“DARESBURY LABORATORY

An informal Newsletter associated with Collaborative Computational Project No. 5
on Molecular Dynamics, Monte Carlo and Lattice Simulations of Condensed Phases.

Number 11 JANUARY 1984 |

Contents

Editorial 1
General News 2
Algorithms for Constant Temperature and/or Constant
Pressure Ensembles in Molecular Dynamics Simulatiaons
of Atomic Liquids 11
D. Brown, J.H.R. Clarke -

Grand Frosemble Monte Carlo 19
D. Nicholson

Molecular Graphics Using the DAP

R. Hubbard, D. Fincham 25
The SBhear Stress Autocorrelation Function 30
D.M. Heves

Research Interests of the MD Group at Royal Holloway College _

DM, Heyes 36
Singer on the Root 39

J.G. Powles

CCP5 Litetrature Survey 42
F. Gibbh, W. Smith

Editor: Dr. William Smith Science & Enginesering Research Council,

Deputy Editor: Dr, Maurice lLeslie Daresbury Laboratory, Daresbury,
Warrington WA4 4AD, England.






Rditorial -

- Reclplents of en unfamiliar newsletter entitled "Information Quartetly for the L

Computer Simulation of Condensed Phases may be Eorglven for thlnking that
'newsletter distribution from Daresbury has finally lapsed into chaos._ However,
the puzzle is soon resolved.- The new title for the ‘CCP5 newsletter 1s intended
to reflect the broadened scope of CCPS5 under the terms of its tenewal for the '
perlod 1983 to 1986._ The scope: of CCP3 now. extends to the computer szmulation
of lattices in addition to the’ original subjects of WD and MC 51mulations, ‘and
the new title brings the newsletter in touch w1th this fact, We shall continue'
to publish articles on WD and nc as we. have 1n the past bUL.Wlll also include_
articles on the new sub;ect area from now on.j We hope our: exlsting and new;_ |

readers w1ll find the newsletter a useful and stlmulatlng reference.

‘Once again it is a pleasure to thank the contributors to the current issue, The .

CCPS newsletter is a well—regarded perlodlcal and this is. obv1ously due to the 315'

efforts of our contrlbutors.. Long may they remaln 1ndustrlous ‘on our behalf'

Contributors:. -~ .

"D, Brown - - . " ( Department of Chemistry, UMIST, Sackville:Street; . .
J.H.R. Clarke: __( Manchester, MSO lQD.__ ) -
F. Gibb_,g.zj.'vf,( SERC Daresbury storatory, Daresbury, Warrlngton
We smitho L WA4 4AD.___-””_ S -
D;M;fﬁefesai d:,_f”;Department of: Chemlstry, Royal Holloway College,;:dwf -

Egham, Surrey, TWZO OEK.: -

.'ZR.'Hnbbard'ih l;ft;-Department of Chemistry, University of York
S York, YOl 5pD.,

D. Fincham .. DAP Support Unit, Gueen Mary College, London, El NS
D, Nicholson * - “'Department of Chemistry, Imperial’ College o
o7 Lomden, SW7 2AY. ... .o ol
J.G. Powles The’Physice“taborator§}”The"Uniﬁerist?TofzKent{z”"'”':”:
- Canterbury, CT2 7NR.



General HNews

(a}

(b)

(e}

(d)

CCP5 - POTENTLALS
The tenth CCP5 ﬂeeLlng will be on the’ subject of 'Potentials’ and will take
place at University College London in September 1984. The prlncipal

organiser for this event will be Dr. C.R.A. Catlow who may be eontacted'etu'

‘the Department of” Chemistry, Univerqlty Coilege, 20 Gordon Street, Londoit '_'

Sdli&:State:MeetinguFHTHEORY”OFHLOCALISEﬁ'ELECTRONICESTATESﬂiN.CONDESNEb .
MATTER -

‘A three day’ meeting on the "Theory of Localised Elactronic States 1n_ ' 

Condensed Matter" is scheduled to be held fn London on April 10th-12th 1984,
The meeting is being organised by Dr. C.R.A. Catlow and Dr. W.C. Mackrodt.
The cost of the meeting will be £25 per person. Furtherinformation {s

available from Dr. C.R.A Catlow at the address given above (item (a)).

CCPS Symposium = QUANTUM MECHANICAL COMPUTER SIMULATION |
A 1% day symposium on the treatment of quantum effeCts'ih:(ef'by5”eehpetef'z
simulation will be held in Oxford ou March 12th to 13th. The purpose is
mainly educational; to learn to implement current methods including: o
(1) Green's function Monte Carlo for systems at T=0K.. .
(ii) Path integral methods for equiliBridm‘properties (T#OK).
(1ii) Semi-classical methods based on. approximate path integral techniqeee
or the Wigner-Kirkwood %2 expansion, or wave packet propagation. -
The number of participants will not excesd 20, Preference will be giveﬁ'to
those already active in the field ot about to become so. Applications fer
financial support (travel and subsistence) will be sympathetically
considered by the CCP5 Excecutive Committee. Participants will include
Dr. S.W. De Leeuw, Prof. J.G. Powles and Prof. K. Singer.
Interested persons should write to Dr. S.W. De Leeuw, Departmeuat of
Theoretical Physies, I Keble Road, Oxford, 0X1 3NP, not later than

February 5th. Please give reasons for wishing to attend.

The CCP5 Steering Committee wish to remind participants in CCP5S that, within
the limited resources of the Project it is willing to sponsor ox assist
financially the endeavours of computer simulation scientists in the U.K.
Applications for financial assistance should be submitted to the CCP5
Secretary, Dr. W. Smith, SERC Daresbury Laboratory, Daresbury, Warringtonm,

WA4 4AD 1in the first ianstance. All applications will be considered on merit

by the CCP5 Executive Committee,



(e)

Readers will not be surprised to hear of: the success of the recent: CCPS |

. Meeting on;'PhasehTransitionS{-which todk.place.aCZSoﬁthamptonm: On behalf

of the paftidipénts;.it,islafpleaSure:to'thank;Dr. Dominic. Tildesley and:-

Dr. David_Adamsgfo::their;orgaﬁiSatibn;of“the:Mheting and: .. oo

- Praf. G.R.. Luckhurst for hosting the Meetiang-dt Southamptou.. We. hope. to.

(£).

present a review of the Meeting in our March issue of the newsletteri . °

Thé-neﬁsﬁfrom.RuEherford.énd;Appletén'Laboratory=(EAL)‘iS.thét;iin305téber;

they'replaced,their_IBM=308D computer with- a brand new IBM. 308D. : This they L
managed to do without Incurring any_cost-to the_SERC.--Not,surpfisingly,=: _
they are. very pleased with themselves.. The present system has 24 M-bytes=df i
storage, which will rise to 32 M bytes in April 1984. R .
April should also see the end of the installation of the M860 Mass Storage
System for the central processors. The M860 is aztape-cartridge-store,-whiéh;
can load the tape cartridges: into the read/write. stations automatically.. _. _
Each. cartridge holds: 170 M bytes: and the entire M840, wiil.hold?110=G_bytés. '
Theﬁsystem.will_be-used-as a;first,ievel_backup store.for;MVS-usérSvand;w1113
function_asvthough,it.were-additional.disc spacexfrom-which'on—line.datasets 
will be stored and recalled. . Users. in future will be encouraged to keep

data on disc, from where 1t will migrate to the M860 store, " This, it is.

.. thought, will be more: efficient than: storing data:on magunetic tape..... . =

(2

(h)

The University of Manchester Regional Computer Centre (IMRCC) has recently

 seen the departure of its Director, Professor Gordon Black, who will.. . -

cqntiﬁue links with UMRCG as a Consultant,. His replacement astireétofaié
Pfofessor Frank H.:Sumner. _ . _ :

On the CYBER 2053 Project,fthe-hardwﬁreftesté.haﬁejbeéﬂ Combléted3andfthé'E :
initial acceptance of the FORTRAN 77 compiler (FORTRAN 200) is scheduled for .

31st January 1984. An experimental service is scheduled for lst March 1984 - -

and a full service for August 1934, As for the Amdahl V7A Project, the .
hardware tests have Seen completed and a full performance test wasscheduléd:."
for completlon by 21lst November 19832, A full service should start on

lst January 1984. At the time of writing, the testing of the Remote Host

Facility software 1s still underway.

The University of Loudon Computer Centre is continuing with its inteuntion to
provide an archiviug facility for the Amdahl V/8 computer. They have
implemented the commercially available package called DMS/08, which .

presently is operational in batch mode. The system resembles that in



existence at Daresbury but with some'distinguishiﬁg features. Firstly, the

(1).

datasets archived will have a limited life-time (3 years). Secondly, ode
hundred versions of. & dataset: may be archilved with versioo aumbers 0 tg =99
(0 for the most: recent version),  Thirdly, users will be restricted in
archive allocation, which, when exceeded), will prevent further archiving.
The ubiquitous MASSTOR MB860 storage system will provide the-archive storage’
in the New Year.: _ -

A new version of-tﬁe Sieméns FORTRAN 77 compileér (V10/L10) 1is available on
the Amdahl V/8,  The features of this compiler: are described in the ULCC -
November Newsletter.  The December issue describes the Release 2.0 IBM -
FORTRAN 77 compiler (VS FORTRAN). Essential reading for Amdahl users -

The user service: to. the CDC 6600 and 7600 computers will cedse on -

lst February 1984,

Anyone-ﬁishing=to makeiuselﬁf'ﬁhéfCCPS Prcgram:LiBraryfiS'invitEd'to“dOTéo}
Documents and programs are available, free of charge to academic centres,
upon application to Dr.. M.. Leslie® at Daresbury Laboratory. :Listings of
programs are available if required; though use of magnetic tape:{provided by
the applicant) is recommended., (Note!. Please do not send tapes using -

'Jiffy' Bags as these invariably cause difficulties!) - -

Readers" interested: in the lattice simulation’ programs available shoald also

write to Dr. M. Leslie,.

