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Fig. 5.11 Theequilibration phase of a M D simulation. The first 50 steps are shown in detail. The
system consists of 108 atoms interacting via the Lennard-Jones pair potential, starting from an
f.c.c. lattice with Maxwell-Belizman velocity disiribution. The system is near the triple point
(p* = 0.8442, T* = 0.722, 5" = 0.005, 72 = 2.5, no long-range corrections applied). (a) Potential,
kinetic, and total energies; {b} instantaneous pressure; (c) translational order parameter;
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program MD1
!

I This is the main driver for the molecular dynamics program.
1

implicit none

call Initialize

call Evolve Sample

call Terminate

end program MD1
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module Particles

!
!
!

Contains all the data structures containing informations
about atom properties

integer, parameter :: DIM=3 ! change DIM to switch between 2D and 3D !
logical :: VelAcc = .FALSE. | velocities and accelerations in file?
integer :: N=0

double precision, dimension (DIM) :: BoxSize

the following arrays are allocated at run time,
when the number of atoms N is known.

double precision, dimension(:,:), allocatable :: pos ! posit%ops

double precision, dimension(:,:), allocatable :: vel ! ve1001t1e§

double precision, dimension(:,:), allocatable :: acc ! accele;atlons .
double precision, dimension(:), allocatable :: ene pot ! poten§1al energles
double precision, dimension(:), allocatable :: ene_kin ! kinetic energles

scalars derived from the above quantities

double precision :: volume, density ! these are constants
double precision :: wvirial ! virial term, used to compute the pressure

end .module Particles




subroutine Initialize
1

! Initialization procedure (called once at the beginning, before the
!' time evolution starts)
' .

use Particles

implicit none
1

! Read the user directives controlling the simulation
[

call Read Input
f

! Read the input sample containing the initial particle coordinates
!  (and perhaps also velocities and accelerations)
]

call Read Sample

1

! Print informations on the run on the standard output file
1

call Initial_Printout
end subroutine Initialize

P



subroutine Read Sample

( DECLARATIONS OMITTED )
read (1, *,end=600,err=900) VelAcc,N,BoxSize
volume = product (BoxSize)
density = N / volume
if (ChangeRho) then

scale = ( density / RhoRequested ) ** ( 1.d0 / DIM )

BoxSize = scale*BoxSize

volume = product (BoxSize)

density = N / volume
endif

allocate( pos(DIM,N)
allocate( vel (DIM,N)
allocate( acc(DIM,N)
allocate( ene pot (N)
allocate( ene kin (N)

s S et S

do i=1,N

read(l, *,end=800, err=900) PosAtomReal

pos(:,1) = PosAtomReal/BoxSize
enddo

( ALSO READ VELOCITIES AND ACCELERATIONS IF PRESENT )

Mass Center = sum( pos , dim=2 } / N
do k=1,DIM

pos(k,:) = pos(k,:} - Mass_ Center (k)
enddo

( INPUT/OUTPUT ERROR HANDLING OMITTED )

end subroutine Read Sample

27




subroutine Terminate
'

Termination procedure (called once at the end, after time evolution
and before program termination)

!
!
!
use Particles
implicit none
i
!
!
call Print Statistics
1

!
!
call Write Sample
I

!
!
deallocate( pos )
deallocate( vel )
deallocate( acc )
deallocate( ene pot )
deallocate( ene_kin )
end subroutine Terminate

Print a line with averages, etc

Write the final sample (positions, velocities, accelerations) on file

Deallocate all the dynamical arrays to clean memory {’ecological’ practice)

22




subroutine Evolve Sample

! This is the main subroutine, controlling the time evolution of the system.

