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General News 

FUTURE MEETINGS 

:\ SlllllllliH_v r.ahlc is given below. further details may be found inside. 
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('(T:") :\Jillllil.] \[PPting 

CCJ:\DI":\SLD 'IATTLI( 
S 1\1 I" LATICJ'i: 
HEALIZI\C: Till: 
POTE\TIAL OF Till': 
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INTEL NEWS 

:{ 

(_'('p,-J h<ts an <tnnu<d allouttion of t.inw on Lhe Intel IPSC'/I:IGO at. Dares bur,\·. If an~' C'('P:l member 
1\'ishc·s to lll<tkt' mw of' some of this limP please C()J\t.acl 1-.[. Leslie a.t D<IJ't'Sblir~'· 

CCP5 FUNDS FOR COLLABORATIONS 

CCTr1 c<uJ illak(' ;n·;tilcthle hinds of tip to £:200 [WI' anuum for groups of two ot· more l'l\: n'sParclwrs 
wishinp: lo undert.ak(' a collaborative project wiLhin Lhcsci('nt.iric arPa covert•d b.v ('(T.'J. Tlw runds 
arc' intended to co\"t'r tr<tVC'l and subsi.stence costs. Hese;nch<:~r:-; who wish to appl_Y ['o!' l'und.s are 
requc~sted to sub!llit a briet' proposal (about 1/2 a pa~e) describing the intt'nckd work to Dr \!. 
Le.sli(' ctl t.IIE' address below. 

CCP5 VISITORS PROGRAM 

C'CP:J org;wizes il visitors progra\!J which funds tile visit t.o the Ul\. of overseas collaborators. \Ve 
would nonnall,i.- expect a visit.or lo visit threE: s1les in the Cl\ and give <1. lecture at each site. Tl1PSC 
lcct\l!"<'S would b(: open to all member.':> of CCP.S as well as member!> of the host universily. The 

\'Jsit \\"ould normally l<1st h0twren one or two weeks. CCPS would pay l'ot· tlw cost ol' t.ravel lo 



CChJ .\'et\"s/cl ter .\"o . . f.') 

thr U( and within the('[( ilf'hn.•en Ulll\elsltle.-,. CCP:j would expect sonw contl"ibution towards 
nccommodalJon f'X)WllSi.'s at the host universit.~· to be met by the univcr:-;it~·. We will al.:;o consider 
longE.•r collabor<lt.ion:-: or visits just one place if this can lw justified by the natut·e of the \\"ork to be 
dOll('. [f .\"0\1 hi>VC (Ill OVt'!"SI:'<1S ("Q)){lbOt"<ttOI" who you WOUld hke to invite U!lder t)w; prOp:l"<llll. p)<;•(l:-;.(' 

111<1kt " request lo Dr. \[. Leslie. 

ELECTRONIC DISTRIBUTION OF CCP5 NEWSLETTERS AND WORLD 
WIDE WEB 

.\llm•w;;ktters starting from issue 30 (Oct.olwr Hl0:~) are uow available on lint:. togrtlwr with SOllll' 

MticiP:;; ft·om ('<trlier lli?\\"Slctt.er.s. An index of recent newsletter articles can lw f(llllld on the \\"or\d 
\\"ide \\'r•l) S(;'l"VCI": n•aders can access the individual articles b.v this tnC<lllS orb~.- <WOit~·mous rtp. 
(..\non.vmous ftp will not <tccc:;s the inckx). The URL for the CCP.S home page is http://\\"\\·w.dl. 
ac .\I k/C'CP /C'CP.i/ rnain .html 

HOW TO GET THIS '\EWSLETTER BY FTP 
I. tlto\·e to llw desired directoi'Y 011 )'()UH. 

lllacltine 
2. 

ll 
.i I. 

."). 

(j. 

l.\ · [>C : 

or 
f.'il\('J" t]S('I"iC): 

1'1)\!'\' pitSS\\"d: 

changt' to ccp:-l.llC'\\"sk•ltc•rs/l;) din•clory: 

dl<tllge to postscript Ot' latex ~uhdireclor~· 

or 

to get tl)(' required files from the.• dir·ectory 
po.':-1.'-'cript fi"Om P·" dit·ectorr 
t·orttpn'sscd po;.;tscript ["rom p.s dir·enot·.y 

lc:lt':\ fi"Om latt•x direl"t(JI"_\· 

L __ 

IJPIOI\" is illl illdi'X of the inf"orm<tliOII )w)d. 

ftp ftp.dl.ac.uk 
ft.p l-lk./9.130.10 

<111011.\'IHOIIS 

utlcr your rwmc nrrd silc 
cd ccp.~l.lll.'wslet tersj-1:.) 

cd ps 

cd l<tlex 

~cl ul.ps 
g;ct nl.ps.gz 

gl't nl.tex 
quit 

HC'adl'l":.; lila~· now register by fllling in cut on-line \Y\VW form. Exrst.ing readers JU<ly also 
not if.\· l·c,gistr·ation chang/'S in this wa.v. 

In <tdditiou to ttotificttion of new:slell\'t"S. we occasionally sc'nd ot.lwr mcf:lsa,e;cc; about mcetin~s 
to the· !·:mail 11.'-il. If you want us t.o S<'ncl notification of newsletters only, ll'l tn<' kno\\" <:wd. [ 
ll"i!l place your Email addr(•ss on a separatp list. This \Yill allow rPaclcrs t.o re:stricl t!H' a.mount of 
incoming Email if this will be il problem due l.o limited bandwidth or· if reackrs an~ charged for 
incoming Email. . 

This lll'\\"sll'tlf'l" is <1\·ailable b,v <utonymous ftp either directly or by acccs.'sing the Darl•sburv 
\\"odd \\"ide \\"ch SNVI'r. The JH.'II·sletter has been placed (in separ<ltl' directories) b,~>th <1S [)(Jstscrip,t. 
fill'-" and a"' the sourer' lat.cx file:< 



,\fay U!rJ(j 

1\FOH,\IATIO\ 0'-: \V\1'\\' SEINER 
llist.o1·.v of the project. 

Organisntion of th0 p1·oj~'tt. 
Current research inlere:->1~. 
_,\ lihnu.v of comput;;r soft11·are maintained b~: the project. 

:) 

An inck;-.;: of future meetings <:~nd workshops which CCP-S is involved tn organ'tsing or lw.s been i'lskc'd to 1 
.·\ list of proposPd visitors spoi\Stned by CCP.'i wit.h itinerary . 
. \n index of artlck.-; C\'Olll rect>nt issues of the m'wsldtrr. 

:\ cop.1· of recently published IH'Wslet.t.crs comuH'llCing With Issue :l!) (October UHn). 
ftegislralioll nne! clf;-rcgistralion dct<1ils. 
Other rclalt'd information on the \Veb. 
1\Jst-doc!ol·<d <Lllcl lrcttln:ship vautncics 

DoctOI"<tl stuclPnlship V<tCilllCJes 

Distribution of Information by Email 

('('P:"J will dio;trihutl' h.v Email to the member-s on the mailing list. (about. 700 world wide) infor­

lnation whir:h i:o; of interest to out· mcrnbNs. If you have infommtion which you \\'Ould likr' sent 

out in this wny plE'asc send r::mail lo \-1. Leslie. \Ve also send out. post-graduate, post-doctorate 
<tud kclut·cship positions uotified to us. \ornwl!.v post-gradua.tc positions \\'itlnn t.lie t'l\ only arc 
adn·rtised in t.hts \nly and the: Enwil is rest.rrct.rd t.o l?l( mcmbet·s, however if t.lw position is O)Wll 
lo non-l"[\ studellts tlwn !·:mail may be sent. to the rc:;t. of Europe or the comph'tP mailing list. 

THE CCP5 PROGRAM LIBRARY 

Copif'S or the !IC\I'sidt('r no l(mppr inclurk a complete descriptiO II or t.he progranl librar~'· rr l"Ntders 
wish t.o ohtnin a copy or· lhC' documenLation it is avarlabiC' by anon.)'lnous ['tp or through tlw 
\\"orld \\"ide \VdJ page. The program library clescrrption i:;; in n:p.).nt'wslet.tct·sllibutr.v direelory 
(postscript and :\SCI! text vcrsions)-

\'ersion l.:"J and l.(i o["Shcii-·Dynamo are now <wailable by anonymous ftp from lq>:2.lwsmos kPcle. 

;1c .u k ( l (i(UJ.l:). I :J]) in pu bid;; nanwlshell LG.l<U .z. Alternallvely you can obtain it da \\'WW u:::.inp; 
lh(' fii'S( U\L )w)0\1", 

[)r•tai)s of thP H'l('()_SC' ill"E' appended 

Dr Dill"icl Fincham 
Ph.1·sic:-; Dcpart.llH'nt 
(\('C'lc l;niwrsit.v 
St;tfford . ..;hire ST;) SlY_;, L'.K. 

t_"HL (proff'S.'";\onnl) 
\."f{[, (pt>rson<tl) 

C'hauges from \'£'rsion l.·l 

!::mail: DYinchaw ·(\ 1\EELE.:\C.t'K 
Tel: +f·f l 18"2 !iS:J:3-fOI6:2l.lll 
Fax: +'U I {1)"2 lll00:l 
TC'lcx: %ln Ui\1\:LIB C: 

ht.Lp:l I WW\\ .kcdc.(lc.ukldeptsl phlt-clc:plLh me. htrnl 
http: I/\\'\\" 11- . kedc .ac.11 kl dept.sl ph I flnclnm I home. h tml 

Therp is an ali.E'I'Ilative rf'[HPSPnt.ation for t.hc shorl.-r<tlli~E' repulsive potential. oft he form (Air)t 
r.rp( -rip) instead of t.he usui\1 A* C:i:p(-rlp). Thts gives greater anharmonicity. It can be used in 
conjunction with the lm'it.thing shell modd. See command EIUSI\'T. Tlw breathing shell model 
can also han' an anh<lrlliOllicity parameter. 

It is also uow possible to use tabulated short-range rnleractions (cornmands TABII\T and 
IV!Y\L) 



G CCP/.i ;\'ew.sletter :\o. /:) 

A utility program tabulate can pt·oduce tabu!atE'd potE'ntials of the general exp-6 form. but 
1\"ith some methods fo1· fixing up t!JC black !tole at thE' origin. 

The docum0ntat.ion 11011' points out that t.hr: D/1'8 term in the potPntia! is :\'OT impk1neutPd 
111 thl' force rot1tiuc. 

TherP \l'iiS a bug 111 the force routine which resu]t.cd 111 111accuratc forces at ver.1·l<1rgt• shcll··rorC' 
,o.;eparatious. This circlllllstance IS unlikely to arise, btlt it has been corrcct.ed. To COI'H'Cl VCI';;ion 

[..[replace. in the file forces.f, the line 

if (alphar.p;t..O.OJ.) then 

h~' 
if (alph;u·.)!;t. 0.1) tlwn 

Other minor corrections includP an error in t.hf' ST..\TE -\\'BOX command. and in some instann•s 
illl incorrect 1·olume being set if U\!TCELL was followed by FILLBOX 

Sec file "outline" for ouLlinc docltlllentation 

Sr't' hie "r:otntnands" for cornma[l(lianguage details. 

This program is r:op~'l'ighL (C) 100:) David Fincham. '{ou are E'llCOltragecl to I !lake free liS(' or 

it for acadt•mk purposes Sltbjctl to the terms of tlw frN' <1e<1demic licence i11 the file "licence". 

REQUEST FOR CONTRIBUTIONS 

('ontributors to llw cunPnt issue 

Our thanks go to: 

D. fl .. '\icolaick.s 

. \J. C:illan 

ll" Fl"'l""" 

\\'.Smith 
:'II. L<.-'s]ir: 

Dcpartm('nl of Cllf'tnical r;:nginet'ring 
l.niversily of Bradford 
Bradford flDI l DB. t'.K . 

Physics DepartnJCill 
!(celc L'niversity 
[(eel<c. Staft'ordshire 
S'Fl :me. L.K 
CCLHC Daresbury L<~bot·ator.v 
Dan:sbut·y. \\'arrington 
C 'llt'.shire 
\1',\"1 "All l'.l\. 

Th(' deacllim· for contributions for the 11r~xt. 2 llC'wsklters will be 1 August 1996 and 1 
November 1996 fh>ackrs are rcmi11dcd th<lt coMI'ibut.ions are alwavs wclcomP. Contt'ibutions 
1na.1· lw .'i('nt by Email in ISitX \\'Of~D documl.'nts shcndd prcferabl.~· be st'lll in rtf rorrnat .. \Vc 
ll'ould be pn•pmed to COill:iidf:r othl'r format::. on <1 t.rial ba.o,i.s. 



Address 
Dr. \1. Leslie 
('CLHC' Daresbur.Y l,aboratory. 
!);lrcshllr~· 

\ \';1 rri np;Lon 

I\'\ I -1.\ll 
(_:I.;: 

T<.>l. +I·! (0) 192:) GO:n:H 
Fax +'H (0) 1 ()2.) GO:W:3.! 

m.l<:'slie{~'dl.ac. u k 

-

' 



MEETING AND WORKSHOP ANNOUNCEMENTS 

CONDENSED MATTER SIMULATION 
REALIZING THE POTENTIAL OF THE COMPUTER 

Churchill Hall, l;niversity of lhist.ol 
:2:J--:2.J Scplemlwr L00(i 

The :\nrrual Conferenc(' of ccP:}t will take place at Churchill UalL Univers\t~· of Bristol. from 
,\[onday :2:) to i\'rdnesday :2:"> Scpternber L00G. All arens of condens('(\ mat.L<'l' sirnul<1tion wrll be 
represented. The theme of the rm'cting will he the practical exploitation of the power of computer 
:'i\mulatiorr in the fields of pure and <lpplied ccsetu·ch into condensed matter. 

\l<lli,Y drffE•n•ut approaches. !'rom ah initio molecular dyntunics to uwsosropic lattice models, 
arc• used to simulatE• condensed maltt~r- s~·stcrns. In this rapidly--evolving field. noss-fprtilization of 
ide<1:-, aod tC'cltniqlll'S is \·it<ll. T!li:; cotli'Prence pr·oyides an opport\lnit.:> for cxrwrts ,,·ithin th(-' l"K 
:-;i111ulatiott cmttnHtnit,l· to interact with P<Kh other. with rcprcspntalives or l'E induslr.Y. and with 
<l 11\lllliwt· or \'lSi tors ft·om OI'Cl"SC<li;. 

ln1·i!f-'rl :-:.rH'<tk(-'1'-" ronllnncd to datc include: 

" .\!. Ff'1T<Il'io {:-.lodt!IW. Italy) 

• .J .. Jo;ut110pouloc; (.\!IT. l.'S.\) 

e D. Stnit (Shell. :-\mo;terdatn) 

• .\!. Stonelwlll (l_'C'L. U-\) 

lit(' tttt•ctittg \\"ill st<tt·t at 9:00 a.rn. on tlw tllorrtiug of .\londa.v 2:l Septt'mhcr· (acrotlltllodation 
011 lit(' Su1tda,1· ttip;ht 11·ill lw proYidPci) and 11·ill fi11i:·dt atlunchtitlll' ott \\'(•dnc;.;da.Y '.FJ Si'ptctnlwr·. 

Hegistr;ttion ill!i:JI'Ill<llion. and a ,!!;fCilNill inYitation to contribute talks and posters. ll'ililw lllitde 
al·;lil<dJit• -"hmtly. For current inl'ortnation pkase SPP tlw ccp.') \\'orld \\'idt• \\'eh s(·n·cr: 

h II p:j I w 11 · 11 ·. d /.nc. u hiC 'C F 1 CC P.) /nwi 11 .ltt.ml 

'!' Thi.'-' conl'l•renn• i.'-' org;wized under till' ilU.'ipit(o,<; of the Enginecriug and Physical Scil'ltCl\S 

f{r'.'>l'ill'ch Council C'ollaboraliH' Co111putat.ional Project:/!.'), ou Condensed :\fattc•r Sin11dation. 



The 3rd International Conference on Computer Simulation of 
Radiation Effects in Solids 

L'niversit.,v of Surrey. C:uildford. U\ 
2:2-2G .J\ily Hl06 

!l 

Editor;; note- The dctni]c:; oF this conft'l'l:'ttn: have alread,v bc<-m disLributed b,\· t·:mail: a .summ<ll'_l" 
is included hf'n' !'ot· t.lw lwndit. of readers who rrceivc paper copi<:s of t.hr llC\\'SiE•tt(_•r. 

Scope of the Conference 

Tlw lntPI·uational Conference on ComputPr Simulation of Hadiat.ion f·:ffect;; in Solids (COSIIU>l"9G) 
adclrt•.s.-;r."- l.lw application of compttler ~imttlat.ion rnct.hods to tlw study of tlw interaction of Pn-­
('fgE:Ik P<Ht.iclcs w1th matNials. It. offf'l's a forum t'or tlH• prPS('litation of the ];\\.est rcsuiLs and 

technique clc\"(-..JopmenU; in this gt·owing field of n•search. In recent yr:•a.rs both the aYailabilit_l. a11d 
powN or· computr.'r;; ha:; increase<! cnot·nwusly. many devdopnH~nls han' bccu m;1dc in prodtKing 
Jnore phy;;ically nwcu1ingf'ul simulations of this subject .. Top1cs will include: 

luteratomic Potr'ntials ;(~Simulation ),let hods 
IJcctronic r·:1wt·g,1· Loss 
Ekct 1'011·· Phonon C'oupling 
Hacltation Dan1agP and Cascade r::rrt>cls 
('c1kulation;.; ol' !mplant.atiou Phenomena 
Lnet'g('tic Clustt>r Impacts 1\'ith .SurfacE'" 
SputtPriug; 

loti Bea.m \lixinf'; 

[.'or rurthcr infOrllliltion pkilS(' cont.act 

1-\a['('ll :\t·thln 

C'cllt fl'lVllcc· Sl'{.Tl't<l t .. , .. COS! RES'% 

Low Energy Ion Beam-Surfacc' [utet'al'tion 

J>iaSJllil Processing or \·lat('l'lilb 
Electron and Laser [ntE'raction 11·ith Solids 

Con1parison.s ol' i\Iodcls to Lxperllllt'nts 

Simulation ()['Ion lkam Analysis Tools 
Animatiou and \'isual1sation Technique'S 

Partie!~' Surf an' Interactions 

Radiation l::ff(xts in Biological \'1<\lcri<Jis 

Dl•p<HlllH:Ilt or Elert.t'onil' ,\..: Elcctt·lcal Engineering, 
l'nin•rsit.\' of Surrc.1·, 
C:uildl'c)['(l. C:l':2 ;).\J-I 
'(_:]( 

email: K .. \rthu r-Oec' .. 'i\1 rrc.\ .ac .11 k 
I'ilx: -H-1 (0) \.p:n :·1-II:VJ 
http:/ /11'11'11 .cc.;.;u nt'.\'.at u k/COS!Rl·:S 
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2nd European Cray MPP Workshop 

..\ tll·o-da,\· 11·orksltop lioslecl by the l_:;dinbttrgh Parallel Computing· Centt·e and supported b~· the 
l'l('s High Performance Computing lnili<tl.ive and C't"<\V t:r...:. 

2.')-:26 .July 1996 

Introduction 

This llH'f'ting follows on from Lhe vet·.v successful ht. European Cray '[':JD Workshop held b.1· 
JYFL in Lausaune in St•ptcmbcr t90!'i. The workshop i:; int.ended for computational scit'lltists 
and euginef'l'.'i workinr~ in applications development, sysV•ms administration or ;;oftll"il.fl' support 

['or Cra_1· \IJlP s.1·strms ('['"3D's ami TW's) installed in En rope. 

Talks and Posters 

,-\n.nJw• interested in making a pr(•sentation or postc•r on an_v of the following topic" shotdd lllclicatt• 
their· Topic/ Title on the n:~islration form . 

. -\ppliciltionc; i11 Science and En~ineering 
C'l"<l_\" ~IPF) S.Y~tellls \Ianagemcut 

Programming Models 
I >crfonn <tll("P 0 p Lim isai ion 

Since liiiH:' const.rainls limit tile possible numlwr ol" talks. we \\"ill lnt\"c postet· c;essions in the 
cotd.l'l"('lll"C Co.1·cr. Tlw clo:..;inp; dat.t.' for SfW<Iker rPgis\r;Lt.ion is 11 ;\la.v I D9G: t.lie prog;t·;wttiH' will lw" 
circulatPd i11 late :\la.v. 

Fees 

Thl'l"(' <H<' 110 ff'l's l"or <lllt'nding the· confet·ence. ('off"cp ;wd lunclt will lw pnwided. htt\ all otlwr 
Pxpt'ltS('." lltust he paid il.1· the participants. 

Details 

Tht• 11·ork:~hop will take piau' in tlw .James Clerk \faxwell Bu"tldtng. The [(ing"s Buildings. l::din­
htlrgh. Scotl;\IHI ou :2.'\<.W .Jul.v l\)()1). The first spssiou will :ot.nl't at 10:00. and tlw ll"orkshop ll"ill 
("lid h_Y 17:0() on til(' second day. 

Tlw progt·;\llillll' of talks \\"ill he s(•lectcd by t.lw Orp;<lnisinp; Commit IN'. This is ciJail"t'd h,v [);1\·id 
llt'nty <111d comprises Stepli<'Jl Booth. Cnolinc \c'i\\"C and .-\ian Simpson !"rom EPCC: [{ob :\!ian 
from tit(' D;~n>.'dmr.l· Labcmttor~·: Zdcnek Sl'ken ["rom C1·ay Hesearch Sll"it.zerland (('J{AY-EPI-"L 
1'.-\T!' jJI"o.ic'cl). 

J:tii"!IH'I" infonnatio11 011 the backg1·ouncl t.o this 1\"od;shop i.s aYailable. 

Accommodation 

.-\ccotlllll(HI<\I.ton i.e, rxtrcnH'Iy difftrult to flllcl in hlinburp;h during t.ht' tomis\. srason. \\"e have 
p1·c-hoob•d a 11\llllhCt" of l"O(llllS in conn:nieal. low-cost <tccommod;ttk)[l al f'ollock sludc11l halls of 
n•sid(•JtC<' (the• location is sholl"n on thr: city n:ntn' liJil.p). The cbargc' is :lO pounds per night for 
lwd-<uJcl-ht·r•;tkf<tst <11\cl includes htts Uansport. to the workshop. These rootns \viii b<: offcn>d on a 
li 1-st-come first -s~'l"l'l'd b<~sLs. 

If" you 1\"itJlt to be S('lll an accommodat.ion form. please indicate Oll t.h~' rq:;istra!.ton fortll. \Ve 
t ili11k ~·o11 will find it eas·IC'l" to use tltP M'tommodation W(' h<lVC anangr:d. ,;nd we lll"/S(' .1'011 to 
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rc!!;ister t>arly as the nundwr of rooms <1vailab!0 is limited. However. if ~·ou prc'l'cr to make your 0\nl 

ar·rangements yon can <Ottsult. our accommod<ltiotl list.. 

Travel 

Edinhut·!';h is 0asilv accessible by arr. rail and road. \Ve have maps of tlw ett.v nnd t.he I\in~(s 

Otrildings uunpuo;. 

Registration 

Tho.'W wishing to speak and/or attend are invited to fill in the registration form. The dradlinc 
is ll :'ll<t~' il' ~·ou want t.o g;iv(' a. prescnt.a.Lion. 'H l\·la~: otherwise. If ~'Oll ('XJWrkncc any probkm;.; 
rcgi.stcring. plcast' email workshop'~):epcc.cd.ac.uk. 

PHYSICS COMPUTING'96 

1\rakow. Poland 
ll-21 Scp\('lllber 1006 

Editor;; note- The (ktalls of this confrrencc have alrcacl.v been distributed b,\' Email: a S\ltn­
rnar.\· is includ('d her(' fol' the• lwm•fit of l'<:'<tclers who l'C'Cl'ive paper Copies or LlH~ ll('\l.':'ddter. [.'ulJ 
iuf'ot'mitlton <Lboul thi,:; ntl'Pting m<t.l' he found <lt UHL htt.p //1\'ww.c.vf-kr.c'du.pljpc% 

Oeganizing institutions 

.\nldt•tnic Contputer ('cnlrt' CYl:l'{Oi\ET- !\.IL\1(0\Y. Entkoll'. Poland 
lutNclisciplinary Gwup on Comput.at\onal Phy~ics of tlw European Ph,1·skal Society 
ttnd('r th(' auspice's ot' tlw European and the :\merit an Ph:'sical Socielies. 

Important d<1tes 

l 0 ~!<1.1· l WHi 
:)] :'\Ia.\· 19% 
[:) .Jurw 109() 
17 SPptctnbcr 19% 

Scientific Program 

deadline for rN'('ipt. of contribut.ed papers 
notification of accept,<lll('C of pa]wrs 
dcadlitw for regislration \1'\t.h reduced fee 
PC'% Confet't.'llCf' 

P("DG C'onfcrcnc<' 11·ill be a forum for ph:vsicists throughout tire world for whom the C00dPUTEH. is 
the~[:\[\' TOOL or HESE:\BCH. \Ve hope that Conrerence will en<1.ble t.!wm to exdwnge ideas and 
!'<'S<'<trclt l'esults rl'[ating to the fast-growing field of comput.a.t.iona! ph;r·sics and to shaH• experience 
with the n1ost aclva,ncNI dcv~?lopnwnts in cornput.et· h<1.l'Clware and software. The sdrnt.ifk prog1·;un 
or tlw COitf('l't'llCC will conc;ist. of indt.ed kctun::~, cont.ributed oral prcsent<~.tions. dasstcal and virtual 
post('!' sessions. tutonal." nnd vendor presentaLions. 
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Main topics of the meeting 

\bin topics of t.lw 11\eeting will cover: 

v;uious fields of computational pli_l·sics, such a:-> 
computN simulation in statistical physics 
:Simulation or specific materials 

as well as contemporary trends in hat"d\1-at·e 
and software dPvc>lopinent: 
recent. deH'lopments in computPr <lrchitc'cturcs 
modern progranllning lechltiquc>s (parallel 
programming, object orientc>d approach) 
s_yntbolic computations 

surface phl'I\Omena 
pet"<"oiation 
critical phenonwrta 
computational fluid dyuamics 
classical and quantutn molecular dynamics 
chaos d.1·namical !;_\'Stems 
self.-ore;anization and growth 
neural IH'tworks and their applications 
complex optimizatim1 

Invited lectures 

graphics, visualization and animattou 

together with industrial applicattous and 
teaching of comput.;-llional physics. 

Thi::; 1s a partial list of those or most interest- to CCP:J, fm a complete list. refer lo the FRL g;in'n 
ahon'. 

[(urt Hindet· 

.Janos 1\cl'tC'.-oZ 

Dennis C. 
[{;lpaport 

1_ nivcrsity \[ainz. 
(;crlll<lllY 

Technintl l_"nin~rsity of 

1\udapC':-:>t. 1-Junf!:ary 

f ,(l.S _.\);\!llO.S f\ a t."iOilal 
Lahm·almy. LSA 

Cn-('IHiish Lab __ 
C'illlliJI'idf;L'. !_"!( 

1\;n-[lan {'nii·Nsity, 
Hamat-C<ln. Israel 

L;u·g;c' scale \!onte Cario sitnulatiotiS: a poll'crful 
Lool for material science'! 

Comp11lcr simuiCJtiotl or· surface growth 

Luge scalP molecl1lar clyna111ics 011 \lPPs 

.-\IJ initio tot<1l CI\C'rgy psPudopotential cnlculatinns 

Tlw al"l of molecular d_l"llilllliCS silllulation 

l'p·to-d<ltC' li.'->1 of"illl'ited lectUI"t'S is on th1.• PC\JG \\'\\'\\" pagr.•s. 

Jl(''()(j \\'\\'\\'pages also h<1::; infol"lllatioll on 

!{cgislratioll [-'pc::; Tulo1·inls 
Tilll(' scliPd ulc• of FC"% 

Further Information 

Papt'rs Submission 
Social program 

For 1110re i11f.cHmation \\bout PC'9(j cont:act: 

.'\CCOillll\Odil tion 
Pa_vmcnl 
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h \ \ p: I I WI\'\\' .cy f~ h .eclu. pl I pc9G 
ftp: I lftp.r.vt'"kr.rdu.pllpc9G 
email: pdHi Cl·c.vf- k t· .eel u. pl 

Phonr: ( P<-- 12) :l U 7GG: L l:l DG-l 
r:·ax: (-IS- 1:2) :q l ()S.·l: :n,c; ().)·l 

\[arictn Bubak 
Physics Computing\)() 
Academic Computer Centre CYFHONET- h:rakoll" 
P. 0. Box 386 
;\awojki ll 
:HJ-9.50 hrako\1· fi l 
POLAND 

Optical, electric and Magnetic Properties of Molecules 

Cambridge Uniworsily, U\ 
10-l:l July 1997. 

]-;(litot·s notc- Tlte details of this conference have <dread~' bern dist.nbuted by Email: a sttmmary 
i." included hNc for tht:' bencGt of readt'rs who receiv<:' paper copi~Cs of the newsletter. 

This coni.Pt"CIIU' is h('ing organiscd to celebrate the career of Profe:-;sor :\. Oa1·id Duckinghant. 
Those intcn'sted in lwin?; placed on the mailing; list should cont<~ct. 

Fmf"l'ssor Da1·id C Clary. 
[)('Jl<11"tlllcnt of Clwmistr.v. 

ProCc . .,;sor Brian .J. Orr. 
School of Chemistty. 
l\JacquMic Uni\·ersit.v. \ "ttiYPr."it_l· Collr:gp London. 

London \H' II! 0.\./. "" \\' l"l\ 2l09. 
(!·:mail: d.c.clar.vc\url.ac.uk Australia. 

( EJJlail: bria.n.orr·(\'lllq.Nlu.au 

The Royal Society of Chemistry 
FARADAY DIVISION 

Divisione di Chimica Fisica, Societa' Chimica Italiana 
Deutsche Bunsen Gesellschaft fiir Physikalische Chemie 

Societe Fraw;;aise de Chimie, Division de Chimie Physique 

l:antd<t:-· Di:-;cussion :\o: lO(i 

Soiicl St<tte C'hemistr.1·: \E'\1' Opportultitir's 
["rout Computer Simulat.ions 

l'11ivcrsity College. \,ondon 
:l() .June- :2 .Jul.v 100/ 

01\G,\\ISI\C: C'0\1\In"l'i':l;, 
l'rokssor (' [{ .-\Cat-loll" .·\\·n 
Dr .\ 1.. _,\II an 
l.h S I. ['t·icc 

Dr \V C \lackrodt. (Co-Chainnan) 
Professor P \V !·'owlet· 

Dr P A \hddet\ 

Ovn tIt(.' past decade ot· coo. one or the major devdopments in chemistry has been the mcreasingly 



CCP6 :\'e\\'sld tcr So. -I.J 

impol'lant rok played by high performance computing. \owltcre is this more C\'idrnt tlwn in solid 
slate chl'mistry. where computer simulations <U"(' now a major source of understanding and inter .. 
prctation and the generator of data which is either difficult or impossible to obtain by otlwr ll\N\IlS. 