Ariyone wishing to donate programs to theé CCPS Program Library should contact

Dr. M. Leslie, wha will be overwhelmed by thelr ganerosity.

* Full address: SERC, TCS Division, Daresbury Laboratory, Warriogton; WA4 4AD.



List of PfogramS}iﬂ the CCPS Program Library. ... . . =

.iHDATOM by s M ThompSon.~

. H D., 51mulaticn of atomic fluids.- Uses Ii)éf'ﬁéﬁﬁéfd' ‘- Jones_'

.~ potential function and . fifth order Cear = integration- algorlthm-

Calculates system average configuration energy, kinetic energy, -

virial, mean square force and the associated R.M.S. deviations .and

also system pressure, temperature, constant volume 5pecif1c heat
mean square  displacement, quantum . corractlons and . radial
. distribution funct10n-=.u; R : Sl

1.HMDIAT by 5. M- Thompson. }.fo=*~¢~:'

. H. D.-simulatiou of diatomic molecule Eluids. Uses 12f6ﬁ Lenﬁafd[§— .
Jones site -~ site potential functious  and” 4 fifth order Cear
algorithm for centre =~ of - mass motion.. Angular motion ig:
calculated by . fourth order Gear algorithm with. quaternion
arientation parameters.  Calculates system - average configuration’

energy, kinetic energy, virial, mean square Eorce,‘mean square -

. torque. and. - the . assocldted - R.M. S. " deviations - and also :SYSCEm- 

" . pressure,.- temperaturay- cofistant’ volume specific heat mean square.

_displacement and quantum cqrrections-f*f o

“  WDLIN by 5 H Thompson.j._vAaﬁq;I*a= R

';% D. simulatian “of " linear “molécule fidi&éifﬁgééfii)éfﬂeﬁﬁéfdr4:"”"”"'

Jones:site5e;site_ ‘potential functions vand - a fifthc order  Gear .
algorithm for. centre -~ of - mass- motion. Angular motion is

calculated by fourth -order. Gear algorithm with . quaternion -

orientatien parameters. List of calculated prcperties is the same
as EMDIAT. _ _ -

”M.D.é.simulation .oE linear molecule " EI&idé#”Ushé*IZ/Gfﬁéﬁﬁé&d?;]'

 Jones site - site potentialfunctions plus a point electrostatic .
_”qUadrupole,,gUses;,a;;fifth order  Gear algorithm for centre = of —-. _
‘mass motion.. Angular motionm is.-. ~calculated by fourth order’ Gear . -

algorithm - with-  quaternfon:: orientation = parameters. " List " of
caleulated properties is the same as HMDIAT.

MDTETRA by S. M. Thompson._

M D. simulation of tetrahedral ‘molecale flulds. U3es 12/6 Lennard [

Jones. site - site potential functions and a fifth- order - Gear
algorithm for centre - of -~ mass metion. Angular mation is
calculated by fourth order Gear algorithm with quaternion

orientation parameters. List of calculated properties is the same‘f_"

as HMDIAT.



MDPOLY by S. M. Thompson .

M.D. simulation of polyatomic molecule Fluids. Uses 12/6 Lennard =
Jones site - site potentlial functioms and a f£fifth order Gear
algorithm for centre - of = mags motion. Angular motiom . is
calculated by fourth order Gear algorithm with quaternion
orientation parameters. List of calculated. propertleu is. the . : same
as HMDIAT._ . : :

“'ﬁDMIXT by Wo %mitho.

PR R simulation of polyatomic ‘moleculs mixtures. Uses. 12/6 Lennard{
- Jones gite - site potential fuanctions and a Verlet leapfrog
algorithm for centre ~ of - mass motion. Amgular motlon Is
calculated by the Fincham leapfrog algorithm using quaternion
orieatation parameters. Calculates sgystem average coufiguratiou

energy, kinetic energy and virial and associated R.M.S5. deviations
and alsa pfessure and tamperature- . : :

--mm- By W. Smith. |

"M.D. sgipulation of polvatomie molecule mixtures. Uses 12/6 Lennard
= Jones site = site potential. fumctions. and point . electrostatic
multipoles = (charge, dipole-. and.  quadrupole).. Long . range
electrogtatic effects are calculated wusing the Ewald summation
method. Uses a Verlet leapfrog algorithm for centre - of - mass
motion. Angular wmotion is calculated bHy. the . Fincham leapfrog-
algorichm using quaternion orientation parameters. Calculates
system average counfiguration energy, kinetic energy. and virial - and
associared R.M.S. deviations and alse pressure and: temperaturse: -

MDMPOL % W. Smith'é D+ Fincham.

¥M.D. simulation of polyatomic molecule mixtures. Uses 12/6 Lennard
- Jones site - site potential functions and fractiomal charges to
represent electrostatlc multipoles. Long - range - electrostatic
effects are calculated wusing the Ewald summation method. Uses a
Verlet leapfrog algorithm for centre - of ~« mass moticn. - Angular
motion | 12 calculated by the.. Fincham . leapfrog - algorithm using
quaternion’ orisntaticn parameters. Calculates - system average
configuration . energy, kinetic energy -and. virial and associated
R.M.5. deviarions and also pregsure and: temperature. :

DENCOR by W. Smitch.

Calculation of dengity correlation fumctions. Processes atomic M.D.
data to produce the Fourier transform of the particle deunsity, the
intermediate scattering functions and the dynamic structure
factors.



31 cURDEN by o Smitn.;:--f"

'iCalculation of current denéity*fébfrelatidnﬂ'fuﬁdtioﬁs;"fPrbceéses o
atomic M.D. data--to-prdducefthéiFouriErftfansform'oﬁftHE“curfent
density, the current density correlation fumetions and theilr.
temporal Fourier transforms. '

3*3% D 51mulation of atamic fluidsa Uses 12f6 Lennard - Jones site -
. 'site - potential: function ‘and a. Verlet leapfrog algorithm for centre

. = of = mass motion. Calculates system -average configuration-' enérgy-

and: kinetic - energy -and - -associated: R.M.8.: ~deviations ‘and also
pressure, temperature, mean Square displacements —-and: ' rtadial
distribution functiocn. ' :

HLJ2 by D. M. Heyes-

fzq D. simulatlon of acamic fluids. Uses 12/6 Lennard —-Jones site i

. site: potential: function and a Verlet: leapfrog-algorithm for: centre

.= of: -~ mass motiom. Calculates: system' average configuration emergy
:land - kinetic. energy ' and: - associlated -R.M.S: deviations and‘also’
pressure, temperature,-_ mean. square dlisplacements,.- - radial
distribution function and veloeity autccorrelation functiom.

. HLJ3 by Do M. Heyesoi }- |

”-ﬂjH.D. simulation cf atomic fluids..Uses 12/6 Lennard —-Jones site -
- site potential functiom and a Verlet leapfrog- algorithm for ‘centre

- 0of - mass motion. The link - cell method 1s employed to enable
large simulations. CGalculates system average conflguration energy.
and kinetic energy and associated R.M.S. ‘deviations: and’ "also -
pressure, = temperature, . mean . square displacements  and radial
'1=distribution~functicn.'““'- L . S

'p.HLJa hy Da M. Heyes.;.::ralf‘“""V-

M. D.. simulatlan of atomic flu1d3¢ Uses 12/6 Lenndrd -~ Joves site -
site potential function and a Verlet leapfrog algorithm for centre
- of - mass motion. The algorithm allows either the temperature or. -
the pressure to be constrained. Calculates - system average
configuration energy and kinetic energy and associated R.M.S.
deviations. . and - also.: pressure, . temperature, - mean - - sSquare’
-displacements and radial.ddistribution funetiom. - S

" HLJS by D. M. Heyes. -

"~ M.D. simulation of atomic Fluids. Useéz12/6:Lenﬁafdﬂ—JJdnes“siter:;
site shifted potsntial function and a Verlet leapfrog algorithm for
centre - of - massa motion. This method removes the discontinuities



at the potential cutoff radius. Calculates : gystem " average
configuration energy and kinetic energy and associated R.M.S.
deviations . and  also pressure, .. temperature, mean. = sguare
displacements and radial distribution. function. . - :

HLJ6 by D. M. Heves.

M.D. simulation of atomic fluids. Uses 12/6 Lennard - Jones site =~
site shifred potential function and the Toxvaerd algorithm for
centre « of ~ mass motlon. This algorithm is more accurata tham the
Verlet . algorithm. . Calculates system average configuration energy
. and_kinetic._eﬂergy'.andn assoclated. R.M.5. deviatlons - and also
pressure, . - tamperature, . mean. square - displacements - and radial
distribution functiem.. . : . : '

MCRPM by D. M. Heyes.

M.C, simulation of electrolytes. Monte Carlo program using

restricted primitive model of an. electroclyte. The potential is

regarded . as. infinite. for. r .d  and Coulombic - for .r d. : The

properties calculated. are the average configuration energy and 1its

~ R.M.S. deviation, the  pair radial distribution function and. the
mel ting factoz. .. | - . - .