( DECLARATIONS OMITTED )
call Compute_Temperature (ene kin aver,temperature)

time: do step=1,Nsteps
call Refold Positions

pos = pos + deltat*vel + 0.5d0* (deltat**2) *acc 1 r(t+dt)
if (ConstantT .and. {(temperature > 0) ) then I veloc rescale for const T
call Compute _Temperature {(ene_kin aver, temperature) ! T(t)
chi = sqrt( Trequested / temperature )
vel = chi*vel + 0.5d0*deltat*acc J v(tfdt/2)
else ! regular constant E dynamics
vel = vel + 0.5d0*deltat*acc 1 v (t+dt/2)
endif o
call Compute Forces ! a(t+dt),ene_pot,v1r1al
vel = vel + 0.5d0*deltat*acc I v (t+dt) .
call Compute Temperature({ene kin aver,temperature) ! at t+dt, also ene kin

ene_pot_ aver = sum( ene pot ) / N

ene tot _aver = ene kin aver +4 ene _pot_aver
pressure = density*temperature + virial/volume
print ' (1x,1i6,5f14.6)’,step,temperature, &

ene kln aver,ene_pot aver,ene _tot_aver,pressure
accumulate statistics:

temperature sum = temperature sum + temperature

ene kin __sum = ene kln sum + ene_kin_aver
ene pot sum = ene pot sum + ene pot aver
pressure sum = pressure_sum + pressure

enddo time
end subroutine Evolve Sample

-
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subroutine Refold Positions
I

!
!
!
use Particles
implicit none
where ( pos > 0.5d0 ) pos = pos - 1.d0

where ( pos < -0.5d0 ) pos = pos + 1.d0
end subroutine Refold Positions

Particles that left the box are refolded back into the box by
periodic boundary conditions

24




!
!
!
1
! instantaneous temperature.
1

use Particles

implicit none

double precision :: ene kin aver, temperature

double precision, dimension(DIM) :: real vel
integer :: i
do i=1,N

real vel = BoxSize*vel(:,1i)

ene kin (i) = 0.5d0*dot_product (real vel,real vel)
enddo

ene_kin aver = sum( ene kin ) / N
temperature = 2.d0*ene_kin aver/DIM
end subroutine Compute Temperature

subroutine Compute Temperature (ene kin aver,temperature)

Starting from the velocities currently stored in vel, it updates
‘the kinetic energy array ene kin, and computgs and returns the
averaged (on particles) kinetic energy ene kin aver and the

! real space velocity of i
! kin en of each atom

25




subroutine Compute Forces

ene pot = 0.d0

acc = 0.d0
virial = 0.d0
do i = 1,N-1

do j = i+1l,N

Sij = pos{(:,i) - pos{:,

( DECLARATIONS OMITTED

3)

where ( abs(Sij) > 0.5d0 )
Sij = Sij - sign(l1.d0,Sij)

end where

Rij = BoxSize*Sij

Rsqgij = dot_ product (Rij
if ( Rsqgij < Rcutoff**2

rm2 = 1.d0/Rsqgij

rmé rm2**3
rml2 = rm6**2
phi = 4.d0 * ( rml2

dphi = 24.d0*rm2*( 2.d0*rml2 - rm6 )
ene pot (i) = ene pot (i) + 0.5d0*phi
ene_pot (j) = ene pot(j) + 0.5d0*phi

yRij)
) then

- rm6 )
!

virial = virial - dphi*Rsqgij

acc(:,1i) =
acc(:,3) = acc(:,])
endif
enddo
enddo
virial = - virial/DIM

end subroutine Compute Forces

acc(:,i) + dphi*sij

— dphi*Sij

emem vamm ke Sems Smmw S=EE feME Sk S s s

looping an all pairs

distance vector between i j
(in box scaled units)
periodic boundary conditions
applied where needed.

go to real space units
compute square distance
particles are interacting?

compute Lennard-Jones potntl
1/xr"2 '

1/r*6
1/r~12
- phicutoff ! 4[1/r”12 - 1/r”6] - phi(Rc)
The following is dphi = -(1/r) (dv/dr)

24[2/xr"14 - 1/xr"8]
accumulate energy
(1 and j share it)
accumul, wvirial=sum r (dv/dr)
accumulate forces
(Fji = -Fij)

definition of virial term
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Some possible problems with crystal/mdl: select one. PQObLE’MS
RUNNING

Study the behavior of trajectories when the time step is changed.
A good reference value for the LJ system could be 0.0032

- Study the behavior of the caloric curve E(T) and of the pressure
P(T) /kT by means of constant energy runs at a fixed density,
starting from a crystalline arrangement.

