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37 basis 8.5 0.0 9.5

38 #Note the use of & to continue a large number of basis on the next lines
39

40 create_atoms 1 region forbox basis 1 1 basis 2 1 basis 3 1 basis 4 1 units box

41 #<Puts the atoms in the box>

42 # basis 1 1 means the first basis specified belongs to atom of 'type 1'

43

44 mass 1 39.948 #<Mass of atom type 1 is 39.48 [mass units grams/mole]>

45

46 pair_style Lifeut e

47 # k_B = 8.6173303e-5 eV/K #<How are atoms interacting. Provide the name of the poten
tial and the cooresponding cut-off distance>

48 pair_coeff 11 0.01006418 3.3952 #<The coefficient of the 1j potential
for the interactions of atom type 1 with 1>

49

50 group ar type 1 #<Group all the argon types (argon type is of type 1). All atoms of
type 1 are in group with the name 'ar'

1 # group and "group" together atoms in various ways. See the manual.

2 # Al these names (or IDs) are of your choice, except you should avoid using names o
f the keywords

5
5

3
54 timestep ©.001

55 #Specify a timestep for this run. Can be changed as required

56 dump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz

57 #<Dump all the atoms to the file dump.min> AN
- 58 #<dump ID group style N filename args. See web page for details. ix iy and iz give
tails of the image that the atom is presently located> 3
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What is a LAMMPS version?

LAMMPS stands for Large-scale Atomic/Molecular Massively
Parallel Simulator.

LAMMPS is a classical molecular dynamics simulation code
with a focus on materials modeling. It was designed to run &
efficiently on parallel computers. It was developed originally at:
Sandia National Laboratories, a US Department of Energy
farility The mainritv af findine far | AMMPS hac rame fram




1\

=~

| think we stopped at this particular command right here, how we actually put the atoms of the
system into a box, of a given region. This is where we stop the remember right, after that what
we do is we essentially | have to assign one of the most important things that you have to give
properties that you have to give your atoms is the mass of the atom. So, you say mass that atom
type. So, there are only there is only one type of atom in the system which is basically the argon
atom. So, you say mass 1 and the corresponding mass of the system in mass units for this units

that you have specified, which is going to be in grams per mole, we can find all this information

in standard places.
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Commands

angle_coeff command

Syntax

pair_style style args

o style = one of the styles from the list below
o args = arguments used by a particular style

Examples

pair_style 1j/cut 25

pair_style ean/alloy

pair_style hybrid 1j/charan/coul/long 18.0 ean
pair_style table linear 1809

pair_style none

Description

Set the formula(s) LAMMPS uses to compute pairwise E
interactions. In LAMMPS, pair potentials are defined between :
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. [cIR1} D @ https:/flammps.sandia.govidoc/pair_lj htmi B 2% ~9fH noece¢e

# LAMMPS

Docs » Pair Styles LAdMMRS17SencdfitRand
Website Commands

O Previous Next®
pair_style lj/cut command
pair_style lj/cut/gpu command
pair_style lj/cut/intel command
pair_sfyle lj/cut/kk command
pair_style lj/cut/opt command

pair_style lj/cut/omp command



Once we have specified the mass, we specify the inter atomic potential, the manner in which the
various atoms in the system had to interact. So, like I mentioned, we are talking about a noble,
we are talking about argon, noble gas, but of course we are going to not look at its behavior at
higher temperatures now, we have constructed argon as FCCs, FCC using FCC lattice treating it
as if it were a solid maybe at extremely low temperatures it behaves as a solid. But that is just
used for explaining this input file. Pair style is given as pair style is basically the key word and

what is the type of the pair style interaction.

So, in this case | have used LJ slash cut. So, LJ is obviously for Lennard-jones, but this is
actually an important keyword and therefore we can actually take a look at the manual for this
particular command. So, pair style, style, so what is what are the various styles and they can be a
huge list here. And the various arguments that are required for a particular style. So, for example
if it is LJ slash cut, you should follow it by the corresponding number, which talks about the
cutoff that you want to give for this particular potential. And I think | have chosen something

like 10 or something, for just illustration purposes I have given 10.
Student: All distances in angstrom?