HSTOCH by W. F. van Gunsterem & D. M. Heyes.

§:D. or M.D. simulation of molecules in vacuo or in a reétangular
cell with solvent or lattice atoms - (i.e. Langevin or. Brownlao
dynamics of large molecules). = . . L -

" MDATOM by D. Fincham.

M.D. simulation of atomic fluids. VUses 12/6  lLennard. - Jones
potential function and Verlet leapfrog Integration algorithm.
Calculates system average configuration energy, kinetic energy,
virial and the associated R.M.3. deviations  and alsc. system
pressure, temperature, mean square displacement and radial
distribution function. : : : :

MDDIAT by D. Fincham.

¥.D. simulation of diatomic molecule fluids. Uses 12/6- Lennard =
Jones gite - site potential functions and the Verlet leapfrog
algorithm for centre — of ~ mass motion. Angular mociom is 1is
calculated using the constraint alsgorithm. Caleculates system
average counfiguration energy, kinetlc energy, wvirial and - the
associated R.M.S8. deviations and also system pressure, temperature
. and mean square displacement.



MDDIATQ by D. Fincham.

¥.D. simulation of diatomic fluids. Udes 12/6 Lennard —~ Jones site
~ site potential functions and a point quadrupole electrostatic
term. Employs the Verlet leapfrog algorithm for centre -~ of - mass
. motion. . .Angular . motion- - is . calculated: using. ‘the -coastraint:

* algorithm. Calculates system average configuration énergy, kKinetic -

energy, virial and the associated R.M.S. deviations and also system.
pressure, temperature and mean square diaplacement.

 MDIONS by D.. Fincham & N+ Anastasious = = iii0

¥.D. simulation of electrolytés. Uses exp/6/8 potential functicn

and the Coulomb electrostatic potential. Lomg range iInteractions .
are calculated using the Ewald summation method. Uses the Verlat
leapfrog algorithm for particle motionm. Calculates system average
configuration energy, kinetic energy, virial and the associated
R.M.5. deviations and also system pressure, temperature, radlal

distribution functions, static sStructure factors and mean squars:

diaplacements.

YDMANY by D. Fincham & W. Smith. .

M.Di.  simulation of polyatomic moleculas. Uses 12/6 Lennard - Jones
gita - site potential functions and fractional charges to reprasent

electrostatic. multipoles. Uong range electrostatic effects are:. -~ -
calculated using the Twald summation method. Uses a Verlet leapfrog
algorithm for centre - of = mass  motion. Angular motion is-_f

calculated by - the Fincham leapfrog algorithm using quaternion.
orientation paramecters. Calculates system average configuration
energy, kinetic emergy and virial and associated R.M.3. deviations
and also pressure and temperature. FORTRAN 77 standard program.

: CARLCS'by'B. Jonsson & 5. Romano. -

M.C. simulation of a.- polyatomic solute molecule in  an aqueous
cluster. {(i.e. a molacule surrounded by water molecules)., The water:
-~ water potantial is calculated using an avalytical fit to ar ab
initic potengial energy surface due to Matsuoka et al. The
soluce-solvent potential 1is optional. The program provides an
energy and coordinate “History’ of the M.C. simulation. An analysis.
program CARLAN for processing the data produced by CARLDS is also
available.

MCH by M. Corbin.

M.C. simulation of atomic fluids. Staﬁdard'(Metrbpoiis) Monte Carlo
program for atomic fluids.



| SCN by Ne Corbim.. - .
. M.C. simulation of atomic  fluids.: Standard (Rossky,Friedman ' and
Doll): Monte Carlo program. for atomic fluids.: -~ = .- .0

SMF by N. Corbim.

¥.Co simulation of atomic flﬁidéawStan&érdf(path*“iﬁtegrélfHMéEHbd)
Monte Carlo program for atomic fluids.

o



'ALGORITHMS. FOR CONSTANT TEMPERATURE AND/OR CONSTANT PRESSURE ENSEMBLES. IN
MOLECULAR DYNAMICS SIMULATIONS OF : ATOMIC LIQUIDS.
D.. Brown. and J.H.R::Clarke.. .

‘Conventionally m019cular-dynaﬁib$:(MD}'simulatibns'of'liQUids at”eqﬁi—f'
- iibrium are carried out using the constant enexgy ensemble. This is the .-
usual micrecanconical (N,V,E) ensemble: of constant-numbergof'particles; N;Q:
constant volume, V, and constant.total- energy, E;-augmented by;the.fburﬁh@ .
constraint of zerc total linear momentum. Over the years several-schémes 
nave been proposed for performing MD- calculations in alternative ensembléé'.
more comparable with the usual laberatory conditions.ofzconstant.temperaf  
ture and/or constant pressure. These include the (N,V,T}. [1-4], the. ...
(¥,P,H) and (N,P,T) ensembles [3,5] and also the N,§,H) ensemble [6], where
3 is the stress tensor. In most cases the relevant articles {1-11] have
concentratad. on the theoretical justification ofnthe_methodsfand;thegre—::f
sults obtained.ﬁsing them. In some cases results.obtained from’differént”” 
ensembles have been compared [5,7-10] but in general little information is
given of the specific algorithms used. tc integrate the different equations
of motien., This can be dishéartening for the potential usér of these _
methods who finds that apparently. rlqorous mathematxcal expr6551ons do’ noti
lend themselves to easy numarical lntegratlon and is thus left to ponder.
how the originator. circumvented the problems. Having spent many happy
hours in trying to develop Qays in which soﬁé of the.methods can be impléf
mented in a MD program it may be of some use to relate these ideas to o
those most likely ko be interested through the. pages. of thlS newsletter.u
Most of the ideas applied in what follows WLll be familiar to anyone who.
has aver written a MD program but the context in which_theyzare_used:mayﬁ;:
not be. The 'new’ algorithms presented for (w,v,T), (N,P,H) and (N,P,T}n:.
MD are by no means the last word and there is cértainly room for improve-— |
ment. They do work, however, and hopefully this article_will;spur otheréi"

into revealing their better integraticn schemes.

Given below are the five algorithms wHich have been recently compared
in a series of five MD simulations on the well worn LJ argeon system close
to the triple point. The results from-tﬁese simulations will be presented.
and discussed in detail elsewhere (12].As has been found previously [7,9,10] 

all these methods produce essentially identical results for the thermody-

396AEA
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namic. properties; the velocity auto-correlation funétion and the' time de-
pendence of the mean sguared displacement. The first two algorithms con-
tain nothing new but are included for completeness and for comparison with

the three 'new’ algorithms., The five MD algorithms are then:-

ALG | Constant energy’
ALG 2 Constant temperature}insing *ad- hoe' "végcéaling 1] -

ALG 3 Constant temperature, using the damped force method of Hoover [4]

and Evans [11]
ALG 4 Constant pressure, Andeirsén's method: [3].: . .
ALG 5 Constant temperature and pressure, combination of ‘damped force'and:-

Andersen's method.

CALG T, (NovE) e

. The equations of motion are integrated using- the 'leapfrog' férm  of -

the Verlet algorithm [10] -

Cuple s e = a2y S ye a2l )

 The total internal: enerdy U(t) is cdlculated from' the Fotal potertial:

energy, ®$(t), and the temperature at time t, T(t).:

ALG 2, (N,V,?) ('ad hoc' rescaling of velocities). -

In this case the only modification is that velocities ‘at the previous

nalf time step are scaled, so that

yi(t + At/2)'=lzi(t Z AE/2)8 +'§i(t}'ﬁt/m' S 2
where = '
82 = (3(8 - NKkT/m)/ L vE(E < AE/2) T (2.2)
=] 71
2
J96AEA
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and T% is. the requiréd'temﬁérétﬁré;:'THe'fécfof N~1 rather than N occurs _
in equation (2.2} as a result of the removal of three degrees of freedom by

the constraint of zero total linear momentum.

ALG 3, (N,V.T) (daﬁpe& forée'méthcd)“-.' o _ _
This involves the integration of a modified set of Hamiltonian edﬁé— 

£ibns of motion [4]

kel
]

ks
i

p/mor R o=V (3.2

where 4 is a constant. For constant temperature we tequire:thatidT/at = Q. -

I 2

Since T = (m/3(N - 1)k) : v, . v, differentiation w.r.t. time gives
i - - .

He .
L =
[

S Ve T R TS

: sﬁbstitutin§=farﬁgi*ffom'éqﬁ;(j;1J gives =~ .

g

R S GRyan = k)

i TR e

) Tt T T

and for T.E:Oj'

(3.5)

Equation (1.1) now becdeS _5
Vot 4 88/2) = T (€ - At/2) + E (£)8/m ~ W (£)At/m (3.6
'Thé constant « can be found by tﬁé fb1lowinq'procédure. Fifstly, we im-

plement the Verlet algorithm, egn.(1.1), to ocbtain a projected velocity o

.Ki‘[t) which is different from the constrained velocity_giftl'?'
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v (e = Vi (t = At/2) + I, (L) At/2m . N (3.7)

Then

Vo e) = v, ' (8) - av, (E)At/2m = v, " (£)8 | (3.8)
where: L _ C S
o B = (1 + aﬁt/zm);l . . o (3.9)
N

The constant temperature condition'requirES..E Vi2(t}”= 3N - 1)kT, /1 and
i=1"

since the constants « and f are ensemble properties

: N
BY = (3N - ke /m) / igl_zi'z(t) o Bao

It is unnecessary to calculate « and‘zi(t) explicitly sihce it is masily

shown that egn.{3.6) becomes
vt + At/2) = Vot - A8/2) (28 - 1) + BE (t)At/m  (3.11)

Thus for the 'leapfrog’ algorithmzﬁhe'damped force method reduCEé'EO'simpleﬂ
scaling of the velocities and the Forces at each_intgqration step {for
other algorithﬁs this mé? not be the dase). Tt dbes.ensure that T(t) is
constant at every time step whereas the methed in ALG 2 only produces a

mean constant temperatura.