Select a.density between 0.6 and 0.8 and go up until T=1.5.
Watch for a solid-liquid transition.

- Study the behavior of E and P as a function of density for a
fixed temperature, for instance T=1.15.
Go up to density=1l.

CODING

- Insert calculations of the total linear and angular momenta into
MD1l, and check their conservation.

Insert calculation of the mean square displacement (between the beginning
of the run and the current time steps).

Remove periodic boundary conditions in order to simulate a cluster.
Start from a cubic cluster with 32 atoms (2 cells per side in the
input of crystal). Heat it up by means of a chain of runs with

a temperature step of 0.05, and discuss the behavior of E(T}.
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subroutine Compute Forces

(DECLARATIONS OMITTED)

ene pot = 0.d0
acc = 0.d0
virial = 0.d0
¥
!
do i1 =1,N
do L = Markerl (i) ,Marker2 (i)
j = List (L)
Sij = pos(:,1i) - pos(:,])
where ( abs(Siqg) > 0.5d0 )
Sij = 8ij - sign{l1.d0,Sid)
end where
Rij = BoxSize*Sij
Rsqgij = dot_ product (Rij,Rij)
if ( Rsgij < Rcutoff**2 ) then

rk = (Rsqgij - RsgMin) *InvDeltaRsqg + 1.d0

k = int (rk)
if (k < 1) k=1
weight = rk - k

phi = weight* PhiTab (k+1l) + (1.d0-weight
dphi = weight*DPhiTab (k+1) + (1.d0-weight
ene pot (i} = ene pot(i) + 0.5d0*phi
ene_pot (j) = ene_pot (j) + 0.5d0*phi

virial = virial = dphi*Rsqgij
acc(:,1i) = acc(:,1i) + dphi*Sij

acc(:,]j) = acc(:,3}) = dphi*Sij
endif
enddo
enddo
virial = - virial/DIM

end subroutine Compute Forces

Loop over particles in the neighbor

!
!
!

!
!
!
!
!
!
!
!
!
|
)
)

!
!
!
!
!

Ih md3

list

part of List useful for i
take neigh index out of List
distance vector between i j
(in box scaled units)
periodic boundary conditions
applied where needed.

go to real space units
compute square distance
particles are interacting?
"continuous" index in table
discretized index

unlikely but just to protect
fractional part, in [0,1]
* PhiTab(k) ! do linear
*DPhiTab (k) ! interpolation
accunmulate energy

(i and j share it)

accumul. virial=sum r (dv/dr)
accumulate forces

(Fji = -Fij)

ot

definition of wvirial term
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do c=AN +
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do j=l+d, N
compute (i
F F,-ngc-l—SkW then
LIST(L) =)
L=L+41
endiF
onddo
MarkerQ(C = (-
end do a !
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subroutine Update List (Range) [ (135

| (DECLARATIONS OMITTED) ' nm
RangeSg = Range**2
|

! The following is the Fincham-Ralston loop for list updating
; .
L =1 ! initialize index into List
do i = 1,N ! looping an all pairs
do j = i+l1,N
Sij = pos(:,i) - pos(:,]J)
where ( abs(Sij) > 0.5d0 )
Sij = 8ij - sign(1.d0,Sij)
end where
Rij = BoxSize*Sij
Rsqij = dot product (Rij,Rij)
if ( Rsgij < RangeSqg } then
Advance(j) =1

distance vector between i 3

(in box scaled units)

periodic boundary conditions

applied where needed.

go to real space units

compute square distance

is j to be a neighbor of i?
if yes, put a 1,

o trmm ey Gmwe Vwm S S vomd SiEm e

else otherwise
Advance(j) = 0 put a 0, in Advance
endif
enddo
Markerl (i) = L~ . ! 1ist for i starts here
do j = i+l1,N
if ( L > MaxListLength) goto 9999 ! panic exit if no more room
List (L) = j ' ! § will be really included ..
L = L + Advance (1) | only of Advance(j} is 1
enddo '
Marker2(i) = L - 1 I list for i terminates here
enddo

LigtLength =L -1 ! final used length of List
write(6,’ (1i8,a)’) ListLength,’ indexes in list’ ! complete report line