Professor: It is always, all distances are an angstrom. And what are the various pair styles
available there is a huge list that is there right below, a huge list, the various kinds of pair
interactions that you can actually specify in LAMMPS. In LJ itself if you take a look at it, you
have various different types, for example if you say LJ cut coulomb cut that means you have to
give, there is a there is a LJ interaction for the nuclear interactions between the atoms in addition
to that it can also give coulombic interactions existing between the atoms. And you can give
separate cut-offs for the LJ potential and separate cut offs for the coulombic interaction. So, in
this manner you specify the pair style interaction between the atoms, or you are specifying what

type of potential that you are going to use.
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37 basis 0.5 0.0 0.5

38 #Note the use of & to continue a large number of basis on the next lines

39

4@ create_atoms 1 region forbox basis 1 1 basis 2 1 basis 3 1 basis 4 1 units box

41 #<Puts the atoms in the box>

42 # basis 1 1 means the first basis specified belongs to atom of 'type 1'

43

44 mass 1 39.948 #cMass of atom type 1 is 39.48 [mass units grams/molel>

45

46 pair_style 1j/cut 10

47 # k_B = 8.6173303e-5 eV/K #<How are atoms interacting. Provide the name of the poten
tial and the cooresponding cut-off distance>

48 pair_coeff * al 0.01006418 3.3952 #<The coefficient of the 1j potential
for the interactions of atom type 1 with 1>

49

50 group ar type 1 #<Group all the argon types (argon type is of type 1). All atoms of
type 1 are in group with the name 'ar'

51 # group and "group" together atoms in various ways. See the manual.

52 # A1l these names (or IDs) are of your choice, except you should avoid using names o
f the keywords

53

54 timestep 0.001

55 #Specify a timestep for this run. Can be changed as required

56 dump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz

57 #<Dump all the atoms to the file dump.min> ¥

58 #<dump ID group style N filename args. See web page for details. ix iy and iz give
he details of the image that the atom is presently located> i
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pair_style coul/wolf command
pair_style coul/wolf/kk command

o\12 7o\
pair_style coul/wolf/omp E=4e (‘) - (;) r<r,
L}

command

pair_style tipdp/cut command

pair_style tip4p/long command Reis the cutoff.
pair_style tipdp/cut/omp

command Style lj/cut/coul/cut adds a Coulombic pairwise interaction given

pair_style tipdp/long/omp by
command

pair_style coul/diel command C
pair_styl couldielomp command Pl
pair_style coul/shield command €r

pair_style born/coul/dsf/cs
command

Te

where C is an energy-conversion constant, Qi and Qj are the >
pair_style born/coul/long/cs charges on the 2 atoms, and epsilon is the dielectric constant 7
which can be set by the dielectric command. If one cutoffis =

Uept”’
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pair_style extep command list. This leads to slightly larger cost for the long-range
pair_style ljfcut/soft command calculation, so you can test the trade-off for your model.
pair_style j/cut/soft/omp

command For all of the lj/cut pair styles, the following coefficients must
pair.style ljcut/coulfcutisoft be defined for each pair of atoms types via the pair_coeff
command command as in the examples above, or in the data file or restart
pair.style ljcut/coul/cut/softlomp files read by the read_data or read_restart commands, or by
command mixing as described below:

pair_style jcut/coul/long/soft

command | o epsilon (energy units)

pair_style ljcut/coul/long * sigma (distance units)

/soft/omp command o cutoff1 (distance units)

pair_style ljcut/tipdp/long/soft o cutoff2 (distance units)

command

pai.style jcut/tipdp Note that signais defined in the LI formula s the zero-
Jlong/soft/omp comy crossing for the potential, not as the energy minimum
pair_style lj/charmm at 2*(1/6) sigma.

[coul/long/soft command -

pair_style ljcharmm/coul/long
Jsoft/omp command

lirnee fenft rammand

The latter 2 coefficients are optional. If not specified, the giabal
LJ and Coulombic cutoffs specified in the pair_style command 4
areuiced If anly ane rirtnff ic cnarified it ic 1iced ac the cutaff 27|
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mixture of argon and krypton the value of £ is 0.988 [20]
(Table 1).