ALG 4, (N,P,H} {Andersen's method)

In the constant pressure method of andersen [3] the Hamiltonian for

the system in terms of the scaled variables
= R, /vi/3 (4.1)

and

3 (4.2)

: 1/
r; = p;/mv

can be written as.[7i

326AEA
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- RIS 1/3 2
\ ;e Lk ififj§1 ¢(r V ) - (1/2)M0 + PEV
: (4.3}

- YT
(e}, (B),v,y = XD

I o 2
=2
[

whers V is the volime of the system, M i$ & constant eud'PE is the exter-
nal:pressure.i-The:first-two=terms&are%eXaetly4equivalent*to*the:internalf.'
energy, U, of the.particles of' the system whereas tarms three and four:are
the kinetieﬁand?potentialfenergy’eSSociatedfWithfthe“Changefin“ublume; AR
The conserved: quantity is thé total ehergy H 'associated with'the Hamiltsns
ian given in eqn. (4.3} The ensemble average:<H(t)> differs from the en-

thalpy of the N-particle system by 1/2kT which is'the average kinetic én-°

ergy associated with the volume functions i.e. <1/2 mv2(£)>.

The coupled Newtonlan equatlons of motlon Eor thlS system have been -

-glven prev;ously {7]

P is the calculated pressure in the system and 15 éiVén”by'f. Lo R

= (1730) C T mip./m) s (p./m) ‘+ LTI R, CoE) - (4a8)
]_:}_ =L =1 .. Lo )

Where B, = R; - R, and ¥, is the force on molecule: e to molecule 3.

' The direct application of the 'leapfrog’ 'algai.-'iéhm' to integrate eqn.
(4 4} is not possible because of the term 1nvolv1ng r ' However, thls Qif-
ficulty can he overcome by trangforming the equatlon back into carteSLan -

space (14]. Differentiating egn.(4.1) w.r.t. time gives '
.‘.'= g V12 s o S aay. S S —

LT ORD B TR

which defines the relationship betWeen the momentum and the velocxty,

since r v1/3 = ii/m, as
By/m =R - R VAV . (48]

- Differentiating eqn.(4.7) w.r.t. time andfsubstitutinq'fefeéi:aha r; iﬁ_ﬁ_"

eqn.(4.4) gives

395AEA
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R, = E/m+ (R /3V) (V.- (2/3) /WA (4.9)

which can be integrated as we do know R, and R, at the time t.

- A-similar.éroblem;existe;in_theginteqration;ef:eqn.(4;5).as.StriCtly.
speaking the momenta. at time £ are needed to. evaluate. the pressure from
eqn.{4.6) but these. are generally calculated after egn.(4.9) has been in-
teqrated. The procedure adopted is to evaluate the kinetice contribution-
to the pressure, NkT/V, using an. approximation. to the momenta calculated: .
from the previous two time. steps, p.(t) = 29.{t - At) - p.ft - 2At), and .
to combine this w1th the potentlal part evaluated at the present tlme step
to obtain a pressure, P(t). The apprexlmatlon used is sxmply the result
of applylng Verlet's algorithm to momenta rather than posmt;ons and lgnorw
ing ‘the terms in At2. A test of the Stablllty of the numerlcal lnteqra—
tion of eqns.{4.5) and (4.9} using the method outlined is the constancy of
the total energy, H, of the system given by the Hamiltonian, eqn.{4.3).

Prior to lntegratlng the equatlons of motion of the particles the

Verlet algorlthm is used to obtaln V(t + 5t) and V{t) as follows
C V(e e ARY = 2V (€) = V(E - AE) € (B(E) - P_YAEZM. . (4.10)
AT (v(e'+*at}_4 vt - At)) /24t L . (4.11)

The leapfrog algorithm for updating the.velocities in ALG 4 becomes

v (e At/2) = v (6 - At/2)

+ B (e /m v (R0 /3veN) (V) - S ) A (4.12)

The remaining steps in the algorithh are as in ALG 1.

ALG 5, (N,p,T)

In ALG 5 the methods used in ALG 3 and ALG 4 are combined., Projectsd

velocities at time t are calculated using

v,re) = vole - At/2) (5.1)
+ [r e /m v (R (£)/3V08)) V() = 292(e) /3vi(e)] Jae/2

396ATEA
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'Bqn.(4.8) is then used to calculate the projected momenta at time &
p,(e)/m =y () = B (EWH(R)/30(e)  (s.2)

"and thus the scaling factor, 8, from
e e 5N9='3;wf“ S e
2 (38 ~ kT /mi/ tp.fct)/m)2t (5.3

Tt is then stralghtforward to shotw that the' leapErcg alqorithm for o

updating the velocities becomes

v (6% Be/2) = V(e < B2 (28 - 1)+ [r (0)0a)/av(n ] 2 B
(s, 4y
+8 (F (t)/m " {R (t)/3v(t)][v(t) - 2v2(t /3v2(t)1}

It is important to noteithatfiﬁ.tﬁé‘cbnéfanthféssﬁfé”ﬁefhédg"that”tﬁe”vei;

ocity of a particle 1§ dependent” upon its-position since ffémiédﬁifd;S)ﬁ' 
R, = pi/m o+ R/

"So lf at a partlcular time: t the sldelength of the MD cell is T then the

" velocities of its images are, for the x-direction,

]zr;¥? { S  -:+. ';_. .;

N R p/m + (R, £ LIV/3V.
- go that

Lo .I.' = + .. . P
R, R, tL¥/3V .

Therefore, both the podition and velacity of a particle have to be altered

if a boundary is crossed. It is also worth noting that the time dependence. &

of the particle mean squared displacements, <R2>(t), was evaluated as

R (t) = <v~F m (% p.(t)/m at)2>
i=1 Vo Tt

so as not to include any displacements due to volume fluctuations in the
constant pressure simulations, and similarly the auto-correlation function

for the 'velocity' was calculated from

c,(t) = u%p (o) . p (t)>

396AEA
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. GRAND ENSEMBLE MONTE CARLO .~

. David Nicholson . . .~

:'Fdr_-SOﬁga'Yeaps.'now:-wé hévé.médé;exﬁéhéive;lusé. bf:_gfénd .
.énsemble: Cu, v, “T,' ) simulations'in-thé studf oéz adsorbate
Phases.1 This <cholce seems a naturél dhé f5f:Quch systems since
experimental data are very often_:cqllecteq__as_ isotherms Of
 3ﬁ:f§cgifexcé3§.ve?suﬁtpréssurg;asﬁan'indgpeﬁdénpﬁ_yaridbie.w_Théi
:;;ﬁefyf 1q§Epféésﬁréé;f?é@qéﬁtl?,ém§¥¢yéd*ig;édsq;btiqﬁﬂ§§fk;'f§r¢ g'

.651_Edut§§ réa&?iy;é;?é@iaﬁé§ égd@1 y+'iﬁg q§éf6f;thf§; EegﬁﬁiQuélf
g’;IEHoughfsy ﬁﬁ“ifaiflf-fgﬁéiia;gf rgigeg'séﬁéf@degéiqégzEhiéﬁjﬁé}7
E'bg 6f inEéfé$§jFé 6§héﬁ:Dfaétitiqngr%{f;::“ | |

'L[:fh€7}”aigﬁfithéfg}fb§i f¢3ffﬁiﬁ§;;'OQﬁ f GﬁMC j ﬁ§;k ;tén{'bd

comstructad ia slightly differsnc ways. Our imitial wethod - (.

“when we also. believed that we were the first to. apply. the

T téchﬁiqhég Eé  ndh—Iatti¢é systémS;};u5é¢ ;”m£kﬁﬁféjof”aré31; and _

_:'ghoét.ﬁafﬁiciési”ﬁithTé'fixéd t6ta1?nuﬁbe:;}fin'which;creaticﬁgdff

'-destrUCtioﬁ”:steps:could_tréﬁéfé: particles Erdm”One'cétegbryh to .