DisplacelList = 0.d0 ! reset displacement vectors
end subroutine Update_ List

54 1




QP& m /'Z/'nj_ Jour Sk n
CPU ‘

e T;adecf}bfr'e.s remaen Uncl;a?jed
® O{)&?n@, .S!‘..‘n cle”[Je’no’ N %e(mo#jnam‘c

.S'!ES+€ - / NCIEDSES u/iﬂ» I

7-9 this wih mnd3

Ceég me%oJ - The | deq

-« L -+ 2K * &SSW
MD box - L>Rc

e A el
Q-

=l

Parb'cles CanchJaTLe [:o fn[:efac?" w:'l’l) C
are Cerbgin {OCQ‘{‘GCI n
- the <ame cell of ¢
OR

———

. One of He neaa %or{n(j C’eﬂS
(8 F2p 26 if 3D

=> Fixed volume (inJeFeaJené From L)
= O(N) method
5 ¥



geﬁi meéAoJ - sketeh "72 'hf’gmerlléé:‘oo

e Esksbsh number oF ces slon x4y
Nzl (LfRe ), Nyzint(Ly/R) Ny cink(La/R.)

M= N NN, cells ca A, M

T Constrock ;i cece for each ¢

T Conshrck 2 “cell conlents* date shuchre

Bine i g
g%bi'.._:-‘nyers.e of le QAOVC :

C — {t.},t.‘z-.. ":Nc : G, =¢C [€=4,-.-,Nc)j

' wo wrys bo b this boked &5t~
t: &Wo-iﬂJex an'aj G
Con t‘en&( A-Nc, C)

(Con "Binc‘déj "ndekes)
Ko c=1, ., M | |
{éano’_ou'er}-{m&x& of Par"cjes in ¢’ ne:'jLLor of c}
zj' CJ'O f‘ ’If"-NC

4 L= Conf.‘enl's(e,c) |
f:anJ_ Samej= { indexes of parfclcs in ¢ ofher than L:}
GIO a‘e {canJ_oHer} + {Caml- S‘am_}

compo‘l'e f‘ia ] .
: 1 FD a 'h (& Gld
. Lo (‘)F G‘a<Rc Perform action on J

38



Fe

1 i
yim 31qI10 3y} ‘(4 ‘x) aueld 3unsaod oY) ul awnd A[2Anje[S: b pue d pue
0<b ‘zabid
‘feucniel b/d = » SwNSSy ‘3p/p S2J0UIP JOP pue ‘Y ¥ D 3I3YM
»=4 ‘T=% h
:dnoid uotje[suel} e st
’é dnoid ayy ‘Apxp st ainsesw oyl ‘{1 pow (4 ‘X)} SN0} 3y 2aq K 3197 _
NOILOW DIAoI¥Ed-1sVnd °7'1 ITdNVXT
‘wstydiowoine ay} pajjed st ¢
pue (¢ 7 ‘y) Aq pajousp Lja1sw ST WaISAs 8y} usylL I = ¢ wsmydiowoay
-j1p Butalssald-ainseaw e Aq pajerauad dnoid 31210SIp Y} ST ' ‘73311
.EEM?"E -..-.— ".H aAEkT...HN.v.uM - _—uﬁ
:£q S$3}BUIPIOOD [EDO] UT pauljap A[Jensn st

¢ dnoi18 ayy ‘y 7 2 JI ‘398au1 ue 1O Joqunu [eal B ST 7 Idjeweled Y]

‘WIISAS Jesnueudlp

jeolsse]d v pejled sl Agﬂ ‘1 ‘) worpoe]joo syl -suisiydiowosijip Julalas
-aid-ainsesw jo dnoif 1sjoweied-suo & W « W o ‘A3isusp aarpisod sno

-nunued B A paujep W uo amsesw e Y ‘pjojluew yjoows e 8q J§ 1977
['T NOILINIJZ3J

swaIsAg [BO1SSB|) °[§
"SWI|

-qoid pajela:i pue swalsis [edlweudp jo ss[dwexa surejUOD 133deyd STY]