Computational detalls

MD simulation was carried out in a cubic box of dimension
4.58 nm containing 1000 atoms modeled by LJ potential.
Simulation was carried out with a cut-off restriction of 1.0
nm. Five different systems, i.e., argon only, krypton only,
and three binary mixtures of Ar-Kr with y,, = 0.25,
0.50, and 0.7 were separately simulated. Here, x4r is mole
fraction of argon in binary mixture of Ar + Kr. Energy mini-
mization of each system was done using the steepest descent
algorithm [22]. After energy minimization, an equilibration
run was carried out at different temperatures and a con

stant pressure of 1.013 bar by using v-rescale thermostat and
Berendsen barostat. The system was equilibrated for 200

Table 1 LJ parameters for Ar-Ar, Kr-Kr, and Ar-Kr interactions [20]

Interaction a(nm) (elkgXK)
AAr Jaxs2 11679
Ke-Kr 036274 16258
Ar-Kr 035113 136,14
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38 #Note the use of & to continue a large number of basis on the next lines

39

40 create_atoms 1 region forbox basis 1 1 basis 2 1 basis 3 1 basis 4 1 units box
41 #<Puts the atoms in the box>
42 # basis 1 1 means the first basis specified belongs to atom of 'type 1'

43

44 mass 1 39.948 #<Mass of atom type 1 is 39.48 [mass units grams/mole]>

45

46 pair_style 1j/cut 10
47 # k_B = 8.6173303e-5 eV/K #<How are atoms interacting. Provide the name of the poten

tial and the cooresponding cut-off distance>
0.01006418 §.3952 #<The coefficient of the 1j potential
for the interactions of atom type 1 with 1>

48 pair_coeff 1

49

50 group ar type 1 #<Group all the argon types (argon type is of type 1). All atoms of
type 1 are in group with the name 'ar'

51 # group and "group" together atoms in various ways. See the manual.

52 # ALl these names (or IDs) are of your choice, except you should avoid using names o

f the keywords
53

54 timestep ©.001

55 #Specify a timestep for this run. Can be changed as required

So, next you specify for this particular pair style the coefficients. So, while you have specified
that you are going to use the LJ into atomic potential, you have not yet specified what parameters
you are going to use in order to model this LJ potential, basically the values of epsilon and a
sigma. So, in LAMMPS, you specify the sort of interaction using this pair underscore coefficient.
So, basically the coefficients for this path style interaction, and these are the atom types between
which you want to have this interaction. So, 1 and 1 between 1 type, atom of type 1 and atom of
type 1, you want have these interactions. So, if you have argon plus Krypton, plus xenon, each of

them could be of their specific types and you could specify 1, 2 interaction and 1, 3 interaction

and so on, before...

56 dump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz
57 #<Dump all the atoms to the file dump.min>
58 #<dump ID group style N filename args. See web page for details. ix iy and iz nge t
he details of the image that the atom is presently located>



Student: In same command?

Professor: In the well you can do it in the same command, or you can do it in subsequent lines as
well. 1 will just show you something in just a minute, you can do different things here. So, this
for example if | replace this 1, with star, star, it means that for all possible pair interactions use
these potentials. Then if | use something like if there are 4 different types of atoms in your
system, if | do that there is some, let us, let us come to that when we do I do not want to talk
about it now. So, there are different ways you can give these interactions and there are ways by
which you can do is very quickly even if there are many different atom types. So, the first
coefficient will essentially be the sigma value, sorry the first, first thing will be epsilon value.

So, this is the potential that we are looking at epsilon and sigma are the two things that we have
to specify here. So, the epsilon value is the first thing that you specify in energy units, and is next
is sigma. And right below that you see a sentence which is very important, the sigma that is
defined here in LJ defined in the LJ formula is the zero crossing of the potential. So, the sigma is
basically the distance at which the potential energy crosses zero, it is not the value at which the
potential is actually a minima when you are specifying the value of a sigma right here. So, so and

then you can specify cutoff distances for various things.

So, in this case in certain cases if you are using coulombic interaction in addition to the LJ
interaction like | just mentioned you can specify cutoff separately for the LJ potential and
another cutoff for the corresponding coulombic interactions. Now, you can obtain this data for
argon from various places but | am actually looking at one specific paper where several of these,
where a lot of analysis has been done on various different noble gases. So, | will just show you
that paper, and we are going to do a lot of stuff from that paper in this class. So, this is an

important paper for this class.