“theiother}“ Subsequéntlx‘we:adop;ed ;he'method'proposed by_Nbfman:
éhi Filindvaﬁﬁicﬁ is'ﬁofé'écbndﬁicﬁy.infthe-uSe of=compﬁtef:tiﬁé{
.Thé_ deciSiﬁq Ect“a=creation)deétruction attempt is_deterﬁined BY
thé'coﬁditions:: |

exp (-AE/KT) > RN_ ,_ : R -g_:f-(move) -.f_:“

o N
{1+

7V exp(AE/KT) ] 1 > BN o {create)

2 expE/RDIN wRN. . (destroy)

{1:+
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where SE  is -the change in 'edergy for the proposed step ia the
chain, Z is the activity, N the number of particles, V the volumé-
of the box and BN a raadom number ia the interval ( 0,1 } . The

activity can be expressed in terms of the chemical potemntial u
: 3
exp(U/kT)qrot/{\

THe realisation of the Markoff chain is straightforwvard. Each
‘¢tep is an attempt to MOVE, CREATE and DESTROY mOIchlesf"Un&ér
the comstraint  inposed by detailed balamcing equal “aumbers of
”Cfeati0ﬁ 'Qﬁd”déétruCCioﬁ stepg"éﬁoﬁid'Bé'aﬁfeﬁbﬁéd;  Thié”iéa&és 
the = programmer free to chocse the'frgctioa“of*triais-aeGSEéa'*£q7
moves out of the total numbersféS'Well:as'thé“maximdﬁ"sﬁép.Iéngfht
as ié“usﬁdbzfcr:EéﬁcniddlfenSEﬁﬁféféimuigfidnéﬁz:'”
‘OnéT*pdeIéﬁ*ﬁhde péfﬁiéﬂf&fif Gé£ed3éé£i§;wafk”£; JEH£E }6£:

Capplying  loug rauge corrections. Although perhaps obvious with

hindsight, it did udt seem ‘apparent iﬁifiéily'thafl (a2 chosen
variable) would 'require any correctiod of this kind. Howaver
sueh © a ‘correction ig’ in fact essential because  density

fluctuates during a4 run, “and #héﬁ in¢crporaEéd, accounts for'tﬁe.
discrepernicy  between  grand - énsemble and the more tedious
canonical ansemble calculations of the transitioa frdﬁ'the liquid
to vapour phase ia argon.t>2, 4 Adsorbates are of course non~
uniform. so that long-range correction becomeés somewhat more
problematic for these , but suitablg methods can be found, at
least for non-~-polar species 5.
To highlight the use of the GEMC method it is

intaresting to examine Some MD simulations oa 2D adsorbed Ar’

These of course were carried out with fixed ¥ and snapshots for
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'some..runs: ciéa?if‘:sﬁdwe&-Qﬁii&;liﬁé éﬁ&-g;;—1iké ( and '1e§sa
clearly liquid*like ) areas of co-existence. Omne might ask what
would beébmé QE sﬁcﬁ'a é}stem.if GE.é?éaﬁioﬁfdésﬁruct{o;_ trials
were switchéd.iﬁgo the system 7 dleafly there wéuld be a éendenéy'
for. thé. 1é§s dense regio&s.té.fili or Ehe more dénsé to émpty
until aﬂ(stéﬁisticaily ) dnifﬁfm deﬁsigy Qés achievéd{  The fixed
nuﬁbér choéen in 'thls éxaﬁpié.must in_.féct .correséond..tq a
phy51cally unstable state. Bﬁt in théﬁ.cgse what éLgnlfléaﬁcé can. .
Jba_ attached t§  tﬁé 1ocal étruéture.Ln ﬁhe densé”'énq -fafé£1¢¢3
.feé;éns. f .£§ .£5;:.s}stem la;ge en§uéh: t;{:ciaiﬁ..that  Eﬁésé;.
correspond Eto co—existing stable étaggs, éﬁd.lf.so how mlght oune
IQOE-ébdut 5ana1f8lng Propertles sﬁ@h a§  distribution; EunctiOHSf'
 6£ééfi? 3ané recﬁufse for geftiﬁéudgay E;Qm 'maniféégif 'ﬁnéféblé-
states in MD or <canonical MC is to chooée.a:ﬁe;'ﬁéiu;'for.N;.Eut
it is by no means*alwaysigiéﬁrgfiespeélally in; deallng with-
.sféfemé éossesalng.dén51Ly.gfadlents,_'whether a glven (N v, T) orf
“(N,V,E) corresponds to an‘unStablg , stable or metastable state..
'Iﬁdéed' we have Eﬁ@ﬂd tﬁaﬁ metésﬁagle.states cén coﬁtinﬁé_.qﬁite
happlly for savérai'ﬁillion cdnfigurations.iﬁ a cﬁnvergéd; op'atl'
least aPparently convergéd. simulatiﬁn run.T.:’ o |
The last' observatlon iﬁ- fact a130  ungériineg Cancther
:advantﬁgé of using GEMC in that | at the’expense of célculatLﬂg 
the pres sﬁre v1r1al it is-pOSSLBIe tao compare free energlas for
twoe such aﬁpaféntificonverged s?muiat?ons in order to detefﬁiﬁg
which 1is the mors stable. It may be of course that the Eree 
energy; ﬁiniﬁﬁm.'cén. oﬁly:TBe.eaéily  reached” fro@_ au:-igftiaju

configuration which the simulator never even dreamt of, and which '
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is hidden behind ergodic barriers from all those which he/she has.
tried.

It may bé éfgued éhén that the rééédﬁs fo;'aﬁﬁiyiﬁg tﬁé.éféﬁd
:ensemble me thod to this type of invéstigatiom are very
compelling. But are there disadvantages, apart froﬁ.the.ériuiél
(1) one of extra programming ? One difficulty is the choice of

the parameters, maximum step'length, and o , the fraction of

CcD

creation or destruction trials. Criteria for these séem £o Bg
‘somewhat. drbitrary at the best, so that the extra ffeédéﬁ'hﬁf.
'éhoice: is not éifﬁgééhef weldomé,'.but {n ﬁéﬁy daseéhfﬁé.ffeeddmf
is less real that might appear.

It is easy to show thét.if.@l ié”thé .fraﬁtion::éé.Efiéis

acceptad and@.,vI , ulCDthat of the wmove and creation/déstruction

‘trials respectively, then

L S * _= (? Mo 9 Y “ep T w0 .

where %ean is the fraction of trials which are elther c¢reatlidn or

destruction: out of the total. ft is poésible of coursé Eo

regulate ulu by changing the ma%imum step 1engEh, but a{cncanndt
¥

be easily regulated in a2 similar way. It turns out that this

quantity can be quite a small fractioan (.001} when there is a
sharp boundary between the deuse and rarefied parts of the system
(e.g. for a monolayer near to completion), but higher by perhaps
an order of magnitude, for multilayer simulations. For practical

purposes thevrefore the overall acceptance fraction Ls

11 1
o F oy, (I=agn) = ey oy

Obviously most of the creatiom or destructlon occurs in the less

dense regions, but because of the non-uniforwmity of the system,

cradient so c¢caused will 1nfluence

[=1

the wvarliations 1in density



_possible moves in the more dénse-regions of the adsorbate: - - -

How. can the . optimum.values-for:a;'-and :al be - dacided: ?

M
© Clearly. systematic. investigation would be very time consuming.
“Our _owﬁ-experience suggests that vastlyfincreasing-qu-d035¢.not
sigunificantly affect thermodyamic quantities and intuitively. it
would seem that a low value for % is preferable since. there
should be several passes for each creation/destruction in. order
.that relaxation can occur.. The-extra Ctime. involved. in attempting
'%Creﬁtionﬂxorﬁ.destruCtiOnfis_hlso:a}disadvanEEEQIOEb.thenfmethod;
" Howeveér - this. is notrqﬁite*as;aéhanding'as mightlﬁtgfirét*appéér;
. In the first place the rejection.of a creation- attempt.-usuaily
- pceurs: . because. the- new .particle overlap5¢'toog-much withr;it§
.. neighbors . —. a situation which can be trapped immediatélyfat{ thé 
beginning of the CREATE subroutine.Secoandly both the CREATE;;an&
DESTROY  subroutines involve far fewer prdgramming steps than the:
MOVE subroutine. For these reasons the computing time per.
configuration 1s substantially lower Ehan in a canoniééi é£;éﬁb1ef

simulation,

Another'probieﬁ;q the”neéd”EoTreofdéfkthefindices -féfefring
to a large number of molecules. after & successful- destruction
step, <can also bhe circumvented. This is done by updating a
vector, TLOC(IL) whose alements. are.  associated with those
molecules which are. currently in existence .. The array elements’
(I8 say) of these molecules are obtained by running through the
index I = |,NMOL with IS5 = LOGC (I}, Detroyed molecules are placed

in the -section of the LOGC vector not accessed Ln the DO loops.

Most of our work with the grand ensemble technique has been
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directed : towards :theé. investigation of ' the rare gas/graphite
adscorption system, where we have found repeatedly that apparently
converged runs can be obtained on either of the branches of a
phase traunsition. It is particularly frustrating to see.  a .run
reach apparent stability over perhaps a million-. or . so
configuratiocns and then suddenly begin to eject particles rapidly
before achieving a new plateau, aund 1t would indeed be valuable
te - have  new. or additional techniques which could speed . up . the
stabilization process.  Force bias applied to the external -field
part of the potential is a promising candidate. However the very
exlistence - of this type of phenomenon lends support to the
conviction ' that a method of this type is essential if one is. to
be assured- that. simulation -data for stable phases is -being

~acquiréd.y .

Refarences. -

1. D. Nicﬁoiséﬁ énd.N:C;.Paféoﬁaée..Coﬁﬁgtérnsimuiétiﬁn énd.éhe
Statistical Mechanics of Adsorption, A.P. 1982, |

2. G.E.Norman and V.S8.Filinov. High Temp Res.(USSR) 1,216 (1969)

3. L.A. Rowley, D. ¥Nicholson and N.G. Parsounage, J.Comp-
Pnys.l7, 409 (1975).

4. J.P.Hansen and L.Verlet. Phys. Rev. 184, 151 (1969).

5. L.A.Rowley, D.Nicholscou and N.G.Parsonage, J.Comp. Phys. 26,
66 (1978).

6. F.Hanson aad J.P.McTague, J.Chem. Phys. 72, 6363 (1980).

7. J.S.Whitehouse, P.¥icheolson and N.G.Parsonage. Mol.Phyvs.

(=
o

829 (1983).