SWALSAS TVIINVNAQ

1 H31dVHO

“g9p) | vwelvag

-MU..CG;NUME \mU.,w.wm\U ,%0 M.Em\AwDLm U,.ﬂonkm.ﬂ
20y pe ppewy TA
L

4

{




Ca {o CIc curve

E4

Ca {or‘l‘c corve : P_‘ajs Fricke




E NnsSe mé / e s [ Soen#»&/f)fc-— isoé&r:‘c enseméde (Np H)

. b°83 | . ' .
A =-g: Z-b,d((r‘(e)) H-‘-E'FPV , / varying P Fixed
: o Hndefsen 0330) ‘
re: {F{(E)l .58, '&(6)} fi= V|/3§a Infrodsce “Pis"'bn “with

— /3 2 y
Newton's effoa%*oh => S‘amP/iné’ n the Ve V& mass R : addifonal
mEC(bcaw.om‘cal enSEmla.,e 0/@3(69 OF E’eeclom

oSO ¢ L QU U ) - PV

: < T
<A> above is rea[b D CADye Kinehe, pacheles Eﬁi{ M .@{'
_— Gja!: / i%-%:o [‘f> S,="T/!VT/§E“3§§.-\\—§
nd other equa c:;;:—; Sampling in Pe,,s %%% _% =0 V = %(@‘PJ
<A, .—é-’f; 2 AC®) ke QMTEL AT
6 : time~like Vaﬁ‘aUe NVE recovered wLen R—>

@ c[\ostsn on  Conuémerce éaSnj_S

|4



Ekft'én.sior) : é\ox w;l% (/a{ryffzcg S’Aape

P&(‘n‘ne//o &r\(.‘/ ealwn&n

.

(1380 )

—— — e e —,

M Rsrrinello snd A. Rshman

MOLECULAR-DYNAMICS STUDY OF CRYSTAT STRUCTURE TRANSFORMATIONS 213
1250 e
£
o 1000 F—-
pu]
-
g 750 metastable .
g ’r‘ocksa,l,f: [ , cesmmchf,om'd,e I i recksadt
& 500
#1 #2 #3 4 5
oo S Pl e P ——
T <l I — 1V
E 30
Z 0.25ps
oy —f
= #I 2 #3 #4
£
3 20 IiHrH|m|u|||1|||l||1|
0 5 10 15 0 25 30 35

Fig. 2. — Time history of a com
m KCL. Points plotted are 25 A
[ to IV the pair correlations wore monitor

(100 &%)

pression and decompression molecular-dynamics run
¢ apart, hence the nonsmooth appearance. In regions

ed; these have not been shown in this leec-

mre. Bignificance of the numbered vertical arrows is discussed in the text.

g

I"ocksa”: _
SfTbchV(

Cesium c“on'Je
structore



C@nomc@/ ensemé/e (A/Wj
Nose (IS‘%) and Hoover 0385)
A g |

m
Q- F - {PL '[::‘me—o/ef;ena/e,,f' Frichon

Cinebe energ 99 im LQL‘Mce

]}’«EEF minaflim OF U)e mel[:iiﬂ_ P_?i’lé .

ol

e .- -
- v . . . Sy . .
s L P
pBC . LA LI -
: .- 4. .
- e -
b .o

g3



................................
4
- 1.0
4

-1 30.0

c_____
—_
e ——
[ —ee——
—
—
—_
——
(-]

ot BV

...............................
08 0 08 [ 08— o 00~
(L) =
.............................
s
4+
-
. z
I
48
lllllllllllllllllllllllllllllll D
o8 ok o8 o 08— [ 06—
Fal
z W
=
&
7

p (< OceoLre 7’% o/e*ermine I

@ Con S}Tuo\‘" AN ltéo-, fbx)ma«?%%
JS P
half sofd ord Ajlff @Fuc‘d

@ Slmu(allwn wi” S(a(‘f‘ from Q

OM{_ A ‘LA /n '{—argle feen [ine
P On he (Uns &) q

E 4 Cow
®
sovs |

® Se@df'a‘n @nefdj &NJ Sﬁ/'}' Q
NPH fun

o |F E s &@c@J,Sgs{am will C’QjS‘b”ﬁE:@"@
@ IF & is sebieted, sgsfem will medf:®-O
& | b coses ) TE)-Ta ‘l’[T(O)—'f;]e’&/%

i 45



Sta LL (C S_}?‘u;fi;re : f" e /Oa«‘f C’offejaébn /5/)5"700

§r)

a’(f‘) =proéa£:/i§ % fnd o psir & ([S"EanCe I
&_("5”&_, relabive T wihst erpecled for
Q- fancJom (ig{h'éo'}“bn 6)7( #e Some o/ens:ﬁ

pa=ar fZ $e))