The Discussion will highlight recent developments with a view to assPssing like!~' direction;; for t.lH' 
future. 

The met~! itt.£; will embt·<v·e: ab initio clc>ct.ronit struct.mc nwthocb 
laHice st.at.ics and cl.vnamics 
molectti<lr dyoamics 
!\·Ionte Carlo simnlat.lons 

S.\'st(;rn.-; lOt· disntssion \\"ill range in complexit~' fl'Om .simple soltds to high Tc.supcrconcluctors. cat­
al.\·sts. tnicwporou;;. tn<tterials. molecular solids. glasse;:; and fulleren<'S ittclttdtng surface propertH':S 
nnd r<'ar:Lil·ity. 

Cnntt·ibutions are invited for consideration by tlw Organising Committee. Titles and <1b.stract:s 
of" a bnu t :)()() II" em I;;. sho ulcl be submit ted rro I a.ter than F H 1D A'{ :W .) ULY U:HJG to 0 r \\' C 1\l ac k rod t .. 
School of ('ll('Illislry. l_"niversily of St Andrews, f;'if{' 1\'/t(:; 9ST. 

ht.ll j)<ljlt'I"S for publication til the Faraday General Discu:;,sion l06 volume will lw required b.v 
Fcbnrar.1· l~l()/. 

l_"pdated <"onferencc tnl"orrnation may be found ou \YWW at this C:RL: ht.tp:/ jchemi.o.;t.I·y.rsc. 
orgj r:·w jf"a t'<tcll ()()_ h lin 
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Chemical Database Service 

Dares bur~·· La bot·at.ory· 
Daresbury \\'arrinr:;too 
C'heshi1·c 
WA-1 -L\l) 
'l'f>lephonr +f·l (0) 192.) GO:J tG2 
L-1nail cdsbl/~hl!.ac.uk 
!'I !a.v l 00G 

The Chemical Database Service 

[,') 

Di\l"e~hiii"_Y L<thol·ator.\· prrwidt'S a C'lwmicalDat.abasc Scn·ice to llH·: UK <:~cadrmic communit.v. Tlw 
aim or the sen·iu~ is to Pnsure lhat t.hc growing body of int"ormaLion !'rom clwmistry research b 
convr'nientl.v ilccessiblc to the U\ <Kadrmic community in wctys which fost.er tiH; essential l.:l~ corC' 
comrwtency in Chl'llliSt.r.v. This is clone by providing on-line access via lnt.ernvt to a rilngp oC 
dal<tll<ISt'S in tilE' CW:.'<lS of crystaiJograph~:. S~'lltlletic organic: c:hemistr_v, SptC!.I"OSCOJl:'." and ph:vsica\ 
clwulistr.\" .. sr'f' hdo\\". Three dl('llli.Sts provide help, support and advice to users of thr• S!'rYin•. 

Components Presently Available 

CSD "['hC' ('amhndp;C' Structuril1 [);eta bank. Cr~:stal sLnKture data for over [.)2,000 organic and 
orp;ano-lnr'lallic contpounds. Two rrl{'(ISf.'S of this dat.a.bank arc 1·ecctved and lllottnt('(l ctnnu­
ilii.Y (April and OctobC'r). Ql'EST has :m St.'cnclt capahiliti~'S. 

ICSD Inorganic Cr.\·stal Struct.Jll'l' Data Fil('. OvN ·10.000 inorganic st.ructurPs- lhe contpanion 
file to tlt!' C<unhridge Ol"p:anic file (though in a dilferpnt fortnilt.). 

MDF .\letnl;; D<1ta File. Crystal.stt·uc(un• clat;\ l"ot· ove1· .').'))\()0 metals and allo.1·s. 

PDB Tlw Brookhan'n ProtC'in Data H<1nk contnining bdlliognphic iliHI coordinil\(' detnil:-. fo1· O\"Pr 

[ .. )()()protein." illld othr•r biological m;H·romolccule.s. 

CDIF Cr.1·stal Data lclent.ifkation file. CrysLal tl<l.Sei and unit cell data l"or over :21() .. [0() cr.Ystal 
;;t ]"II( [ ll ]"('S. 

FNMR .·\ dal.abnnk o!" about (\.()()() lDF 0:.\IH spC'ctr;t and coupling const<tnls. 

ELYS Licctrolyte Solutions Database. Tlil'l"nwd~·namic ancl transport property cl<Jta ~uch as 
dr'nsit-.1·. viscosit_~·- difl'usion coeffic:it•nts etc. Currentl.v contains about tO.OOO entries. 

ISIS/REACCS ChPnltcal reaction in!"orll\aLion managrmcnt. systems allo\\'ing search. retrit'val 
and displa.v or moiPcuks. l"t'al"(ions illld their associated dala. !SIS is a client.(:;!.'I"Vl'r system 
and 1s thC' l"(•placr:IW'IIl for RCACCS. Currently ISIS can acn:ss over 130!),000 sean:hnblc 
J'('<tctions ;wei 1\EACCS 2·10.000. from thr following dalabases: 

THEILHEIMER (S.Ytltlwti(' i\lethods of Organic Ch(omislr~') 

CHC 1nprehensive lletcrocyclic Cl1emistr.v) 

CLF (the Currr'nt Lit.Nature File) 

CHIIlAS (.·\symnwtric S,vnthes1.s) 

METAL YS IS ( Transit ion meta.l-nwcl ia.tecl transform <tlion) 
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REACCS~JSM (.Journal of S,vnthctic \Iethocls) 

CI-IEMINFORM (current awan•npss) onl~' available via ISIS 

CCP:J .\"ell'.s/('t/er So. ~t:J 

CSM (Cu1·1·cnt Synthetic \lethodology) a subset of CI-IE.\Il\TOR'd. on!.\· a\·ailabk, \·ia 
IH:V'('S 

ORGSYN (Organic S.vnthesis) only available via ISIS 

ORAC CORE (b-;t.<tiJli~ht•d Literalun:) onl)' <t~<'nil<tble via !SIS 

SPG (Protening Group<i) only available via HEACCS 

ISIS also allo\1' nccess to ,\CDI{X (Available Chemicals Director.v), which is a dat.abase of 
suppliers of' cht.•Jnicab. ll contains over 1130.000 different compounds 

SPEC Spc·•dnfo is a multi-technique spectroscopic database s.ve>tem which will ccwer i\'.\-IIL m 
and lllil.'!S spectr;1 .. Tlw package is designed to <lid the chemist in spectral int(•rpretation and 
slt'ltC\UI'l' elucidation pt'OblPms. It contains spectral dat.a set.s with their associated strucl\ll'f' 

COilllf-'Ction t.ablc:s. The dat.abil.'·;(' currently contains 72.000 nc. U:iN. l/0. l9F and :ltJ> 

;\:'\·[f{ S])('Ctra and :W.OOO infra-red spectn1. 

:\ \·ariet.1· of utilit.v prO)!;I'<lllls art' also available. inchtd1ng clwntical fil(-' format rottvcrsion. 
nHJiccttlt> 1·icwers. ~opiH'I' <\lld i\'orkl-\\'ide-\Yr•b bro\1·sers. 

For f'ttrther in!'ormal.ion contact.: 

Cht'IJJic<li Datah;\S(' Sen· in• 
!loom ('p.;, D;u·esbur,\' Laboratory 
l)ar(•shut·.\·. \\'arrington 
\ Y.·l I 1.·\ll 
Tf'l: (0Hl:2.J) (HnHi2 
Emnil: cd . ...,]Jb<\cll.ac.uk 



Report of the visit of Ronald Cohen to the UK 

[{onald Cohen 
Ceophysical Laboratory and Ccnt.N for High Pn:ssure Rr>search 
C'ilrne~ic lnstJ\ution of Washington 

Washington. D. C. 2001-5 
l'SA 
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Th<Ltlk;o to partial support. from CCPG I was able to visit University College London, Univt~rsity 
ot· ( ';unbt·idi!,l'. ,end Oxford Uniw'rsi t:-.. to pr0.sent a .series of seminars. exchange ideas. and form the 

h<1sis for future collaborations. 
[ fit·st. attended l.IH' workshop ''D('\'elopmcnts in ~riinera.l Ph.vsics--·Collec:tivc Phenonwua". a 

ll'orkshop in houor of Professor Desmond A-!cConnell at Oarwin Col leg<'. Here is a brief SllllllllMY 

nf that nwcting. 
Jlrok·ssor \-kConndl (Oxford) first. S\llll!l\ari%ed several .vears of work on the nat-ure of H ;uHl 

JI 20 ·in qua.t·tz (St0-.1). {Lis wei! known experimentall.Y that H20 greatly weakens {lO\\·crs t.lw shear 
:--;lrc'n~th of) quartz, <llld that. !-1 20 p;rt~atJ:>: enhance':'\ diffnsivit.y of 0 (mea.'Htrf'd via i:-mtope ('X]wr­

imeub). but thP microscopic reason wa.s not previously understood. First. pnnciplcs calculations 
with [Jt-ofessor \' HcitH' nnd others showed that the hydrolytic weakening can be quantitalivC'I~· 
understood in l"-'rms of ckpolymerization of the quartz stntcture b;.' tlw formation of 1Lt dc{(·cls 
that ag)p'('giltC' top;etlwr to form 11 20 islattds when a crystal is strained. Thec;c island.s also bccumC' 
\H'i1k poittls for failut·c. The effect oC 11:!0 on isotope exchange rates can be unckr.'>tood hy tlw 
cltffusion of 11 20 into Lite chanu{'b in qual't.z. f'ollowcd by t'Xchangc lwtween the 0 in tl)e ch<w1wl 

\l'<tlPr attd the• hulk. Largr scale comput.alions for supcrce!!s \\·ithin the LDA and plane w<we p:-;l'll­
dopott'nlials g<t\'C good egtimal.C's of the relat.ivc cncrf',et.ics ofdi[['ercnt 11 and H20 defects compan'd 
1\'ith calorinwLc,v and T-ckpcndent. expcrimenl.s. 

Dr. l{o.ss .-\ugcl (Ba.vrt>uth) gave a summ<HY of recent. \\'ork on isosymnwt.r,\· phase t.r;wsit.'tons, 
c•speciillly recent \\'CHk lw has done ou pyroxencc; and feldspars \Vithitl thP resolution ol' the 
('Xpt'rinwnts. hr~ha\·ior is ob.st>rvedllta.t. is simil<H to that seen in displacive phast> t.rau::;i(.ions. which 
\isuall.1· involw changt>s 111 symmctr;.-'. Over a lim1ted r<~.nge ofT or P. st.ructural parametNs 1'<11':'-' 
rapidly, <utd VNY of'len P-T bound;Hy bL'tHl sharpl,v in the vicinit.v of om• of t.hest' t.r<tnsttions. The 
ph <I:-<('.<; at'(' oflcn .c;truct.urall~· distinct. in spite of haviug t.ht• same space p;t·oup sy1nnwlr.v. !n the 
p_no.\('!lf' example. one C'2jc "phase" iws Unked chains, W)H'I'l'a<i the other lias straight chatns. 
Otltcr cxamp\l'.s \\'Pre discu;;sed, 'tnduding 1-.:TP, Ct\ a.nd H20. 

Proi'Pssot· Volker llt'illf' (Cambridge) gan: an ovt:l'\'iew of a numbet· of currr:nt rcscaH:h projPcl.s. 
\l.ll. l,c<~ is working on ~r Alz0.1. which is an fcc st1·uctttre with disordt,red occupa11Cies of '1' <tnd 
0 silt'S. They f'ouncl that empirical potenL'ta!s g;t.vc: lhc wrong cnerp;y difftcrences between tlw T 
itll(l 0 sites. so LDA pseudopotenti<~.l calculations <ue being performed. i'd. Gambhir is working 
on ;;\wrt. utnge order in Cl'istobalil.('. A. Pt·y<k is st.ttdyu1g di!Tusc scatt-ering in low-t.ridymitt' from 
l{igid C'lt!t. :'\lodes (IW1\L;). 1'\. ll<unmonds is studying floppy modes iu zeolites. H .. Shav is using 
Grsl-princ-iples nwthods to stud.v the reaction methanol+ u+ -r Cl-!J + lhO, where the reaction 
'ts c<ttal_vt,ed h;.- a zeolite, chabat,ite, which also provides the J-I+. They are finding th<rt a. floppy 
mod<' is illlporta.nt to bring the I-J+·s t-o t.he CI·hOJ-1. Collaborations WILh Dr. ?vi. Dove (Ca.mbridg;e) 
involve studying Si-Al ordering uc;ing difl'cn~nt order-disordet' models. 

In collaborative work in Professor Salje (Cambridg;e) Professor Heine also discussed the origin 
of l\\'Ct'd tcxturl's and how almo::;t any non-equilibrium pNturbation ca.n cattsr tweed to set. in wlwn 
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tlwt·e <W' long-range elaMic forn's. 

Professor SalJc continut'd the d1~Ct1:-;sed of tweed textures and discussed hoi\" Ill'\\" rocking geolll­
dr.\· cliffranonwters <Lt Cambridge are being used to map out the diffuse scattNing dur:' to twins, 
[II'C'ed. c•tc. and are being u:-;ed to qt1antitat.ively dcsnilw the bchaviot· 

Dr. !C Cohen (m~·self) gave' an overview of rr:•search al t.he th<• Croph!'Sical Laborator~· (CL) 
usinp; tlm•t> diff"Nent approaches 1) all-elect.ron ftdl-potent.ial LAP\Y (Linearizt.'d :\ugmcntcd [)lane 
\\"cln') rolllputations within Lhe LD.·\ and GCA, :2) nntch faster Gor·don-Eilll likP nlo<kl.s. such as 
tlw \"IB (\'Miationall.\· lnduucd HreJthing) model !'or· iomc solids sue it <l.s ~!gO. and:~) a new tight­
J,inding total enNg.\' model which h;1s accuracy rivalling that of the [.'L.\PW II"IH'n the mod(•] i~ used 
11·ithin t,hc sphert' of il:s parameterization. but which is man~' huttdreds of ti111es fa.ster. Excunpks 
\\'Ne p;in•n of sl udies usi11p; tin: different. methods. ami collaborative work with expcrinwntalisls 
at the Ct'oph,vsical LaL• \\'N!:' discussed. L.\P\·V cakulations on Si0 2 stislwvite predicted a phase 
tnlllsitiOil to the orthorhombic CaC1 2 strucl.ure at,[;) GPa. High prc;-;surc Raman cxpt•rinl('nts at CL 
that showPd the 1.1 1_1 mode stopped softening at. GO C:: [)a and twgins lo lt<tHien. in exu,lleut. ngn'<'lll('llt 
with pn•dictions. 1,:\P\r c<tlculations on Ft{) <>xplain the origin oft.he o!Jset·ved l'itonlbohcdr<ll strain 
and predict it loss or local lllilp;net.ic lllOIIH'IltS with iucrcasing pressun•. The advanl<tgc of th~' \"[B 
model is that long \[[)trajectories tall be studied wltl1011t sacrificing acturac.\·. at le<tst for 0.lg0. 
Hr•rcnt cquat1on of stat0 studi(•s (lnbar· and Cohen) \\·ere discussed that sho\\" cxcPI!ent <lgreeuwnt 

1\"itlt th(' thermal equation of st.atc. ~felting ol' !'dg;O was studic•d tL<oing both clusters (Cohen 
<11ld Cung) and pNiodic boundary condit.1ons (Cohen and [(luge) aud obtain sintilar result~, in 
d isngrcc1 1 ll'll t 1\"i t h recr'u t ex peri men ts ( Zt•rr and Bohler) bu \. cousiswn t wi t.h s~·s t c 111 at ics o!' ;tl ked i ne 
p;Hth oxides. Thermal conductivity simulat1ons wet·e mentioned. A Hew tight-·binding LoL<tl <'IH'I"?;,I" 

model (TBTE) \\"a.s briefly discussed. and result.:; \\"ere shown for FP and .\c. The tnodcl <.ll"Clll"atr~l.\· 

prt•dicts pt·op<crti('S ovet· \\"ide range::; of comtm'ssion (ll"ithin the bounds of thf' fit) at1d is lwi11p; used 
i"ot· filtil(' T simu[atious. The parameters arc fit. to[,.\!)\\' total ('llel·gics and hand structun'.s 

Dr. P. l~allonf' (:"\!PI Stut.tga1·t.) d1scussPd plan('-\\'<IV<' ps(•udopotenti;c] sitnulations for thn't' 
gco phy."ic a ll.1· i Ill pol't aut pol.v morphs ol" :"\ [g./':ii 0.1 . olivine ( P bn1n. :2:-\ <1 toms/prim it i l't' n•l I) . f -s p\ nd 
(lnllll<l. ,-t() <ltOins/n'll). and sp1uel (Fcl:3nl. 1·1 <tlontsjcf'il) pNrorming relax<Ltions aud stucl.ving the 
f'(jlliltions of stall' ;tnd phase t-ransitions. l(csults an• quite <KCIII"ill<'. TIH• oli1·ine spinel tnlllsition 
i," gin-'ll at 1:2 CPa compared 11:ith 10 experinwntally. He also di.~cusst'cl !I in h··~S10. 1 (f·a.Yalite) <lltd 
liquid ht.\·al\l(' which is <Ill antiferromap;ndic liquid. First-priltcipll'S .silllulations 1\"l'I"C' perl"orlnt'd for 
0.[.') pst>c at ),')()() [\ I"OI' [[:2 illOill.S. "['IJ(• d\fiicuJt.\' o(" doing IOllf!; tra_iec!ories with fir:-;(-prilt("ipiPS 
(i.f'. c,cJf-coll:'-istent) IIH'tlwds was poinlPd out. 

Dr.\\". Schn11/. (Vir'nna) di.<ocusscd rect•nt progress on the Cf'ntral peak problt·m. lie slwll"t•d 
nell" l'<.'sults 011 lromogPIH'ous and inhomogc'tl<'ous cl<~.stic llll'i\Sllr('lllPills. f!r discus.sed difl'PrPnt 
rn·igins of <'('1111'itl pP<tk piH'IlOillti\Oit. but COI\C('Iltratecl 011 entropy fluctuations (hrat \\'ill'es) llE.'<ll' 

ph as(' trilnsition.s and p;an• a .s('ri<'s of models to explain thl' obsen·ations l·:xtr·nsil'(' di.sr:ussions 
IITIT gin•n of elitst1c and dielectric lwhctvior near pha.st' transitions. and g:ave a11 understa.ncling or 

stron~ dic;.rwrsion in c•lasticlt.v obsen'ed around fc'rroclastic phase t1·ansit.i011S. 

fk D. Slwrman (rhist.ol) d1.scuss;:>d [-[a.rtree-Fock pNiodk CR't'ST:\L calculations of fl 2 0 111 
di;1sporc. hoch1nit.f• (n--:\100!-1. ~1 -AIOOH) a.nd brucite (1\"lg(0!-1!:2). He obt.aiiH'd dPl'P potPtltial 
\\"!;[I.e; fot· lite H's. and claimed that tunneling is irnport.anl. eve11 thcnrgh the wells wen• l P\' dc>ep 
fie studwd thP equation of statt' of brudt.e ;wd .sa,vs that quantum dclocalization sets in al high 
Pl'('ssur('ei. ![is COIICiusion 1\"i\S tlwt. there i.sn't much w<llc-'r l11 the Earth . 

. \l"tc'l" thf' tnc'cting.! tral't•lpc] to Cniversity College London and pn•S('IItNI a depart.m('llta! SE'III­
ill<ll' 011 sltnilar topics to th(• aboYe, but. with the addition or recent wo1·k on the Earth's core. A 
combination of LAP\\' and TBTE calculations h<wc been used t.o st11dy the thenmtl equation of 
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.stnle and elasticity of Fe under core pressures. This work has be('ll done in collaboration \\"ith Lnr::; 
Stixrucle and Evgen.v Wasserman at lhr Ga. [nsl .. Technology. 'Vt• find t•xccllenl ngrN•nwnt >l"ilh 
se'ISillologic<Ll aud free o;,;ci!latiOII observations of anisotropy in the Eart.h"s inner cor0 if llw i11llC'l" 
cot·c cm1tains a huge single hcp crystal ot·iented approximoti:'l.v with the c-axis ;-dong the• E<uth's 

rot at ion <~xis . 
.-\t !."(:[ .. I had rxlcn:;ive clhcussions 11·ith Professor[). Prier and nwttlhers oC the• dPpartlnc•nl. 

iltCI\iding Drs. I,. \'ocadlo . .J. Brodholt. ;\.Ross, <tnd A. Patrl. A.IJatrl e:t al. pei"I(Hnwd simulation.-:. 
of the tlwt·malt•qu<llion of st.alP of !\lgSiO:l JWl"O\"skile. \'ocadlo nnd Price hav(:' studied meltillF": oC 
,\!gO <1\ hip;h prl\"-"'iUl"('S using tlw THB2. \lat.sui. and Lrw1s and Cat.low en1pit·ica! potrnti<Jls. nnd 
their· t·estdts arc altnost idt'ntical t.o those we obt.a.inrd reccnLiy (Cohen and !\.luge) US!ll)!.: the '"[B 
modt'l. \\"(' <ilso discussNI thr· mclt.ing oC pero\·skite \Ve plan to form <Jn active collaboration. <t11d 
Dt·. \"ocadlo will vis1t CL for collaborative work Discu.ssions with Dr:,;. J. Brodholt t1nd .\. Ho.s.':'­
ccntprc•d on the l"f'j)()rtNI ··kinks"" (Clwpela and others) in !taman frequencies VNsus pt·c:-;.S\11'(' in 
oli1·i1w and pi?I"OI"Skitc. 

On Octolwr :2() [ pn_•sented a sen1inar for the'['(.').[ group al Cavendish on first-principles stud it•:-> 

of l"e•rroPI(lctrics. illld discussed \\"OI"k do1w at CL on bulk and slab Ba.Ti0:1. PbTi03. Li:\bO:J. nnd 
Li:'<bO:~. The goal is to unclersland tlw origm of rerrodectric behavior. lhc l"t'ilSOil:-> for clifl"crcnt 
lwha\·ior in :-;imil;u· lll<JtNials. and tlH! differences between the perovskite and Li\'h00 families. T 
IHI(i extcnsivC' di.scu:;sions with Dr. C. \[o]Leni al)(lllt first-principles simulat.ions of p;ra.in bolllHlar.l' 
slidinp; and \\"itl1 :\. \larz<~ri on linear rec;pon.-;:c computations fo1· solld solutions, as well <JS \\"it.h 
ol hns. 

On October :21 [gave <1 st·minar for the \[at.<:'rials DepartlllE'nt i\t. Oxford on the ·new TWl'E 
IJJodel <Jnd discussNI applications to llif!;h pressure resc'<Hch. I 1·isit.ed the )..[odeling L<1boratory and 
]:ad extensi1·c discussions with -n1·. :\. llr<Jtkovsky on boud-ordcr potcnti«ls and ordN \ melhod.s 
n.-:. 1n•ll <Js wi\ h o\.h<•rs. 

On October :10 I [!;«H' a scmin<ll" at tlw Earth Science Department at Oxl'ord prin1arily 011 on Fr• 
in til<' l~:arth\;corc. and discussed in more detail the computa.tions on ho. tlw evidence that the innn 
core i.-, larg;cl:> a sinp;k n.1·st;1l. ;wd an OH'rvkw of the geophysics of t.he core. ! had cxtt-nsivc discus­
sion 11·il h Dr. A .. Jcphcoat. aud 1\"C hav<' started two <'xcit.in~ colbborativv thc01·.1' <tnd ('Xpf'rinwnt.al 
pwjPcls on :\lH:l nud Li."\b0:1 at iligh pre.'isure.s. [ al.'io had discussions With Prof". D. \·lc('onnPll 
on <•ffr•ct:-; of 1\"<tlcr ou l'r•ldspm Ol"dN-disordr•r. and ('Xtr-'nsivc talks wil.h Dr. 1\. l{d:-:.on on LD:\ 
pl<lJJ('··I\"ill"t.' p.c..cudopolf'lltial m<·thCJd.-:. <Jnd comparison with all-l'i<'ttron r(•sults and Ilartl·c<>Fock. 

11·1iich \\"ill pt·ohaiJ]_Y lc•acl lo collaborative rcs1.•arch aur\ joint code dcvplopmcnl. 
:\II in a!l it 11·as a l"l'l",l" l"l·uitful .scil'ntilic tl'ip. and iL is grc<Jt th<tl ('('P.~J can help bring such 

r·.-..:cl!illl_g!'."- about. [should acknowlrdgr• my collahrHatot:-;: B Bltrton. Z. Gong, !. Inh<u. D. baak, 
.\I. 1\lttg('. I. \I<Jzin, F. \huton. L. Sl.ixrudC'. and E. '\"assNIIliltL I also thank t]H• :\ational Sci·· 
Ptln' Fotllid<Jtion. I h(' Offln• or \a val Re . .:;pnrch, and tlw Carn(•gic ln.'->litution ol' \\"ashington !"or 
suppor1i11p; Ill.~' I"('."-C'<1rch. 
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Report of Visit to UK by Professor Stefan Estreicher (Texas Tech 
University) 

1\J-2.') ~Lurh 109G 

Visit to London by Professor Stefan Estreicher 

Andre11 Fisher 
Depart nwn t of Ph~·sics and .\st ronomy 
t'n\versity College London 
Go11et· St.t·eet 
London \VC'L[·; GBT 
I·: mail: and rc11· .fisher{htcl.ac .u k 

In t.lw London pal"\ of his trip. Professor Estreicher visited tlw Condensed \[a\.t.cr and ).-fatel'ials 
[>h.\'sics f!;l'Onp at l:niver.sit.v Colleg;e London. Ilt' gave a t<dk on •'Passivation p!'OU'SSC'S tn s!lkott" 
on 2.j \lilrch. ll'hkh was (lt\.endcd by an audience of about thirt~' people. The audience 11·as drawn 
front lhf' group at L'uiversil.y College, from t.hc' Physics Department at. King's Colkge. from tlw 
Semiconductor IRC at llitperial Collq;!O'. and from the Rutherford Appleton Laboralory. 

Thne 1\'(lS a 1\v(·l~· discussion at t.he SE'IIIinar and 0\'('l' the lunch followinp;. \l"hich rocu.o;scd 
(anJoup; othet· things) on 

I. The role of basis-set superposit.ion t't'l'Ol' in dect.t·onic structure calculations of defects: 

1. TlH' i111port<tncc of zero-point cnerg,1· in the free Cllt'rgies ofdefrxt;; in\'olving light \nterstitial.s 
(p<lrlicularly h.1·drogPn): 

:L The possibk idcntit~: of' rnpidl~'-diffusing passivating spt>CH'S which arP implied by recent 
riPn'lopnlcnt.-,; in solar ceil technology; 

·I. Tlw candidate slructun's for v;uious def'cct-hydrogen cotupl(~X<'S. ;uJd their pos.-,;iblc uses Ill 

pas:-.il'itlion. 

Visit to Edinburgh by Professor Stefan Estreichet· 

Crat'lllt' ,\cklancl 
Dr'pt. of Ph.vsics and :\stronom.v 
The t:nivNsit.l· of Edinburgh 
.James Clerk :\[<lXI\"t'll Building 
The 1\.ing\ Buildings 
:\ la.dield H.nad 
Edinb1Hgh E!-19 :tJZ 
Eln<11l: g.j.acklrwd (1.-cd.ac uk 

Prof Ci:-.t1·eichcr spr'nl tll'o days with us Ill Edinburgh. speakint; 1\'ith all JllCll\llC'rs of the Con .. 
dPllSf.'cl :\i<lllt'r Croup in1·olq~d ll'ith solid stalt' simulation. \Ve had VN_I' helpful discu~sions re­
t;ardinl-!: tht• nwchanism Cor neutral Sl'lf-interst.itial diffosion in silicon. a topic of Jnut.ual interest. 
<tlld h(' had sonw inteJ't'.'>tinp:; observations to m<tke l'cgarding our discovery of t.hrcel'old rings of 
carbon alo!lls in amorphous carbon. in particular on tile pos.s1bdity that tlw_i' migilt be t·cmnants 
of c:} clu.':'tt•r:-; (.-;tab)(' (\S C'quilnteral tri,cngles) from the hip;h temperttltll'l' starting ph;t.St' Hts (.alk, 
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011 1nHk carried out. sonw time ago regarding diffusion in silicon but {~xcluding his 1·cry rt•n•nl 

discoveries of h.nlwgr•n enhanced diffusion of ox~·gctL was deliwrcd to a stu all ;wdiPIK<' ol" about 
2() . 

. \I though. in thE' r•vcnt, I 1\'ilS ltnablc t.o aaangc tlw good weather I h<ld protnisf'd. Prof". I::istr{'­
irlwt· illso PnjO,I'Cd il kw da.n.; or being a tourist in Edtnbnrg·h. \\"t• tdso inl"il('d Stei"nn to a group 
llleal 11·hich \\"<Is well enjo;:ed h.v all. even the haggis pizza. Th0 whole group found Prof Etstl"(•iclwr'.c:. 
II'Ork of inlcn.'Cit and him very approachable. In all it was a very successftd 1·isit. both .scientifically 
<111d socially. <ll)d 1 should like t.o thank CCP.-) for making it posstble. 
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Report on CCP 5-sponsored visit to UK of 
Professor Martin Schoen (TUB Berlin) 

[li"Ofcssor Schoen visiU•d t!w Department of Chcmistr~'. l.;nivt•rsity of ~[anche:'>tcr. wlwr{' hts 
host w;1s Dr. Andrei\' 1\·lasters; tlw Department of Chemistry. Imperial College London. hostt•d h,v 
Professot· Dontintc Tildesley: <:~nd thr• Department. of Ph,vsics, University of Bristol. where his ho.sl 
11·as Dr. \like• Allen. 

,\Iartin ilt't'ived at ;\[anchest.cr ft·om Berlin via Frankfurt on the mot·ning of Tuesday I :'\fa~·. The 
jourm•.v 1\'il:o slight[~, jl'Opmclizcd b,v the recent. fire at. Dusseldorf, wbich had made the originally 
schedttled rouiP impossihl~·; the rc•viscd ('OiltH'clion at [.'rankfurt turned out Lobe wr.1· tight. 

\[art'tn mainly l<llked ll"tth Andrew Masters. his post~doc., Lena Aklnuaska.va. and Julia11 ClarkC' 
Crom l':\IIST. with whom he shat·es many common simula.tton int.erest.:;. 1-lp g<n'e a.seminar Clttitll•d 
PhiL"e ll'iUJ.~ilioJts in confined films. Computer simula-tions i:lnd theoretical n>.su/1.~ which con• red 
ShC'ill'-illdliCCc) llll'lting of COlt fined solids. t.he tnicl'OSCOpic S(rllcl-UI'(~ of Cl l\('<1.1'-Cl'ILIC<t) rJuid ill <l pore 
and .~ottl<' lwaut.i!'ul 1\'0rk on lay(•ring transitions in coufined geometrie.s. On \Vcdncsda.\', i\·lanin 
dcpaned by tt·ain (or London. 