24



MOLECULAR GRAPHICS USING THE DAP
Rod Hubbafd aad*oauia rihchaﬁft”'”

-ue have recently been exploring the use of ‘the DAP in drawing.
realistic pictures of molecujes By 'realistic' we mean the type
af aicture often known as 'shaded space-filling’. An example
~appears.in figure 1, though it is unlikely that the reproduction
-does full: justice to the original which is a colour transparency.
These pictures have the following features. The individual atoms’
~are represented by spherss of the appropriate van der Waal's
radius; -and are coloured accarding to aton type or some other_
relevant criterion. The spheres are shaded as if illuminated by a
point source, to glve an impression of shape' FulL removal of
hidden surfaces is carried out. ' :

Such computer-generated plctures are replacing laborious. modeL
building as a way to display the structures obtained oy. .
crystallographic technigques. This ' is more than just an; exerC1se
in producing prebtty-pictures as,: partlcularly for the. large..

-molecules. of bigechéemical: 1ntereat thie” cnemlcal behaviour - oF thel'

malecule ‘is very much dependent an its shape. and its. surface. _
topography.:- The space-filling: plcture then bECDmPS an Jmportant
research- tocl i studylng Dlochemlcal aCth1ty L

'-At present these plctures can be produced by raster graphlcs
terminals which are usually driven by mini-computers. However,
this is:a slow process. - for example Lhe 1n5u11n_d1mer:shown-ina

- Figure-liwould take several mlnutes Lo’ uraw because of the.

exbtensive computations invalved: " There are twa aspects. to. LnP
computations;-thevremcval“of'thé hidden SUrFaC“S, including the'
calculations of the correct intersections between the. parts of the
atoms that are visible, and the shading to get tHe eff ect of-
illumination, invelving the specification’ af an intensity Ualue
for each point in the picture. Typically raster pictures caopsist’
of a 512x512 array of. pixels (picture elements) so there are over
a quarter of a million values to be specified.. The reader will
begin to.appreciate why the most powerfidl Cray computer has been
sold to a Hollywadd movie company! However, this is a mis~use of
such a machine. For most purposes computer-generated raster
pictures need no more than 8 bit data values for each pixel,
allowing 256 distinct shades, and the use of a 64 bhit
Floating~point processor to calculate them is a real case or
overkill, :

The potential and suitabiiity of the DAP in tackling this problem
should be obvious to all regular readers of Lthis Newsletter.
First, it consists of a square 64 by 64 array of processing
elements working in parallel, so it is possible to process &G9u
pixels gimultaneously. Second,-the processing elements can
perform arithmetic at any required precision, and the lower the
precision the faster the machine goes,



Qur approach is the following. The complete picture of 512 by 512
pixels is divided into blocks of 64 by 64, For each bDlock two DAP
matrices are stored, an INTEGER*1 matrix of colour levels (i.e 8
pits) and an INTEGER*2 matrix of z-values, the z directiaon being
perpendicular ko the plane of the picture,

For each distinct type of atom in the picture to be displayed we
pre-compute a correctly shaded sphere within a similar 64 by 64
block, but outside the main picture store. The DAP fortran. . _
routine to do this is shown in figure 2. FEach pixel is given an x
and y index (with the origip at the centre af the block) and the =z
value of each pixel, SQRT(RZ—(x + y 3} , is calculated., Also for
each pixel an intensity level between G and 15 is defined; far a
sphere illuminated from the front the 1nten31ty is simply .
proportional to =z,

To draw the picture we loop over atoms orne by one. A simplified
version of the code which adds an atom into the picture is shouwn
~in figure 3. A capy of the previously computed Sphere af..
appropriate radius is simply shifted, using built-in DAP Fortran
- shift Functlons,_so that it occupies the correct position ready
for copying into the appropriate picture block.. (Extra:code is
needed to handle the case where the atom overlaps boundaries .
between picture bloeks). Both the intensities and the z values
are shifted, the colour bits are added into the intensities, and
the z value of the atom centre is added to the sphere values:
Where the resulting z values of the atom are greater than those
already existing in the picture (i.e. a part of the new atom lies
in fronkt of the picture that has been created so far),. bthe:
appropriate picture intensity and z.values are updated with the
atom values. This sinple technique determines the correct
intersections between the spheres without any geometrical
calculatlons being requ1red :

e haue'lndeed Found that the DAP'is”éxtremely'eFFective in-
producing molecular pictures. The picture of insuliln shown, which
has about 900 atoms, took only half a second to calculate, and
Lhis is before any attempts to optimise the program. Smaller
molecules are correspondingly guicker to compute. This opens up
Lwo exciting possibilities.

First, it should be possible to produce motion pictures to study
dynamical processes. HMembers of CCP5 are mostly interested in
systems of many simple molecules, and here the application would
be to study collective dynamical =ffects of a complicated nature
which it is difficult to characterise in terms of simple response
functions. Another group of people who could make use of such
mowes are the protein chemists. It is being increasingly realised
that dynamical properties are crucial to many aspects of
bioclogical function, and the production aof a maovie is an
unparalleled aid to understanding the behaviour of a simulated
model systew. Very faw such movies have been made to date because
of the slowness of production of individual fFrames on conventienal
systems. Now that we have demonstrated the ability of the DAP to
nerforin these calculations we are trying to obtain Funding to
attach a high speed graphical outpulb and recording system to
Facilitate movie-making.
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Second, it is well knaown that. ICL have-plans to- deuelop a smalleﬁ
DAP in an interactive workstation environment. This wdtlk has’ '
demonstrated that it should be possible to produce real- tlme'
molecular modelling systems involving both.graphical . display- oF'”
space-filling pictures with the necessary computatlona} oack up
such as energy minimisation ca]culatlonq S L
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CICICIes

niuinlpininiy

T}

SUBROUTINE SPHEREGEN{IRQDaSPQEREZsSPHEREI)
INTEGER#1 IRADSPHEREZ (1) y85PHEREI ()

this subroutine generates a 464%4d4 pixel shaded sphave of
radius IRAD

REAL*I Z(5)
INTEGER*Z SOUARES (1) » INDEXVECZ2 () » TRADSO
INTEGER INDEXVECI)

LOGICAL SFHERECs)

[RADSCI=L ENGTHCIRAD s 2) %%2 " 0 -

CALL X@TSHORTINDEX ¢ INDEXVECy=Z1D .
INDEXVECZ=INDEXVEC ##2
SHUQREU«MQTEL]NQEXVEE“)+MQTREINDEXVE? 3
SPSEHE =50URARES . LT . TRADSE

Z

ZI{SPHERE ) =SERT (FLOAT (LENGTH{ IRADSE-BCHJARES » 3) 3)
SPHEREI =@

SPHEREI (SPHERE)=C14.@*Z/1RAD)I-B.3

SPHEREZ=Z+8.5
TRACE S(SPHEREI)D
RETURN

=N Fiju.f-e. 2

SUBROUTINE ADDATOM(IB: JRyMOVEX »MOVEY ICAL 1 ZCENTRE
i 15PHEREZ SPHERET
s s PICTUREZYPICTURERID

INTEGER IR, JIBMOVEX +MAOVEY
INTEGER#*1 I

INTEGER*Z 7

INTEGER*1 S

INTEGER»*2 F CTUREZ y32430
INTEGER*1 PICTUREIL!:%!B)

This subroutine adds at atom into the picture. Its cantyre is ihn
tha block (IB»JB)Y. The ?FQVLGUSIY Eenerated sphare needs to be
shifted by (MOVEX+MOVEY)> pixels. This simplifi=d version does
not handle atoms going over block boundari=ss nor does it handle
negative shifts,

INTEGER*2 TEMPRZ (4
INTEGER®1 TEMPI U,
LOGICAL SPHERE(») sMASK L)

SPHERE=SPHEREI .NE.D

TEMPI=SHSC (SHEC (SPHEREI sMOVEX) +MOVEY)+IC0OL
TEMPZ=5HSL (SHEC (SPHEREZ +MOVEX > +MOVEY )+ ZCENTRE

MASK=TEMPZ .GT.PICTUREZ(+:IE,JB)
PICTUREZ (MASKs IH+ JBY=TEMPZ
PICTURET (MASKs IR JEI=TEMPI

RETURN
END

3
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o : L S
" by D.M. Heyes

“'17 " perhaps the most helpful way of amalysing liguid state collective motion
©is'via time correlaticn functions, which are used to represent the relationship
abetweenaa*systemfproperty“with:énother-(or*thé’saméizpropéftf"ééiafiéﬁér time.