T

gl’) A 3&)1
i t/\. ﬂﬂ
L.
Crysta I
¢ uie[
[pesks o shell ) [333 oy

e
£ jrg(r) Trdr <no,of oms of o d-sbce
! be‘ﬁaeen O ad 2

=> inforeah
{ 0611()00 On Cry‘g\‘a,[ &{WC'/"G(‘Q

65

G&» ,CU /af“r‘on of 3( r)

o Dl'h'ele r axis I F’zi\:""e t'n',a,vals

g A&mu’aﬁ on L&S"WEM JUf ""d Hhe MD run
L

ey,

¢ Max_im Pos_srue_ c[:‘sl‘ance 'S

mf[
r‘

do (A4, N-{
do J‘:.c+«(,N
( com ofe FS)
C=V"g
K - int (n‘a/df)""(
b (K < KM,() Hen
Cound(k) =count(l) +1
endif
rckcb
enddo

g Norma]ite al’ é"e end ogﬂg run

o fsther expensive O(fdz) P&»’_fj
o (5n dbo aﬁF /1'31‘05(% in raP:: ovoid the

-



S&&'})‘c S'}?uc?‘vr‘e Igc'/br S(k)
P(K°)=Zﬁe”z‘&

k)= 4 pleIp-iDy
(G )
= ;}f <Za Cos k‘-r:‘a'o)>
¢ MeaSureJ éj Scaff@n‘ng exper:mentf
o Esenholy o founer 1ransfom o‘g? 8&‘)

[SG)=A+p50))

ot Qe.wlt" Cénno+ JQPC’{\J Or c&oiCe QF (‘/hd(je_
eck,(xﬁbc)___ ech i
€Ckax=d- => k 22_7_7: n
> L >

e

=2 Alowed k ore ?oaﬂbzecl &
Conse?mce of vsing Pac

Djf)c‘ilmr'c S'Ilf‘ucf/b[‘ e :
§P9C€-th Cl/é)n Hove,) cwre[ar@‘on Bmf\‘an

G‘(F:i')’“i foéaéf/fﬁ Usk an alom s oF
Eos:é‘on F ot fme & zg there
S an.aw‘vm ot Po&;b‘o,, O af time O

(y({:‘: é) - G_Se(F (‘:‘ €) + G_de'si-:nd- (r',&->

S

56



P}) onon diSPerSion_s (w;Hs T Jepencénce .’)

o :Do. MD run an& store '/Tca\jecltvﬁ'es
{&), v}
L Congfr uc’l’ c‘nS‘[aﬂ?’an&:uS 0’&3‘57&7 ﬁ’"

CufTené-) in rch{?/bca/ SpPce for ﬂe
de:;rcof K ve cfors -

-
% ~ - - b Lk. ﬁ(e-)
- . . . -
Vo~ " Ckerg(t) ce)=/) v.(be
FIGURE 7.15  Seif space ~time correlation function for 256 Lennar d-Jones atoms at (k b) = e Or (4 L. ¢
p* =075 T = 1012, Points are simulation results abtained from averages over 2000 =/ N L
. iy . C

m| ov
hme ongins, cach origin separated by 10 time-steps Lines are from the Gaussian
f th i

- @ Cons‘rud" ‘Hme- c/ené‘ C/ensi/:j- CJ&S’;%
Q—J"—S—@i‘l‘—- comelstions ( "iniéigz’% 3@#6&‘!13 chf?on_ :
an A . >
. . F(kfé)=ﬁ<f)(k:b+b°)f( k,!:)
[smll K> &yt) X
® Slkw)-= 5 dee “F(kE)