\I<Hl.lll <H(Ived in London at about .').:W p.m. on 8th lvby. We were able to find him accom­
tnod;nicm in one or t.hc Imperial College Guest rooms in Prince Consort Hoad just opposit.t> tlw 
wllc·~('. l<ut (;oulcl ami David .\icholson took ;\l;ntin to clintlcr at the BrassNi<' St Quc'ntin in 
huip;ht...;lnidp;e. ensuing an <ntspicions start to his l'isit. 

\\'(' ll.oi·kc'd hMd 011 thf' Thursdn~·. ,\lart.in spC'nt t.he first hour 11·ith Dominic TilciPsle,v. The.1· 
clisl'us.-.NI Dominic's rt'CPlll work on lite' calculatwn of the non-linear susccptibilit..v and modc~llint!; or 

the H'COitd ltal'l!tonic gc'JWration nt tltl' a'tr/wau•r interface' and stud iPs of flexible mokculc:;; dbsolved 
in lit<• Ccty llr•t'tH' fluid. "\!arli11 clcscrilwd his r''Ct'llt 11·ork on din'ttsion in confined monola.1·c·r film.c; 
allrl <I l;tylor "<'riPs \ICllilC C;\l']o silllllla!.ion lll('thod. \l•htch is t•cminiscc-~nt or tlw llltlitiplc timc·-stc•p 
tnc•thods in ntolccular ci.l'lt<tmics. 

:\f'tct· cofl'cc. \lartin spent time ll'illt D;tvid :\icholson. Da\'id discus:o.cd his rccent work Otl p;rand 
cctnottical ;..i:nttl;ltions of' n1ixture" in pore's. his mokcular d.1·uamics st.udi!.'s of sl•lf-dif!'ttsion in slit 
J'J'Olltl'l ri l'" <t rtd lll'll' i tl! ('rliloiPc 11! a r poH• n l ials for lJ'oi it es \ \'e i 11 trod \Iced :'1 IM l i 11 l o [) r .Julia 11 (;ail'. 
out· l{ol·;tl SoC"iPt,\' !lr•sc;trclt h'llow .. Julian described his work b;tsed on the first (Jr.nsit.1· f'ttllclion;li 

c;tktil<ttion:~ nf' nwkcular Ml.sorpt.ion 011 %c~olitC' fragnwnts. Ht•cpntl,l- tlli:;; area ha.c; lwcn cxtendl'd to 
ill(' tJc.P of' plauc-w;ln' methods ro .-,tud.Y lhC' binclinp; of adsorbate~ in ;1 p('l'iodic t'f.'PI't\settlation of 
<t 111ino pot'()\lc. tn<tkrial. 

\\'<• ll'l'lll to the lnlp<'rial C'ollPge staff canteen for luwh and to take our mind off tlw food. ll'l' 

cli~ctL"·"r'cl lltf' ch<lllg('S in flPrl'iu sinCl' t'l'uniftcalion. It is :1lw<tys a great plt'<lc>UI'l' to s1r<tp .o.;torit>:-; 
ott I II<' go\'l'rltlll<'nt ':-; llllUsual <t[lJll'O<Kh lo lllC\!lilt!;ing acadl'mic il.H'<lit·s. Tht• ch;ws stretches across 
J·:tii'UJW. 

In l h<· ;tf'tet·noon :\[ill'lirt had an opportunity to nwt~t t.he po::;t-doc\ and gr<Hiua(P sttldcnls. lie 
lt;td <til ittten>.o.;tiug .o.;cssiott 1\'ith \·ladimir Sokhan discussing the aclsot·ption of' pltenol J(. a watN 
liquidjl'apout· inlNfacc nnd ll'ith Pa-trick llarV<'Y on the pe!let.ration or oil IilLO Slll'fact.ant la.V('I'S. 
:\[·Mt'itt 11'<1'- full of ideas <wei questions and I tldnk this session was ('lljoyed b.1· all. \Ye remc•ndwt·t'd 
to gin, hi111 sonH.' time to think about his own talk and \Ve had atTanged tea !'or .f.()() prn in lh<' old 
1><11'[ or· thr• CltPmisll'.l' Buildiitp;, 1\'hich houses .SOJIIC \lla.gniflu•nt Victorian lecturE' t,hcatrt.'S 

\\'c• Pltjo,l·cd a11 excellent seminac. \lart.in's observations on the significant changes in the lateral 
liquid .slrtK\ure or il fluid clul'in~ pore filling gave risP (O a large number of (jlWSLions about the• 
onkr and n;Jtun• or the underl.1·ing phase transition. The spminar was Jllllch appr(•ciated by a small 
hut IH•I\,infornH•d aucliPnce. 
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After <t vote oj' thanks, lVI' gave l\·[al't.in a short seminar on the vagaries of lhe London l_-ndet·­
gt·ound <tiHI ddiVc'red him 1\'ilh clear inst.ructions for Paddington b.v way of South 1\.ensington. 

~[nrtin arrin.•d in Bristol shortl.v aft.E'l" !) p.m .. and had dinner with \[ike c\llen ;ct Browns 
1\r'.'-'l<tlll"(llll. rcC('IItl,l· conv~.:~t"ted from the l"niversi\y Student Refr'ctory int.o 0 pl<Kf' that sen·es 
dr•ccnl i'ood. An e<~rl_l' st.il.rt the next clay :->il\1" i\tartin in detailed discussions with \like and his 
stud('nls. Philip Camp (ksc:ribed t·ece11t Slllllllat.ions of biaxial nematic orde1·ing in rod-plcttt• mix­
tun's, and tlw m<Lpping out. ol' t.he isotropic-n<'lllat.ic coexistence line for uniaxial hard ellipsoids 
b.~" Cib])s .. [)uhc~m iutegration. This work is directly connected with te:->t.ing ren•nt impro\·ement.s 
to the c!nssic<ll Onsil.g;c•r thc'ory .. Julian Brown outli11ecl work carrwd out in rolla.borat.ion wilh the 
~~1"0\lj) ill S('l"ilk. ill\"('Stl(!;<l.Jing the effect Oil tlW pha.se diagr;un of S_\'RtE'nl<tticalJy ViH!-ill,£; j)<Hilllll'­

h.'r.c; 111 th(' Gay .. \·3rrne model. \[art in has rccent.l,v heg;in \rork on the effects of conlinenwnt and 
~itnpk nwdds of molcculc-sud'<lce intcract.10n on this type of model. and tlwre S('CillS lo be' so1J\C 
.-;cope l'or collabornlion and (~xchang(' ofiuformat.ion in the future. !\fike Allen also cle.-::cribed l"('C('tlt 

cldennination.'-' of the Frauk da::;t.k constant.::; for this system b.v his student. !\'lark \Yarren. \IM!in 
spent sonw time discussing a range of simulations with .1<-:roen v;m Ouijneveldt, a f{alnsay H.c':>earrh 
Fello11· in the ~roup. 

\\"ith Bob [qus, \[<Hllll discussed tlworetical <tspcct;; of lhe effects of confinr•tncnt 011 pltn~r· 

tranc;itiouc;. some o(" the n;lall'd experimental II'Ork g;oing on in the lnborat.or,l' iu tlw group or 
:\shraf" :\lam. <11Hl the,• l'fJ'f•cl ot" the long-range form o(" tile pair pot.ent.i<1l on the i\S.\'1\ljltotic f(mn of 
pair corrt'i<llion htnctions and (kn.o;it~- profiles \Vilh Bob. i'dike Allen and !lector Do1nin_?.:uez. he 
discussl'd sonw simulntion work of !-lectOJ'·.s on tlw cn'pct of confinement 011 lhe !"rcezing transition. 

which in1·oiH'.S some quite deliCate free energy calculations. 
The semina1· was quitr:> ll"t'll attended. pro1·oked much discussion. and was appreciated b~' all. 

_.\ftct·\l"<trd.s. \Itu·t.in l1ttd the chance to talk to \litrgil.rit<t River<l.. il graduate .student in the polynwr 
group. who h<ts p(;rl"ormed a rang<' of experinwnts ou complex molecules adsorbed on surfaces using 
ST\[j..\F\l appa1·attLs. 

On Saturday. some t.imc 11-as dcvot.rd to tourism. !\like and 1\LHtin start.(•d hy gil"ing moral 
,.:.upport to l)ht!ip Camp. who was playing io <I tll'o-day croquet t.ourn<lllwnt (morl' hard-particle 
d!·uan1ics). Then a guidl'd Lour of Bri.:;Lol. part 011 lf.Jot, part by boat, folloll'ed. ,-\!"t.er luuth, \[ikf' 
\\"('Ill ho11W to \\"ittch thl' E"\ Cup Fin<tl on televi.'>lon. whi!e :'dartin slrpt back at th(' L:nivl'r.'-'ity 
acconllllodat.ion: it is df>iMl<lble who had t.he more interesting time. A fin<tl dinner at thE' local BalLi 
l'<',.:.tauranl !nought the 1·isit to an l'nd. l\Jartin departed I'N!' early IH2Xt. morning J(n 1-leatlii'O\\" b!' 
l"O<H'h. 

:\11 t l1o:->c' inmlved thought lh(' l'isil 1\"0dll\\"hile. Our thanks go to !dart in SchoPll Cor undertak­
in~ ."ttch a tou1·. talking to so many people>. and bein::>, so iuterestpd in everything lw encountPrr.'d. 
('("f'.~ wo1lid likl' lo th<1nk tlw institutions who coopt~rated in this venture. 



Book Review 

The Art of i'dolecular Dynamics Simulalion 
h~' D. C. [{apa.port 
Cambridge l~niversit~' [>ress. 190:3, L\5 (h<Hdbach:) 
!SBi\ 0 ~>21 -14-1(1 l :2 

Tlw author (k:-;cribes this as au int.I'Odnctory text. a recip(' book, and a rPference 111<\llllal. The 
t'ltle recognises Lhat sinmlaLion. like cooking. i:-:; as much an art as a science. 

The appi'Oach is. within (;ach chapter, to develop theory and uwthodology together. usnall~· 

f'ollowed b.1· examples <Lnd exercises. AlgoriLhm;o; are descnbed using program listings 11-hich <W' 

intcg;rated into the text. and it is this feature in pMticuh1· which gives the book it.':' pr;tclical 
flavour which \\"ill be much appreci<tted b~,. beginuers 

After an introductory first chap1.er the author devotes follr chapters to dcV(')oping \h(' !"un­
damenl<d methods used t.o stud~ .. simple fluids. Topics discussed axe force evctluillion. including 
ucig;hiJour li.o;t and cell sertrch methods; k>apfrog <utd predict.ot·-correctcH inLegration schenws; nwa­
SUI'('fll('lll of thcrmod.vnamic and structural properties (including Voronoi polyhedra): transpon 
coefficients: and dynatnic structure factors. There are t.llen chapters on constant. temperature' and 
ron.stant prc~sut·c methods. and on non-equilibrium methods, before the attlhor turns to tuo)Pcular 
S_YS\('IllS. [(i~jd mo\ecu)E' d,l'll<tllliCS is dE:S\'I'ibed \l.";ing a qU<llernion l'E'j)l'f.'Sentat.ion 1\"\th <I predictOI'­

COl'l't'C\01' <tlp;orithm: flexible mol(•ctdf'S ill'l' also di:·>CilSSNl. inc.:luding the• use ol' augk and tor:--ion 
Ct)J'Cf.'~ cuHl the applk';ll.ion ol' bond-length constraints. The next cltapLer.s covN the Ewald Stllll 
(appliNI to dipolar systemc;): three-body fot·ces: and hard-sphere simulatiotts. Fin,tll.v there' an• 
two cltitjl!ers which ref!C'cl p<1rtkui<n research inten•sh of tlw author: on tlw atomisti<: appt·oach 
to fluid dynamics: and on alp;orithms for parallel ;t.nd wcto1· snpercomputl'r.-;. 

The tl'('<ttmcnl is thorou~h and tlw st.vle rPadrtblt'. :\ .";LUdl'Jtt 1\·ho 1\'ork.c; through this book 1\'tll 

gain au t'Xcelkn! grounding; i11 ntoleudilr dynrunics simulation. :\sa reference mauual it i.-,; pcdu1ps 
k•>os Sl\Cct'ss!'ui. since it.'> \'('\'~' titoroughnf.'SS IH.'C('ssaril~· leadc; to O)l\ISSions. Some or Ill~' f'ili'Ollrite 

;tigorit.h])l:-. are lllissing (leapfrog rotational <llgoritluns.loose coupling thcnnosla\ and prt>."isurcc;tal) 
and a 1\'l'ilkttcs:-; is the lack or consideration given to ion it rniltcrials. 

:\11 (l.SJ.H.'Cl of the book that ll'i\1 bf.' controversial is t.)\l' choice of the(' language !'or the> prop;nllll 

li.stings. The author has il\"Oided tlw liSt' or c l'f'<ttures that. Cll'(' nol found in [·'ortr<lll II lmt SOillE' 

11·ill f\.·r:l th<tl he ti1C'I'Pi.J.1· ('lid~ up 1\'ith the worst ol' both 1\'0I'ld:-;, To keep the listini!> :-;hort he makPs 
lilJ(:r;d u.s(' of global \'Cnitlblt•s (\1·hiclt are listed iu ill\ appendix): a bad habit to encourage. 

Till' book in1·ites comp<ll'i.-;on with those b.1· :\llt•n and Tild<•sle_l' (ISB:\ () l9 ,<-;.'):):)(:)/)and Haill' 
(lSB\ 0 ·Ill Nl%fi :2). Allen a1td Tilrk.sky covr'r lttuch llHll't' ground, 11·iU1 a dr'CJWI' thr•ort'lical 
ha."i''· lltot·c, algot·ithms (indudill!!; \!onte Carlo) and more ph,vsir;tl extunplPs. hut i\1'1' less good 011 

il\\pkiiiPIIlation cktails. !!aiiP con't·s a 1{'1\' methods at a ciN'Jl. almo.';\ philo.'-'ophicnl. levd l;ut f"ails 
to g:ct lw.l'ond lhc so!'!-:,phcre model. and relegates pt·ogt·alruning consiclc>rat.ions to an appendix. 
:\llc>n illtd Tildc~·dcy rentain:;; a wr.1· usdtd refC'I'('IICC', llilik can be read 11·ith profit by begintH'l'S aud 
PX[H'rls <Jlikc. but [{apnporl hn;; provided the best introductory \('XI. 

Da1·id 1-'inch<l!TI 
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Advanced Computer Simulation of Materials 

The CCP:) Annual i\Aceting Hl95. 
sponsored b.\· Biosymf!\-Ioh:ldar Simulations. 
])aresbur_\' Laboratory. 
\\"arnngton \VA-! ,!:\D. U\. 
20th 22nd September Hl9:) 

Introduction 

l'vl. .J. Gillan 
Ph.L.;k.s ])('pt .. !(,,c],, L niversity, 1\ee!e, Staffordshire ST-S .::iBG. U\. 

2:) 

The computer simulation oC ma!.eri;lls has been going t.hrough tremendously ('Xciting; dtangcs 
rcct;ntly. T\1·o kinds ol" things arc happenin1S. !\:lore complex problems are lwing t<1rkled than 1\'i"\S 
tlw cas~;' a l"C\1' ycnrs ar;o. But also. complet.cl.v new kinds of problem a.rc being acldi'('SSC'd. ThP 
<Lbility to simulate compl<'x real~ life problems is CC'l"t.ainl.v due in part to impi'O\I.'tllettts Ill computer 
pOII't•r. lkrP. IJOlh llw (lV<lilabtlit_l' of local distribltt.cd hardware and the provision or leading-edge 
high-p('rformancC' facilities ar·c pln_Ying a major I"Olc. The installation oftlw Cray T:3D at ['~dinhurgh 
i11 lDD-l ha,s been oucinl for the \'il-alrt.v of computational .sc:icnc:c in the U.J\. But. jusl as import;wt. 
"" higgN computers has lwen t.Jw discovery of ne\1' techniques. I am thinking hNe particulad_v 
of the C'<lt'-P<Hrinello tlwthod or· a.b-init.io simulation. which has so much C'Xpanded the 1·ang;e M 
prohkn1s that can he addres::;cd. 

The CCP-''l Annual ,\[cet.ing HJ!J,') provides plenty of i!lus!.ntlions of hot.h kinds ol adYance 
hot II t!J(• illl]Jlll'latlCC of illlj)HJVNi COlllplllf-'1' j)O\\'Cl' and \.he increasing rOlf~ of ab i11ili0 s\tnulatiOil. 
IJJd('t'(l. sOtll(' oC th(' JHN;ent.ations combine the two themes. by reportiug ab init.io m<Jl-CI'ial.s simu­
];ttion.s perJ'ornwcl on the Cra.v T:H) Ol' other high-p<:rfornmnce machines. It is a well-worn clichi' 
to talk about a confen'n(·e giYing a ·sn;tp-shot' nt' the field. But in this case th(' phrase scPms 

Plltirr·h· ccppropriatt>. ThP follo\\'ill)'; :.;et of allst,ncts from tht' ll\N'ting gives ;1 glimpS(' of what was 
happf.•ning in the advanced computer simulation of m<t!.erials in late 19!1-S. CCP-S can he proud to 
h<' participating in the ('Xcit.ing advancrs now going- 011. 

Lecture abstracts 

Bond Order Potentials: can they bridge the electron-atomistic length-scale gap? 
D. C. [>ettifor 

Oxford l_;niversit~--. Park.s f{oad, Oxford. 

First principles linear scaling technique: the density matrix approach 
E. liPndtndez. 1 C. \L Goringe ~and l\1. .J. Cillan 1 

1 Ph.n;ic:;; Dept ... 1\ct~le Vn1versit.).-. 1\eele. Staf!'ordshirr ST:) .SBG. l;l\_ 
~ L'niver.sity of Oxford, r\Hks road. Oxford 

_·\11 algorithm for first-principles electronic st.ntcture calculations lwving a. computational cost. 
which sc;Jips li1wad.v wit. it .:;_vstem size is described The method exploits the real-space localrzation 
of tlw df•nsity matrix. and is rclaL('(I to the technique of U, l\'unrs awl Vanderbilt. The density 
n1atrix i:-:; expn'.ssed in t.erm.s of localized s11pporl functions, <wd a matrix of vnri<ttiona.l parameters 
/,.,,! h<~villl!; finite spaLial r<lllgc. Th~;~ total energ-y i.s minimized with respect to bolh the suppcll"t 
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functions and the L,,;; parameters. The mC't.hod is va.ri<tt.ional. and becomes exact. as the rangps of 
tlw support functions <tlld L matrix are increased. TIH' met.hod has lwen tested on silicon :;;_vstcms 
containing up to :)1'2 aloms. Some results will be presented. and futun• devr:lopnl<:'nls <He outlined. 

Monte Carlo simulation of electronic transport in advcmced technology 
semiconductor devices 

R. \\'. !\.elsa! I 
\licrowctve and 'l~;raher~z Technology Croup, Depanment ot" Electronic and Ell'ctrical 

Engineering. Cniversity of Leeds, Leeds, LS2 9.JT. tK. 

1\ecenl development.<; in semiconductor p1·ocessiug technolog)' haV(' eu<~blcd t.lH:' fttbric«tion of a 
r<tnge of complex devic:r' structures. Devices such as the [[igh Electron i'vlobilily Trans\st.or (HE~! "I') 
COllsi;.;t ot" multiple layers of different semiconductot· alloys. wtth minimum byN tlticknesses or the 
order of l()""" 9 tn. The acti1·e region of such devices has been continu<dl~· reduced in c;ize. in the quest. 
for high op.ewtit1g .speecl.s and frequencies. State-or-art Fwld efl"l'cl t.ran.sistors (FETs) havt• lwen 
fabr"iutlPd. on both silicon i1lld g;tllium arsenide substrates. with gate kngths les:;; tlwn tOOnm. 

An ;tee urate d esc ri plion ot· such dc\'ices requires the devcloplll('ll t of de t.a ikd m ic ros("o pic mod­
els. Tlw most ;.;ucu•ssful approach to dat.l' involves the use of a .\:{onte Carlo tt>chniquc t.o sinndnlP 
t.1·picnl lrajt'ctoril\'i t(ll" <w ensemble of f.'lcct,J·ons within the device. The cnr~rg;.v and tlllg,"l(' depen­
dr•ncr•s or tlw PIPet ron :-;cattering probabilities are cakulau·d from t.inw--depencknt perturbat.iou 
thPrH~·. <lwl scattering l'vcnt.<; are sel('ct.ed stochasticall.i' during the simulation Scattl•ring by llll­
put'itk.o.; (dop<lnts) and <t!l relevant phonon mod(~:,; Me considered Consequ<'nt.l~·. tlw si1nulation 

l"P]Jl"l'S!:JilS <Ill ('X<lCl sollltiou or the semi-classind Boltzmann transport l'quation for \.he device. 
Cl"ht' iutt'l·nal (•if'ct.ric fields <tn' sdf-consistt·utl.1· obt<tiued b~' solving the Poisson cquatiot1 {usu<lll_l' 
i11 li\"O dilllC'llc.ions) on a ft·cquent. timc•step. '!'he enet·g~ .. baud sjW("\rum of th(• corJstituPnt Sl'tni­
conductur(.") cnn he rt•pre.-:;entNI to i\11_1" desired preci.sio11. L'sually. a lllill\.V-vnlley l'ff(.•ctiV(' lll<ls.s 
s(·lwtm' i:-. ::.ul!icicn(. hut. 11·hr:n' high ('ncrg_l" phcuotnena ar(' to be studied. a cnlllpld(• ellf'rg_v band 
c-pr•ctrum can lw oi>tail\('d from a pseuclopotential calc\l]alion. 

Tlw purpose or this paper is to explain the key ei(~JllCilh of t,h(' c;imulation lllet.hod. to dcscrib<:~ 
tht' currc·nt .st<ll('-Of.·at·t iu this field. and t.o show results rrom some oft he rcceut \l·ork <~t Lcecb 011 
.-:imtdations of ult.J·a-shon )!;i1l.l' multila~'N FETs. 

Ab-initio calculation of staeking fault enet·getics in silicate perovskite 
I\.. Hc•Csou 1 and\'. lleine ~ 

Oepartnwnt. or Earth Sciences. l_iniwrsit.v of Oxford 
:z TC\1 Croup. Cn1vr1·sity or Cambridge 

f·:xtcnd('d dc•fccts. u<utwly di,slocatiotts and stackinp; faults are a COlllll\OlllllCclwnistn for crpr•p in 
u•ran1ic matr•rials. (l\lap;nesiu1n) silicate JWrovskite is the major constit.ut>nt. of the Eart.h"s ntantlc' 
<lnd its crt'l'P lwh<tl"iour <tl l1igh P <uHI T coulrols the rheolo~:!Y of convcct.iVl' !\ow and consequently 
the mol ion of tectouic plates on tlw Earth's surf<ln'. ExpNimenls are not practical at uwntlc 
pr('ssurc• and tcmpt>ratu1·e. bt1t colllput.er simulations llsing quantum mechanical methods based 
011 dettsit.l·-functiclllal tlwor.v C<UI provick pn'cise <lllcl rf'liable results irrespective of tlw extn'lll(:' 
conditions. 

, Dislout_tion:-; in analogous prrovskit.es such as C<tGe03 dissociate int.o p<Ht.ials separated by a. 
tllOJ st<ICktng fault. 11·hose l'liC'I"gy <tnd activation CllN?;.V of forma.t.ion a.rc an important. coustraint. 
on the creep pron'>is. Wt' have C<tkulated the encr·get.ics of tl1c [tiO] stacking faldt in CaSi0.-_1 
JWl"OI·.o.;Ut(' Including a ("Ompk•tr: gamma-surl"acc Cor thl' [LlO] she,1r. At. OGPa. and SOGPa the 
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st.ackin~-rault energies arc 
<tt'(' l ,').)and :3,.!:l.Jjm 2 . 

1.1 «nd l. II .J /m 2 respectively and the <K ti vat ion energiE'.s fot· t hE• s!tt'<l r 

Investigation of the Si(001) missing dimer defect structure 
D. R. Bowler. C. 2-,I. Goringc and .J. II. G. 01n~n. 

l7nin•rsit.y or Oxford. Pinks road. Oxford . 

.-\t lo\\" itn<tgnlg WJ!tagc in ST:\! pictures. ~inglc di111er vilcancies Me highlighted b~· a bright 
fcnture on m•ighbourin?; dinwrs. This cont.ras\ disappears at. higher imaging voltagC'~. for <l numlwr 
of pwposcd .s\.ruct.ut·(·'S of tlw single dimer vacancy, nl;-ini/.io cakulations of charge drn:--il,\' <lS 
a function of cnE'l'f!Y have lwl'n used to c>irnulale STM tmages. These images show a mMkt>d 
bias 1·olt.ag(' df:p1•ndt'1H'!:.', and the low bias vo!Lage ima(2ps differ markedly bet\\"E'l'll thr.• slructure.s 
modellPd. On this basis, t.he rpbonded structure IS id('llt.i!\ed with the highlighted dPfC'cts. 

Energetic Particle Impacts with Graphite 
Roger Smith, 1-\.eith Bc'ardmore 1 cwd Roger \VPhh J 

1 Loup;hborough l'niversity, Lc•icest.ershire LEll :rrc. 
2 t'ntvcrsiLy of Surrr;'. Guildf1)['(! GC:i .)XH. 

This papc•r will examitw the ef!'cct$ of single part.icle iltH! clust.et· (CGO) impacts 11·i(h a p;r<lphilr> 
;,;ul'f<tct' at ('1\l.'l'p;ics up toke\', by using classi<:a.l )Jolecular Dynamics simulatiou~ nnd ntan;·-bod.\· 
potentials. It will be-' shown holl' .single particle impart;; can be r·csponsible l'or hnntp t'ormalion 011 
th(' g;nphitt• surfac:e. Thest' will lw compared to experimental obsNvalions in the .ST.\ I. Clu,stN 
impans on t.he otlwr hand produn.' \\'aves on the p;raphilr• surface which are lwxagona! in nnlurr:' 
and little ;;puttrrinp, of lll<tlerial occurs <tl. energies up to about 1 kPV. The dalllagc to tlw lallin' a» 
11 l'l'SUI! of· thPse l'llt't·getic ilnp<H'ts willlw cxatniJwd. Computer-generated simul<tlion l"ideos 11·hich 

illustt·atc' thP fonn<ltion of' (.he bumps ancl the waves \\"ill be shown. 

,.\b initio molendm· dynamics calculations to study c<'ltalysis 
1\:arlht'iuz Schwarz 

Techui;.;chC' L:nivcrsiliil \Vien. A-lOGO \'il'lllla. Getrcidell\arkt 9/l-18. Au.stl'ia. 

i)('lhil.l' fultC'Liollal th1•ory (clft) 1rith the local dt•nsity a.pproxilllaLion (lda) was the basis of 
Jnan,\· solid state calculations. wheJ'(' a lot of <'X]X:riPnn: lws been ?,"<'lined. Tlw tllodl'rn l'l'rsions 
ol' dft Pspeciall.\' those using the generalized g;radien(. approxim;1tion (ggil). h;wc t'{'(lclwd (allllosl) 
clH'lllical accurac.v and thus Sitch dft t<lkul<ltiOilS can be applied to problems of n•al chemical 
in\PJ'(>.-->t. such a,'-' catalysis. Til(' ba;;ic concepti; for solving such pt·oblPtrls arP as ['ollo\\'s, as a fit·st 
str.·p ottr• muslcYahtate the clft. and check and itnprove ils form (ld<J.. gf';a., el.c) 011 small ickn.l :-.y:-otc1ns 
of both. solids and molcntles 

The ail initio molecular dytHltriiCS (tnd) lllethod was initiated by Car and Parriu0llo. who 
Slill'(c([ with il ia.t;'l'<lllgi<tll combit1i11g the IH!c\ear <Wd th(~ tlcct.ronit degrees(){' freedom. ll'hCH' lh1• 
forces act. in).'; on tlw atoms arc detennined wit.hin dft but the atomk motion is t.reat.t'd classicall.v. 
Tlw corresponding Nptation;; of motions are solved simult<:uwousl;' for both, !lw atoms and t.liP 
electronic waw functtous. using a vc~rlet. algorithm. A very efricient. implernenL<ttimt of this sclwmc 
is t.hc• projector augnH.'Iltt.'d 1\'i\VP (paw) method developed 

Enantioselective dehydrHtion of butan-2-ol using modified zeolites 
S. Feast. 0. Beth{•lL P. C. Bulman P<1ge, R. II. Siddicpu, D . .J. \Villock, C. ,J. Httlchings 



L<'verhulme Centre for Innovative Catalysis. Robert Robin::oon Laboratories. 0C'partment or 
Chemistry. t;niversil.v of LivNpool. PO Box J..!(. Liverpool. LG0 :W.\.. t'h:. [i. 1\.ing 

ICI !{atako. Ilesermh awl Tcchnolog)· Group. PO Box L Billingham. Clc>vc>land. TSn !LB. l'l{. 
and C. H. Hochcstcr 

Department or Chemistry. L-niversity of Dundee. Dundee. DDl ·IlL\. l'h. 

The prolon f'orm ofzr•ohte \'\\'(IS lllodifird wilh Il-l,:3-dithiane-1-oxide at a ltndittg of one molecule 
[WI' Sllfll'rc<Lg(' to ct·rate a chiral acid cc\lalyst. The enantiomeric discrimination of' this ccllal.n;t 
\\'as demonstrated using the deh~'dt·ation or the sepcuale en<tntiomers of but.an-2-ol and OV('r the 
iJ'IllprralLLI'r range investigated the S~enantionwr was always mot·e t'C<Ictive. This calal.vsl s:-·stcm 
ll'<ls thPn studied using computational simul<ttion methods. l'dolccular d,vnamics wa:-. us('d to in­
vestigat(' lht' thermal stability of lhC' modifier molecule in the ?,eolitf.'. In OL'der to rt']Hoduce the 
l.'xperinwntall.l' ob~cn't>d lhNmctl stability it ll'<ls found t.h<1t the diLhiane oxide is probably presc11t 
<ts il cationic species. \Yith llds model of tlw nctivc cat-alyst tlw bulan-2-ol <'nant.iomers ll'el't' tlwtl 
docked into lhc structUr<' using a cmubination oC :\[ont~' Cc1rlo and energ~· utinimisntion tC'chniqm>.s. 
The· lowt•sl t'IICrp;,l' slnJCturcs t'ot· E'<lCh or t.hc ('l1ilntiotnl'l'." of btlti\.n-2-ol thus produu'd had bindin?; 
f'llPrg;i('t- of (j.l,l Jdmo)-l and ,If\.:) k.Jmol- 1 rot· t.he ,S~l'nantiomer and 1?-f:nant.iunwr rf'spectivel:v 
This dif!'Pn'll('(' in the adsorpt.ion or the two t'll<1lltJOmerc; is considered to ])l' tlw origin of the 
l'lihi\IICf.'ci t'('actiYit.l' ol' the' S-enantiomN. 