So, it talks about structure, study of structure and transport properties of argon krypton and their
binary mixtures at different temperatures. So, it is a very good starting point to start learning
some of these, some of some aspects of MD simulations with these simple materials. And you
can try to reproduce some of the results that are there in this paper and I think that itself will be a
very good exercise to learn these things properly. And you can find the interaction potential in

this particular table right here, and they say the interaction between argon, argon sigma is given



as 0.33952 and if you observe carefully there is a value that I am using here as well, 3.3952 and

that is simply because they have a different units here, in nanometers is what they have given.

But we are supposed to give in angstrom. So, that is the reason and then here you have 116.79
and it is normalized by kV. So, therefore we have to multiply this number by Kb in order to
specify the value in electron volts for this epsilon. So, that is the way you specify the interaction.
Now, this is a very simple interaction that we are talking about, but for more complicated
interactions, it is possible that you may have to specify them through and through some other
file, like for example an embedded atom potential is not given to you in this explicit form, you
have to read in a table of values for the system that you are working with.

And if you are talking about more complicated systems such as the terse off potential, there are
there are there is another way of defining the parameters, the more number of parameters are
there and you have to specify them in the form of a table in another file which will be read by
this file. So, for some potential it is possible to specify the inter-atomic, for some systems it is
possible to specify the inter atomic potential parameters right here in the input script itself. So,
for, for our case this information is more than enough, for argon krypton and all that. But when

we talk about solids when we talk about ceramics or metals these things can change a bit.

(Refer Slide Time: 10:06)
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37 basis 0.5 0.0 0.5 !
38 #Note the use of & to continue a large number of basis on the next lines

39
4@ create_atoms 1 region forbox basis 1 1 basis 2 1 basis 3 1 basis 4 1 units box
41 #<Puts the atoms in the box>

42 # basis 1 1 means the first basis specified belongs to atom of 'type 1'

43
44 mass 1 39.948 #<Mass of atom type 1 is 39.48 [mass units grams/mole]>
45
46 pair_style 1j/cut 10

47 # k_B = 8.6173303e-5 eV/K #<How are atoms interacting. Provide the name of the poten

tial and the cooresponding cut-off distance>

48 pair_coeff 14 0.01006418 3.3952 #<The coefficient of the 1j potential
for the interactions of atom type 1 with 1>

9

50 group ar typl 1 #<Group all the argon types (argon type is of type 1). All atoms of
type 1 are in group with the name 'ar'

51 # group and "group” together atoms in various ways. See the manual.

52 # All these names (or IDs) are of your choice, except you should avoid using names o
f the keywords

54 timestep ©.001

55 #Specify a timestep for this run. Can be changed as required

56 dump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz

57 #<Dump all the atoms to the file dump.min>

58 #<dump ID group style N filename args. See web page for details. ix iy and izigive ¥
he details of the image that the atom is presently located>
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group command

Syntax

group 1D style args

* |D = user-defined name of the group

o style = delete or clear or empty or region or type or id or
molecule or variable or include or subtract or union or
intersect or dynamic or static

delete = no args

clear = no args

empty = no args

region args = region-10

type or id or molecule

args = list of one or more atom types, atom IDs, of =

any entry in list can be a sequence formatted as Att
A = starting index, B = ending index,

£ = innvamant hatusen indisse 1 i€ mab omanifidi

o v Rl it R i) il J il | [
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group ID style args

* |D = user-defined name of the group

o style = delete or clear or empty or region or type or id or
molecule or variable or include or subtract or union or
intersect or dynamic or static

delete = no args
clear = no args
espty = no args
region-1D

region args
type or i
args
any entry in list can be a sequence formatted as A:l

or molecule
st of one or more atom types, atom IDs, or m

A = starting index, B = ending index,
C = incresent between indices, 1 if not specified
Commands args = logical value

logical = "<" or "<=* or ">" or ">=" or or

angle_coeff command
3 value = an atom type or atom ID or molecule ID (depe

angle style command args = logical valuel value2

logical = "©*
atom_modify command valuel,value2 = aton types or atom IDs or molecule 1