" * ,I risigma ‘!. .I " . i / res‘ oné
FIGURE 7.16 Distinet space-time costelation function G,(r,2)/p* from a simula- , Pe&hs In (l(,&)) P ane Cor ,)

computed
i d-Janes atoms at p* =075, T* = 1.012. Averages were.
oyt 256'me'r' origin separated by 10 time-steps. The delay times r are

. 2 sv D .
over IMe origins, €ac . . i A ‘
shown in picosecon ds and were ma de dimensiona | using potentia | parameters c harac é O,)o ! g

B ® Br‘o&c/em'ng relotad 1o anAamom'c;ﬁ
y

g

‘;\—_""wé::



‘Y1 puB £1 "SON

OnJ WoJ] UIEL "TOIaslp | 300] 943 U AIBpuUnoq 00T

oy 03 AvmjTEq Uonogd SSIIASURIY aG) J0] LI5USp JUWE
-T0D 1% (M 'B)S Jo souapoadap aunieradmay ‘9 *DId

Qm

UED 1= # L Oa L)

U0 1+ du61 1w 11— e

O'SOZILZD

Fursn suoniampaad MIa 7o saxedmod yorgm 46T
Noqe o3 STUNOTTE TS 9ANEIaL SYL “CEL 0=l
' 46°0 01 1£0 "1 WoIf Ljsuap a3 Sur3weyd uo uon
-1sod yzed voucqd (g ‘g ‘%) Teurprarduo] ay; UT PTYS
aanyESau Suoxys oy 39s aa ), Sz o) duyuamiay

amziadian 1UTINoD 18 Sys QFuad 4

- SUOTTE]
-nore? tocoqd 3y wE; wiEp [Eawtaadxe Iyl YA
marmaasde Ja1eq W1 a1 SIMSII QN 4L 4 "uon

*ij9aTi08C53I ‘C POl g "SON ORI WOl UINE] WIBQG "IN
-sazd ozaz Tw surod Furstaw eyl JTEY-I0O 3noge 03 spuocds

“91103 $1I02 Za.m0] a7 ATgM [Wiuaed (9-2T) Iyl o uiod

I s Algdnea o1 nnnoum!nou 24202 2addn agl ‘uopy
~2331p . 100 % u &1wpanoq 2uoz Y3 o ABmjTEY vouoqd
Tearpzii3uct aqe 20} (7 ‘3§ Jo duapadap B ¢ DI

AS N
|
]

*101094 aATM 1E3[[PWS 3 10] 191d132 omeag-q3raieyg
oyt 210N 01 “ON UNI WOJ) UINE; TOTIAIIP [ 300] IG: Of
nojedrdoad suouoyd RuIpPNILAnO] 10 AAIND ROfSIHSIY (P
g oN Gna o1} UIW BOTIIAIIP | J00] 43 o1 Buedwdoad
sucuogd peuipniyduo| Joj aAIn0 vojszadsiq (W) P TOIS

fm 05 Or 0O& ©O2Z Ol

™D

1602
92401

sjpn O

@

(m'pi5

$fjun O3

. i
q I 01 sACO R

(%) (oS

-e[0aTEd uoucud-JUSISTSUOD-Ta8 B JO SIMSII ay;