The transport of methane through shales 
l\. T_ Skippl'l' 

Dl'parlnwnt of Ph.vsks and Astronom.v l'nin•rsity College, Gower SLreet. London \\'C!E rmT 

.\allll'ill gas <lnd oil <HI' gt'llel·atcd b,\' the gcoclwmital breakdown of dead or~anisms cnlollll)('d 
11·itliin compacted sPdinH'llls. kno\\'n as source rorks. Unfot·t.unately. it is seldom po.o.;.o.;ible to ex~ 

lr<lCl toda.1·s comnH!rcial hydrocarbon::; direct.ly from tln'ir source sedinH'nts. Instead. petroleum 
g_r•olot-',i~[c, 111\l.o.;t c,(-'MCh for pools or· oil <t11d ga.o.; that have migrated 0\1!. of lcl\1- [Wl'llll'il!Jilil,l' SOUl'('(' 

rol'b. <~nd then bPcomr tmpjwd within a high permc'abilil-y resNvoir. A detailed kno11·k•dge of 
I ill• difJ'u .... iOII or· h,nJmcarbOtiS througlt both SO\II'CE: illlcl trap rocks is thf'I'Pforp J'UIIdilllll'nla] tO 
JH'lroi('lll\l t'xploration. 0.lolccula.t· d.Vtlamics computer modelling can !lOll' pro1·idt' tiH'."i(' difl'u.-don 
1lilli1. iltid r•:,tclblish till' micro.o;copic !lit'Chanisms inn>l\·Pd in hydrocarbon transpot·t. As a first st1•p 
II'!' h<ii'P udculalcd tl1<' 1nobilit;.' of' mcthanl' \\'it bin the lliOst common group ol' sourer· and tl'<lp 
I'Ocb. llilnwl.1· day-rklt shales_ Data ;uc pt·esPtllc'd as a fund ion of shale porosity. for burial clPplhs 
ol· IIJl to (j)un The•.\· show that molecular diffusion ll'ithin nc1nonwt.N scale pores is a dominant 
11\l'chanisttl l'ot· th<' tlligrntion ol· lll<'tllilll(' through compacted shalt's. 

Recent Modelling Studies of Molecular Ionic fviaterials 
H.:\ .. Jackson. P . .1. Wilclf' 

C'li<'lllistr,l· Dep<ll'llll{'nt. 1\.c•cle l'nivNsit,v. 1\.E•cle. Staffordshit·e ST0 .~HG, l_'l\. C. B. Telfer and 
1\ . .J. Roberts 

Ut•parlnH:nt of Put·c and _·\pplied Chcmlstr,v, Stralllcl,yde Vnivcr.sit.y. l'l\.. 

:\lolerular iot\IC 1naterialf> present challenges to computer mod ellen; in t.hal their cohesion involves 
both io11k and C{l\'idetll itltl'ractionc;, bot.h of \1-hich llltl.st be accounted for in any potential dt'Vl'l­
uped. 

Thl' talk \\'ill sllOII' how a conc;i.stent potential model has been used for a. ran~(' ol'such materials. 
with jJMalliC'tct·s obtained by t'rnpirical fitlinp;. Tht> mat<>rials st.ud1('(l includ~ car!Jonat.es. phos~ 
pliilll'"· IJI'rddoralf's and chi<JI'ates. 11·hcrc in each ca.-;e. potent.ials hav<' lw<-:n fit.t.ed to .structural 



data. and [.estrd by transfer to other materials in the same family. As well as calculating bulk 
n.\·,:;tal propNtif'CO. morphologies have !wen calculated. ttsing both at.Lachment and surface c\\tl'?.Y 
approaches. Comparison is made with r•xperinJenta.l data. wherr• available. 

l-:inally l*'liminat·.v results will be present<'d of modelling studies of atntnonium chloride. a 
tnokcular cationic matt.•rial. 

Alkali diffusion in alkali silicate glasses 
W. Smith, 1 T. l~'orest.er. 1 :v!. .J. C~illan "and \'.Greaves 1 

1 Darcsbttl'!' Laboratory. \\'Mrington WA-1 -lAD. Ul\:. 
" 1\e\'lc l'nivnsit..v. Keek St.affordshire ST.S SBC~, Fl\. 

\lokcnlnr d.Yn<uttics simul<ttions of alkali silica\.(' glasses lnve rPvealed a structut·c con,:;i.stent 
\\'ith expt·rinwntal cl<'terminalions. \\'hich in tut·n ar<• consist.cn\. IYith the modified r;1ndom tlPl\\"Ork 
lllOd('!_ Long-tinll' seal<! moleculat· dynamics han' yiC"lded quant.it.at.ivc mcasur0mcnts of the ;llbli 
difl"u.siOIJ <111<1 (!Ptnonstraled the mr:chanism of ion migration_ The \'{'."lults show <1 pronnttwcd 'nlixcd 
;tlkali' dl'<·ct similar to that. obSl'rvecl cxperinwntally aud thus promi.'W to account for thl' observed 
lwh;11·io\\1' in H•<li glasses. 

Dissociation of 0 2 on Ag(110) 
D. l\1'. Bird. 1. P. A. Gnwil 1 , and .l. A. Wl11te 2 

a School of Plwsks. ('niversity of Bttlh. Bath BA2 lAY. UK 
~ Can··ndish L;tlwralot·:-·, Unin•rsit:-: of Cambridge, Cambridge CB:l Ol!E. CK 

The itttl'r<telioll or 02 \\"ith .-\g( j 10) provide;;; a classic ('X<ttnplc of precursor-mediated dissocia­
tion. 11·ith n ll·cll-ch;uactcrised molecular stale existing bct.,,.~_,,,\1 the gas-ph<10e molecule and full:>' 
dissociated 0 atoms \\'c will present result;; of a fir;;t prindpi('.S stud:-: of this syst.Pm. based on 

densit_\- function;tlth(•ory and using a plan(•-wave, p:-;eudopot.ential mel hod implemenl<~d on a Cra.v 
TH) parallel ."-UP('lTOJnputer. Tltc• calculations include l'ull r<:)(lxat.ion of the A~ substrate. gr<~dicnt. 
coned ions and .spln .. polari.sation. H.csults ll"ill be presented fot' t.lw t.lw st.ructun• nnd en0rgt't.ks o[' 
thP cliC'llli.'iot·lwd 0:! .stale and the l'C'i\tl.ion pathways 1nto <~nd out. of this st.i\Lt'. ThP charg0 tr;tnsfer 
l"rotJJ lilt' tal to tnol0cuk• \1-ill a\.o;o be di.'WUSSl'd. 

Tri-methyl-galliur:n adsorption on GaAs(OOl) ,d(2xL!) 
('_ :'>,[. C:oring(o and A. P. Sutton 

D<•parllllellt of 2\htenals. Oxforcll:"t:iversity. Oxford OX! .'\PII. 

The structure of the Ca:\s(OO 1)-(:zx,l) surface has been tht; subject of con:-;ickrable controvers~· \Ve 
haw fittPcl tight-binding parar1l('lc!r:~ l.o l,ocal Dcn:-;ity :\pproxima\.ion (LD:\) results. t'sing a lirwar 
sntling tip;ht-bindinp; llt('thod \\'f' han: been ;-,bk to model sufflcicntl:-' large unit. n•lls to inv<•st.igatr 
tlw C.'IH.'I")!,'<'l.ics of' <limer row kinking. 1\"hkh provJdcs strong evidence to suppol'l Lhc ident.ificat.ion 
of thl• J ph(ls(• with tlH' ln•nch dimcr model. fl<~ving dotH? so, \1'<: rctnrncd t.o LDA ("alculat.ions 
to invcslip;at(• t.lic int.c.'t'action of tlw illtportant CBE growth prt'cursot· tri-nreth.vl-gallium (T:\IC:a) 
with til(' surf<tcc. in order to iclt:nt.ll\ both Lltt• mobile prccursot' st.ructmc and the final bondr•d 
struellll'('. 

First principles simulation of nanoindentation and Atomic Force Microscopy on 
silicon surfaces 

Ruben Pt~rcr., Michael C Payne 
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Theory of Conden:;;ed \[atter. Cavendish Laboratory. Universit.v of c:ambriclp;c. \[aclingky Hoad. 
Cambridge CFYJ 011~:. l;_l\.. 

Ivan St.kh ancl Kiyo Terakura 
JHC':\T. Ang.'-'lrom Technolo~.v Partnership 1 l ·-l Higashi. Tsukuba. lbaraki ;}().'),.Japan 

Total-- Ftt(~t·gy p:;('\lclopolcntial calculat-ions, implemt.•nted on ama;:;sivel.\· parallel CO!Ilj)Ull'r. are 
used to study the intNaction or <t- tip \YiLh a silicon surface in two relevant rPg:imes: clos<:' tnechanical 
cottlact in the nanoiudentation cxpel'iment.s, and. wea.k attractive forres in tltc• AF?d operated in 
the non--contact mode. 

In tlw u1se of nanoiudcntalion. the goal is to understand t.he onsl't. and d(•vt•loptm•ut of' plas­
ticit)· in the lllCkntcd material. Plastic flow or atoms towards intf;'rstitial positions <tnd t'Xtl'liSion 
of material towards the tip \\'ails. induced b.v the non-unifocm volul\\e strain illlcl s!.<tbilizecl b.v the 
adhcsi1·e inter<tct.ions with t.he tip. at'C' the domu1anl mr-•ch<wisms. The delocalizalion of tlH' charge 
induced hy l!w :;tress 111 t.hc elasLJCall,i' compressed structure triggc1·s these plastic deformations. 
Th(' adhcsin' interactions, disreg<trded in nl<w:v continuum approaches. are also shown to lw 1'('­

sponsibk f'ot· t II~' fnction through the mducecl stJcl.;,~·-s!ip motion of Si atoms along the \Y<Iib of tlw 
tip. the h_y:;tpt·ic behaviour obsNvcd iu the simulations pulling !-lw t1p bark from dirfprent st<~ges 

of tlw indentation process. a.nd the recovery of plastic strains during ttuloadinp;. Thr nn:-:wl of it'l'l'­
l·cr:-;iiJie dam<1gc is rclall'd to the pln:;tk cleformatJon of tlw second douilll' la,Yer of the silicon sl;1h. 
Till' d!'l,ns of lC'Ili]Wl'i\tut·C' and strain r<ltC on the indcnt.ation proc0ss ar(' con:-;idct·ed h,\" calculating 
tlw Plll'I')'!,Y barrit'rs lwtwe~'l\ tlw different stil.ble structures found in the total ('lll'l'g'_l" d1agr<un <ltHI 
tht'ir l·ari:ttion 11·ith slrilill. 

The ;.;jmulatim1s of the non--cont.act AF\[ h<ti'C b('(~n moti1·atc•cl by the• n'cPnt report of atomic 
resolutiott image:-; of the Si(l.ll)----lxl using t.hi:; techniqnc (F . .J Gicssibl. Scicnrt.·. :lGI (199rl) (i!•q. 
Our 1'(•:-;ult.'-' show that the r<Hlgt' of operation. the qJucs ot' the force. and tht' illl<l/2/'S dr:tr'l'tnined 
expl't'inwntali.l·. van he understood as a r~.;'sult of the int<:·t·actiOII of the tip with the adaton1s in the 
:--tll'f<lU'. Atomic resolution contrasl is enhanced b.1· the interi\ction b(ltwccn th(l clitnp;linp; bond~ or 
thr• <ldatoill:'> and the <tpex <tlom in the tip. Till' contr<tst nH'Ch<llli.c:.nl is rt>l<lled to the coupling 
lwtii"Pl'tl the tip <tnd the ch<trgl' t.r<IIISfet· tnodes among tlw difl'(-~\'l'Tll dangliug bonds in tlw surt'<II'P. 

Clusters, nanostructures and interfnces 
t_:. Landman 

Ccorgia ln:-;tilute of Tec:hnolog,1· .. -\tl;tnta. C\>orgia. l. S:\. 

Com put Cl'- hast>d mod eli np; <1 n d si m (\lations provide d('E' p i nsig;h ts Ill to t h l' .-; t I'll ct 11 ra I. ely 11 ;·~ lliiC al. 
and llll'Ch<lllical propertic•s of 11\i\.ll'rii\ls and t.he funci;mwntal 1\l{'diilllislll~ ol' 1\lillNiai.-, pl-OU'.c;."l'S ill 
Y<trious ph<t."'(.'-'-' <lnd clt.',!!;J"l'l'S of aggrpgation. In this lt>ctUI'l' lrC' discll:-<.c; l"Oillputcr sinntlation lndhocl­

olog,ir.'-:.. including laq~v-scale dassicalmolccular d,vnamks (~ID). aiJ-i11ilio Born-OppPnheinH't' lonl­
spin-Oden~it,v (LSD) functional .\ID, and "all-quant\1111 .. :;imul<ttions combining BO-LSD-:•diJ with 
a p<tlh i11lt>g;ral quanttun IIH'Chanic<d t.rcatment of the nuclei. Th!:'se methods 11:il! lw illustrated 1·i;1 
invc'stigalions of: 

• proton<llcd watet· clw;tet·s 

• fi.-;:,;ion of' cli<H?;C'd llll'tallic ;1nd molecular clusters 

• fornliltlon <llld prop('t·ti<'.'i of inlPrfaci;tl solid and llqu'1d junct'IOils 
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e st.udi0s of nano-clastoh.vdrodynamics ot' complex liquids in lubricated slw<tred junctions 

The importance of combined modelling and experimental studies for characterising 
se:micond uctors 

11 . .Jones 
Depannwnt of r)hysics. l'niversity of Exeter, Ex0t.er. CX·l·lQL 

D<'fcct.c:. in semiconductors can exist in unexpected .<;;\.ructures attd e;...hib1l llllllstwl propcrtit'S 
dependent 011 chargp state and mode of preparation. In addition. in man~' cast's the defects ;ne not 
i11 th0ir lowest ('twrg.v states but. rat.ht~r in a st.al.c of frozen equilibrwm. their chemical composition 
is oftr•t1 unkllown along with Llwir cryst.allilll' sLate· ie the number of interstitial I'Crsus :;;uhst.itu­
tional romponr•nts. ;dl this makes ab initio modelling ext.rcmely di!Ilcult. Real progreso; C<lll come 
from combined ('XpNinwntal <tnd theoretical invcst.igat.ions and examples of such inVf.\Sti~at.ions at·t' 
pr('Sf'lttcd. The important conclusion is that l'M from t.he a& initio modelkt· being <lhk to do il.\\·a.v 
with t.lw ('X[Wrilll(:'lltalisL t.lw need for close collaboral.ton is strong<'r than ever. 

Chemical Potentials and Defect Energies in Ordered Alloys 
\!. [<'innis 

The Quc('n's liuiversit.:>. Bcl!"<1st BTl l\"i\'. U\: 

Tl1c calculatiou of dcfccl cnNgie.-; in ordcn'd allo.vs has been problcmntic because it is llC'C('SS<lr.\· to 
accottnl l"or tlw chemical potentials of the Sjwcics. These depend on allo.v compo;;.ition"and t.hre(' 
indepcnd('n( point defect fOI'Ill<ltion energies. This is import.iuJt for the COJllj)ilri:<.on or ('IH'I"f!;ics of 
grain hO\l!Jdnries or <iltcl"nilliVt' st.rurtlll'f'S. ('V('Il in the ::;t.atiC limit. (0 I(). A con;;.i;;tenl apprOilCh lo 
d('(l)in£, with !h(' probJent i:<. CJl'SCI"ihf'd itnd illust.rat.ed by calculations of gr;lill bound <Hies in \'i.-\1. 
It is shown how the' point d('fcct f"ot·nl<llion t'm'rgics determine the relat.in,' stability or hound;uy 
structures. 

D{~fects and photo-induced processes in ionic nano-clusters 
:\. L .. '-lhlugl'l". 1 L .. >\ckl'rmilllll. 1 .-\.II. llarkcr 1 and .J.D. Gale~ 

1 TlH: [{oyctllnstitut.ion of Creal Brit.ain, :2! :\llwmark St.. London \VlX !BS 
"Dept. of Chcmistr.v. !rnpcri(ll Collcg(' . .South Kensington. S\VI2:\Y. 

\\"P h;tn' cl('\"l'lopcd a lll'll' tompulct· coclr.• for studies of defcct.s in cl11."ters and tlwir n:;p;regatl':'. in 

urder totnod(>]th(' nwchanisllls ofdeft'c\ processes in nanometer size dtlstel·s aud highl.1· dispNscd 
p(mdr't'('(l matNi<tl;;. used in surfacr• sci('JlCC nncl c<tt.al.vsis. In thi;.; approach a quantum clu:,;\c'l" 
inclttdillg S('\"f.'l'<\) (('liS 0!" iOllS is ('lll]wddccl in (l lllUCh ](\1-gf~l' dust.cr (ntlllO-C)\lSt('t") which is (.rea(.ed 
ll."ing iltlc•ratomic polr'nlials and shell modr'l for ionic pola.ris(ll.ion wit.htn the CliLP cotnputer 
cod(', Polarisillion of" tllt.' n«no-clustpr is produced by an clc(:\.ric field du<: to ionic c\isplan•nwnts 
<tnd difi"en•ucP in the charge dens1t.y disl.l"ihution in the defect area l.reat.cd quantum- nwchanwally. 
wit it !'('SP('cl Loa 'rl.'f'erenre syslem· The polarisation potential is then included iu the l'knwnts 
of the Fod: 111<1lrix and the whole pl'Ocedut·e is l"l'pcat.ed until the Lotal enNg~' of th(' combined 
s.l"."\('111 doc." not cltang(~. The n>ferC'nC(' s_vstc•m ma.v lw a relaxed clusler of an.v form. wit.b or 
\\"it bout i111purities. It is t.reat.ed first. complct.eJ~ .. quantum- mechanically to obtain an electronic 
structun• <u1d charge densit.l' distribttt.ion which is then used to calculate electrostatic mtcractwns in 
studies ol· dc!"('cls in ll11.s s,vstem. For qtt<lntum-chcmica.l calcula.lions we are presently using a S('ll\i­

l'lltpirical techniqul' bast>d on an unrest.t·icted Ha.rtrec- Fock ntcthod and the CLUSTER com]Hikr 
cod('. Optkal transition energies are calculaLt~d using the configuration intnaction tec:hnique for 



single oxcitctt.ions. We arc current!.v working on implementation of the CAUSSIA!\ cock \Ytthin 
the sanw approach. 

First apphca t ions include: i) .st. uclies of p;eomet ric a ncl electronic structure an cl optical ;chsor plio n 
of (:\JgO)n clusters (n:::::LUi-1.108) as a function of the cluster size and st.ruct\IH' of clllktel' ecl,e;c's 
(numlwr of steps. kinks and corners): ii) studies of geometric and c>\ectronic structun' and optkal 
ahsot·ptiou of [Li]O cent. res at different positions wit.hitt these clusters: iii) st.ndie.~ of decomposition 
of these clustet·s clue t.o t'Xdton excitation and hole trapping at IO\\'- coot·clinated sites. w~~ suggest 
an intPrprC'lation for the optical ab.sOI'ption and phot.o-lllminescence spectra of highly disrwrs<'d 

\!gO Fot· tltc !to!<' C!'lllH'S, IW' han' det-ermined the preferred 
sites for the t!'apped holes and [Li]O centres wit. It t·espect to the edges and low-coordin<ttecl sttes 

of tlwse natto~clustcr;.;_ and have calculated tiH:ir optical transitions. \Ve haH' also ciC'\'('lopcd <t 

ttCII' model for photo-induced decomposttion of rough ,\[gO surf<lC<'S based on Pxciton trapping and 
decontposition at low-coc)['(linatecl sites at the surface. 

Defects, interfaces and metastability in c01npound semiconductors 
ltisto Nicminen 

Laboratory of J!h.1·sics. [{elsinki [Jlliversit;.' ot' Technolop;,v. 021.')0 Espoo. [·'inland 

T IH' ('()II pi iII,!!; lw!.Wf'('ll the elect ron ic <utd ionic d('_!!;l'ees or frccdo Ill i tl compound Sl'l\1 icond uct ors k>acl.s. 
to a wealth of intercst.ing phcnomcn<t. such <t.'-' mct<tstablc ckfects, self-cotnpeu:-;al-ion attd twgiltii'P­

tt dl'L'cls. I presL'nl rC'sults of first-principles simulat.ions of va.cancies. antisitcs and dopants in 
thc'sc malct·ial.s, as well as atomic structures and band offsets at planar int(-!rfaces. ln particul;u, 
cliY<H'<liKiPs and dx/ax cr'nters in G<L·\s. antisitcs in Cai\ and band offsets for interfacE'$ lwt.ween 
ZnS(' and Ill-\' alloys are dt.scussed. 

The ub initio simulation of liquid semiconductor alloys 
\I. .J_ Ci!lan 

t>h.vsics Dl'partnwnt. !'\eel<~ L:nin~r.sit.\·. Staffs. ST.S :-)nc;, c·.K. 

In the' la.st fe\1.' .n'<HS. cl;.•namical ab initio sinwl;tt.ion has become a lllilJOr tool in the invt'sli~atiott 
of.'-'olids ilitd liquids. '!'his talk Will out lim' Llw main features ot'a.b initio stmulation hasc'd on cl<'nslt.v 
f'ttnction;d thc'or.v and thl' pseudopotenti<LI nwthod. and wili show how tl is i<;il·ing impclt'lattl tH'\\' 
insights i11to thl· structur\' and clynantics of n'itlliquid semiconductors. lllustralion.s will lw t.akt'n 
h·om t·ccc·tll 11:ork of tltc [(eell' group on the liq1tid allo~·s Ga/Se and AgjSP. 

Poster Abstracts 

MD-Simu!ation and superhard materials: An empirical potential for Boron Nitride ? 
Kill'sten Alb(' and K.---1-1. !leinip; 

[{{'.'-'C'<ti'C'h Ccntc't' !{ossc>ndorr ltlC' .. lnstitul of lon Beam Ph.vsics and ;\[atcrials He;:.;earch. PO .)1 OL 
l9 Germnuy- 0 t:~ U Dt·e::;clert 

\Yc di~cus::; <ln t'rnpincal intl'ratontic potential. which could be (I promising ctnclidall' for !\'fD­
Simulations ot' c-1.1;\ thin film deposition. A cluster functional is proposed combining a modified 
Ten;ofl' potential <tnd <1 cou!ombic part Results of flr;.;t-principle calcu!at.ions donr by a DFT 
p.'>C'udopotential code ar(' shown and discussed as data base for an opt.irmd panunetrizal-ion or the 
j)I'OJ)OSl'cl potr'lllt,cl. 
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Studies of tRNAAsp Dynamics and Interactions- Part I: Solvated Molecular 
Dynamics Investigation of the Structuring Effects of Long-Range Hydration Forces 

on the Anticodon Loop 
Pasnd ,\uftln?;Ct'. Shirky Louise--,\lay and Eric \Yesthof 

!nslitut de l~iologic \lol6cul;lit·e cl Ccllulairc du Ci\!C). ;\lod<;lisation"' et Simul<1tions cit>.-; Acide.s 
\'nck•iqucs, UP\{ 9002. [.')rue Rcn6 Descartes, G/().l).f Stra.">bour?; Cedcx. France 

A set of six independent. 100 psec moiPcul<ir d~'namics trajectories of the fully soh·ated and 
ncutralizC'd <lnt.itodon loop of tR\k·\sp PI were gcncr'lted using the A:VIBEfl. force field. SPC/l~ 
\Valrrs. mobile amtnonium rountcrions and atomic charges from low tempcr<tt\11"(' X-ray data of 

isolalNlnucleohcles [21 slartinf,'; from the sanw initial configura.t.ion, but with difi'f't'~'nl initial velocil,\· 
distributions. The protocol ('(;nsist.ed of 11sing a l(i:\ truncatiOn distance t'or the electrostalic so{u/r­

·'ofl'cnf and 8olu:nt-solt·c:nf interactions and no cutoff for the sofute-solult interaction . .o.. This led 
to an increased stabilization of the structural interactions of th0 anticodo11 loop over an earlier 
sl'l of eight lOO pSN' .simulations using ani),\ t.runcotiou disU\llCC' fot· the inl('t'ac!ions inn1lving 
il1e soh·etll. {:lJ The results point t.o th(• importance oft!)(' inclusion of such long;-nngc hydration 
forces in moiPcLdat· dynamics. ThP iucreased st.ability of t.lH'.'W trajl•ctories allowed us to contplete 
;u1 eXl('Uded annl.1·sis of tlw clynamicnl features of some of the malll interactions st<lbilizing- this 
]{:\ . .\ !'nt!?;llH.'llt-- TIH' observ<ulCc ofC'-fl., acceptor h.vdrogen honds !ocill(•d in struclural.st.r<ltegir 
.sil('s or tli(' anticodon loop t.lnoughout the},[[) trajector.v is prcSPlltc'd. as well as d~'lliltniull global 
and dd ;li IN! :'it rut! ural ch aractcri.?tics of the s L I'll c tlll'C, its so !val. ion, and .some JWr linen t d i fi'Nc llU's 

ob>icryc:d lwt.\\'f!('ll th(_> PI'('Sf'tlt Sl't and the·.sA set. Additionally the rdt•l'illlCC or l'llllllill?; multi pit: 
lnolc:'cular dynamics simulations is also dtscus.'wd. 

[!] \\.C'slhoL E .. Dum;1s. P .. .\lor;1s. D .. J. ,l!ol. lhol. 184 . lHl-lrl. (HJR:J) 
[:2] Peal'illlilll. U. A .. Kim. S. !! .. J. :\fol. !Jio/. 211 . lll-187 (1990) 

['l] :\uffing;er. P .. Lottlsc-i\la,v, S., \\'esthof. E. J. Am. Chon. Soc. ( l9D.''i), in press. 

Molecular Dynamics simulations on DEMOS 
.Joost Beckers. !\lathijn Elhorst. .•\. !-'.Bakker. S. \\'.De Leeull' 

Department of Applied Ph.vsics. Delft l:ni\·ersit~ .. of Technolog-y, The• \'etherlands 

The Delft ;o,.[olccular Simulator (DE:"\IOS) is a speci<tl purpose' COlllJllltCr cl('sip;ncd nnd build for 
larp;c snk \Iol('cular DynamiCS simulat.wns. !t. consists of a linear arra.\· of pron~ssor boards t•ach 
l'(jlli[lped with a fast !0 !\[Hz p;;(JO RISC procrssoc. and laq.!;t' on-board llll'lllor,v (:U- l2S \lb). 
\eip;hbouring bo;u(b <He able to communicate through an as~:nclironous inlPr-proct'ssor bus (nwx 
(i-1 \Ib pc'l' sec). independent of an,v other board, thus reducing l<lll'IICY to a lllitlitnutn. ~\dditional 

cotntnltllication is handled h,1· a global hth conlwcting ali boards aucl tltt' host compLtter. 11·hich 

prcAicles for storage and program controL Sec figure. 
:..Ir1ny potentials used for molecular modelling consist. of short.-rangt'd int.cract.ions between 

atomo.; This fact can be exploited h,\· linear domain decomposition of Llw computational box into 
slin_'s of size l<1rppr than t.hr' pot0ntial cutoff radius. In that Slt.llation, oni,Y cornmunwa.tion between 
ncigld.Jouring pro('Pssor boards is r0quired, which ts ext.rc'mely fasl on DI·~i\·'IOS. In some cases loup;­
r;wgc forcm like' C:oulornbic intNaction.s are present <wd special t.cchniqucs c;u1 bP applied t.o handle 
thr•s(' intNact.ions corn•ctl,v and still make use of t.l1e parallel architecturE' of DE!\lOS. 

A molecular d,vnamics progr<\J\1 has been wrilten and is current!~· used J'or simulation of solid 
silicon~g;t>rmaniutn .-,;tqwdattices and ~ilicon-oxidc structures. [;'oC\tS is on growth and structural 
aspN'Lo.;, Prelimin<lry l'f'.':i\llls will lw shown. 
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An Ab Initio Study of the Compressional Mechanisms of Forsterite at High 
Pressures 

.John Brodholt 
Dept .. of Ccological Sciences. l'niversily College London 

The com presston al be hc1.viou r of forste l'ite ( M g2S iO.t) is of considerable in l en•s t to ~eo p h~'-"iris ts 
sinn_• it is the major pha:w in the upper mantle and interpreting seismic data requires accurate 
Yalues for bulk moduli. Forsterit.e is compris(•d of isolated Si0.1 tetrahedra linkrd by chains or 
<•dge-shcll'ing dislorlecl oct-ahedra occupied by magnesium ions. Expcrinwnl<~l dat.a han• led to tlw 
sugg('slion that there are discontinuities in lhe compressional mech;utlsms at about.') CPct and -!0 
CPct. Tlw In\\' pn•ssurc chcmge is thought to be due to one oftlte ;\lg-0 bonds becoming t!ssentiall,\' 
iucompt·pssibl<~ at about.-; CPa. In order to test this 1.ve ha.vc pcrfornwd ab initio LD;'I. calcul<l-tions 
using tlw parallel code C'ETEI) on t.h0 Crcty '{';3D at Edinburgh. Ext.t·emd,v good agreement is found 
lwt \\'ICPil l h(l cont prL•ssi bilt t.y or the calculated cell parameters and t.hc exp<~ l'i menta! d8 t ct. l 1\ c·onl rast 
to the l'Xjlf.'l'illl('llts. however. we find no evidence for discontinuities in comprcsston8l tnr'chanislll 
at <Itt,\' pr(lssure up t,o 10 GP;t and suggest t.hat t.he t.•xpc~rimental data has been overintl•rpt't'lPd. 

Molecular dynamics simulation of LaF;1 nano-clusters 
\'. L. Bulatov, H.\\'. Grtmes, A. IL H;uker 

\h·tt.f•rials Departtncnt. Imperial College, London. SW7 2BP 

:\ nell' tnoiN:ular cl.vnamic-.s codr has been used to sinwlat.c Lhe hchaviottr of in. t•unw LaFJ, 

nctno-rluster (i.e. no periodic boundar~' conclittotts). The method is based on a (;par :Jth ordPt' 
pt·cdictor cotTt·ctor nlgorithnt w[t,h rccursiv(c p.;t'tl('l'i\t.ion of in ilia! variables. Forces arc cnlculall'd 
u::;inp_ <l Uorn .. likc· dc•script!oll or an ionic Iattin•. 

Three dustNs \\'C'H' simulaU'd. consist.in~ of lGO . . ').-)2 nnd :~!:20 ions r·c:spcctive!,\'. c\ litl<'ill' 
[11'11\in.~ r<1lP \\'<IS applit'cl or· 1001'\ per ps startittg front clusters equilibrated ;1t lOl~- Our inu•rcst 
is in tlm'c lr<lttsitions. The first is at rvllOO I~ and r:orrPspon(L-,; lo t.hP onset of fctst flttoritw ion 
conduct'10n. Tht• Sf'Cond is at rvl(j()()K at 1\'hir:h point all clusters melt. hnally at much hi!!;licr 
l(.'lll[il'l'ilturP ("'-'·IOOOK) pvaporation occurs. 

i)PS[lit<• tll<' lottie dr>.scription of [{Hn~s. tht·otq_;hout the temperatun' r<lll[!;C we nbscrn' sltort­
l'illlPJ' s\ruclttt·cs \\·hiclt are n:nlittisn'tll of moleculat·-like lwhaviour. 

