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Fig.1a,b. STM images taken from a movie sequence showing Ostwald
ripening of 0.21 ML Ag on Ag(111) at room temperature. The left image
(a) was recorded 38 minutes after the completion of deposition, the right
image (b) shows the same sample another 6 h and 56 min later. The area
of the islands marked by numbers on the first image is plotted in Fig. 2 as
a function of time. For better orientation, the islands 1 and 2 are marked on
the right image as well

Rosenfeld et al, Appl Phys A 69, 489 (1999).
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Fig.1a,b. STM images taken from a movie sequence showing Ostwald
ripening of 0.21 ML Ag on Ag(111) at room temperature. The left image
(a) was recorded 38 minutes after the completion of deposition, the right
image (b) shows the same sample another 6 h and 56 min later. The area
of the islands marked by numbers on the first image is plotted in Fig. 2 as
a function of time. For better orientation, the islands 1 and 2 are marked on
the right image as well

Rosenfeld et al, Appl Phys A 69, 489 (1999).
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Why python?
* easier to use than C++ or FORTRAN

1 | /QSﬂc:iﬁ:fhmr"frAx=b'mm*
nump)/'ll_na/g' elgh LapaCk fut:t(\;rcrjyr:}:tri:)rc[l)]a(c:lin;ql;ldwﬁ;l\solutinnsw:‘/ .
numpy.linalg.solve(a, b) dgbtrs('N’, N, k1, ku, nrhs, A, lda, ipiv, b,

1ldb, &info);



### Definition of the object "Atom"
Why python’? class Atom:
" def init (self,r,p,mass=1):
self.r=r
self.p=p
self.F=[0.0,0.0]

* allows an object-oriented approach to

self.m=mass

programming

self.y=[rl1]]

### Method for moving atoms

def move(self,dt,L):
for i in range(2):
# Verlet algorithm
self.rlil=self.rlil+self.plil*dt/self.m+0.5%self.F[1]1*(dt**2)/self.m
# if the atom reaches the boundaries of the box
if self.r[i] < @.0:
self.rlil=-self.r[i]
self.plil=-self.plil]
if self.rlil > L:
self.r[i]=2*L-self.r[i]
self.plil=-self.p[il]
self.x=numpy.append(self.x,self.r(o])
self.y=numpy.append(self.y,self.r(1]1)
### Method for computing linear momentum of atoms
def linear momentum(self,dt):
self.p[B]l=self.pl@]+0.5*dt*(self.F[@]+self.Fold[@])
self.plll=self.pl1]+0.5%dt*(self.F[1]+self.Fold[1])



Why python?

* organization into modules

import numpy
from matplotlib import pyplot



Why python?

* a wide range of IDE (Integrated Development Environment) (spyder, jupyter, etc.)
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Importing libraries Definition of objects

» to perform mathematical and scientific calculations .
"Atom" object
dimport numpy

The move(] method mawves an atem wsing a Velocity-Verlet algorithm.

= To draw curves

1 F 2
from matplotlin isport pyplot BT+ &7 rit + &) = rit) + %Js-&-;%ﬂ&r-a-o[.ir’)
+ 10 generats random numbers nesded to initialize the velocities of the atoms DUt +8t) = plt) + — (F(t + 8) + F(2)}o¢ + O3)

import random
i : Velocity-Verlet algorithm
Interatomic interaction

Lennard-Jones

Vis(ry) = de (('ir)u . (r%)o]

Potential energy of the crystal:

Ep = JZ_;J);Vutr.-,-J

eps=-1868.8
s1g=8.23

s1g=1.81
eps=1.8 |6]: | #22 Definition of the object “Atow”
def V{r,eps=eps,sig=sig):

return 4*eps*|{s19/r) **12- (s10/r}**6)
det gragV(r.rx. epsseps,sigssig):

class Atom:
def __init_ [self,r,p,mass=1):

return (-Z4%epserx® (2= (s10/r)**12-(510/r)**6)/re*2) self.r=r
r=numpy . Linspace(1.8,4.6, 1688} self.p=p
T1g = pyplot. figure(] =elf_F=[0.9,8.0]
ax = fig.add_subplot{) 5=1r_Foim='B_a, E .8]

pymlot.plot{r,Vir])
#ax.set x1im(B.0,4.8}
#ax.set_ylim(-5.66061, 6.00083)
#pyplot. legendy)

pyplot . show( )

zElf_m=nass
a]
11

sElf u=
el y=]

a22 Method for moving atams

02 def move[sself, dt,L):
for 1 in range(2):
# Verlet algorithm

L sELf. r[1]=self. r[1]sself. n[1] %0t fself.meb S*salf F|1]*(0t**2] /self.n
# If the atow resches the boumdaries of the box
0.2 if =elf.rj1] < 8.8:

*E0: if seir.rji] = L:
self.r[i]=]
self.p[i 11]

sELT_x=numpy . append{se1f %, 51T . r[B])

sELT_y=numpy. append{self .y, self.r[1])

-0.8 #&& Mcthod for computing lincar momcntun of atoms

def lincar_nomentum({self,dt):

=sElf_p[8]48. 340t (s=lT.F[8]+salf_Fold[8]}

|48 3%0t* (seLT.F[1]+self_Fola[1]}
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"Crystal" object
Definition of the object "Crystal”

class Crystal:
def  init  [self):
self. atons=numpy.array ([ ]]
self. Epot=a.8
self. Ek=B.8

£ Method sdoing atoms into crystal

deT add_atom{self,r=numpy.array([8.8,8.8]},p=nunpy.array{[8.8,8_8]) ,mass=1.8):
self.atons=rumpy. append | s=LT . atoms , Atom{r,p, mass=nass) ]
det rij{=elf,1.3]):
re=self.atons[]].r[8]-self.atoms[L].r[8]
ry=self.atoms[]].r[1]-self.atoms|L].r[1]
rij=numpy.sqri{rx®rrsry ry)
return rx, ry,rij
def force[self):
n_atoms=len(self.atoms]
self.Epat=8.8
self.Ek=B.8
for atm in self.atoms:
atm.Fold|8]=atm.F[8]
mtm.Fold]1l]=atm.F[1]
stm.F[@]=a.8
atm.F[1]=8.8
for 1 in ramge(n_stoms-1):
for j im range(isl,n_atoms):
rx,ry, rij=self.rij1,1)
self.atons[1] . F[B]=self. atoms[1] . F[B|+gradV|ri], rx)
self.atoms[1].F[1]=self.atoms[1] . F[1]+gradV{ri],ry)
self.atons|]].F[B8]=self.atoms[]] . F{@]-gradV{ri],rx)
self.atons[]].F[1]=self.atoms[]]-F[1]-gradv{ri].ry)
self.Epot=self.Epot+Wiril)



Buiding of a 2D "Crystal" of 5 atoms 10

L=18.8 # Sire of the box in meter
m=08.8 # mass of the atoms in kg 81
velocity=1.8 = km/n # vitesse de 5 kmih <=> 1.4 mfs <= p=B3 kg.mis [ ] ®

pini=n*[velocity*1e3/3688) # lincar momentum

Positions of the atoms 61
: > = = L]
posttions=numpy_arrayy [ [L/Z,Li2], (L8, Lyd], [3%L/4,L7a] , (L4, 3% /4], [39L/8, 300 /0] ]}
4
Building the initial crystal "Ag”
L ] L ]

Ag=Crystal(] 7
for r in positians:

px=pini*( random. randon{]-. %) 0

Py¥=pini*(random.randon}-.3) a 2 4 L] 8 10

Ag.add_atom{r=r,p=[px,py],mass=m}

Computing initial forces

Ag.Torceq)

dt=.823

Epot=numpy.array( | Ag.Epot ]}
Ek=numpy.array| [Ag-EK]}
Etot=numpy.array( | Ag.Epot+AQ-Ek] |
temps=nunpy. array([8.8]}

Simulation of the movement of the atoms

number_total_of_steps=g6a8
fregenumber_total_of steps-1
for nstep in range{nuaber_total of steps):
for atm in Ag.atoms:
atm.move(dt, L)

Ag.farce(} 5d
— Epot
for atm in Ag.atons: A - 1
atm.linear momentum({dt) 1 — Etot

Ag.Ek=AQ.Ek+8. 3% (atm.p |8 **Z4atm.p[1]*42) /atm.m

Epot=numpy . append{Epat , Ag. Epot) 21
Ex=numpy. append (Ek, Ag. Ek)
Etot=numpy. append (Etot, Ag. Epot+Ag. Bk} 24

temps=numpy.sppend (temps, (nstepsl) “dt)
if nstepifreqg == a@:

display({Aq.atoms) 4
#display(Cu. atoms | 1
Tig = pyplot. figure(]
ax = fig.acd _subplot() =11
pyplot_plot|temps,Epot, label="Epot" )
pyplat . plot| temos, Ek, label="Ek") sad
pyplot. plot{temps, Etot, label="Etot"}
pyplot . legena()
pyplat. show| ) T =31



* Solving the one dimensional Schrédinger equation of the hydrogen and
helium atom using the finite elements method

wwwwwwwww

* Modelling of metallic nanoalloys at the atomic scale : chemical order/disorder
transition

* Solving 2D Poisson eguation by using Finite Difference Method
v?(,)(r] _ JG{T:] .
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