variable args = variable-name

atom_style command :
include args = molecule

nd molecule = add atoms to group with same molecule ID af _
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static = no args
change_box command
clear command
comm_modify command Examples
comm_style command
roup edge region regstri
compute command Brovp efge ree BoR
group water type 3 4
compute_modify command group sub id 18 25 50
group sub id 16 25 50 500:1809
create_atoms command rowp sub id 160:10000:10
X id ¢= 15
create_bonds command growp. s A <a 1%
group polyA molecule <> 58 250
create_box command group hienergy variable eng
o d group hienergy include molecule
elete_atoms comman group boundary subtract all a2 a3
delete bonds command group boundary union lower upper
group boundary intersect upper flow
dielectriccommand group boundary delete
group mine dynamic all region myRegion every 188
dihedral_coeff command
dihedral_style command

dimension command Descﬂpﬁoﬂ

toms command i X .
Identifv a collection of atoms as belonging to a eroun. The

Then what | am going to do is? | am going to group all the atoms that are belonging to one
particular type into some set. And you can do a lot of things with this with this group command it
is it is quite powerful. So, it is a good idea to take a look at that as well, for example say you
have a group, you want you want to only print out the positions and the velocities of atoms for
which the x-coordinate is less than some value. Then it is possible to use the group command to
put all the atom IDs with, with x-coordinate less than a certain value into a specific group. And

then you know use that name that you just specified.

So, if you looked at the group, there is a name that | specified, it is called as a group ID, which is
something that you give. And you can use that value ar to refer to it refer to that set of atoms,
somewhere later on in the script. So, all atoms of type 1 are given this name ar, and there are
different ways of actually specifying the group. So, this is the group command, this is a group
this is the ID. So, ar in our case, the style, the style can be one of these, so my style was type, |
am going to group the type. But you can also group it based on ID of the atom and you can use
all sorts of logical operators to say if ID is greater than this and less than this, put all these atoms

in a group, you can do all such things with the group command.

So, for simple cases these things might seem not so useful, but when you are doing real
simulations and when you want to group certain, you can group certain set of atoms in a
simulation box and run a different simulation on those atoms, when compared to the others. So,

when you want to do such things, it becomes extremely useful to use this group command. So,



then so for example if you do this group sub, sub is the name of the group by ID. So, from 100 to
10,000 every 10 IDs you put it in a group. So, all these things help you actually do a lot of the
post-processing right here and the input script, you may not be able to see it right now. But it is a
good idea to remember this group command before doing writing any explicit code by yourself

to actually do analysis.

(Refer Slide Time: 12:59)
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46 pair_style 1j/cut 10 J

47 # k_B = 8.6173303e-5 eV/K #<How are atoms interacting. Provide the name of the poten
tial and the cooresponding cut-off distance>

48 pair_coeff 11 0.01006418 3.3952 #<The coefficient of the 1j potential
for the interactions of atom type 1 with 1>

49

50 group ar type 1 #<Group all the argon types (argon type is of type 1). All atoms of
type 1 are in group with the name 'ar'

51 # group and "group" together atoms in various ways. See the manual.

52 # A1l these names (or IDs) are of your choice, except you should avoid using names o
f the keywords

53

54 timestep ©.881

55 #Specify a timestep for this run. Can be changed as required

56 dumplfdump_1 a1l custom 1 dump.min id type x y z ix iy iz vx vy vz

57 #<Dump all the atoms to the file dump.min>

58 #<dump ID group style N filename args. See web page for details. ix iy and iz give t
he details of the image that the atom is presently located>

59
60 run 1
61 minimize le-7 1e-9 10000 10000 #<Minimize the energy using a conjugate gradient step

y 62 print "Finished Minimizing"
63 #minimize etol ftol maxiter for minimizer maxiter for force_energy valuation
64 #dump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz #<Dump all:the at
oms to the file dump.min>

Then there is a command called time step. So, we are obviously solving these equations of
motion numerically, and we have to specify a time step, and | am specifying a time step as 0.001
and what units it is? It is in Pico seconds, Pico seconds is the standard units for the units that we
have chosen here, which is the metal units. So, 0.001 Pico seconds, which is 1, 2, 3, 1,
femtosecond is the time step, that | am going to use. Now, this can be changed as and when you
need. So, if you want to increase the time step for some other runs, you can later on specify

another time step followed by the corresponding value that you want to use.
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46 pair_style 1j/cut 10 J