An ob inilio Study of a :S15 (210)[001] Tilt Gl'ain Boundary m the Transition Metal 
Dioxide Ti0 2 . 

L Dawson . .\[. II. LPe. _'d. C. Payne attd P. D. BrislO\\'f.'. 
C'ttiversil_\· ol'Catnbl'idgc. ('l3:2 :~QZ. L;.1\.. 

'lit(' tnino:-.cupic propt•t·ties of a hi~lt-angle ttlt grain bouudar~- in rutile (TiO:;) h<ln' hf'cn 
iJt\·c:-.ti;;;<lted 1·ia the• density futtctiottal pseudopo\(•ntial approach. Combtued clPctrottic- ;1nd ionic 
J·c·laxation ll'i\.'-' pc't'fornwci using ;;elf-consislc'nl Conjugate Gradient. minimisation of the lotall•twrgy 
fiJtlclioJt<d. Optimised pscudopolcnLials 1\'l're us<•d for ttt.aniutn and ox,\·g;t.•tL at an f'twrgy cutofl' of 
,-J00l'\·. Thr' model sujwrn'll contained GO atoms and lwogntin boundaries. The calculations confirm 
l h<' o-. I :11 Ji lit,\· of the ex penmen\ ally o bservpc] t ran::; Ia t ion sLate of the bound a r.v. C: ttder st oich io tn et ric 
conditions. the strurtun• can lw chat'act.eris('d b.v an oxyg~Cn sttblai.Lice which is mirror s.vmnwt.ric 

<HToss the houttdar,\'. The resulting d('nsit.~ .. of electronic statt\'i indicates the presence of intl't{ace 
stnlts spr<'<Hl across the forbidden band p;ap of t.hr bttlk material The pst'uclovalence charge drnsi ty 
is hig;hly lo('alizcd on lhl' oxygen ion:-; CH'Il ttt t.h(' bottndary cot·e. The effect ol'ox~'gcn loss at the 
hotttJd<ll',l' 011 the atomic iUtd <•k•ctronic ;o;tructure hitS also been itn·estigatl'd. All ca.lculatiotts \1'('1'<' 



pNforttted \\·ith the p<:~rallel code CETEP (Camhridge-Edittburgh Tot.al Energy Pack<l?/-') running 

on the C'ray T:~D at Edinburgh Parallel Computing Centre. 

Gener8tion of Amorphous Silicon Structure on Si{llO) Surface by a Continuum 
Monte Carlo Simulation 

(;til<t.>· Dercli 
l)cp;utnwnt ol' Physics, 0.-!idc\IP East Technical t'niversity, Q().):H Ankara. Turkc'.'" 

_,\ siliCl)ll structure i.s gt"0\\"11 on a sub"t.ral.c of a. t.wo la;;cr slab ofcr:vstall!ne s!licon ( llll) surface 
usin?; a :o<('tni-elllpirica! potrnt.ial 0nerg~ .. function parnmetrixcd for simulating silicon sys\t'ms. Th<' 
growt.h is I"Nllized hy nH'<Ul>; of contintl\tlll \Jont.e Carlo at (i()Q0[(. H.<Hii<t.l distribtttion functions 
for the rc>.'-'Uiting amorphous structure <HC' obtained and comp<HNl \\"ith (~;..::prr\!nenta! curve's. 

P.-\C'S \'umlwl"s: Gl.-IO.Dr, Gl .. ).'\.Dc 

Parallel Molecular Dynamics simulations of growth and stntcture of 
silicon-germanium superlattices 

\'lathtjn Clhorst, A. F. fLtkkee and S. \V. de Lecuw 
[)ep<~rtmcnt of Applied Ph_ysics. Delft l 1n\versity of Technology. The :\ether lands 

\!oH potentials \JSt'd for mocle\\ng o(' tetrahedral Sl.I"liClurPs of silicon <llld ?/'rn\<lnium (<Ill ])l' 

('X]H0sscd <IS tlw sum of short-ranged pi\il"- and tnplct-interacl.ions. Para\leliut.tion o[· an ,\![) 

pt·og:r<llll using thew potcntin.l.s can be dom: by diVIding Lite compul.<i.!Jonal box into slin~s largE'!" 
than lh(' cutoff di::-:Utnce of the potential. Ctdculatiou of the forces in <1 slice then only requires 
CUJlllllllnicat;on \\'ith tlH' t.wo neighbouring sht('S. Tlu~ spccictl p1npos0 computet· DF\!OS in Dcll't 
j,-. e:·qwci;\ll.v ck . .:;ig1wd and built for this kind of local environment p1·oblems which require optilllized 
ur'ighbour-to-twighhour cOlllllltlnkation (sPc poster by .J. HeckNs d al.). 

:\u \[[) p1·ogl'illll fo1· t\Wl- and three-body intenctions hitS ber:n written illtd it:::. perrortlli\Jt((' 

01\ J)F\!OS provrd adt'(j\lillt' .. \t the lllontcnt 1t is \!Si'd lo sintuJate the growth <lltd struclUI'f.' of 
silicou-)!;('l'lllitltiull\ superlat.tices (S'!,(if,,,) for \\'htch thr prt'cise gl"owth-tnechani.c;ms taking place 
i\[ the g't'l'lllilllilllll-Silicon interl~"tCCS are hr:'ing; ili'_!!,'UCci[ l,'2 . .'t-l]. Prdimin<H,V re,.:;ults or lhr• .-;imulations 
\l·il! lw :;IJo\\'1\. 

[1] D.[~ .. Jc"sou. ,'--; .. J. Pennycook and .J.-0.I. Baribeau. Phys. Hev. LNt. 66, I.S(). 1001 
[1] D. 1:: .. ks.c;on. \!. !-'. Crisholm, s .l. r\~nn~'('OOk and .J.-I\l. BaribC'(\\1, Ph.vs. n('\'. J.ylt, 75. 

l~~-1. ilJ9-I 
[."l] :"\. lkat·ashi. 1\. :\kimolo. T. Tatsnmi <llHll-\. lshicla. Phys. !tev. Lett .. 72. :l\91( 190-1 
[·l] \. lkarashi. 1\. Akilllolo. T. Tatsuml and 1\.. lshida, Ph~·s. f(pv. Lett.. 75, [,-;rl. lWJ-1 

T\.1oleculur Dynarnics Simulation studies of antibiotic medioted ion transport 
T H. {.'on'stpr 1. \V. Smith 1 ancl.J. H. H. Cla.rke2 

1 C'CLRC Darrsbury Laborator.v. \Varringto11 \VA'I -1.\D 
~ !)pparttncnl or ClH'IHistry. UMIST. :vtanclwstrr \160 lQD 

The c;c•IN·tiw transport of cations across biological membranes is a JHoccss of fnndanwntal 
importance in cell biolog,v. This transport is fM:ilitaled by tlw pre,<;ence of small amounts of an­
tibiotics. and broadly t.wo modf's of action have bet' II ideut.iflcd involving channels and ion carriers. 
\';dinotllycin (\'i\I) is <til important example of a ca.nier antibiotic with high potas.'linm selectivity. 
Fur ion C<)rricr.s three distinct processes appear lobe involved. (i) Complexation beL ween the cation 
and <I 1\l{'!llhratte bound ant.ibiot.k, (i1) transport of the complex through the membrane by diffusion 



or elccti"Ophoresi~. and (tii) C<HlOll l'li'lease at the nwmbrane interface. Concent.ration gradit>nts <ll't' 

(!Jus <tmrlioratecl h;: t.he capture and rclr:asc of ca.t.ions on the two side~ of the memlmwc. 
\Ve havt' developed a f'orcc field for the \'alinom:n:m and usPd it lo model crystallim• pha."R's nf 

both\',\[ <1nd the pol<hsium complex. Both\';\.·[ and[(+ -\':vi han• bt.•eu st.udird i11 water and a non­
poi<H .'>oh·.:•nl it long 11·ith the complexation process in fret.' space. \\'e also report l<HW' simulation.-; of 
valinom.ITin and its poLassi11rn complex at. a walerjmembra.nc int.crfacc. The simulations. involving 
alillost l0.000 itt omit .sites. co1-·er a lotal of ovt•r 000 ps ;wei are used to t'Xamine both \':\[at tht• 
in tcrf'acr and the K + dt•compk'xat.ion reaction. Tlw calc!dationc; demonstrate the fcasibilit~- or large 
:-;nk• sinmlal.ions of COtllplex systems. They were achieved uc;ing the t'C'Cl'ntly introdu(Nl paralkl 
supetTotnput.ing fadllt .. v at Edinburgh as part. of the work of the [-!PC! i\lat.crials consortium. 

The st.udies sbo11· llllComplcxr'd \'~·! acts as a surfactant. 1\"ith hydrophobic groups l'ntlwrlding; 
iu tlt<:' nH'tnhran~· 11·hilc tlH' hydt·ophilic carbon.vl groups h,vdrogen bond with wat·er. ConSl'CJllt'Jttl~' 
thr' conformers V:'lf adopts at lhe interface are quite distinct. from thost> scPn in the solid :-:t<lll' 
or in bulk solution where most expenmenLal llH'<lsuremcnts are made. In contrast. the J\.+-\ \I 
complex pn'l.ers the membrane ittLenor and adopts a structure close to that. seen in the solid sltll<' 
and in non polar solut.ion. It remains embedded in the membratw until the decornplcxatton procr•ss 
is initiated by water at.tack through the f-IyV face. The decomplcx(l.tion process at. the inlPrl'acp 
is cow;;i(krabl.\· f<lStt•r than t.hat. in pure water and points to the rolE-' of the tnt.erface itsf'lf in the 
fund ion ol· carrier ctlltibiotics such as vnlinorn~'cin. 

Predicting growtl~ processes; Atomistic modelling of metal atoms on ionic snbstr<~t.es 
D. i\-L Dufl'y . .-\. ~[.Stoneham 

Ct•nt.rf' for \!;1-tcrials Rest~arch, Cnivf'l"sity College. London \V('lf·: (ilrl' 
.J. 1!. lf;mling 

AEA Technolog~'· HMwcll. Didcot. Chon OX!! OHA 
and .J A. \"en;1bles 

School of \!;1 tlwrnatical and Ph.vskal Sciences. h1iversit.v of .')us.S<'X. Brighton BN l DQI [ 

\\"e shu\\' that it i."O possible to use existiug methods. we!l-tcstt:d for many other ".vt-ill'nts. to 
pt·Niicl Lht• kPy C'llt'rgic:,:., which detertninP the gro11·th mode (la,vcr. cluster. f.'((.'.) of tnclal (lcpo:-;itt•d 
011 iorric solids. Thl· r·c•sults tlgrt'E.' wPII \\"ilh expr•riment. 

\\"e :-.how ftatltr·r· that tltt•se t'rwrgics can iw used within a further theor.1· of nucleation to prt•dict 
till' uuclc'<ltiott dl'nsit.\· and other propertic•::. ;1s a fllnrl-ion of deposition rate and tt•mpt.'ratur<'. In 
p<1rticular. !his anal.1·sis .-;ho\\"s how it is possible th<tt :\g on l\I~O can fot·rn an (obsPrved) IIH'ta.o.;tahiP 
lit,l"(•r. 

Thr·~(' dt'\"PiopnH'nts Sltp;gcst W<I,\'S to influence the gt"Owth modP and morphology of mt'lal on 
0.\:irk. illciudin_g litf.' pfJ'<'ClS of the• IJttik dopillf!, of' the oxide and !h(' prP-lreiltllWilt of tiH' SU!Jstratr 
:-.ut·l'acP. <l-" wt•ll as control of drposit.ion t'att' ;uHI temJwrature. 

Tit(_• iippro;JCh alrPad,Y nllows littks to hr mack lwl\\'C't'll mct.almorpholop;_\- and inti'rfacial cnct·­
gk•s lwtll'l't'll bt~lk lilPtal aud bulk oxide~. though t.he llllk is not as simple a~ somet.irnes :;uppo::;cd. 
The ntoclcl.-, tl.st>d have potential for understanding the operaUon and dPgt'<ldation lltechani;;tns of 
opPI'<Hinp; sensor.-: and ('i\talysts. 

A parallel conjugZ~te gr<~dient algorithm for ab-initio energy minimization 
\1. -1. lla,ve. ;\ F. B;d.;h'r. S. \V. de Lee\1\\', P. ,\I. L. 0. Scholle, and F. Tuinsl.ra. 

.'-it>ction Computational Ph.\·sics. T. l:. D<~lft., Lorent%1\"t:g l, 2G2H C.J De!fl. The NeLhl'rlands 
. . 

TIH· ab .. initio molecular dynamics ll'chniquc' evohes sirnult.arH:'Ou::;h· the ionic and electi'Onic 
d('grec.-; of ft'f'L'dOIII in time'. ln the field of solid state physics. Lhis method is now widl'i,v u.':icd to 



perform total t'llerg,v calculat.iono;, Le. to find the electronic ground st.at.c aud to optimize tlw iouk 
g<-'Olllt'tr_\' o(' a configuration. 

The search for the electronic gmund stat.f' is most efficiently done by ernplo:>ing <t conjugate 
~radicnt. algol'it.hm. \\'e presenL the implemcntatton of such an algorithm on a distrihut<:'d nwmory 
parallel computet·. Our implcnwnl;ction divides lhc clcct.I'Onic steeles over the nock;;. so that the 
p;ncli('nl:-; C<l-ll be calcul<.\.\.ed in parallel (ap<Hl from a global summation to obtain t.hc dfc,ctive loud 
potential). 

Once l.lw c'lcc\l'c)l)ic gro\tnd stall' has lwcn found a v;uiet~' of interesting prop<:'rt'tes can lw 
calntl<ttcd. \Vc will illustrate' t.his for a Si(OOl) :-HHface with an adsorbed Si dimer. 

The ab-initio simulation of the liquid ga-se system 
J. M. HolcnclN and f>·L .J. Gillan 

l)h_vsics Dept .. 1\celc Vniversit.y. Keele, Staffordshire ST.'S SBC, li.l\. . 

.'\h ittitio d~'uamical sinwlalion has beeuusec! Lo study the liquid Ga-Se syst.l'lll at c;everal d\ffcr­
('llt cuttCC'lltrat\on:-; includinp; C/u2Se. Ga.)'(- and Oa2Sr'1 aJ the temperature[;)()() I\ Tlw .':\illlulatiotiS 
an· J,<L;;pr) 011 tlw densit,\· functiotta.l ps('Lidopoll'nlial t.echuique. with t.)w s;,'stem tnailttained on thP 
Bont-Oppenltc>'tnwr surf<~cc b~- conju?;a.te gradients minimizalion. \Ve prl'SPnl results for thr' partial 
strwlltt'l' rae: tors <llld radial distribution !'unction.s. which reveal how the liquid structure dejWttds on 
cotnpo:-;ition. An analysis of the vak•rtce electron disLribut.ion allows tts to exam in(; )10\\' the clwmi­
utl bonding depends on the apparent valf'ncc of Ga. Oui' cakulalions of the elc:ctrical c:onducti\'it_v 
(T using tlw l\td>o-Cn'enwood approximation show t.ha.l o depends very strongl,\' on composition. 
and i:-; roltghl~- three enders of magtlitudt' lower at the stoichionwtl'ic composit.ion Go·2.'-if_:1 tha11 for 
pure (-Cia. \\'('show how thi:, \'aria Lion of o is related to the calculated electronic dcusit,\· of 
.o.;talf'S, Comparison>; with rC'C('IIl i:'X]Wrimenl-al determinations or the structure aucl conclucti\·it.l' 
will lw prt'scnlc'd. 

Study of The Pressure Effects on Vibrational Properties of Layered Semiconductors 
II C 1-bueh. i\-1 C WarrPn, S J C'lark. c; .J ;\('klancl. and J Crain 

DPp<l 1·t 1\J('Ill of' Ph~'-sics and As1t'ottomy. The C nin,rstty of Ed in burgh. hlin burgh. E l lD ;) J 7.­
Scot land 

Tilt.' lattice d_\-n<itllics of layt>rc•d 11Hll-eri<1b has b('f~ll round to be diffcrc'nl from :~~ dilll('ll;;ional 
cm·;\l('lll cr,1·.stal.., bec;n,;;v of the cocxistcntC" of \\'t:ak int.f'rl<I,V0r and st.ronger illt.nlayc'r coupling. 
The II'Pilknl's.s of th<~ itltcrla,ver coh(;.sion in la_n~rul semiconductors mak('0 l-{aman- ;tncl infnlrNl­

cwtiw• \'iinations llf'ill'l_v df'_grtH'I'<\le and incluce.s the VE'I'Y low-frequency optical pllonons which 
iH!' (\loscrihc:d b~- t.hr rip;id-lii)'Cr (ltL) model. IL is ('XprctNl that. these vibrat.ional properl\p:-; or 
l<t.\'('rt'cl cotnpounds will be affecLed dramaticall~' undPr compress'ton while the h,vdrosta.tic pressure 
pn·krc'nti<llly cnh;1nces the intPrlayer illl.l'ract.iou. 

Ill this po.ster. the vibrational proper! it"s of prototypical layered semiconductors. G('.') and CeSe, 
under PI'Pssun' h<lW' b('('ll extensiwl,v st.uclied us'tng a cornbtnat'ton of first princip!t;s calculalion and 
P:\]WI'illlPiltaluwt.hocls. Examination of ab-initio calculated phonon eigenvecLors shows that Lhe vi­
hr;ltioual properties undergo a gt·acltlalt.rallsitton !'t·om quasi-two dimensional to thrP('-dimcnsional 
ch<lr<lcter. .'\!so. the breakdown of nL <tpproximation has be(·:n found to occur under mockst. 
COill]HI'SSIOIJ:'; 

The liquid Ag-Se system studied by ab-initio simulation 
[,', KirchhofL J. !\-1. Holendet· and lVL J. Cillan 

Physics Dept. 1\:('(')e L_;niversity, Keele, StaJTordshire ST-'J -SBG, C:.l\. 



The ab-initio d.ntamical sinndalion of liquids con!.<t~uing; transition <tnd post-transition metals 
pn•sr•nts a major trchnic:al challeuge, becattse of the JH'{'d to include d-elcctrons explicitly and 
lwcause of tlH• l;ug~: b.:u;is sets requin~d. \Ye shocy hO\~, recPnt advances in cornput<:•r power <HE' 
making ."-urh s.ystrms accessible to simulation. \\'e present ah··init.io simul<tlions o!" the Ag-Se s~'S\Plll 
at three {"OllCPnlrations pel"i"ormed on the mas:-;ively p<U"altcl Cra~· T:->D !ll<H:hir\C'. Tlv.• simulations 
arr perfornwd on sy:,lems of 69 atoms at the experimentall~ interesting temperatun.• of [:)00 1\:, 

and ll<tl"(' a cluratron of :::ps. 11·hkh is enough to ensure statistically reliable rPsults. Hl:'sults arr 

pr·('S('Jitecl for· the part.ial radtal distl"ibut.ion functions and struclure factors, and we show that tlwse 
at·c in excellent a~l"('('lllCIIl. with measured stntctural dat.a. 

Interstitial Carbon Defects m Silicon 
P. Lea.ry 1 . S. ()berg", R .. Jones 1 , \'.Torre's :l 

1 !)ppartmrnt. ot" Ph~ .. sics, Universit~~ of Exet.cc EX('ter. EX-l -IQL, UK 
"Department. of i\·[athematics, tTniversit.y of LnlcX, Lul0~. S0-'il81. Swed(•n 

:J Depart<tmen\o (k Flsic<L. Fnivt'l"sidade de AH•iro, :lSOO Aveiro, 1\>t"Lugal 

Tlie C; <tml (',- C,. ck'fects in Si exhibit. sevecal tl!wxplaincd pcopertie~. In the neut.r·al charg{' 
."-l<tte. the C',: del"ect possesst':'i two almost. de?;cncrat.e vibrational !llodes Sll)':,!!;{'St.inp; <t trigonal ckt"ect 
in dis<t~n'Pill{'Ilt 11·ith tlw C-z,. s~·mnwLry deduced !"rom several expt>nnwnt.s. The B-form of tlw 
S('Cond defect IS bc•lievcd to coDsist or <1 Si interstitial. Si;, located near a BC site bet.1w•en two 

('.,atoms, in app<trcnt conflict with the r·cstdts o!" PL experiments 1\hkh show that. l.hc C-related 
l"ibnlional rllodr•s an:.• dec:oupled The stntctuu: and vibrational modes of both del"N:ls at"e anal~·.sNl 
usrng LDF cluslt'r thcor~ ... The cl{•gencracy of the modes of C1 is at.tribut.ed to a.n allllost D:~h 

structurl'. with a :3~folcl axis <tlong [Ol1] Tlw modes of the eli-carbon illt.(•rst.itiallcad l.o a r('c;o\ution 
ol" tlw ion.!.'.. st<ulding prolllc>m concerning tlw <tlmost ZE:ro-shifts due to mixPcl i~otorws in tht• .'),';() 
and .-l-l:l Cill-l local modes obserYcd in F~l, studies. 

Simulation of X-ray Scattering ft·om C10Hw 
S. Lonic 1 .J. S. l"{eid 1 D. Fincham 2 

1 School ol" Ph.\·sics. (."niversity ol" Aberdc(:I\ 

~ Depart.nwnt of Physics, l:nivcrsity or [(e{•le 

:\d<illlillllane ( (' 1ull 11;) is an interesting archet.vpal plastic cr.vstal 11·hich has been cxtcnsiYel.v 
.-;tucliPcl. It und{•rgoes transition !"rom a lo\\" temperatlll"t' ordered phase to a high tempr•rat.ure di.s .. 
onkn·d ph as(' at T""::20S.GI\. Tl)(! ('Ill[[](; moleude has t.l'l.rah('dral synHnetr.v and (.he orientat.iorwl 
diso1·clr·r i11 the pl<lstic ph;tse has bet'll int<.'rpt·et.C'd in [.('rms of t.he disti"ibution of the mokcuk•s 
I1P\II"t'l'll t11·o ('quail.\· pn'I'PrrNI ori{•ntations. 

Out· si11llilation model COIISisls of rip;id molecules interacling with a.n (exp -\j) alom-a Lorn pair­
ll'isP additive pot.E•nt.ial \Ve have looked in deLail at. the dyn;tmics of the adam an tan(' molecules in 

tlH' pl<t.-;t\(" phase and ha.ve f"ound result.s in general agreement with previous work (!].('21. 
The molecular trajectories p;cner;~t.cd b~' ottr simulat.ion are bemg used Lo evaluate the intensity 

o!" x-ra.v scattNing from the cr.vst.al. Hcsult.s i\J"(' lwing compared with <::xperimental data obtnim•d 
f"rom tncrg_\·-di.-;pcrsin' diffusP x .. r;ty scattr:ring mt•asun•nwnls made on Station 1.6 at. the Dares­
hill".\" Sf(S. l:siil~ a series of s1mplifl0.d lllodels of" th(' crystal we aim to lllVPst.igate the relative 

contributions to tlw srattel"ing intcnsit.v from translational <tnd orientation a I disorder. 
[l] :\[.\!eyer <tnd G. C'iccot.t.i. Mol. Phys. 56 \o.G, [2:).') .. [2·18 (19.1)0) 
[:2] \I. \fl'.vt'r, C. ;\larhic cwcl C. Ciccott.i. ;\/ol. Pliys.58 \'oA. 72:3-/:H ( 19.'-\6) 



Studies of tRNAAsp Dynamics and Interactions- Part II: Conserved Interactions Ill 

Solvated Molecular Dynamics Simulations of the Thymine Arrn 
Shirk.Y LoHise-t\-[ay, Pascal i-\uffingcr and Eric Wcst.hof 

Jn;;tilut clc Biologic \lolf>culain_' t'l. Ccllulatrc du C!\HS. \[ocklisations et Simuhtious des .-\ridt•s 
.'\ucll•iqnPs. CTl{ 9002. 1."J rue [{l•nl• DcscartPs. G/Oi)-! Strasbourg Cr•dex. France 

The thy!lline arm frap;llH'nt. of transfer Rl\As lws b~'<'ll shown by chelllical probing [l] <llld \"\[1{ 
r~J to be_· stable in solution. aclopt.inp: the same secondary folding pc1.t.t.ern as observed in tlH' full 
tf{.'\i\ tnolcculc•. <tllli i.-:; post.ulatcd to posse.ss <'-11 '·intrinsic" tertiary st.t·uclut·c. Till' tl1~·nlinc loop 
cont<Lino; c;('I'N<tl uniqur• \Prl.iary stTuct.ural motd:o; including a conserved u•verse l!oogstc•r•n riho­
th.nnine-adcnin<' basP pilir. two urad! bulge residues and aU-turn in llw phosphate' backboJH' at 
t.he h<t."-e of' the loop [u the full t-ltNA molecule, ci~ht ildditional potential hydrogen bonds. and t\\"o 
additional S(ilCk\ll~ int,eracl.iOilS art• illti'Oduted by the intercaJatiOll Of' two guanine residU('S frolll 
the D loop. The> d_\:'ttatuic<tl topolog~' of the loop region of the thymine arm of t.R.'\ .. \ .-\sp PJ , and tlw 
PXtl'lll to \\-hich the D loop inlcract.ions st.a.bi!izC' the tertiary conformation of t.he loop topolog,\·. was 
.<;tudir'd \"iil solnllNlmolC'cui<n d,vnamics ;;inwlat.ions using t.he A\:[BEn foro-) ll<'id. SPC/E watet·s. 
mobik• ammott"lum rounterions and atomic charges from low temperatlll'C' X-ra.v daJa of isolat(•d 
ll\lCkoticks [·iJ A total tra.Jt'ct.or,v of GOO psec const.itutr•d of six mdivtdual 100 j)S('(' stmulation:s 
st.al'lin¥: from the same init.i<d coufigurat10n, btl! wtth different. initial velocil-.v distributions. was 
f!;t'llf'l'i\!<'d. Tim or \.he simulations incillded t!w LWO guanitw residue fragment. or t.hp J) loop. The 
('.'\\('11( or COllSN\"ilt.i,Oil of' t.lH' h.vdrOJ';CII bonding interactions preserving these Sl.l'Uclllral eleiiH-'11\S 

is prt>st.'n1cd along 1\"ith global ch<tractecistics of the Slllllllations indudiug solYalJon and count(•riou 
bc>haviot·. 

[!] Homb.\·. Jl .. \loras. TL fkre;do!L 0-f.. Dumas. P .. Vlasscn:, V. \' .. WesthoL E .. F:lwl. .1. P .. 
C:it•gl>. H .. J. .\!o!. !Jiof. 184 -i.·).'i--111 (10R!l) 

['2] fkid. 1~. 1{.. \lcC'ollum, L .. Wbciro. i\. S" .'-\l)batl•. Land Hurd, [{. E. EJwchr:m. 18 
:HJOG,.\00.3 ( 1919) 

[:l] \\'csthoL E .. Dumas. P" \[ori\S. D . ./_ :\{of. lJiol. 

[ lj l'<•<HI<Han. ll A .. l;im S H . ./ . .1./o/. Bioi. 211 

184 119-1 15 I 19R•i) 
l/1-l,(;:/ (1090) 

Full-potential and pseudopotential calculations on high pressure ph<~ses in CuCL 
.]. 1{. \laclr•<lll. 1 1!. C. l!sut>h, 1 G. Y. Guo,:! \l. I!. Lee. :l S .. ] Clark. i C .. 1. :\ckLIIHI 1 and 

.J. Crain 1 

Dcpanment of' Ph,\·sics and .\stt·onom~', The l-nivC'rsity of Edinburg-h. :'\la~:fir•lcl Hoacl. 
Edinhltrg-h. Scoll<lnd. [·:1-19 :~./%. Cnit.ed h:ingdom. 

" Dat\\shur,l· Labot·ator,\·. \\"arrington. Clwshin•. \\'_:\,[-lAD, Unit<>d 1\ingdom 

.'\ Ct\"t'lldish Labmatory. l"Jtii"Prsil.Y or Cctmbridge . .\·Iadingley H.oad. (\\Ill bridge, CB:l OHE 
l'nit0d 1-.:ingdom 

The ionic copper halide. CuC'l. displays an untJsuiJ.l structural pha;.;e t.r;wsit.ion sequencr• under 
pt,c.•ssurc. t:sing 11eutron difl"ractton expNimcnt.s, two higlt pressul·e st.rt~eturr:s WN(' ob:wrved. At­
anthicnt. pressure, CuCI exists in the zincbknde structure ... xhil<~ at ekvat.cd pi'QSsul't'S it a.ssumcs 
tht• i\aC'l-l.\'fW (rocksalt) structure vta an int.ennedw.te simple cllbic structure. This internwdia.tc 
phase is the binar~- <uwlogue of the mcl.ast.able body-centered structure (BCS) seen in the r.knH:nlal 
semiconductors Si and Ce. Thts is t.lte first time this phase has been experimentally observed in 
a contpound sr•miconduct.or. although it has been ca!CLtlated to be a stable phase for lhc lli-V 
semiconductors also. 
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[)('tails of ab-initio total encri!;~' calculat-ions on these tlll'eC' phases of CttCl will lw sllO\Yll 

here. using both till' ftdl-polent.ial linE'arised augmented plane ·wave method (F'L:\P\Y) and thP 

pscudopotential method. lhwd st.ructut·es and charge densit.ics 1\·jjj be shown Cor selected plw:ws. 
along 11·ith detaiLs of rf'cent work on the other copper lwlicles. Cui and CuBr. 