BAs a liquid has no long~time permanence of structlre, then functions which

. measure systém quantities at one’ time relative to arother are therefote usually

- the most meaningful means of characterisation. We concentrate here on the

- specific example of the Shear stress autocorrelation function (or SACF), [11,°

- ' 'although the treatment is very similar £or most other correlation functions. The

SACF i& ‘defined by,
 Catt)= < Byg(0) B () >/ <Big0D23, W

where <...> denotes a statistical average over time origins.and whéféngzktJ'is

" ‘the xz off-diagonal comporient of the pressure tensor ( or sSheatr stress); which -

is:defined at thé microscopic evel by, =~

N _ N
Pyy = V1 U3 my vxivei + 2.2 ®ijziiFij/rig 1,
o= L L4
where V is the molecular dynamics (MD) cell's volume; N is the number of
molecules in the MD cell; my is the mass of molecule i; vyi and Vgj are the x
and z components of the velocity of molecule i; rij is the separation between

molecules i and j; x{j and zjj are the ¥ and z components of rij:

- Fiy = "(d/dr) (;)(*r'i-j') Sy

o where,

30



Qo = sECT/2 - 06, @

and (b(r) is the Lennard~Jones (LJ) pair potential which is used here. Any
off-diagonal component of the pressure tensor (e.d., xy or yz) could be
considered but here the XZ, component is arbitrarily chosen. In practice all
| three components would be cons:.dered to J.mprove the statrstrcal accuracy with
llttle extra wcrk. Here the sz(t) is evaluated at times separated by the same.
time mterval At (wh_:.ch is wrltten__ as DT m__E‘QRl’RANJ . Hence the times are, & =
| '(i—l)Ar, where i ranges from 1 to NTIM, which is the number of time steps in the
.c:orrelatlon functlon. _'Ihe shear stress needs to be stored for up to ‘the previous
(M‘]}frml) tme stepe m array CXZO{NTIM}. I favour calculatrng the SACE‘ durlng'
t.he MD run and QQ; as a post—smulatlon calculation, from cataloqued Pxz (t}
”(nmnly because any unnecessary dataset manipulation 13 frequently very t:une
consuming in terms of human effort!). The practical details of the recommended
scheme are outlined in 'I‘able 1. In this application a 1_:ime origin is started
every time step. The necessary pro:jra:mning fal.ls intc three quite distinct
reqlms' . L . o
(a)_ ) Read | rn | paraneters and array Cxz (cont:alm.ng the digitised  discrete
un.nomallsed SACF) if the calculatlon is to be continued from a prevrous run.
Initialise the SACF integer accumulators.
{b) Each time step rnultlply the current shear str:ess ccmponents by their
previocus values taken from a maximum of (NTIM—l) time steps in the immediate
past. : . :
.(c) At the end of the run obtain the SACF = Cy,(T9, where T=(I-1}*DT and DT
is the time step duration, by dividing CXZ.(I) by NIO ( the number of time
origins accumulated S0 far }. Here I ranges from 1 to NTIM. Note that it is
necessary for NR (the antber of time steps performed in the present run) to be
an integer multiple of NTIM -~ rarely a serious restriction. This avoids problems
associated with normalisation. This is performed in the program by the
asgignment of an arbitrarily large negative integer (-5000 in the example shaown

-
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in Table 1) into NST(IOR} for any time origins started within (NTTH—I) time

steps nearest to the end of the run.

(11  D. Levesque, L. Verlet and J. Kurkijarvi, Phys. Rev. A, Z, 1690-1700"
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Table 1

OOOOOOQODQOOOOOOOQOODOOOO

100

99

(PR NSNS NS

Evaluation of the Shear Stress Aﬁtowrrelati'on- Function (SACF):

The FORTRAN Code Appropriate to the Lennard-Jjones system.

NOTE THAT ONLY THE ESSENTIAL FORTRAN CODE IS GIVEN.:
N IS THE NUMBER OF LJ ATOMS.

DT IS THE TIME STEP DURATION IN LJ UNITS.

RHO IS THE DENSITY IN LJ UNTITS.

- 8G IS THE LJ: "SIGMA': IN'MD BOX UNITS.:

CU TS THE INTERACTION TRUNCATION DISTANCE IN UNITS OF SIGHA SQUARED
RX(I) ,RY(I) Rz (I) ARE THE LJ COORDINATES IN UNITS OF

THE MD CELL SIDELENGTH. |

DX (1) ,DY (1) ,0% (I) ARE THE POSITION INCREMENTS IN VERLET'S ALGORTTHM.
NTIM IS THE NUMBER OF TIME STEPS IN THE ACF.

NOR INDICATES HOW MANY TIME STEPS BACK THE ACF

ACCUMULATORS ARE ACCESSED AT STAGES IN THE RUN.

IOR IS THE ARGUMENT OF NST(..).

NST(IOR) HOLDS THE TIME STEP INDICATOR IT

FOR TIME ORIGIN IOR,

NR IS THE MUMBER OF TIME STEPS THIS RUN.

THE UNNORMALISED SACF IS ACCUMULATED IN ARRAY CXZ(NTIM).

PXZ0 (NTIM) CONTAINS THE TIME STEP SHEAR STRESS UP TO (NTIM-1)

TIME STEPS BACK IN THE PAST,

NTOT IS THE TOTAL NUMBER OF TIME STEPS FROM ALL RUNS UNTIL

THE END OF THIS RUN.

NT IS THE NUMBER OF TIME STEPS READ IN FROM THE PREVIOUS RUN.

SG=(FHO/FLOAT (N) ) *#*% (1,0/3.0)

GE2=9G%sSG

S3271=1.0/5G2

563=802*5G

Crv=1.0/(8G*DT) .
THE INTERACTION TRUNCATION DISTANCE IS HALF THE MD CUBE SIDELENGTH
CU=1.0/(2.0*5G)

CU2=Cu*CU

IF TP FQUALS ¢ ZERO SACF ACCUMILATORS

IF (IP.NE.0) GOTO 99

NT=0

Do 100 I=1,NTIM

CXZ (1)=0.0

CONTINUE

NTO=0

CONTTNUL

TOR=0

=1

NOR=Q

NTOT=NT+HNR

MATN PROGRAM STRRTS HERE
CONTINUE
ZERO FORCE COMPONENT ARRAYS

DO 110 T=1,N
FX(I1)=0.0
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FY(1)=0,0
Fz(1)=0.0
110 CONTINUE

< ;EJ%L Uﬁ‘Tc;;: FORCES AND THE S'IRUCTURALPARTOE‘THESHEARS]RES S ._

DO 120 T=1,M-1
DO 130 J=T+1,N
SRX (T) =R (J)
Y=RY {I) ~RY (J)
7=RZ (1)~FG (J)
C  APPLY PERIODIC BOUNDARY CONDITIONS
X=K—~INT(2.0*X)
=Y-INT{2,0*Y)
7=72-INT(2.0%7)
c FVALUATE THE SEPARATION SQUARED IN UNITS OF s:c;m SQUARED
RR= (X*K+Y*Y47%7) *SG2 AR
IF (RR.GT.CU2) GOTO 140
RRT=1.0/RR
RET=RRI*RRI*RRI
RL2I=R6I*R6I
FF=(RL2I+R12I-R6T) *RRI
PXZS=PXZSHX*2 *FF
FX (I)=FX (L) +X*FF
FY (1) =FY (I) +Y*FF
FZ (I} =F% (1) +2*FF
FX (J) <FX (J) =X *FF
FY (J) =FY (J) ~Y*FF
. FZ(J)=FZ(J)-Z*FF
140  CONTINUE
130 CONTINUE
120 CONTINUE.
PXZK=0.0
DO 150 I=1,N - .
FX (1) =FXK (1) *24 .0ADI*DT |
FY (I)=FY (I) *24.0*DT*DT
FZ (1) =FZ (I)*24.0*DT*DT
VELX=DX (I) 40 . 5*FX (1)
VELY=DY (I} +0.5*FY (T).
VELZ=DZ (1) 40 ,5%F7 (I} -
PX7K=DXZKAVELX*VELZ *CFV*CEV
¢ UPDATE POSITION INCREMENTS
 DX{I)=DX(I)+FX (1)
DY (I)=DY (I} +FY (I}’
. D2(I)=DZ (I)+F3(I) | -
C UPDATE POSITIONS AND APELY PERICDIC BOUNDARY CONDITIONS
RX (I} =RX (I)-INT ( (KX (I)}~0,5)*2.0)
RY (I)=RY (I)~INT( (RY (1}=0.5) *2,0)
RZ (1) =RZ (1) ~INT{ (RZ (1) ~0.5) *¥2.0)
150  CONTINUE
C CALCULATE THE SHEAR STRESS IN LJ UNITS
PXZ=5G3*5G2 T*PXZ 5% 24 .0+SG3*PXZK
C CALCULATE THE SHEAR STRESS AUTOCORRELATION FUNCTTON
NOR=NOR+1
IF (NOR.GT,NTIM) NOR=NTIM
TOR=I0R+1
IF (IOR.GT.NTIM) IOR=1
PXZ0 (IOR) =BX
NST (IOR) =IT
IF {IT.GT. (NR-NTTM+1)) NST(IOR)=-5000

-5
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170
160

1390
180

IF (IT.LE. (NR-NTIM+1)) NTO=NTC+L
DO 160 IS=1,MOR

JOR=TT+1~NST(IS)

IF (JOR.GT.NTIM) GOTO 170

CXZ (JOR)=CX7 (JOR) +BXZ0 (IS)*PXA

CONTINUE
CONTINUE

LK.} L

IT=TT+]
NT=NTH-1
IF (NT.LT.NTOT) GOTO 6

am [

AT THE END OF THE RDN:
CXZ8=C¥7 (1) /FLOAT (NTO) -+
DO 180 I=1,NTIM
CXZ1=CXZ (I) /CHZ (1)
T=FLOAT{I-1) *DT
WRITE(6,190) £, T,CXZ1

FORMAT (17,2F12.8)