m”dlwm 52 \mm.. \ll\n_ PUE 424, S1MS2T [TIVIWTIHEXS 3 quTw STUS £3
u |..II.., ___.\\I\l\ - h -uanbaa] a8muasaad QN sy saredwros g aIndtg
” ,.,.,.. Fi Ico *(§T} uoTIENbS 1M wms 3y YA Jqried
! _ﬂ __.__h____ -W032 UTESE 5T J01aEBYaq STYL -Sa0i1d punordsoeg
N i 200 uvouoydnimum ay} UOTIIDPR UT PUE ‘SISEIIIT I
_ g i _ Se uapeoxq pue satauanbag] zeamor o3 1TYs syead
w owm muuh H oc , 3y} pa1dacha SY ,,*70 73 Japlayned {q LqEmawm
_m ...._ : g -175dxa PAPYS SIS LI ~ 0 30T®S I ALdnca
_. ! 3 Joj wondatp [300] T SuryeSedosd suouoqd asias
m!;......un;n.\nr..‘.,f NS St -smel} I0] $3;Tys armizraduwial sy smoys g aanh g
m /...‘H)._.//t\\lr\ .s.\.V‘ .“ s0 = . aunssaid juersuo? E s uueadwa) g
; __ \ _Noo g (6 1) wonienbs amu wns 2yl 4q AlsJIyUl
i i e _ s Pausaacd ST PISEIIDUT ST .7 SE LIISUIITT UT a5waId
i w ' ____ oo -ut Juazedde syl -3arrsod pue TS ST IFTYS IGY
m mmm”.._. 1 _ QW STYL “suonrpuea {irsusp pre asmeladman
- ' / lvoo Ted17uapt Japun (0 ‘0 *£)(,23) = 1 uouogd TeuIpmy
_ _..\ | ~13u0] 3yl SMOYS L 2IN3T{ “SISEIIDWM LI ST YIYS
Y e TV TR RS i 2ANESIU QLIS B SuqIgXe nouogd STy L0271 =
SACTRTILEZ — S0C oL DUB GEL 0 = o :S3JImersdiua) Tualagrp om
-0 (™ ®)S MOLOVI FUALOAYIS TVIINVXAQ o

®&@110S Svo VY

(2¢%1) 2N Ty P @sueH

£ (@S

s L ——— e gy




_Dj namicesl mecj SMS

oF afém"c Pr‘ocesgeg

f%b PN Mﬂndow/ ﬁ)'éée

Mmicro SCopic  wor /J

. Koo

'./OO -J( N

A-hs |
im pove #»eoﬂ/.

59

Why

the Arrhenius plot of atomic self-diffusion
in fcc metals is often

curved

near the melting point

C. Herzigeral,

h —— 1 [¢]
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Fig. 1. Arshenius plot of the high temperature diffusion coeffi-
cients of self-diffusion in goid single crystals. The solid Line

refers to the results in the temperature range hetween 758 and
993°C.
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Distance between the two jumping atoms

in a 60° double jump [near Time=0]: G De Lofenzi and & Jacoce | 1935
éteally double jump (almost all like this)
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Fig. 4. Adatom migration on the bee (110) surface. during a 200 ps interval (a). Short sketches
from the same run are shown separatelv. in order to distinguish single jumps (b}, double Jjumps {c})
and more complicated trajectories (d). The positions of the surface atoms a1 the beginning of the
interval are shown as open circles,
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POINTS) e Classical Hamiltonian based on the following expression:

properbies
V = %Z¢{ru) + ‘L}:U(n[)
1

‘_ (sSuApe) where n: is a "“coordination number”

n =
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$,up J
¢ Parametrization for Au:
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¢ Reproduces surface reconstructions of Au(100), Au{110},
Au(111)
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3-D Plot of a Au (100) face

gives an impressive insight to the complex struclture of the reconsiructed surface Chaing of gold atoms with a

tong range modulation of height are the dominating feature. 7
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Goals:

* Use large set of ab initio data
to obtain good transferability

* Rich analytical forms and
powerful parametrization
(full shape control)

* Correct first principles problems

* Still use expt data where needed
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Parametrization: powerful

Potentials are usually'based on one-variable
functions

Example: EAM is made of three functiors

4 ’
V({R}:0) = 23" é(Rij o) + Y F(ni; )
ij i

v
with  nj =3 p(Ryji @)
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Optimization: by minimization

Z(a) = (const) gz Fii(a) — Fl?
i
+ 3 WilAr(e) - A7)
e Force matching
e Other physical constraints
Simulated annealing:

L =l2m|a|2 — Z(a)
2 |

" Kinekic
ene{gy n

Why aluminum?
* It is a benchmark for metals

* Easy to do by first—principles
(no d electrons)

* Use pair functional potential
(EAM-like): simple

* Existing potentials have
pr;oblems:

E, ESFy T, L o
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Exp This VC FD

Ey (eV) 62 .61 .30 .54
E.(meV/AY) -8 65 4.7 29
Yoo(MeV/AY) 71 59 53 34
T, (K) 933 939 590 740

L (meV/atom) 108 105 53 98
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