Cornputer Simulation of the Effect of Molecular Geometry upon the Formation of 
Nematic and Smectic Phases. 

i'd. P. \"eal 1 i\1\d A . .J. Pat·ker 1 C. l\·L Carl'~ 
1 School of !vlat.hemat.ics and Computing. University of DNby 

~ \latrrials Resea.rch Institute. Sheffield fbtl!am Univet·sity 

Recent ,VP<HS hctv(~ seen an upsurg;e of inler~·st in rcrrocil•ctrir and chiral .-:mectic c~ plHI~(''-i 

111 liquid cr.v~t.als. Tbe first. example of ,w achiral anti-ferroelectric phase has been s.vnlhesised 
from which Coodby et al ill in!'lcr that chirality ma.:.· not necessarily stabilise the l'or!ll<J.tion ot' <1 
krriel<•cll'ic and antd'erroelectric phase but tlMt the .';t.ruct.ure ma~' be :;t.abilised b.1· the biaxial 
nalun· of' thr.• liq11id nysttd. Over tile li1.<-;t fe\\" years compllt.er sumdations lwvc• dPlllOitslntted 
the e<ucTt'SS of" simple potentials such as the Cay-Br•rne or ltybrid versions [2) in the sinndation of 
~mr•Clk phases. However, the Gay-Bt~rne potential is axi;tlly S~'mmetric and n•al nlC'sophasec; ar0 not 
uni<txial. Th(• si\H!ctic (' ph;tse is a t.iltcd analogue or the smcct.ic A and the \Yulf theor.v Pl <tssoci<ttcs 
the dri1·ing forn• to tilt tlw molecules wit.h the molecules having a zigzag rigid central core \l'lliL-;t· 
tlw \k\lillan mock! [·i) ck•pends upon the molecules h;n·ing two large oppositely dirrl"ted outboard 
electric dipoles. Two dNi\·ations of a gcneralist'd form of the Gay-Berne potenti<ti t.o in(,lud•• tltc 
cfl"i•ct o[' (1\"o ;ubilrari)~- stretched Ulli<tXia) gaus~i«llS illld tO include the effect of 1101\-('(jlliV<tll'lll. 
IJi;1xial )Jilrlic!(•s IJt'en propo~cd {-'iJ, 1-lowever an alt('\'tlatin• route t.o ttlodel the lllOI(•Cttlar geolttetr.l· 
i~ io i'ln]lloy <t tlltliti--sitc C:ay·Berne lllodel. In this work we prr_>sr>nt preliminary results !"rom 
liiO)CCldill' dynamics sintu)ations of three-site tnokcules Whl'l'C each site is rcprecwntf'd hy a (;a~·­
Bi'l'll!' tll(':-<ogpn ~paced so th<t! the repulsive cot"(' n:gions cwcrlap. \'<1rious three :-;it<' models lt<II'C' 
h<'i'li romp;1rcd a cylindrically :'i,vmmctric mock!, a zig··zag model 1\"ith t.he central ~ite twistt•d at. 
<til atigiP to the 11\"0 l'nd sites and il tl"iangulat· mod(_>l 11·ith one sit(' di:.:;placNI longitudinally forttl tile 
otiH•t· t1ro. nesults indicate a far more cxtr:•nsivc nematic rPgtOn for tlte tn<tngulilr tnock•l compalt'\l 
11ith till' zig·z<t!-!; lnociPl indicating tile intport<utu• of tlw moleculm geometr.v in cletct·lninillg ph<tS(' 
tt·<ttJ."it!on:-'. 

[t) \i:,lJi.l·<tl\\<1. l ;utd C:ooclb_1· . .J \\", 1()0"2,.} .\fulrr ('11(111. 2, l0l5 
[:2] l.IH·kl1ur:;t. G I\ Stl•plwns. R A and Phippen. lt \\". !!FlO, riq. Cryst.8.·l:)i [)(' Luca. \I D. 

\("<d. \I Jl n11d C'<trP. ('\I. li>!J.L Uq Cr·y8/. 16.:2.)1 
[:lj \\.ltll·. l~li.·-J. l)hy:;. !?H·, AlL :3fVJ 

(-1] \k\Iillan. \\' L. 101:L Fhys i?u, A8, 1921 
[.-J] C'IP<Jn·r. [) .J. C'<U"e, C !vi. .\lien, .\J P and :\eal \I P. UJ0.S. submitt.cd to Ph_l's l{ev 1:-: 

Ab-iuitio Predictions of Omega Phase Stability for Intermetallics of Transition 
Metal Based Alloys. 

D. \'guyr'n 1\[anh and D. G. Pr:>tt'lfor 
Dl'parttttent of \later\als, l'nivNsity of (h.Jord, l)al'l-:.s f{oad, Oxford OXl ::;p[J. t"nited [\ingdom. 

It is wc•\1 known that tlw dircctionnl ttaltli"C of the covalent bonding bet~~.·een diffen•nt. atomic 
spl'{'\l'S l('ttds to cauf;c internwtallics of' transition metal alumiuide:-; t~ be brit.tk. Otw strategy 
for on•rcominp; the hri!tk behavim11· ha:-; conc('ntrated on t.hc cn·ect of ternarv transition metal 
<tcldition." to intC'rntetrlllic ph<t:-;('.o; lih• Ti-.-\1 <tnd Nb._·\1 in order to induce more ~luctik alloys with 
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t,hl' B:2 st.t·uct.urr. Unforl-unate!.v, it has been found recent!~ .. t.ha.t- omeg·a ph0sc l'onna!ion llli)_\' 

clntslically etnbrit.llt' the ]Mrcnt. B:2 phase [1]. It. is Lhercfor(' it. is VNY impol'lant to :;tnd;: tht' 
s\Jbilit.\' condit.ions under which this deleterious phasr' is likel,1· t.o occur 

A data hast' f'or· the theoretical structural trends of :~d am! .. ld transition tllf'titl alttminid!'S h;t:-; 
rt'Cc>nll.\' been g('llC>ratcd using t.he first-principles Full-Pot.cntial Linear :\[uf1in-Tin OrbitaL" (\"P­
L\ITO) ruethocl [2]. Based on this S.I'StcrnaLic st.udy of the bonding ofintcrrnct.allics. we han' carrif.'d 
out ah-inilio cakuiat.ions of llw mm'ga phase in transition metal ba.'wd syskms like AI(Ti. \'. !:r. 
Nb) ,1nd Ti(\'. ;\lo. 7,r, .'\b) [\l\d <dso in the related pure dements. Our cakulat.ions ha,·e gn'atly 
incn_,a.sed the amount of information we have 011 t.hr microscopic mechanisrw; of st.ntctur;tl lU .. 
01\\cga t.ransformalion. \Ve find that there arc thrN' important eiTects exhibtted in this lransilion: 
(i)th(' pr<'seJtCe of"soft phonon" modPs, (i1) influencr of high pre::;surr and (iii) the sizE:' factor of tht> 
transition metal elements. The cakulations have also demon.st.ra.tt'd the inrport.a.rtct> of i.IH' mnc',Q:a 
phase a;; lhf' most stable phase \\'ith 10::)0 sloichiomet.ry in NbAl. The prt~dicted curws of the 
ompga phase he<tts oC formation VNsus an elenwntar.v electron/atom ratio are in good <tgreemcnL 
,,·ith p;q)('ritncnlal da.l.a. obt.,litH'd front the measured dif!'u::w Otl\ega peak shift vers\1£> efa .. \£> a 
rcsttlt of the;;(' calculations. \H' ar,:: no\\' able. for the first. time, to male realist.ic cakulat.ions of 
the phase di<1grams of u:wful intermet.allic l.crnary a.Jioys based on Nb1Al and TiAl for slrnct.ural 
<1 p pi ica t ions. 

[!]G. Shoo. A. P. Ivliodowntk nnd P Tsakiropotdo.s, Phil. fdag. A_. vol. 7L, [:3;:.19. (l99t)). 

[:2] D. :\g;u.1·cn ivhnh, A. ?d. Brat.kovsk,v and 0. G. Pdt.ifor. Phd. Trans. H. Soc. Lond. A. vol. 
:j.)l .. '):29. (l9%). D. Nguyen :vhnh and D. G. Pettil'or, Phys. Rev. B. (1995), to be pltblished. 

Potential for R Novel Muon Experiment- Simulation Results 
\f. !. .J. h·oberl. and A . .I. Fisher 

[)t•pactnwnl of i>h.vsics. C'niver.sity oC Durham. South ltd., Durhnm, DHl :_l[,E 

[>n,dictt:d t'Psult . .:; for a non~! rnuon spectroscop.1· PXpcriiiH'llt are described. TIE' r·t•sults come 
l'!·orn sl.altc and dy11atnic uh initio dc11 . .:;it.~' functional cakulations of ethanal + rnuoniurn. w;ing 
l hC' j>,\\\' tcchniqu~· Pl. The polentin! binding sites for tlw nnronium are ''valuated. alonp; with 
I he <tssociated (st.n'tclting) vibratiotwl frt•qu<'ncies and til<· Einst<'in cocffki!'ttts fo1· the \'ihration<OI 
tr<lnsitions. Tht'se vibr<tttoual frequcnci<'s occur in the n0ar !H .. and .so <tl'l' wf'll separ<1t.ed ft·om 
otht•r vibrational fr·cquencics and <tlso from au.'· !'ltctronic trans\tious 

Tlti:·, opt•ns up I he possibilit;; of a new fonn of muon spectroscop,v. I!' these v·ibration,.:; \\'l'J'(' to lw 
oplint!ly excited. tlwn thl' resulting change in tire environnwnt of' the muon should be det.ccl.<tblc 
i11 the 11::-m ::;ignal. 

[l} P. E. BICkhl Fhy. !fa. B 50 ( l99c!) l/9.1'3 

The Interaction of the S0 2 Molecule with the Ti0·2 Surface 
S. Pugh and l\1. .J. Gillan 

r>hysks Dt'p<Hlmcnt. !(N•le linivcrsity, Stafi'ordshirp ST-'5 :iBC. U.!(. 

Ab nnlto calculations have been used to study Lhe structure of the T\02 ( llO) smface in 
which surface oxygen haB been replaced w'tth sulphur, and t.o obtain prelimina.r,v estima.l.es !'or the 
l'IH'I'?;." ol' I'C(H'tion of the 02 and so2 mokcnles with the reduced surface. The work is motivated 

b~' ('XjK'I'illll'llt(l) work which shows tha.t so2 I'Cacts very readily with the redttn~cl Ti02 Sltrfacc . 
. ·\ccordinp; to ultraviolE-t photoeleclron spectroscopy (UPS) rne<1surenwnt.s, the reaction leads to the 
incorporation or sulphur into the smface C!'~'-st<1! structure. The calculat-ions are based on density 



-12 CCPS \'e11'sleller .\"o. /:) 

functional theOI',I' and the pscudopotcntial melhod. and have been pNformed wit.h thr C'ETEP 
cock on the Dal'{':;;bur_l' Intel parallel compLlter. 

Model study of [LiJ 0 -centres in MgO nano-clusters 
:\. L. Shluger and L .. \ckerm;uw 

Tlw Ro,v<~l lnstit.LLt.iou of Great Britain, 21 Albemarle St .. London \\'IX -IBS 

_·\ colnmon mode! in the st.udy of surface defect site::; is that of an infinite Sllrface hostinp; 
tht' defect area. In cases of pracUcal relevance (cR.tal,ysis), however, one rarely cncountl'rs thcc;e 
extenckd loll'-indcx surfaces. rather the assumption of nano-clu.st.ers seems more appropriate. In 
l his p1·cscnt study we follow this idt'<l by embedding a. quantum-mechanicall:v treated cluster (Q\1-

clListcr) into a nano-clustt>r, 11hkh in tum is t-reated in the framework of int.enttomk potentials 
and the shell moclrl for ionic polarisat.ion (for technical det.ails see also t.he paper by A. L. Shlnger 
ct. al .. thic; nlf'ding) 

In l.lw applict~tion t.o a [Li]
0
-cenlre Ill iVlgO. clusters of various sizes have lwen tested to stud.v 

the' quality or the su~ge.stcd model. Tlw formation of a pair of sub.-;tit.Litionnl Li (llld (l.Ll l'icctron 
hoi~' locctlizcd on the <tdjaccnt. oxygen anion was studied both in the hulk and on Llw surf;Ke of 
t.he nano-cluster. Cubic rlusters (:dg0) 6~1 , (l'dg0) 100 tiiHI dimers of (:\lg0)(;.1 wen~ used to lliOdcl 
thl'SE.' situ;ttions. Geomclric and electronic structure were ckt.crmined as well a.-; optical ab"-o1·ption 
pwperlic"-. 

In the study ol' t.lw cubic' cluc;V~r:'i. a clpar t(:ndcnc_v of t.hc hole to locctlize 011 the ccmt('l' i.s 
c•stnhlislwd. C'ompari.son with ana lop; e<bPS in a stepped dimer of two cubic clusters show. that the 
pi·c:;;PJiCl' or· the S('cond clustc'r hils little influence 011 t.he results obtained front the sinp;le clustPr. 
Tlt0rc \Ire ltmveHr. new possible ::;it.ec; an.sing from tiH' presence of th(' step. narncl,1· at tlw bottom 
of the·.-;(('!>· The_1· Cll'l' cnmp<ll'ed to t.h~' Ci\S('S cxist.ing in tlw si1nple cubic 111odel. 

Chemical Modelling of Gl.Rssy Polyrner and Composites with Flexible Bond Angles 
:\[. Steinfath 

[ll·an-\.-Stntnski-In,.titut fuN physikalischc ChcmiP. Tt' BNlin, Strassl' de:-. II .Jtuti ll:~ l()(;:n 

BNiin 

:"\lolPcLJIM :"\!Pchanks Computer Simulation wa:; applied to modelling of pol_1·1m'r glas"'('-"· i.e. 
titr' produced 1\lockl structures rcpr0senl lltinimu1n cncq?,"y t011fignrations . .-\latic polypropyl('ne 
wit:-. us('d <ts modt>l polynter. :\larroscopk densit,l' at. --10 °(' was gu<ll'al\tPed h_1· thrN' dillll'ILsioual 
pcriod1c bo1111dary condit.ious. t;1dike forme1· works on t.hic; subjPct <\model which illciLIC!e:-. not only 
tol'siou itlt_gl('s <ts deg1·e('!:i of frPeclom hut bond angl('s too. was dcvc,llopccl. Both ll\<t('I'Oscopical and 
:; t I'll('\ 11 ra 1 proper! ies 11'0rP examined. S t I' Lll't ural pi'Opcrt.ies like lllt'<lll sq u ar(' of end" to-end dis t cu1 n's 
ll'('l'f.' oiJtaiJted directly by the minin111m Pltr'rp;_v confip;uration ~:la;;tic ('Oilsl<:lllls. illl!'I'II<Il [H~'SSIII'\: 

and thel'llJid expansion codtkient were computed by ckformlllg the original!~· Sllmilalc'd lltod('l 
struc\UI't'. The resultc; were compared 1vith thoc;e of other model co1nputat.ions and exp£'1'iiW'ntal 
dat<t. The method ckscrilwd above was ctlso applied to polymer-graphJtc-s.\·stems. llt'Stdts for 
.slruclunti and tltt'rll\Odyntlllllt pi'Oj)('l'ties of the intert'ace 1\'E'I'l' shown. 

Defects on the 0{)0 Partial Dislocation in Silicon 
A. \'alladarc~s and A. St1tton 

Depcntmt'nt of \!aterials, tiniwrsity of Oxford. Parks Road, 0:-.JOI'd OX l :wlf (r 1-\. 

Sillllllationc; of tlw motion ofdcfcct.s of the 00° part.ial dislocation in Si art' carried out. 11sing tlw 
Tr.'r:;ofl' intenttomk potential. Low cnerg_v paths corresponding t.o the nwt'1on of k'mks, <Uit'q;hilsP 



dt•fects (A PDs) and kink-:\PD complexes a t·e f'ound using a co11juga.te gradient. elastic band mP! hod. 
Thi;;; mct.hod gives t.hc coordinates of t.he at.oms as we!! as the enet·g,v of lhe ii,\·stem along lh(• 
pal it ond in this way we obtoin lhc mip;rat.ion cncrp;~,. of these defect.s ((•nerg~' Jt the saddle poinl­
configut·ation). The r<:sults obtainE'd a.rc a first step towards umlerst.anding tht' chang('S in I he 
clc•clwnic stt·ucrut·e associat.Nl witb dislocation li\Olion and the dependence of tlw nwchnnical 
proJwrtie:-; of Si ou its clcct.rouic structure. 

Theoreticnl Studies of Implanted Muons in Organic Magnets 
H. :'vi. \'a!l<tclarc•s 1 lvL L .J. Probert~ and A . .J. Fisher~ 

Oxford Physics. Cl<n(•ndon L<1borat.ory. Pil.rkc; !load. Oxford OX L :3Pl.' (_ .f\:. 
~ DcpClrtllll'llt of l)hysics. l'nivct·sit.Y of Durham. South Hoad. Oucham Dill 'lLE C'.h:. 

\\'IJOII.\· organic ferroutap;uPts Me a new cl<tss of mat.criab of great. pot.eutial iulPn'st. hut tlH' 
early examples exhibit only \'ery \\"e;ck magnetic order at very low l.t>lHJWt"at.url'S fll. In tlws0 
cirrurust;mces. muon spin rolatmn pSH_ is Jmong the most sensitive sources of iu!'ocmalion aiJO\It 

t 111.' tn<H~ndic structure nnd inlNact.ions on a rnokcular scale 12j However. int.erpt·etal ion of thl' ttSH 
dat;t is cotnplic;l!r.>d becnusc ol' thP large number of binding .<;ites nwcle possiblP by tla• n•latiwly 
cn!nplicatecl mo)pcular struclut'l'. 

\\'p h<lH' pC'rformed SPmi·empit·ical and ab initio density functional calculations of t.hc PlC'ctrottic 
and lnOlC'cular structure of muonium itH"ot·poral<•d into the organic ferrom<lp;nets JHU'a -nilroph(•n;;l 
n-·nilmn.vl nitroxide ( JrNP;'\\'). :j.·(]ttinolyl nitronylniti'Oxide {:3-Qi\l\'l\') and pom-pyridyln\lron.vl 
ttitroxidl' ( }J---P'{\','\). \Vp find evidt>nc0 for" \\"ide variety of pos,.;ible muon binding site.s includinp; 
s'1tes in the conjugatt>d l"ing systems of t.lw mat.ertals as well ilS in the nit.ronyln1troxide gt"Oup. Our 
cilkul<llions also Slt§';ght the formation of local tripll'l electronic stat.es IW<Jr t.lw muon \\"\thin tlH' 
spin" l/:2 tllilp;nctk s.vstf'nl. 

[I] \L Tamut·<t ct. al. C!tcm. Phys. !,dt. 186 ( 1.09l) c\Ol 
[:2] F. L. Pral't. el ai .. 'Jynlhclic Jfrlals6l (190:3) lll 

Full structund relaxation using density-functional theory 
i\1. C. Wancn, S . .J. C'lnrk and G . .J. Ackland 

Dl'parlllll'l\t of Jlh,\·.c;ic.c; and Astronorny, The l"11iversity of Eclinbu1·p;h. i\hyfirld Road. Edinburgh, 
Eli!J :l.JZ 

Tlw wick>l,v-IISNI CASTE? and CETEP codes llil\'E' been modifiP.d to ill low full structural relaxation. 
<'twhling tlw 11nit ('Pll to lw opt.imis1:d as \\·c·ll as the ionic positions. The equihbriurn structun' of 
co 111 p](•x t riel\ 11 ic cr.\·s t a Is c a 11 llO\\" lw f"o und a 11 tomat.ic ally. Fu t"l her devPinp men t wi II allo\\" constant,­
PI"<'.'"'S\11"(' molcc\tlat· c!.vnatnics simulations. offering the possibility of observing ph<lse transitions . 

.'-iitnulations <ln' p0rformpc) wit,h ;t c:onst<lnt. number of plane waves, to ensure Lhat no chaq.;e 
is losl. bttt il' tlw sup!.•rcr•ll changes t.lwn so will t.lw enrrp;y ol' the highest pla.rw W<lH'. f'f!"ectivel.v 
all Pring thl' f-'IH'I"I!;.\. uttofL A (lula.v rot'l'edion to t.lw stress and total energy has thus lwPn used: the 
practical impl{'llH'!ltation of this lf'chniquf' ancl t.he limitations to its use <-11"(' discussed. \Ve furtlwr 
modi I\ tlw Pmrim•llo [{ahtnan Lagrangtan to wod.: with the st. rain rat. her than t.hesup('l'U'll vectors, 
to pt·esNvc tlw :'i_\"llill\t't.r.v of thr supNccll. 

l.·:xatnplPs of simulations with cell relaxation are given. illustrating the il.pplications and rest.t·ic­
tions of the code. and explaining the choice of box tn<\SS and timestep. Further I'C'fill('mcnt.s t.o the 
UJ(lc are sup;k>.c;l.ed. 

Dyunmicnl instabilities m a-quartz and a-berlinite: A tnechanism for amorphization 
C:. \\at.son and S.C. Parker 

Departtl\Crtl ol' Chf'mist.ry. l_Tniversity of BaLh 
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Elastic instabilit.ics have been usf'd to explain t.he occurrence ofamorphi;;ati!JII in botll n CJUartz 

(Si01 ) and n hedinite (AlP(}!). Howc•\·er, then' is a dynamical instability at (l(l.lj:UJ) i11 the 
Bri!lotlin zone precc•ding- the elastic instability for both structures which unplics that distortion 
of a :lx:lxl sup~'rcell will form a more stable n.vst.al structure. Simulations of distorted stqH'rcells 
of size :_lx:Jx[ resulted in the collapse of till' st.ructures below the clastic m;;tnbilit_v presstll"l'S f"or 
hot.h n--(pi<trtz and n- lwrlinite. A ::;tthtle differc•nct' bet.wt•cn thl'lll \\'<lS tlwt. \.he ('igen\·ectors for 
pho:-;phorus wen• smaller Lhan those of silicon ot· aluminium and on 'amorphization' the PO.t nn1ls 

ill n lwrli11ite remained complete!~ .. in tad wilh onl.v the aluminlt!IH changing coordiualion. Thb 
n'stdtl'd in amorphizallon itround t.he P0.1 units •vtt.h no P-() .. p liuks formed and a return to a 
cr~·stalline phasr on tlw rE-lease of pressure for n---berlintlc. which was not. found in the simulations 
of o--quarlt:. 

Computer Simulation in the Physics of Contact Melting Phenomena 
\'. S. Znamensk1 1. P. F. Zilberma.n ~. T. \'. C{'lfa.nd ~.E. A. Goncharcnko" 

1 1\abardino-Balkari<w State Uniw~rsit~'. Computer Se~ence Department. P.O. Box--Hl. !\'akhik-0-L 
:J(j(){)():! n.ussia 

~ 1\nbardino-nalkarian Agr;uian Institute. !H.'J U. To!st.ogo. Nakhik. :)()QQ().J Hussia. 

Contact IIH>ltillp; (('\[) is a phcnonn:non nt. Lhe interf<~cc of two heterogr>ncou;:; bodies that 
OCC1ll"S at (! IO\\"('J' \Pmpc'r(l\Urt' than tlH' melting point or each compO!Wilt. C\1 is llw first-ordN 
tr:tnc-.ition with its specific distinctive indic<1tions. mechanisms <wd kinC'Li("s. DPLailcd studies ot'the 
("Cllltart nwltin~ t>lwnomenon htghlight t.he contact mdt.ing nature and allows WICk' application of 

thP phc'nonwnon in various technologies. Computer simul<\.t10n is <1 powt'rl\d new tccllllique t.hat. 
('ll<ibk' IL"' to ill\"l'."'tig<llc th(' contact melting !'or tht' model system without. cumbersonw ('XfWI'iments. 
[I ;tlloii"S lL"' lO ohl<lill a l'OIIII('CliOil [)('(Wf'f.'ll lll:tCJ'OSCOpic (';.,[ phcJIOllWll<l and its llliCI'OSCOpic 

ci~<H<lc\Pri."tics. and d.I"JI:tlllical prO)Wrti<'S of the constit.uc'nt components. such as: the ion radius, 
t l1t' pol<'lltial."' ol' intPractiom; in the >;,V.';lCtn. t.hP dynamic structure !"actor. the diffusion f"actor and 
ol her cluH<tcteri"'tics of the micro:otructurc of the system. 

(II this jJ<\jWt' the SCil'lllif\c .software for tJH: SilllUi<ttiOI\ or COlll;tCI lll(']lillg pliC'!IOllH'llil 1\'(\.'i de" 
\"eloped. Til(' softwa.I'P includes the cilrect Molecular D~'ll<lll1ic (!\!D) simulations and ll\lllH'ric;d 
solution."' of the :\ernst-[)lauk (\P) equation. In the\(!) cxperinwnts tlH' data on ion UJot·din<tles 
i\lld olhPr 1'(':-,ults can bP displa_w~d on a luonitor in Lhe graphic form. Tht' progra1ns 1.'<1.11 l_w used 
fm c;tkul:lliou.s ol' tJw lm'<lll square displan'lllCllls. tlw difl'u.'>iOII codficients. the radial distrib11tion 
l"linctiun.'>. thr' IIU!'lll<tlized velocity autocorrelation t'unct.ions. and th{' contact lll<'lling ll'lll[Wt·at\HC'. 

Thr' lllt'thocl \\"as <lpplil'd for tiH' anal.vsis of tile 1-\Br- \"aBr. :\a[- K!. NaJ- \aCI <tnd oll1er typical 
io11ic ,".l".';tl'tns. Tile numerical solutions of l he \T equations allows us to ca kulate t\1c COIIV'Il t t·a tion 
distributions of ions in tlw mPlt. lnvr'stigations were conducted for dirrert'IJl. double n"tl.ratc, nit rill~ 
aud alkali-h<tiide s_vstl'ms. 

[irom thC' _\lolecukcr D.vnamics anal.vsis thE: rPsult. 11-as obtained that the form of the fir:;;t llli\X­
imum of the> partial radial distributi011 functions iLl'(' 1\0li··S,VIlllliCtrical, it. means that the er!'cctS of 
anli<HnlOIIicit,l· <HI<' dominant in this region. The lllea.n .<;q\1<\.rc displae<'llH'\1\S of :\a and Cl ions in 
th<' \"a('J .. f{bC'I system grows f'astr'r than in the :\aCI-hC! system and in t.he \aCI one component. 
:-.ystl'1n. The <"akulal\'d d1ffusion c:ocfricicnt.s arc sCJtsilivc' t.o the C:'l·l tClllJWI'<Jturc and can be llS('d 
f"or it."' q[uatious. Th{' mobilit~· o!"ions iu (_')..[depends 011 tlw interf<tce and <IITiulp;enwnt.s of ions in 
the cmnactinp; cr.vstallatlicr'.-;, Local domain;:;. consi:oting of mobile ion>;, of tlH~ sit:e of2 nm can be 
obsenHI chlrinp; (\time o(' 10 ps. It reflects the ilppearanct' or the liquid philSC in the 111\.('l'facc. Tltc 
t·csults of' the nunwrical calculations of the \'\-1 equations show a strong dependence of the intcr­
difl"usion codriciPlll on tlw concentration. on tlw cxtl'rna[ fields i\,Jid on t:lw charge ot' lht.> diff"u.-;ing 
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ions. The rcsulto; obtained lead to the elaboration of the methods t'o1· the control of thP conlac( 
nwltin!?: process and allows us to predict opt.imal conditions for the contact melting in pi·arlin'. 



Why the Car-Parrinello Method is too good to leave to the 
Electronic Structure Theorists 

or 

Molecular Dynamics with an Infinite Number of Timesteps. 

[), 13. Nicolaides 

Introduction 

Departmenl of Chemica.! Engineering 

Fnivcrsit.y ol' BnHII'ord 
Br<1dford BDI 1 DB. l' .!\.. 

\l;1uipul<tting a11d thinning degt·C'rs ol freedom are the jobs of the theot·ist.. Computer ;;imulation 
is lwcomin_,.; <tn illCI'{'i\.'·dugl,v useful tool t"or t.he !alter: an extreme example will be the simulation, 

;1~ p<trt ol' the Grand ('hallengr in Colloidal H_vdrocl_vJwmic.s, of a billtott fluid pilrticles plus a 
colloiclal sphf'rt'. \\"here one intet·esting output will be a single number the dl'0ct.ivc Stok('si<lll 

dt·ag cocfficil'ttl acting on the sphere. 
:\:-:the 1\UilliWt' of de)!;I"CCS of fref~dom increases. SO clot'S the nat.ura) (.\mcscaJr> of" (-)W S)O\W'St. 

cnllcctiw· tnodcs of the s.vstem. Tlwsc arc invanabl.1· the modes ol" physical int('J"('Sl, so it mak~>.<:¥ 
sPnse tu dPI'Ol<' most oftlw simul<ttion dt"ot·t to the study o!"t.heir energetics (how the:-' cotttribttlt' to 
tlw p;ntitiott fu11ctiott. for r'xampi('J. t:n!"orlltllatel.v. present rnolecul<ll" d.l'lt<Hnic; llt('thods nwrr'l.v 
tlP\"(tlr• most or the' simulation dfol'l to ensuring t.ha.t t.hcc;l.' modc•s ('Volvc more• .slo\\'ly t.h<tn shortl'r 
ll.<tl·elt'ngtiltttodc.'-'. This isn't quilt,• thr: .'ii\111(' thing as the goal mentioned <thove. 

Itt thi.-, llO[(' I jll'('.'i('lll a ""110\'PI" :-;imul<ttion nwt.hocl. 1\'hich accomplishes the t.ask or inll'l"CS( in 
cotnputatioual St<1tistical ).lechanics: to genet·ate coufip;ura.tiollS ac(·ording to it spcf'ific llamiltonian 
in the' tttost cfficil'tll poc;sibk mantwr. Thr' IIIPlltod is in fact not compktdy new. a."> it usPs idf•as 
on·t· :!0 \'l'iil":-- old: ltr.ni·Pv<-:t·. tltt'se have• been undcserVf'dly tgnnt·('(]. [\.(y hopr' is that b.v l'l'dt•t·iving 
tlw tnr•tltod l'iil a cunentl.v popular roulc. its usr:' may become tnore ,~,·idc•spread. 

Tltt' uullinc of' lhis notl• is a:-: f'olioll's: first I prec;enl a heuristic 0\'Prview ol' tlw C'<H-I·)arritwllo 
tttPIItod. till' II consider I"<U"iations on its main thcutt.'. I thPn examine OlH' o!' those Yil!"iatiotL-" in mon• 
dr•l;til. <ltHI in cluing :,o construct a novel algorithm for :-;imulating a polytnPl'. whidl is clo:-;ely relatPd 
to illl old SliP,P/'Sliou or c.](. llt'lliWlt. Finally. I ]JO.SP SOlll(' questions raiSl'd hy t.hts appt·oach. and 
skt•tc)t Ott\ C.OIII(' dirr:ctiOIIS J"or future l'f'St'ili"CJt. 

Electronic Structure Calculations in a nutshell 

.-\11 t•xn•lktll l'('l"il'll". frout tltr' potu\ of1·ie\\' oft.he tnolccul;tr d.vnamicisl. oftlw Car-J>arrinello (C'I>) 

ntr•tltod ['or calculating electronic ground state propPt'lics has been givt~lt by Hemler and Madden 
[lj. Itt this st•ction I gi1·p ;ut cxtn'ntcl.v conden.'-'r'd vr-•r·.sion of Lheir· de~cription. 