CONTINUE

STOP

END
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T. D.M. Heyes . ..o

| In the modern world :|.t is mcrea.s.mt.gl.y hecessary to make th:.ngs in the
.shortest poss1b1e tmte. 'I‘hls often J.nvolves applymg extreme condltlons to a
material which, for example, could be used as an J.nterface between other
materials [1-3] or be moulded into a de51red shape. To achieve the best results
it is useful to understand the mechanism by Whlch these materials respond to .
rapldly changlng condJ.t:Lons. For example, the rheologlcal properties of fluids
i are of partlcular mportance to chemlcal and 1ubr1catlon englneers who
frequently encounter non-—newtom.an flow phenomena such as shear thmnmg (a
"decrease in. shear v1scoss.ty w1th mcreasmg shear rate}, shear thz.cl-:enmg (an
increase in shear v1scos:\.ty w1th 1ncreasmg shear rate) and the behavmur of
other mmmwtonlan rnaterlals,r such as exhibited by the class of compounds known
as Bmgham plaSt‘.lCS. o | | S -
Tt would be 1nterest1ng to dlscover shat factors. are needed in the
'characterz.stlcs of a molemle to produce the observed behavmur in these fields.
It has been shown [4-6]1 that there is a remarkable s:.mllarlty between the
'”response of rnany complex materlals, such as glasses, lubrlcants at high
pressure, polymer solutions"ahd r'r'lel.‘rs and those' of s:.mple " modelllii'quids to
“sudden changes in applied conditiohs. It has been revealed that even the
Lepnard-Jones (LJ) liguid exhibits many features in common with the above more
complex materials and it is currently being used in MD to prov1de a mechanistic
framework on which to base analytical representations of polyfne‘r.,. .:g:“lass and
pressurised-lubricant non-linear viscoelastic behaviour, Provided .'ap:?ropriat'e
normalisation with respect to internally '&erive:d ‘characteristic rirﬁescales is
made, these disparate systems manifest very similar reductions in relative shear

-1-
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viscosity when shear rate increases. The effect of shear straining implemented
during MD, or in an integral equation formulation, bhas already gone part way
towards establishing the theoretical ground-rules which bring about these common
features [1-6]. In particular, a coupling of shear and 'bulk' structural
distortions from the equilibrium structure seems essential to account Ffor
certain fascinating viscoelastic properties.

It is hoped that such simulation and theoretical treatments will be useful
in mterpretmg a wide varlety of techmloglcal.ly mmrtant roles for ligquids

| both J.n the llnear '{7-81 and non—-llnear reg:l.mes E1—6]

[ 'A VJ.SCOElaSth Free Volume ‘I‘heory of Tractl.on m Elastohydrodynamlc
Lubrlcatlon' - | | N |
by DuM. Héye"s' and C.J. Montrose, in 'Intermational Conference on Fundamentals

" of Tribology’, (M.I.T Press, Camb. MS, 1980), eds. N.P. Suh and N. Saka.

"[2:]' | ”"Ndnli'r'ea.r' Shear .'Sttess “and Therrnal | Effects in E"ully | Flooded
Elastohydrodynamic Line Contacts', |
by D.M. Heyes and C.J. Montrose, ASME J. Lub. Techrol., 102, 459-465 (1980) .

.'[3']" "I‘he Use of Lme and Pomt Contacts in Determlmng Lubrlcant Rheology
under Low Sllp Elastohydrodynamm Conditions', |
by D.M. Heyes and C.J. Montrose, ASME J. Lub. Techml., ;Lga, 280-287 (}983) .

[41 'Comparisoh of Viscolelastic behavior of Glass with a Lennard—Jones Model
System',
by S.M. Rekhson, D.M. Heyes, C.J. Montrose and T.A, Litovitz, J. Nom-Cryst.

© Solids, 38 & 33, 403-408 (1980) .
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[5] 'Time Dependent Nonlinear Shear Stress Effects in Simple Liquids: A

Molecular Dynamics Study?,
by D.M. Heyes, J.J. Kim, C.J. Montrose and T.A. Litovitz, J. Chem. Phys., 73,

3987-39% (1980).

[6] 'Viscoelastic Shear Thinning of Liquids: A Molecular Dyramics Study',
by D.M. Heyes, C.J. Montrose and T.A. Litovitz, J. Chem. Soc. , 'El'araday' Trans.

II, 79, 611635 (1983).

[71  'Self-Diffusion and Shear Viscosity of Simple Fluids ~ A Molecular
Dynamics Study', _
by D.M. Heyes, (in press : J. Chem. Soc. Faraday Trans. II).

(8] 'Comparisons between Experimental Argon and Lenmnard-Jones 12:6 GShear

Viscosities',

by D. Fincham and D.M. Heyes, Chemical Phys., R, 425-441 (1983).
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 ginger on' the Root

Jack Powles

The specialised fast square root recipe proposed by Rontad Singer (CCP5 Inf.
Quart. March 1983, p.47) has, it appears, been very popular and rightly se. It
is based on the least squares polynomial fit for, say four terms to square root

of x from x=0.1 to 1.0,

root x % abtx*{al+x*(a2+x*al),

However the values of the al given by Singer are wrong! The correct values are,

I hope (Singer's in brackets),

a0=0.188030699 (0.1882532)
al=1.48359853  (1.428264)
a2=-1,0979059 (-~1.097209)
a3=0.430357353 (0.430526)

The fit to root.x;.x=0.1,0.05;l.0;'ﬁow has a rms &eﬁn. 6f.0.0023.(d.0333)}
1f users have not noticed this DO HOT PANIC.

Singer's iterations scon give the right answer to any desired accuracy, even on
the CBC which gave the wrong values for the ai! However with the correct
parameters at least one fewer iteration is needed, depending on your machine.
Since the whole object 1s to make it fast this is surely worth having, so change

your BLOCK DATA.

This routine is so fast ik is difficult to time. It is no good, for instance
using a DO loop i=1,10000, say, because the looping overheads swamp it. In fact
I do not know how to do it., Maybe our kind Editor wlll add the answer to the

end of this N¥ote - if t¢hey still have a computer in Daresbury?
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Footnote

Yes we do londeed still have a cbmput&r at Daresbury, though not alas, the
Cray~l. Presently we 'make do' with the NAS AS 7000 which has replaced our
departed IBM 370/165.

The problem posed by Professor Powles is not a trivial one. It is surprisingly
difficult to extract accurate values for the execution times for a given routime
from amongsﬁ the many operations that occur in even the simplest of jobs. Such:
an evaluation must inevitably be system dependent and I confess I know of no -
general way of obtaining an accurate one. However, in the usual hand—waving.way
that computational (as opposed to computer) scilentists work, a rough estimate is

possible.

To prevent the swamping of the square-root timing by the DO~loop overheads T
have evaluated 256 double precision square-roots in the same 1000 step loop. I
have also averapged the results over 10 runs, to obtain a Figure less susceéptible’
to system vagaries. The time for the execution of the correspo nding 'empty
loop' was similarly obtained and subtracted. The system SQRT routine averaged
4.705 seconds for 256,000 square tvoots. The Singer/Powles algorithm (which I
call SPSQRT) averaged 5.173 seconds for the same number (assuming two cycles of

the Newton—-Raphson procedure).

This result is not too encouraging until one realises that it is not necessary
to use the SPSQRT routine as an external fumction (as 1s the system SQRT).
Inserting the relevant code In-line, at the point where the squre rcot is
required, removes the overheads asscclated with an external function call.
Using SPSQRT in this manner gave a result of 2.004 secends for our 256,000
square rcots., Such a substantial improvement over the system S0QRT routine 1s

not to be ignored!

On the subject of accuracy, I have compared the Singer and Powles algorithms
(each assuming two cycles of tha Newton-Raphson interation) with the system SQRT
routine. Assuming the SQRT routine to be 100% accurate, the Singer algorithm
gave an average error of —-.4E-6 with a RMS deviation about thils error of =4E-6.
The averages being obtained from a determination of 10,000 square roots in the
range 0.l to 1.0. The Powles algorithm was noticably better, with an average

error of ~.2E-9 and a RMS deviation about thils error of .2E-8.
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Lastly, assuming that the Powles formulatiocn of the Singér algorithm with: two
Vewton—-Raphson iterations is acceptably accurate, the algorithm can be made yet
more efficient 1f the two Newton—Raphson steps are with as an explicit formula
thus:-
Y=((.430357353%X~1.0979059)*X+1.48359853)%¥+.188030699
Z=.25%(Y-X/Y) + X/ (H+HX/Y)

where Z = ¥¥

This algorithm then requires 1.543 seconds to evaluate our 256000 square rootse.

W, Smith
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CCPS5 Literature Survey

F. Gibb and W. Smith

The literature survey pféduﬁéd iﬁ thié:moﬁﬁh‘é:néﬁéiétter follows on from
that printed in the March 1983 newsletter and covers the period between
September 1982 and August 1983 approximately. The search was conducted
on the current INSPEC file on Lockheed Dialcg's Information Retrieval

System at Palo Alto, California,

While retaining the origiﬁai céﬁéddfieé'of pﬁbliéhed:ﬁéteridi, wézﬁave
attempted to broaden the search to include more thecretical and experimental
papers (as opposed to computer simulation alcone). We hoped thereby to
'capture' some material mysteriously missing from cur firs£ survey. The
success of this is best judged by ocur readers, from whom we. would be;;_
delighted to receive comments., We would also gladly publish missing
references in an "Addendum", to appear in the following issue of the news-—

letter.
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Short time structiural relaxation processes in liquids: comparison of *-
experimental and computer simulation glass transztlons on plcosecond tlme :
scales. ' : -
Angell, C.A., Torell, L. M,

J. Chem, Phys. {USa) vol. 78 No,2 937-45 1983,

Effect of molecular ordering in thin water films.
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Dopov. Bkad. Nauk UKRSR Ser. A {USSR) No.1 53=5 19834
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