vorontsov-VelyaJmnov

Mo]ccula.r Simulation, vol 6, (1991) 143.

Direct sampling of local density fluctuations in Monte Carlo s1mu1atlons -
J. Kolafa -
Molecular Simulation, vol.6, (1991) 153,

Simulations of flexible manifolds.
J.-§. Ho arid A. Baumgirtner
Molecular Simulation, vol.6, (1991) 163.

Estimation of free energy systematic ertors in molecular simnlations of globular proteins
surrounded by finite water clusters. One center multipoie expansion of reaction field -
differences. )
T.A. Wesolowski

Molecular Simulation, vel.6, (1991) 175.

Convergence bebavior in free energy simulations.
M.A.S. Saqgi and J.M. Goodfellow
Molecular Simulation, vol.6, (1991) 1835,

Monte Carlo simulation study of free energy curves for electron transfer reactions in polar
solutions by considering the electronic polarizability.

Y. Hatano, T. Kakitani, Y. Enomoto and A. Yoshimori

Molecular Simulation, vol.6, (1991) 191,

SMITH-81/373 12



Equilibrium properties of a charged polymer chain with short range interactions:
two-dimensional Monte Carlo studies. :
J. Takashima, M. Takasu and Y. Hiwatard

Molecular Simulation, vol.6, (1991) 199

Fluctuations in potential and dynam.lcs of molecules in 11qu1ds
A. Morita -
Molecular Simulation, vol.6, (1991) 221.

Pressure-induced structural transformations in framework crystai slructurcs a molecular ;
dynamics study of silica. : o
S. Tsuneyuki, H. Aoki and Y. Matsui

Molecular Simulation, vol.6, (1991) 227.

Molecular dynamics simulation of the structural and physical properties of the four
polymorphs of TiO,.

M. Matsui and M. Akaogi

Molecular Simulation, vol.6, {1991) 239.

- A molecular dynamics simulation of Na,0.25i0, - K,0.2810; melts - effect of basic cell size

K. Kawamura
Molecular Simulation, vol.6, (1991) 245,

Molecular dynamics simulation of a molten mixture of lithium bromide and lithium iodide.
S. Itoh, T, Matsuzawa, M. Konagai and K. Takahashi
Molecular Simulation, vol.6, (1991) 257.

Moilecular dynamics studies on molten alkali hydroxides, III. One-particle dynamics of ions
in molten LiOH.

S. Okazaki and I. Okada

Molecuiar Simulation, vol.6, (1991) 2635.

Monte Carlo simulation of liquid water and an evaluation of thermodynamic properties.
K. Honda, K. Kitaura and K, Nishimoto
Molecular Simulation, vol.6, (1991) 275.

Thermodynamic study of a model monomer-dimer system by the Monte Carlo method.
K. Sumi, H. Ohji, S. Murakami and I. Fujihara
Molecular Simulation, vol.6, (1991) 291.

Monte Carlo study of the self-association of methanol in benzene.
Y. Adachi and K. Nakanishi
Molecular Simulation, vol.6, {1991) 299,

Molecular dynamics simulations on aqueous solutions of rare gases.
H. Tanaka and K. Nakanishi.
Molecular Simulation, vol.6, (1991) 311,

Monte Carlo simulations of the growth of thin metal films and oscillation of surface step
density.

T. Kaneko and R. Yamamoto

Molecular Simulation, vol.6, (1991) 325.

SMITH-91/373 13



Molecular dynamics study of the thin film formation process,
Y. Sasaijima, K. Suzuki, S, Ozawa and R. Yamamoto
Molecular Simulation, vol.6, (1991) 333,

A computer simulation of the crack propagation process.
K. Hata, T, Takai and K. Nishioka :
Molecular Simulation, vol.6, (1991) 343,

Molecular dynamics of radiation damage in amorphous PdgSiy alloy using N+ ions, .'

Y. Okamoto, R. Takagi and K. Kawamura
Molecular Simulation, vol.6, (1991) 353,

The Fourth Symposium on Molecular Simulation
Molecular Simulation, vol.6, (1991) 363.

SMITH-91/373 14



Addendum to CCP5 Literature Survey 1989

W. Smith

M. Bishep and M. Csontos Jr
“Polymer dynamics movies generated by program space fill”
Comput. Chem. 13, 59 {1989). -

M. Bishop and C.A. Croxton
“Brownian dynamics study of the two-dimensional linsar poly mer collapse fransﬂmn

J. Chem. Phys. 90 1212 (1989)

M. Bishop and J.H R. Clarke
“Brownian dynamics study of the shape of star and linear polymors in different reguues

J. Chem. Phys. 90 6647 {1989)

M. Bishop and J.H.R. Clarke

“Brownian dynamics study of the end-to-end distrihution fanction of star and linear
polyiners in different regimes”

J. Chem. Phys. 91 3721 (1989).

M. Bishop and J.H.R. Clarke

“Brownian dynamics study of the end-to-end distribution function of two-dimensional
linear chains in different regimes”

J. Chem. Phys. 91 634 (1989),

M. Righy
“Hard ellipsoids of revolution. Virial coefficients for prolate and oblate molecules”
Molee. Phys. 66 [216-1268 (1989)



Addendum to CCP5 Literature Survey 1989

W. Smith

M. Bishop and M. Csontos Jr
“Polymer dynamics movies generated by program space ﬁll"
Comput. Chem. 13, 59 (1989).

M. Bishop and C.A. Croxton
“Brownian dynamiics study of the two-dimensional linear polymer colla.pse transition”
J. Chem. Phys. 90 1212 (1989)

M. Bishop and J.H.R. Clarke
“Brownian dynamics study of the shape of star and linear polymers in different regimes”
J. Chem. Phys. 90 6647 (1989)

M. Bishop and J.H.R.. Clarke \ _

“Brownian dynamics study of the end-to-end distribution function of star and linear
polymers in different regimes”

J. Chem. Phys. 91 3721 (1989).

M. Bishop and J.H.R. Clarke
“Brownian dynamics study of the end-to-end distribution function of two-dimensional

linear chains in different regimes”
J. Chem. Phys. 91 634 (1989).

M. Rigby
“Hard ellipsoids of revolution. Virial coefficients for prolate and oblate molecules”
Molec. Phys. 66 1216-1268 (1989)