Considr•r <t sr'l o(' mass points (rl')Hesetttiug atomic uucleii) lalwlled by coordinat.(>.o; R;. and a 
:-illtCHJtlt cotnpl(•x futKtion (r~:•prc•senting tht• electt·onic ground state \l'ilVet'unction). l;1br'lled b.v the 

uwflicient.' C of an t•xpansion of thi:-; J"unct.ion in sottlf.' hasis set (here the boldf<Ke is nwanL to 
dcnult' th(' complctP Si'l of ('UefliciPnt.'-': for the electronic st.rucl.ttre problem thr•se may be !nbeiiPd 
' 1·" 1.1: wltc•n' 1 denotes an ou·upicd f'icctronic orbital and k cleuot.C's an element of a st.a.ndard basis 
·"~'l (.-,;t_\·. it ~au:-;c;ian) in U'rm:s of which each orbital is r:'Xpanded). 
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t'sinp; Lhc R; and C. one can constt·uc(. a ['unction 11·hich ~;iH'S tlw energy of the sy.stt'm of' 
nuclei! and elect-rons. This is a difllcuiL t.heoret!cal problem. and much use must be made ol' tlw 
local drusity ctpproximation. \Yhere the electronic density is asstnw•d to be slo\1"1.1· nny!n~. :-\t lht' 
eud of"tltc day. one arrives <1\ an df(•ct-lve Hamiltonian whlch tuclud\'s spatial kinetic f'lleq~y. fiartrcp, 
('Xchan~e. correlation. and pst'tJclopotential terms: min1mising this Hamiltoniau w\th r0specl to tlw 
c. !"or fix<·d R;. p;i\·es ('.';tilttates or llw clccLrouic grottnd sl.ate which (Hl' 111 good i\,!!;l'('f'llll'llt w!th 
cxpnitm•nt in mnn~· illlportant cnsPs (:2]. 

'['be miuim{:;<lt.ion may b(• nccomplished by Molecltl<tr Dynamics methods. l~y giYing theCa 
2 

dynamics. i.<~. \ncludin~ a teem 1~ 2:;.~- (c·n in the Hamiltonian and solving 1-Iatniltott's equations 

;1s 11·c US\Iilll~ .. do in molecular dynamics, then periodtca!ly ·withdrawing klnrt.\c r:nC'r~y by :wtting 
lhe i/' to zero). tlw .systf~lll is "annealed" into a confip;urat.ion wlwre t-he enl'rtQ' is min.im)s('{l. Thi~ 
cl_l"llamics is fict.it.!ous. an e1·olution of the electronic stat.e t.hwugh computN t.ime. and shouldn't lw 
rq?;ardt~d a:; giving an <1ccurate representation of the physical dynamics of l'lcctrons The sped fie 
pnr;un<•tcrisat.iott \\·hich dec:cribes the ground state wa.vefunction isn't important jt1.st the f<Kt 
lhilt it el·o]n>,s 11·it h lilllt'. 

The ht·e;lkthrough o[" CP ,,·as t.o ruu this fictil.iou;.; d,nvunics in paralkl 11-itlt the "rear· .\n\·-­

toni<lll classical d,I'JJ;unic.<;< of the twclcii. which thc.v ;.;imply implement.cd as abo\"(' b~- including a 

tNm 1· )_:_:1 .\li (R,f illlcl solving f-[am\!ton's equntions. This led to a constantly Pl·olYing electronic 

ground st.ale wnvefunr:tion. which ·'followed" tlw nucleii in such a way that tltr ;,;ysLem alwa;:s 
n'lll<t"tm•d on the' 13orn-Oppenlwill1Ct' (adiabatic electronic state) surf<HT [:3]. 

This bi'L'akthcough isn't simp!~· a clever encr~y minimisation nwt.l10d: it is thf' rc;dbation th<1t 
11·h;tl 1re t·t.'g<lt'd a.<; a t·r.•al \'ewtoni<lll d,l"llamics, ilnd a seemingly nctit.ious functtonal dynilmic5, ran 
lw put o11 an ('qual fooling provickd Wt' have ct good f'ff(~ctiv(' f!amilt.onia1t linking tit(' difl'f'rPut. 
dt'f!;t"ccs ol' ft·cc•donL 

Variations on a Then1e of Car and Parrinello 

If 1\"C t;1kc this ba;;ic le;;;.;on of' CP to hc<HL t.hen we mny play varia.tton.s 011 a theme b.v simpl~· 

('.\ittniniup; difJ'ercnt types of fu~tctiow-;. pnwid!ng Wl' can cothtruct an t•ffective 1-Jarniltonian which 
dcsnihc:-< tlw degrees of fn•t'dom rPpresenll.'d by \.hilt funct-ion (tlw Hartree-Fod: !lanultonian, wltiit' 
quite illlport<llll. is to tlw theorist just anot.lt0r rffprtiw• llamiltonian) 

h)]" c•.-..:;unplc, considc•t· a function which nt,lps the .<-:p]wrc onto an mb"tt.r<uy clo.'wd ,-;mf'arc "tn :3-
ditltl'llsiotls. In this e<tst tlH'H' is <ttl lntcr('sling llamdtoniau the Hl'lfnch llamilt.onian [·I] \\"hich 
1-'-:i\"1•.-; tltP t'twrg,l' of" such <t sud'ace in terms ol' <lll intep;r<tl ovc;r 1ts C:ltrvnt.ures. This !Iamiltonian de­
sct·ilw::; a metnbram', ,-;uch <lS that surroutHling nn N,vthrocyte (reel blood cell). whose properlil';.; are 
don1inatNI b.1· tlw l'IH'rg~· requirf'd to bend it. Tcr!llS may lw addr•d to this Hamtltoniatl to describe 
cff'ects duP to surl'act• tension and shear of the 11H'ntbriltW, and o:-;motk pn'SSllH' <tnd compt·ession 
oC Lit(' gel in the underl.1·ing erythwcyt.e skeleton. Th11s. a good efrcct.ivc llamilt.onian describing 
tl1e tlw Cttcrgctics of cr,vthrncyte shape is available [::"l]. l;sing the CP nwt.hod. a. simulaLiou of a 
colkction ol'such cells. which d_vnhmirally change their shapl'. is posstblc (here the analogue of tile 
nuckat· coord!natcs R; arc simply the centre of-m<tss coordinates of the et·yt.hrocyt.es). 

Thi."- type or sitnulntiotl should lw contnv;ted with it tradit!on<tl molecular dynamics s!mulaLion 
of' snclt a s,v;.;tent. where' all of the constituent molendes of each membr;1n0 ancl skeleton would be 
incluclccl. and cli<111ges in cell ;.;)Jape would only arise til rough colb:tive excita.t.ions of these manJ' 
clugrt'('.'i or ft'('f'Ciom. 

The C'P method cle<nl!· promi':lcs a .<;ignillcant improvement in the si;,c a.nd complexity of tlw 



-18 

systems 11·e can study h.v mo!ectdar d.vnamics, at the expense of additional theoretical t'ffort m 
deriving accurate effect.ive Uamiltonians. Howc\·ct·, as a rule. thcorist.s are cheap and plentifltl. 

A Detailed Example 

In this sect. ion IV(' fill in the detctils or lhe method oullinccl abtwe for a particulcu system in ()l'(lt'l' 
t.o dcmonstrat.f.• how the method rnay be made to work. In doing so we will discover lh<tt the 
method isu't as diffen:nt rwm "ordinary" \[D <IS might al first. seem; however, there will r('lllain 
OHl' absolutel.v Ct'ttcial clif!'erencP. 

ThC' s.1·stern we consider slarts with a funclton which maps th(' It lit' st'gtnent [0. I] nntn tl­

dinH:'ttsion<d space: in other word!>. a model of\\ polymer. In two d'ttnC'n:o,ions. \\'lttdt ll'nds itself to 
sitnplc contputations and nic<? pkt.ut·cs. we lnve our polymer P =: (:r(.~). y(s)) : 0 S s ::::; l whNt' 
x andy <HC "smooth" l'ttnction~. As a rc!:iult, t.hcse functions can lw exprPssed as an expansion 111 
rocfficil'ttl.s Cas with t.hc electt"Onic case: a reasonable choiu' would be Fourier crwfficil'uts: 

.t(s) = L (.'Lcos(ki-.') , y(8) = L cfcos(J,:s) I tl 
k !.· 

11·1tcn: the ttppr•r cutoff on the sums will becolll€' cle«r in a moment. 
lu the zoology of polymer models [GJ, our model would be classed as '·coarse-grcwwd.'' hut 

11·r• will tlt.'cd to inclwk information ou the atomic level in ordet· to makP sense ol· tht' rfl(•ctil·e 
lliuniltouiall. To .Sl'<,· !tow this works, cotL'iider a term in the c!Tecti1·e [[amdtonian which d('scrihPs 
lltf.' .SC']!'-illtt•t'<lCliOil of 0111' liue S('gnH'IlL i.t'. \\']tich llli\kl'S it Cl\('\",f!;d.i('idly impo;;sihk i'or till' )ine 
l.o cross it:<PIL and cncrgL•ticall,l' unfavorablt' for t.hc lint' to li0 along itself. \Ye could 1\Til!:' :-;uch a 

, y( I II-') (2) 

wit PI"(' ( j,.., <1 fuuction wltklt lwcomcs Jat·p;e f'ot· ::;mall \'illllio'8 of its (ll'gUII\E'IlL and l"('j)l"l'SPlltS <I \Ill it 
l'('pttlsiotl per llllil kngth of tlw litH' scgl\\(']1\. The inlt•gral in (:2) or CO\li"SE' din't-gt'S. aud so \\'t' 

ttnt...;t rPgulat(' th'1:-; and sim'ti<H 'tntegrals. sa.1·. by d'ts('l"Ptis'tng tht~nt. 'rltts we silllpl:-' I'Pcof!:nise a." the 
t·r'quit'i'tltt'lll that tlH• shon dista11ce properties of' our thPOt".\' tttllst clc•al with the undct·l:-·ing plt_,·.'iicnl 
rhr•mi.'-'11'.\' ol· Lht• pol.Ytttr.•r. Thu;,;. we are quick!:-' IE'd back to a "bt::ad-<uHI~spnng" mock!. 11·1wre the 
l<•rnt:-: in thr.· ('[l'ecti\"(' Hamiltonian such a.s fl.<,'{ ()!'(' giVl'll in let' IllS or S\llllS ()\'('[' ")wads." labC'lkcl 
b.\' CO(lt'dinatr'.'-' r, = (.!';. y,-). i = l, ,\" . and tltt' "springs" arise ft·om the simplest E'xpre.ssion I'm <1 
terl\\ l't•pr('SI.'lttinp; a pol,l'lllt'l' line [(;nsion. In l'act. 1\'P could include as nHICh ph,vsical cltc'tnislr.\· <IS 

1\'(' wanlL'd. in a sr•quetH'C' of succcssivt• impt·on'ntcnts to our dl{•ctive Hamiltonian. Ex:t.r•IJ.c;ion to 
tltl'f.'l' dittt('ll.'iions is also slraig·htf'on\·,u·d. 

So it :-;Pl'tl\s that 1\'P art• rir;ht bad whf.'l't' \\'C would have bPt'll had wr ckcidcd to do "(m!inary" 
\!J) 011 a lttodc'l polymer. llaH~ 1\'(' p;<litwd anything h.v u.s'tnp; tlw ('fJ .. based ilpproach': 

\\'hal \1'(' h<ln' gainr•d is in !'act trr>mrttdou.c;, Clnd cottst.itutes ttothiug ]cc;s t.hat tiH' complrlr' 
('litnination from our ;.;imulation of a large fract.ion of thr:' degreE's of !'reedom of our mod0! pol.vtlter 
The \\'il_l' this works is as l'ollows; 1\·ltilst describing t.!w t.ernts itt t!w dfec:tivt' tlamiltontan of our 
pol.\'t\\('1' by I.JC'ctds and springs, IH' retain the CP expn'ssion for t.he kinetic etwt·g,\: 

Ih, "~ ~ 2:: { (r',J' + (C',r} 
' 

This is agattt a fictitious d,\·n;uttics, ~Vhic:h should be rPgarded rt.s providing us with pol,vmel' 
cottfigttrations ll'lticlt evolve i11 comput.cr t'trnc, which may or lll<t~' not. lw physically realisftc. 'flw 
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llJOSt important thing aboLtt. expression (:j) is that it expresses the kinetic encrg~' i11 tet'nl:-; of the 
modes of t.hc polymer i.e. t.he Fourier coeffick~nts) rather than the itHlividual partickc;. In fact. 
expression (:l) simply sa.;.s that \H~ give an equal eflCct.ivc t-imcstep to each mode. !t may thus set'm 
that IW' itJ'(' devot1ng; 110 more compttt.atioual d!'ort. to the long wavelength modes than to tlw shon 
1\"i\Yekn~lh oues, hut we must look more careful!~ ... 

Sinn_' C<H:h moclt' is giw•n an <·'qU<tl tllncstep. we must. set. the value of the t.inwstep b.1· the cntNion 
thi\t thc tnosl unst.a.blt' tnod,, (typically t.h<' mode with shortest wavC'I('llgth) isn·l drii'!'Jt too hard. 
Then, as tht> rdo.<·alion linH'-5 for the different modes depend st.rongl.v on t.heir 1\"i\Yt>l<:ngth (llw.v 
l.1'pically ~o like <1 power ol' (l/k2), the long IVavelengt.h modes will euoll.'e vcr~· slo\\"ly nn computer 
t\mt' scales. Thus. mor<:' rompuLa.lional cf!'ort is required to evolve a. mode of long II"<Wckngth than 
01\(' of' short 1\"<I\"Clcngt.h. Since the long waveknglh modes arc usually (but. not. alwa.vs) t.h0 nwdcs 
of plJ_I'Sic<L! i1t[('f('S[. \V(' haVP (\II inlWrCOI\[.)_y inefficien[. Sillltilat.ion ]1lCChillliSl11 

The solution to this prohle111 is made plain, however. simply by looking at('))_ \\"hat we need 
is to give tlw modes <tn ef!'ectiv(' t.irnestep in propmlton to their relaxation times: 

_ .. _I_!_ 2.:: c'"~c + c~:.k_· _ { ( . )' (. )'} 
llr,!~ ---- , 4.) + 2 .._ 1: ·~ m 

II" here hl'rf' as an example, lhe denominaUn is llw spect.rllm of relaxalion times for a harmonic 
sysll'1tt. 

This will not gi\"!' tlH~ 1nodes equal \.illlesleps, but it will give them an equal evolution in 
cmnputcr tinw. so t,h~' ph_1·sical aver,<p;cs we arc interested in will he gener<ltcd 1\'tth maximum 
<'fficic•nc_l". Hough\.\· speaking. II"(' c.an say the since lhe lonp; wavdengt.!1 modes will m<tkc the 
];tq!.pst cont.t·ihur.ion Lo most. qu;u1t1ties of' interest. it is as if the short. wavdength niOdcs havt' b('cn 
'"illt('P,ratcd out" of 1hl' simulation. This rough wa~- of speaking' C<tll be llladP more e:-:,oct for the 
h<Hinonic ,s_\'s\('111. ns we discuss Iiller. 

I· xprcsscd Ill \.('['IllS oft lw velocitH"S of' t.hc h(:ctds. en is non local: 

fhT = } L ri M;J r"_i I 11 
l,.f 

ll"ht'IT het'(' th<' boldf'ac(' l'vi i.s meant to d<'llOt<c th<tl as well as coupling difl'Nt'nl !wads. this tnm 
c;111 ;tl.so !'·oupk tlw sp;l(:ialllldk<'s (i.P. x and ,v). Expr('s:;ion (-l) IPS flr:-;t writt.ctt dO\\" I\ in lD7r> b.\" 
( 'hcti'IP:-; B('ll1\l'\t [1]. whom IIIOSl or liS know through ot.hcr work (on r<tlcul<tt.i11g f'l'('(' rnNgiP:-;). Tht> 
net me It<' ;;a\"(-' llw d_1·n;unics it. gcncra\t':-> was \[;Jss Tensor [)~'na.nlics; Lhe t.echniqut> 11·as reviv<'d 111 

)!)!--:.") h_1· !-\. (;. \Vil.son (<'1] in the context of' lallice gauge t.lH'ory calculations, where it was renamed 

Fo 11 ri<' 1· .-\ n·tlc I' a I ion 
])('lliiClt pcr!'orm('(l :'\b;o;s Tensoc i\ID for a model polymer. b~ .. choosing <1 Ill <ISS tensor l'vli.J which 

~~-il-" lh(' <l\"Pragt' over ,1 I'CP,'ion or· phns'' spnce of the susceptibility lll<ltrix, i.e. 

I\· here j·"(r) (]('110t.cs th(• potential encr!SY of tlw g;iven IIitmiltonia.n. BcntwLt. found that thi,:; dynam­
ics getH'rated configurations effectively so lot<g as (.he system 1·emaiued near th'~ region in pha,o;e 
:-;p<tcc wht'rf' th(' <tVPrages in (;)) \I"Ne calculated. In the lirnit that the sysl.t'lll is harmonic. we 

cit II sho\\' analytically (for example using llamilt.on Jacobi theory) that Mass Tensor [)~:ncunics is 
optimal: h<tsically. it. E'liminates \"-! nwdes and replaces t.hem with copies of the remaining mode. 
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_.\ltt'rnatively. we can think of t.lw lllC'\.hod <lS providinp; a range of t.imesteps (ont' for P<tch mode) 
given hy the c'igenYaltH\'-l of M. There are as many timcst.eps as degrees of freedom (lwnce my 
elwin· or :subtitle). Bennett further suggested that a \Iass Tensor which \HIS (lll explicit function 
of the co<HdinatE's might t'are hettct· in ;;ystems which were anharmonic. 

Sttth a \lass Ten::;or is indPed pos::;ibk. by making a series of orthogonal transfonn<tt.ions of <1 

roordtnntc-iudepencicnl .1\Jass Tensor: 

'! T 1' M(r) ~ A 1(t·)A 2(r)A:1(r) ... D .. A 1 (r)A2 (r)A 1 (r) (G) 

whel'(' tlw A; <UC orthogonal matrices, and we have ror t.he moment suppres::;ecl the spat.ial indin•s. 
The mthogonal tt·ansformations ensure that thP canonical phase space clensil.v of the s.vstem is thP 
:-;anw as a system with normal d:-:narntcs and. if chosen correct.!) ... can keep t.he !'vlass Tensor "up to 
date" as the s.1·sletn C\·-o\v('.s through phase space, ensuring thn.t the simulation continually exjwnds 
tninimaleFfot·t on mPrel,v genera ling collective modes, and so more dfort. on actually st.udying them. 

In our c:.imple LD polymer mod0L where we have t.crm.c; in the Ilamiltonian describtng the 
springs lwt\\'('C'l1 lwads. a lw11ding eucrgy. and a van der \Vctab repulsion bc•l\\'l'l'l1 t.hc lwac\.s. we 
can find r•xplicit cxpn•ssions l'or the A, and D. In this ca.'Oe, \I· here there are h<Hmonic t(•rms in 
the l·lamiltonian. one lwgins one's Lheor~' from this harmonic limit. Then Dis a latt.icc laplacian. 
\/

1
• 11·ith clifl'crent coefficients for the direrltott::; along the pol,vtner (spring energies) and across thP 

pob·mcr (I1P11ding energies). and t\H:' A; are local rotations of the polymN into a comdinate s\·stcm 
whet·(' D is tri-di<t(J;Oll<tl. Thus. this dynamic~, which I call "accelerated molccttlar d.\'ttamics" 
.-\\!])). catt t'flf.'ctivrl.v evoh·e the long wav<'l\'ngth modt•s (including t.h(• repta.tion mode) or <1 

po\,\'1\l('l' irrespective of its particular confOl'lllation. ()f COLll'Sf', \\'E' lta.ve On\_v dealt \\-ith t\H' t'ff(':'CtS 
of't'tttanglt'llH'llt ou the d.vnamics in tlw simplest pos;.;iblc \\-ay; however. t.hc approach ts only limited 
1)\' lhC' qualit.1· of t.hf_' theory ust'd to deterntirw M. This places some of the• burc\Pn of t.lwor.v back 
on to the' computatiottc!l scientist. whN(' it bC'Iongs_ 

In <Klual pr<~cti('(', there is a significant. additional computat.ional ta.sk in an accr:lerat.pc\ rnolN·­
ulcu· dy11atttics sinnilalion O\'Cr and above the force calculation (whirh is exactly the s;tnw a;.; in 
"ot·diu<H_\ ... \!D). This is thf.• solution of th(' equation 

(7) 

or "P = Mv". 11·hich is 110\\' a matrix rquat.i("Jl\. which mtt.c;l be solved every tinwstep. In gt.'neral. 
thl' tll<tlrix T'vl shouldn't tw0d to br: denst' in order to accelcratl'; in the pol;.:mcr model it. is spars(' 
(in fact. block banded). and the tirm: for· tlw soluliort of this equation goes likeN, tlw ;.;,vst.em size. 
Thi: ... tradeofl' in computation will in geiiPral lw adqntageous whenever the inneaSl' itt rosl dU(' 
to soh·inp; (I) is lc•:-:s than the critic<1l slowinp; clown (i.t•. lhc ratio of the larg('sl. to the smallest. 
rl'laxation tinH') PXjl(!ri('l\C(•c\ with ordinar.v \lD T;.'pical\.1', collcct.ive r<•laxation t.imes vnr.\' as a 
high power ul· .\ (.\'"2 for a purely harnronic model). So, the tncrease in dfkicnc~' givPn b;.' the 
.-\\[f) algontlun c<tn be VNY large. 
ll'hdhN th(•.1· me harmonic nt· not 
most nrodels to which it is appli(•d. 

C'onvr:r~el.v. there <tre !'cw tnodels without collective d_vnctmics. 
the method should thus provide an tncrease tn dficicuc.v !'or 

htr<tll.Y. ll'e no\t' tl1at thr (jU('asincss felt by somP in modif.\·ing t.!w d~'na.mics of a perfectly 
innon·nt .-;ystr•m such as thi.'O tna~' be contplct.cly calmed by usinp; accdt'rat.l'd molectdar C\;.'tl<lmics 
llH'rl'l_v to gl'ncratf.' configurations fot· input into a conventional l\'Iont.e Carlo scheme This is in 
fact the nwlhod of hybrid ).Ion((' Carlo, and il guara.nt.t•cs t.hat. the system configurations will 
lw cotT('ctly Boltzmann distt·ibuted (according to the pot.cntinl etwrg,v terms in t.lw .Han1iltonian) 
indP)lL'Jl(knt oJ' tlw dynanries. :\[orl• import«ntly it generate.'; these couliguratiou.s dficicutly. in 



that it uses \10 to only search out s~'stem dynamics along the '·nat'' directions (thnY' along \1-hiCh 
the s.1·st.em f!lll.:'rgy varJ('S t!w least). [t. <tiso <d!ows for the use of incredibly !ill'!'/' (0.1.-1- 0.2) \"<lltJes 
or t.hr time;;tep. as nu1ncric<1l integration l!laccuracirs are identic<tlly rendered incons~'quential by 
the h~·brid \-[onle Carlo me\.hod. 

_·\ltcn;atll"cl.l·. thL' d.vnamics is .suitable l'ot· a quantllm _\[!)simulation. 

Discussion 

Tlw pol_vnH'r si11wlaLion discussed <tbove is currently being implemented for a pol~'rlH'I' melt .. :\i\[1) 

is slighll_v more complex to implement than a slandard i\--{D, for reasons discussed above. As 
a rPsult. data <II'(' CU!Tt'lltl.v \agg1ng behind those [ would have obtained vta an '·ordin<uf' \ID 
implenwnlalion: however. 1 expect t.hat the long timescalE's which plague such a. con\"entional 
<lpproilCh will soon <1ll01v nw to '·c:at.ch up''. l'dy purpose in writing this note is to l.rumpC't the 
gNleralit .. \" or the CP/~Tass Tensor fl.pproach. which I believe will work for many more s.vst<~IIlS than 
t.h(• Olll' I'm implementiug. 

[n addition. t.lwre are several intriguing questions raised by the method, which point t.l1c \\"a;: t.o 
its l"urthr'r use !'01' nonharmonic s.I."St.erns, as well as giving us an undt'rstanding· of wl1at simulation 
docs. 

The first question i.s '"Is <1Ccclerated molecular d:.'n<unics really possible?'' Tn othN 1\'0I'ds, is 
there a particle· s.1·stem in t.he laboratory with d.vnnmics gencrat.ed b.v non local kinetic cuer)l:,V forrn~/' 
The \(•rm in thf; ('IWJKV which \\"()uld be needt'd is one which couples the veiOCILtes of neighbourina; 
particles. Such trnns <He thought to <Hi.'"' from d!"t.:divp two-body h~.-drod~'namic fon:cs. but lhl' 
(-'X(H:( COI'Ill or tiH\':\(' iutcraclions will haH' lo await the results or tiH' C:ntnd Challtll)l;(' llH'IIIionf'<l 
prC'\' i011SI.1·. 

_.\second qil('sliou io; '·('<In we n~con'r \ID from :\i\.[IY(" Ts tlwre au anal_l"tiral presrripl.ion for· 
cstiln,Hing d~'llamical quanti tic':'; tneilsured b.v the two nwt.hocls"_l I st1spcct t.hat a positiVi.' aiiS\\"c'r 

to l.ltis question ma.1· lw rwr:d('d bdon' .-\\IJ) gain.'; gC'nt.'ral <lccept<uiCC'. even though 111<111~' pres!-' lit 
\ID calculations Me onl.v COI\(_'Ntwd \\"ith stolic proprr·t1cs. 

:\ morr' pr·<tclical quc'.c;tiou m1ght be "!-low do we know that we have an opt.itnal choice of"M".''' 
[J('H' Lhc CP approach ma.v he of.<lssistaur:e. if we have an unclerst.<tnding of t.he expcrt('(lmoclc•s nf 
tl1e ;;ys\cnL IL for exalllpl('. \1"1' want to simulate 0 dense melt, we may be more "rntPreS\(~d in a rr.'la­
\ivr:' <\C('Pkrat.iou of the motions of the Cree ends or the poi~'IIH'rs. in which r:asr> a rq>arilnlcl('l'isalion 
of our function in terms of .Jacobi or Chebyshev polynomials would be appropri<tlc. 

The 111me iutNestinp; qur'sLions iHP also more abstracl1n a mat.]wma.t.ica! S<:'nsc. l.ilt.ituatcly. II"C 

know \1"(' ar(' doiup, the h('st wP can \\-hen locally in pha.'w spau>, 

1-'or a harmonic s.vs\l'lll bot.h sides are independent of r. so the above relation can be easily 
s;tti.'>ri('d .. ·\ more general critenon for when we can achieve t.his exists in the mat.henFllical\il(~ra­
l ure. a11d has generated recent interest amongst. mathematicia.ns and ma_thematica! physicists, as it 
seems th;l.t larg0 reductions in the number of degrees of freedom a.re possible even in non-hMmonic 
theories [Dj. Thf.' mal.IH'IlHilical lllt~thods have been recast in \.IH' guise of statistical f\c!d theory 
C<lkulat.ions involving supersymmetry, in which one sees the cancellation of bosoniC and fcrmionic 
degn'PS of freedom. even in models with complicated int.t'ractions. Tit is usually r<:'stdls in a simpl0r 
theory t.ha.n one \\·ith only bosons or only fennions. \Vh<t.t \\"C Me doing with acc:eleratec\ molecular 

dynamics 1s ill a \\"(],)' similM, in thaL we are making the tlwory more complicated by coupling; 
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the monwnta of different pal"liclcs with each other <lnd with the coordinatcs. Thn~. the moruenta. 
which are normally t.rivially intt•grat.ed OLLt of the partition function. no\\" make a nontt·idal con­
triiJotion (proportional to the deternHnant. of M). This is entire]~ .. at odds wit.h the usual method 
of iLJCrcasing the sophistic;ttion of a theor.Y. which usually concentrates on m<tking the potential 
cJwrr;·.y l!lOrc complicat.t'd. Tlw hope is th<tt our :-;C('lllingly nwrc complicatC'd nJodel n1ay in fact 
be :-;imple (or. mon' l'C'a]ist.ically. have a simple model imbedded in it). and so be more efficiently 
.-;imulated once its simplicity is reco~nist•d. One of the hallmarks ofsupersymmetr_i' is that the fret> 
l'llt'rg,v is identically equal to zero: if the above relation forM can be satisfied then 1t is eas.v to 
show that- the frte cnerg_y of our more complicated s.vst.em of coupkd coordinalrs and monwnta 
b indeed zero. !\Iuch more an;tlytical work !weds to be done to t!'ansform this handwaving into <l 
presniptiun for actu;lll.v choosing an optim<d rvr for a given syst.em: the links proposed in [9] ()]'(' 
.c;ti!l tcuuOL!S. Howe l-et'. the potent1al beut)l\t.s to simulation in general are enormous. 

This brin£;s us to our final point: that discussions of algol'ilhm efficicucy become increasingly 
imporl<~nt w!Jcn computational resources are limited. as the~' are in t.his country now. Tlw l:K is 
:-;o f<1r do11·n the ll•ague t.nble ofsupciTOlllputinp; tlwt an.1· sirnulat.ioH which wastes t'CSOUI'Cl'S at the 
Cigaflop kl'i~i S{'riousl.l· damages not onl.v its O\\'ll but. also neighhoLtring <ll'CiiS of compul<ttional 
.-ocicnc(•_ Yet <H('n't man.v curn•nt simulations. which mindltessly incre«~w t.lw co1npkxity of atoll\­
<'! tom potentials ll'ithoul put.ting in the simplest underst;tndinv; of collectivt> cl.vnamics, guilt.1· of a 
wa:-;te 011 prC'cisel.v th1s scale? 
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The Random Walk and the Mean Squared Displacement 

\\".Smith and M . .J. Gilla.n 

Introd net ion 

The origin of this article !ie.s in a research pwjccl of ours. in whiclt 1! bccamr important to quanlif;: 
the errors in the ca!cu!aLion of the mean squ<Hed displacentt'llt (J.-ISD)- putttng; the t:>rror bars on a 
\fSD plot. This set tiS thiaking about the simple random walk, which offered a tlwon'til"a! modd 
for the ralculatious_ The exercise proved t.o he interesting and enlightening. illld clf'spite t.he almost 
cl'rtain probctbilit.y that this has been published cbcwhere. we present our findings to rl'<1Ckrs of' 
t!w (:('fl.) 11('11-sletter. who perhaps have ltol t.hought about. these tuat.t.er:·; before. 

\\"t begin ll'ith the n1lcnlilt.ion of the i\TSD from a single t.inw origin. and proct't'd to tlw case 
of ltlultiplc time origins. In both cases wr derive formulaC' !'or the ~ISD and the associatt'd l'tTOI·,-;. 
In tht' final Sc'clioll we put the tlwor.v t.o t.hf' tc'.-;t with a computer sitnulation. 

Single tiu1e ong1n 

Consider <t l D utndom \\"(tlk. A p<ut.ide starts at locatiou 0 (the origin), f"rom wlwre it nwkPs 
a random ·hop' of disl.a11CC' d in tlw positive or ncgatinc direction. t.o a location ±d. It c;tn 
.-.;ubst'(llH'lttl.v make an.v number of similar hops in succession and by so doit1g 1110\'(' quitP sonw 
diHance from t.hr· origin. It is import.<utt t.o note that the di1·ection of a gi\"Ptt hop is compk!t>ly 
indqwudc'nl or ill\_\· pr('ceding hop. which is to sa~' t.hat. the hops ill'e compi<'ld.v ltiU'O!Tclatrd. 

f·JI"cctin'l.Y. this mannl'r of motion. confines tlw panic\(' to sitN:. on a n;gular 1 1.) 1-';l"id \\·ith sparing 
d. 

\\"t' llC'Xl itsk the question: where will tile pMticle be after n hops'? This \\"ill lw g!n.'n b.\· till' 

f"orn1ula 

.!" 11 = Lh, 
'"'l 

1\"hich simply sums tht' contributions lo the O\"Nall particle lr0jector.\· mad<' b.\· P<tch hop II,. wlH'l'(' 

h; =±d. (9) 

So in ot·dC't' to d(•tf>rminr: the position .t, wp nctd to know till' his\o1·.\· ol' thP pill'lil'IP hop.". \\"p call 
swh a his! or.\· th<· lm)u."lory. for ol)\-ious reason.-;. \ormall.\· <1 single traj1•ctory is of littll' inten•st, 
<ts it is onl.\· one of" it potential!.\" astronomicalnumlwt· of possihlt' lrajc•ctork.s that can rl'stdt from 
a l"illldOtll \\"itlk or II hop.-;. This !wing so. it i.-; obvious lh;tt \\"(' 1\t'<-'d a statislicitl approach if\\"(' ill"(' 

tn dt>rin• an.Ything u~Pfttl fl"Om snch a model. 

II" we rt.>gard il singk trajl'Clory or· n hops as one statist-ical 't.rial'. \\'('ran east!.\' colt.sider the 
outcoll\1' of itlt infinite numlwr of Sllclt lrials 1. \Vl' cau represent. this in thl' following w;ty 

I I II I 

·--·-·······--- ~~--~ 

: :\duall.1·. (hi~ i~ ,1 ('Oll\'~·11ien1 fiction. \-\'hilc i!. i5 po~sihle to imagine <Ill illlinilc number of I rink there ran onl.1' 
he:.!" 1''-'~.~ihl<· indl"]'<·rHI<:nl tmjertork~. llowc·\'<:r. orKe n hecorm:s .~ufficientl~· large. tlw condu~ion~ dr<tWn front the 
iu·gumcm~ id>ovr remain V<~lid. \h; therefore <1-~~umc thai n is a large lltllnher throughout. 



wh<'l'(' the angtd<n hrarkl'ts < ... > indical<' an aw~rage o1·er an infinite~ numhf~r of tri<tls. ThP rt'f'tilt 
ol' this eif.'g<UK'(' is dis(lppoint.ing. lhc average< .l:n >IS zero. as can be set>n from the' followinp;. 

< :l.'n > (t") 
1=1 

z (h;) 
i=l 

" zo 
'"") 

- 0. (II) 

On rdlcction. t.his rcsuiL i::; obvious: t.he i't.h step in any trajector.v can lw +d or ··-d with equill 
probability. so <Ut average' of ;ut infinite nurnber of i'th hops must be r:ero. However the result. is 
\lS(-ful in lhilt in shows how we can separate out contributions to the aver<tge, something IH' <HP 

alloii'Cd to do bec;1use ead1 hop is indC'pcndcnt ot" all others. 
2 I .\ !llOI'C uscftd avcr;tge is < .r, >.which or cotHse i.<; the mum sqrwnr di.c.ploccnlen/. \\'e can 

calctible thi." i\s follows. 

' < .r;, > ((~"'n 
(~ t. h;h;) 

(~hi)+(~t,hh,) 
, >i " 

Z ("i) + z z ("'"'l 
i=l ,,[ j=l 

nd2
• (12) 

In oht<tining this t'I.'Slllt \l'e note th<1t the loss of' t!w cross tt.'rtns (i i- j) OC('Uring after tlw fourth 
st<'P <dJo\'C'. results from tlw fad that t,]w average< h;h,~ > must be ZNO- since the product lr;h; 
ic:. ~'crt2 • with (-'CJ1t<ll pt·obabilit.v t'or both c:.igns. and once <~gain an avcrag(' of such tcr·ms must lw 
zero. 

Thl' t·<·sult ( IL) is of' trnmcdi<ltc interest to lllolecttlar simu[(llors on a.t.lei'lst t.wo account~. Firstly 
if 11 i." inragincd th<lt f'ach hop occtns after a rep;ular time interval !'11, then it is appiH('llt that. n 
is dit'l'ctly J>I'Oj)ot·t.ioualto thr' elapsNI tinw I. wl1kh in Lurn means tint the i\ISD is /inr;(/1' in /unc. 

Sccondl.1· in circurnsl<UlC<'S whNt.' tlw drft'usion;d motion of atoms really· is due to hops from one sit(: 
ltl a not lwr. thP tnolkl immediately ren•als tlw average rel;ttronship between the hopping distance 
and the tirne intr•n·al bctW<'l'll hops. 

Thi.o.; ;.:impl<' model e<tn lw taken rurlhcr. For example. a question often asked in molcculcu 
simulatron is. how <tee urate is tlw MSD calculated in a simulation':' The model offt'rs insight into 
this i;;sue also. 

Since' Wl' k1101~· the \lSD. as given b.v equation ( 12), we can proceed to determine the uncertainty 
in tilt.' result h.v calculating tlw variance !(n !'nch point on t.he iV[SD, ll'hich we denote by 0' 1~. Tlti;., 
gi\'C'lt h,v th<' stcwdard sl-aListical f'onnulct: 

, I(., ( '))') cr,~::::: \ .t~- x,; , 
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1Yhich c<ln be manipulated as follows 

I II I 

11· here 

I l i I 

and (of courst') 

I IIi I 

Cornpulinf!; the \('l"rn on t.he right of ( 15) is greatly simplified by cecognising th<tt. since h;. hj. h~c. 
;wcl h(. MP uucorrelated wltrn. i of j of k of C, the only terms that. survive tlw averaging process 
at"(' those' with: 

(a) i:::::: j = k = (: 

(h) (I"" Jl of (k = llo 

(<·I (I~. k) i (j = l)o 

(d) (I=() i (j = klo 

11-lwt·e IH' note that the indices are equival('ttced II! pairs t.o gttarantcc a positiv(' prodllcl fOl" 
!J,It.rh!.-hi- \\"c rdso note that the• conditions (b). (c) and (d) <He t•quivalt•nt. 

Thu;., front (<<) we• obtain th(' result: 

and front (b). (c) and (d) wr• obt<<in: 

rrotll \l"lticlt it follows that 

(.r;~):::::: (:~n2 + n)d't. 

or il" 11 i~ C\trPmel.l· large•. lrt' may appro;.;imate thb by 

( ') •j ' (' .f, =. II ( . 

l-"inall_1·. r-otllhining tltb H'Sttlt with (lfi) gin:s 

\\"(• tna.v thus quote the error in the ?\·lSI) of the ra.ndom walk as ±a
11

, with 

c J 
O"n = v2-nd. 

I !.<J 

I l'IJ 

(20) 

(211 

(221 

This i.-., illl iutcrt'stiug rt'sult. It. shows that tlte error it\ lhe ~-ISO is directly proportiona-l Lo tlw 
\[.':\D it;.;('/r (at k,<st !lx a t·andorn walk). It is a.lso quite l<1rgc.t I-Io\WVCt". thi:-; ouLCO\lW is <'il.'>il_v 



.)/ 

\1npro1·cd upon by cakulat.ing the I'dSD of man.v particles simultaneously. Th('ll iC the panic It'~ 
ind{'pcncl(•nt. it.\;; ras~· to show that the 1v1SD remains lhc sa.me. bnL the t'rror is reduced to 

(\)"{' 

,. (T I' .._.n:::y;;::nc. 

\\"here .Y is the number or particks. Evcu so 100 particles <ne lH'("{'S.'i(\l',\" to ill! prove the iH'CUI'il("~­

b.l" an ordc·1· of ill(lgnitndc. 
In :J D. the correspond111p; results are C<tsily shown to lw 

(•;) ... :lltd2 . 

c, hn(P, 
,. ff:· ~, nd-. (1.1) 

\\'l!ilc thc~w rcsult.s <He> int.Nest.ing; in tlwmsdl'r¥>, they do not fully t"Pflect how .\ISDs are cal­
cul<dN[ in sinllliations. Tl1e most ohYious cHffNl'llC(' fl"olll JH<H"tke. is that the n'~ults <11"<' ohtanwd 
l"rol!l a srny!l Iiiii( or·igin and consrqut:nll~· each point on a trajcdory cont.ributPs only OlKt' to 
the Ol'l'rttll a1·craginp; Jll'OC('SS. In pn1clin: it is usual Lo u;;p IlHlll,\ .. point.s on a trt\jc:ctory. <'M"h <I~ a 
tinw origin in it~ Oll'll right .. The \ISO \s then cakltlatcd as an average over origins. a.-; \\'<:'ll ac; an 
ilwrage O\"cr traj1Ktories. \VIJ<tt. are the st.at.\stica! conscqucn(·es ot' this? 

Multiple thne origins 

Fm a sinp;k• particle maki11g _\{hops in 1 D. (wlwre :\1 i;-; a;-;sunH'd to be a wr:· larp;e uuntbcr.) \\"C 
ma.\" take' a point·" on the traj('ttoc.v ;1s <lll ocigin <llld calculate thr displ<ln'nH'nt of the pMlick> 
!'rolll this origin artcr il furtbC'I' ll hops using tbc formula 

n+s- I 

:~:"'·' -· L h,. 

which i." seen to lw <I p;t'nNalisation of equ<1tion (:'~). It is important to nolc that .r,1:., does not 
represent illl iJll.'..;())tllt' location of the p<lrt\clp Oil tlH' grid, bttt its d\spliH"l'lll('llt i'I'Olll the pCl\llt 
i;1hvlkd 8. Thl' ,:;quan·d clLsplan'lll~'lll is g·ii'Pil by 

(2G) 

(27) 

(:\o\1-' tl~<tl IH' have not assumed t.h;tt ever_v point on t.hc lrajectocy has t.o be usc'd a,s an origin.) 
\\'<> now rt'Cilll t.h<tt this is the resull of averaging ow'r just. one trajectory. The <tVeragt' for a.n 
infinite' lll!mbN of trajet!ol"ies is 



,\L ~ (("I= 1 

h;) 
2

) 
0 s==l r=s 

11·hich 1s precisely t.lw I'('SUit. obtained previously. ft is perha.ps grat-ifying to discover tln\l the 
pruct'.c:s or avt•raging over ot·igins docs not alter the expected res1tlt, but. is it mot·e accun1t0·: To 

find out w<· 111\1::-l ;1gain calculatl• the V<ln<uJcc, which is given b.v the same fnrnntla a:,; IJ('fcne: 

II' )H'r(' 

( ~')' 2 .[ x, :::: n d , 

and 

1 ~ 11 l 

Once again IH' cut t·educe this cxpn•ssion if we n:cognise that h;. hr h~.-. and ht. are uncorrel<1tc'd 
,,·!Jr•n i /:- j f k ¥- ( illicl t!H' onl.1· tcnns that. survin: \IH' iiVl'r<lg;ing process are those with: 

(a) i::::: j:::: k (: 

(h) (i = j) "' (k =I); 

[c) (c=k)iiJ={)i 

(d) (i=()#()=k): 

,,·hen· 11'(' not<• that (c) and (d) gin· rise to cqui1·;dr•nl terms. but (a) and (h) ;Hr' clistluct. 
:\ppi.l·illf.!: thl' cot1ditiut1 (<t) 1\"t obtai11 

(:12) 

i11 wliiclt lh{' P''ndiar limits of th{' thit·d summation spccif\ t.lw points sliiHC<i b_v LlH' two sub­
tr<tjector·i(':-. origi1r;tting <tt .~and 1 respectively. 'fhis can be mad~' more explicit if \\T scparilte 
lCI"lllS for 11·hich ·" =: { fl"Olll thO.'i(' for \\"hich S oj: {. p;iving 

Tlte lin·il tern1 on the right deals with point.s on the ;:;wnc sub-Lrajectory on!~·. 1\"hile tlw seC"ond term 
deals 1\"ilh points :,-harul between di}]Nr:nl :,;ub-t.raject.orics. lt. is now tltat. we must. recognise an 
illljlol·tanl 1\tcr: if \\"e arc to calculate the t.nte st.at.ist.ical error, we cannot admit into the udculat.10ll 
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dn!<l that are correlat.NL which mc<tns we must usc only those sub-trajcdoril'S that havt• no polllts 
itt commou. (Put 0\not.hcr wn.y. the i1VNage over ori~~;ins must be an nvcr;tge ovpr st<ltistkal!,\· 
indqwndcnt quantities. <tS IS the <weragt.' over t.wjectories.) It is oln·ious that the st->c·oncl tet·m 
is comprised cttlil'l'l,\· or such points itttd should b0 ignored. Titus the result ol' rhis part ol' thf• 
c;tlculation is 

)lt·oceeding with condition (b) \\'C obtain 

l11 thic< c;t."l' tlwn• is tto difficult:> \\'ith shared points. tiH' sub-t.rajcrtm·ir•s are inclE'JWndent.. 
Co11ditiott (c) p;in:." 

I :JG) 

Oun• again wt' recognise• that the second term nght of the above e<jttalion ts concerned with 
correl;l!(•d origins, aud so is cliscard1:d. Thus proceeding we obtain 

((,;)') 
(-:) 

(:lT) 
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And nnall,v, l'or condition (d) W(' heme 

((c2)') = 02(/'( 
.1., y ' 

(d) ; ·a 

wlllch f"ollow.s ["rom its rqtlivalr~uce t.o (c). 
Combining til(' results (:J.J). (Yl). (TI) and (:lS) into f3l) and substituting with (:30) into (:29) 

gii'Cs the final result l(n d"~: 

From thi.c; 1\"t' obtain tlw (:'l'ror as 

(!,::;:: ~ nd~. 
v~ 

I ,I o) 

So t.lw error in the \[SO calc:ulaLcd using a sttrn over 81ofl8fica!ly in.dcpendr::nt origins is just what 
might h;we be{'n t-xpcctecl: tlw error Cor a singlE' tinH' o1·ig\n. divided b~· A,. The E'lTOI' itt an .Y 
parliciP i\I'Pl"ilf!/-' is !.hPn 

I II) 

In :·l D. t h(• corresponding results are 

(12) 

:\s lwl'on•. it is nol.in•ahk that tlw error is directly proport.ionnl to !.h(• 2\ISD. whicb provid0s tlw 
ldloll"iiW usef'ul n1nr•nwnic formula 

I 1:1) 

a.'- <l gt'IINal f'ormula IClt' L'.slinwting the et·t·or in the i\lSD. 
In tilr· f'ollowing section 11·e (Psi thl'SC' formui<H' <tg<1i11st <t c;illltll<tlcd random \\'itlk. lwt bc.forPhand 

1\'l' llC!'d to Ill ilk(• SOill(' additiOil<li CO!llllll'l\(S. 

First I.\'. f(H a full t.t·ajector.v comprised of :\I da.t.a po111t.s. t.hc•n the maximttm numlwr of' stati."­
tiudl,l' indl'pPnclcnt ongins for suiHrnjectorics of length n i.s 

S,, ~ lniiM/n). ('1·1) 

Time; the value of.\',, appe<ning in the formulae !'or t.lw l.''rror will differ according to whet·e \l'l' arc' 
on llw :'\lSD curvl'. This will cau:;e t.he error to gww nHHe rapidl.v wiLh increasing 11 th;ut rquaLions 
(.J:l) and (·!:2) at first stt_e;p;t:.c;l. 

Secondly. whil0 the formula (·l:l) ma~' be used Lo cslimate the error 111 t.h(' general case, it.s 

llf:i(' hinges on tlw assumption th;d. the nndedying dift'usional motion is <t random walk (i.P. the 
nwt.ionc; of thr' at.oms i\I'C' indepenclt>nt and unconelatcd). Ono~ cannot l-hcrefore quote t.hc results 
of this !"ormttla as the error if Llw \lSD is 11011-liuear. The best that can be said il' the curvature 



(j l 

ot' the \LSD is outside the bounds defined by these enors is that the .MSD is inconsi.<;.fcnl ll'ith the 
random 1\"alk model. Thi.:; ma.v be <t stgnincanL observation in some circumstann.:'S. 

Thirdly. we have• been careful in 0\11' calcula.tion of the MSD and the associated cnors to use 
unrorl't'l<ttNl origins. mean in.~ th<lt. for suh-tnj<'ctories of length n. t.lt~' origins <tre taken n poitlts 
<tp<Hl. \Vh<tt \nllild be tlte coo.sequt'I\O:'S of tgnoring this r0q11irenwnt and simp!_\· using- l'\"l'r~· 

possihll' dat.a point on the ["r!ll lrajr.'ctory of M points to C<liculate these'? lt turns out that thP 
.\L'-iD is lhl' saml' (as one mip;ht have e:qwcted). The error calculated in thi.s \\·a~· hoi\"C\"l'l'. is quill' 
difl'crent. The denvation is (.('cliou;;, but it. rollows the lim'S outlined above, and \\"f.' simpl,v quote 
thc(:l D) n'sults. 

( to) 

(\\"lierl' we I1<1H' IISt'd tlw asterisk to distinguish this formula from (-12).) In this cast' as lll<lll.V as 
.\{ -- 11 poi11ls 011 thC' trajcctor.1· c,•n be tJ:';Nl <IS origins for a sub-trajt'ctory of length H. Thu.c: the 
relatiow-dtip lwl\\"t'\'Jl t.lw number or origins(:\;), Jf and 11 iS 

\\"c :-,hould also noll' th<tL in t.hc ckrivation of (-l-5) we lwve nl<"tde the ii-"Slllllplion thnt .. V~?: ·n. The 
Pqu<tllt,l· .\"._', = 11 shows that n = :'\f/1 is the long{'st. sulHxajectory for which t.ht.' anal,vsis holck 
Thi:, is uot an tllli'Pasouabie condition to impose. and it great.ly simplifif'S thP 1\nal formula. 

The l'oriiHlia (-l.'"i) is vr:r~· difkrE•ut from (-l:l). but \l·hat difrcrencc it makes in pncticc is lwst . 
. c:hown h;-.· a1t <'X<unplr.' in the lli'Xl S<-•ction. 

Exau1ple sinnllation 

.-\:, illt <'X<Illlpk \\"P hav(' perform('d ;1 l'anclonl w;tlk simulation using a s.vstcrn nl' lOO 'itlolll:-:.' with 
n1hic periodic boundariPs. The <ttoms had 110 mut.twl interaction and lht' trajt'r.'\OI'Y of c·ttch is 
tlwn•l'<.nc complctPI.v indt•pcndcnt. Each atom was initially placf'd in a r<lndom positio11 iu <t l ~< l ~< l 
c·ul>ic cell from 1\"hich it Ultdti'\\'CIIt [(j.l()(l random hops in :.1 D. r~:ach hop \\"<\S ±0.1 units in thC' :\ . 
. 1· and z dit'l'ction.c: simultalll'O\Isl.v .. Tlw ranclow number gf'llf'rator uS!'d Cor this purpo~p \\·a.c: th<tl 
of \l;\1":-,a,.glia fl ol [1]. 

Thr• l"l'c;ulting \J.':ii) is prcsf'tlled [:'\gun: L with error bar:-; cnkulated using l'ormula (·!:j) as an 
c'X<tniple. It i;< r'a . .:;.v to sc'e that the plot is lin('ar and prf'cis<~ly the 1nagnitt1de predictc'cl b.\' the 
l'mtnui<t (-!:?). 

In Fi_!!,:tli'C :2 \\"(' Pl'l':-;l'nt the cstilnall'clt•rror.c: Ci\lculated by a numlwr of clifl'erent nwthods: 

(<t) the \·ariaun' obtained from direct calndat\on (see below): 

(b) the tl'I'OI' caku);\ted using fonnula (-!.')): 

(c) the <:•nor e<tlcul<ttt><l using forlllula (·12): 

(d) tlH' t'rror calculated using lhe 'blocking method' [:2]. 

In orciN to calculate the errors according to (a) and (d) the atom-a.ventged contributions to 
(';tch pomt 011 t.lw i\-ISD arising from every possible time origin WNe slorecl - thus i'or example i'or 
tit(' )-lh poiut ou tltr \lSD. L6-l00 -·- j contributions were stocecl. The straightforward variance 
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of <til tlwsf.' contributions const.ituLNI t.lte error (<t). In the case (d) t.he blocking method [2] wn.s 
ust>d to cnlculatt> the error. This method altPmpl.s to eliminatE' cor1·elation from the d<t.t.a and <lt 
wo1·st dL'tNillllll'.S th!·' lowcr bound of the error. In Fig-un' 2 we h<1W' plotted the maximum error 
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delcnnined by l.lJJs method ctlong with the assoclaLed uncertainties plotted c1s error bars. (Using 
tlH' lll<tXillllllll error is h:r no means the only option. buL it. has tlH:' merit of simplicity. An <tlnd.'r'tical 

fit of t!J (']"['())" i\S Ct [unction or tbr 'b)ocktng rae tor' WOUld undou!Jted)y ,Vidd a iwlt,('l' ('t;(.imal-C·.) 



The results in Fi)!;tll'e 2 show cll~arl:-,' that. method (a) ofFers a very poor estimate of the enor. 
as might be ('X pee: led given 1ts complete clisrcgard of correlation. :\[ethods (b) and (c) give vt•ry 
similar results. which at first glance is surprising. but i\ closer inspection of l'ormula (.Vi) ren•;tl:-; 
w\1~}- !!'is is assumed that the uu1nbcr .\'.;dominates t.hr formul<t, we c<ul write the approximation: 

\''~ (2 {Tfl 
'""li::::ru vru· 

which clos<"l.v resembles the formula ('12), if the definition (4"1) is taken into acuwnt. B.1· this 
r<~ckonin?;. the formulae ('1:2) and (.jco'5) should difFer only· b:-, .. a factor of .jTfl. as is borne out b_y 
f~'igure 2. \Ve note that t.he error according t.o (4:2) is larger because it has no cmn~lalion in the 
<ni~·ins. 

f_,astl.l'. 1.\w error calculated by the blockin~ method is see1t to be a simila.r order of magnitudl~ 
(I.e; t.lw LIH_'orf'llcal estim<1tes. One hoped [{H a closer agreement. than t\11::;, but it nwst be noted that 
the e:stim<Lte of th(_• l.'rt'Ot' is itself subject to considern.ble unccrt.aint~' [2]. The~w errors p;row r<~pidly 
with tlw ·hlocUug index· as the error bars in Figure 2, for some represent« live points. reveal. 
\cvc•rthPiess the n~sults hE>rf' silo\\' t,hat the CITOI' oht.ninecl in this wa,v agrees with thP theoretkal 
('stinli\li_' to \\']thin thr• c<ilrtil;Lted uuccrlainties. Thus it follows that the blocking method can be 
uspd to obtain t.hP error in a general cas<' (i c. not just for random walks.) 

Conclusions 

\\'('have shown that Pstimatcs of llH' error in the \[Sl) <tre easily' obtained from the random walk 
lllo(lel. Simplr' Corn1ule havr• lwcn Pt'O\'iclccl. 'l'he k0,\' requirPmcnt in cakulatin?,· thl' l'rror i.<> to 
Pli1ninalP. as !'ar as po;.;siillf'. any correlatioJI frolll the datil. ThE~ blocking lllel.hod is recomJnended 
<ts a lliOd('l-independc•lll method. 
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This nolc is a folloll' up to llw arlxll' by Florian Miillcr-·P!athc from the prc1·iou;.; isstw. [l] 
ll describes an alternative procedur<' for dealing wiLh t.hc pt"Oblent of linear bonds in molecul<u· 
mi.•clJ<ul'tcs and d.l'n;unics programs. and also gives detail of the mathematics \\'hich is not -Joel tided 
in the origiJwlliltrat.urc reference. [2] \lost. of this arlicle 1vi!! be concerned with t.he case where the 
equilibrium an~le 0''o i::; JtOt. equal to"· Th(' analyc-:is is also ext.~.;•nded to consickr c;rcond deriv;ltin•s 
o!' tltc• energy !'unction with rc::;pcct to particle positions. This energy fundion has bt'C'll included 
in ihP CC'I).J st.<1tic lat.t.ice simul;ct.ion programs for a number of ~·ear.'> 

For simplicit..l' thP qJencc bond angle deformation energ~· is ass\lnwd t.o be a funct.ion of tlw 
ho11d angle o onl.v: i.e. cross terms II'Jt.h the bond lengths are omit.t.t>d. 

Starting from this cncrg_v expression 

C ~flo) 

the lit·st and S{'Cond dcri1·atives 11·it.h J'C'.Spect. to particle \oordiJl<-tles are found using t.lw chain nile 

DE dE' Dcos6 

I ill) 

wiH'l'(' i . .J.~' lal.wlthc three particles in the bond and o . .:i.j- thp C'<HIC'sin.n nxes. 1 1::> the lalwl of 
l_hP particiP about which there is a bond angl(' ~). 

l:'i1·st and second dcrJvativr's of cos() <Ht> easily found by the chain ruk 11sing bond length 
dt'J"il"i\liH'S, ;\]so. t]Jis part of the C<lklllat,iOI\ dOC'S llO[ depend Oll the fundiona] ['orlll or /{6). 
Thus: 

i)'2 ('OS f;) 

Ol·i,_.i}r)IJ 

()cos(_) 

i) I',-,, 

I; t I 



C'CV3 ;\('\\'slctter So . .. J;) 

\\'here 

Thf' other fir::;t and second dcl"ivatives follow similarly. Derivatives of cost') with respetl to boud 

kn~\.hs an' found using t.he cosine nde; the derivation is str<ughtforward and is left. to the rC'ader. 

Tht' rcsldts arP giV('I\ below. 

i) cos Cl ., __ ~ - o,.r ,, 
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-.,--· 

/"~· ,, 

iJ2 cos(;) 
.j . ·> )' ' 

i:h~ (I""' '.I ,~.. 

01 cos 0 
.) ') '2 .·)· 1 r ,. .. ,. r~ 

. I) J.(· 

cos !.tJ 
-.-,-
r;~; 

:; [)Jtos 6] 
-,.-: ~ ()r"l i!.· ,~.. 

,.:l-1'" I· 
'.! I' 

l ()coso 
-.-, 2·---, 
r~- dr~ 

'.1 d· 

Difficultic~ ilrisc with tht' cosine derivatives of the energy !"rom N]llillions {-IS) and (-19). 

and 

dE dE' d(> 

d COf:i 0) dc'J d coso 

-::1" 
d(coso) [

d2 F 
do'} 

dF 
d(; sin c) 

dE cos ol 
de s1n m 

I; I I 

I ;GJ 

I 'r~l 

Prohlcms \\"ill arise with t.he appe><ll"<\llCl' of -.-1- and ~- 111 thl' denolllinato1·c; of the abo1·e ex-
~m o ~•n- ,,, 

PI'('CJSions. and thcir hPhaviour i\S !/! _ .. , r.. Convt'ntionally the explicit form or the function f will 
he 

(GO) 

whc1·c !: is the force constant <1nd q 0 is an <1ssumNl equil1briltm angle Till' ovNall det·iyat.iH' ol' 

h 1\"ith respect to particle coordinates in this case llJa.v be either singular or indeternlinatc>. A 

Carte~icw a xi~ ·"~'stem ma.v be dcl'lned with respect to the d1rections of tlw bonds with :c along ij, !J 
in the plane or tltl' three atoms and z normal to the pla.ne. In this reference fra111e 1t. is possible t.o 

show that the first derivatives with respect t.o particle positions zdl tend to finite limits as 6 ~r r., 
I.P. the nl('tllOd us('d to calculate the first. denvatives leads t.o an indct.crminat.e. However. the 

spcond d('l'i\"<ltives 1nvol1·ing t.\\'0 :- clirectJOns diverge. So there is a sin~ularit.v in the function only 
in its .-,;ccoltd deriv;:ttives. This deriv;tt.ion i.s left to the reader. 



.Hfly 1990 

It i:' possibk in:slrad t.o usc a quartic funct.ion forE [:2] of t.his form: 

This fuuction has the following properties. 

L' = ~..11!'2 
.[ 

l. Thrt'C' is <t lltintmutn at o = (;'!o (and also at. :2~o- 60) 

()7 

(til I 

(G2) 

:2. Tlw :;ccond derivative of r: with !"f'S[lN.·t to 6 at. this point. is k, i.P the same as the conw'n­
t ion ai ex pre:-;siotl. 

:). Tht•n• is a maxin1utn. not a cu:Sp, at(,)=;;-

-I. A.<;; sho\\"ll lwlow all the first and second derivatives are easil.v cakulablt'. 

:1. As o----'! 0 difficultic:-; arb(• with .sing-ularities, although this s.it.uation is unlik('i.1· to occur 111 

real s_Y;;tcrns whiclt arc trealr-•d by molecular rllC'Chanics or d:>'tHl.!llics. 

Th(• flrst and sf•cond d('ril·ativrs \\"ill now bf-' obtainC'd. 
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(I:) 

I ' I' ,., (···2) 
·d~.}T '"'' A 2C -- U 

Tl1e appC<l]'(IIKl' oi' C = !.'!- 1. in tlw numcratm make tht' calculation t-ractabl(', FI'Om (-'i-S). 
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:-;tno sin(o--r.) 

sin- 1 s· 
s whNc S = sin(o- ;r) 

-~- fs + 1/G5-:' + 'lj.!OS''; + ·) (2n)!2S'2n+l + .. -] 
-'-; l 2--"(n!) (:2n + 1) 

for s1nnll S 

[I + 1/<i.l' +:!/lOS'+ ... ] 

- [1 + l/(isiJt 1 o+:~j-!Osin- 1 o+ ... J 

(G.l I 

((iC,) 

\\']WJ'l' th(' ~;•xpanc;.ioJJ f'or sin-- 1 S for smalls· lHl.S been used and may lw C'illculatcd to t.lw neccss;lt'y 
(I cc u r <l c ·". r r c n c (' 

From (-'i0). 

d (coso)~ 

dF C• 

-·- = AlJlt 
d cos"-' 
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T= tan(d>--tr) 

(-l)nT(2n+l) 

(2n + l) + ) l 

CCP:'5 :Y~'II'sldter So. -/:) 

lot· small T 

(liS) 

\\'hPre tlw (':<pansion for tan- 1 T for snnd! T has been usNI <llld ma_l' be cn.kulnted to th!.' IH'Cf'SS<li'Y 

i"ICCltl'(IC,I'. [!('ll{'(' 

PF 
( -" ·":i· = A [2T/ + /Jh] (()9) 

d(cos(,'J)-

Thi:, proccdtne breaks down if the f.'quilibr'tltm angle ()0 is r. as in t.!Jis case A is infinit.e. J[owevcr. 
a similar proccdunc may lw followed l!Sillf!: a harmonic potential of the form 

,'\ 0\1' 

(I lid 

dE I ' 
·-~d 
rf<.) -

\\'hkh Ilia_\' lw PXpandcd as above. Also 
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where C = r/J- 1. 
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