47 # k_B = 8.6173303e-5 eV/K #<How are atoms interacting. Provide the name of the poten
tial and the cooresponding cut-off distance>

48 pair_coeff 11 0.01006418 3.3952 #<The coefficient of the 1j potential

for the interactions of atom type 1 with 1>

50 group ar type 1 #<Group all the argon types (argon type is of type 1). All atoms of
type 1 are in group with the name 'ar'

51 # group and "group" together atoms in various ways. See the manual.

52 # A1l these names (or IDs) are of your choice, except you should avoid using names o
f the keywords

54 timestep ©.001

55 #Specify a timestep for this run. Can be changed as required

56 dumplfdump_1 a1l custom 1 dump.min id type X y z ix iy iz vx vy v

57 #<Dump all the atoms to the file dump.min>

58 #<dump ID group style N filename args. See web page for details. ix iy and iz give t
he details of the image that the atom is presently located>

60 run 1
61 minimize le-7 1e-9 10000 18000 #<Minimize the energy using a conjugate gradient step

62 print "Finished Minimizing”

63 #minimize etol ftol maxiter for minimizer maxiter for force_energy valuation

64 #dump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz #<Dump all:the at
oms to the file dump.min> §
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dump command — LAMMPS documentation
hitps:/lammps.sandia.govidoc/dump.html

ID = user-assigned name for the dump. group-ID = ID of the group
of atoms to be dumped. style = atom or atom/gz or atom/mpiio or cfg
or cfglgz or cfgimpiio or ...

dump image command — LAMMPS documentation
https:/lammps.sandia.govidoc/dump_image.htmi

ID = user-assigned name for the dump. group-ID = ID of the group
of atoms fo be imaged. style = image or movie = style of dump
command (other styles atom or ...

8.4.1. Output from LAMMPS (thermo, dumps,
computes, fixes ...

hitps:/lammps.sandia.govidoc/Howto_output html 3
Dump files, which contain snapshots of atoms and various per-atont;
values and are writien at a specified frequency. Certain fixes can
output user-specified ...
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angle_coeff command Syntax
angle_style command Y

- dump ID GROW=ID style N file args
atom_modify command = - 2 AE

atom_style command
o |D = user-assigned name for the dump

balance command
e " o group-ID = D of the group of atoms to be dumped
~EReh S » style = atom or atom/gz or atom/mpiio or cfg or cfg/gz or
bond style command cfg/mpiio or custom or custom/gz or custom/mpiio or ded or
bond write command h5md or image or local or local/gz or molfile or movie or netcdf
boundary command or netcdf/mpiio or vtk or xtc or xyz or xyz/gz or xyz/mpiio
o+ N =dump every this many timesteps
box command B R
+ file = name of file to write dump info to
change box command o args = list of arguments for a particular style
clear command
5 atom args = none
o oty comnand aton/gz args = none
comm_style command aton/mpiio args = none
aton/adios args = none, discussed on dump adios doc ga¢
compute command cfg args = same as custom args, see below 3

. cfg/gz args = same as custom args, see below
ompute_modify command i - 2 2
cfg/apiio args = same as custom args, see below

B | Pl el Bl B i G el [
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dump h>md command element = name of atom element, as defined by dump modif
dump image command e .
Xy, = unscaled atom coordinates
dump movie command xs,ys,2s = scaled aton coordinates
xu,yu,zu = unwrapped atom coordinates
dump_modify command xsu,ysu,2su = scaled unwrapped atom coordinates
g ol G ix,iy,iz = box image that the atom is in
vx,vy,vz = atom velocities
dump netcdf command £x,fy,f2 = forces on atoms
q = atom charge
dump netcdf/mpilo command nux,muy,muz = orientation of dipole moment of atom
m=u = magnitude of dipole moment of atom

dump vtk command
radius,diameter = radius,diameter of spherical particle
dynamical_matrix command omegax, omegay, omegaz = angular velocity of spherical pa:
angmomx, angmony, angmonz = angular momentum of aspherical
echocommand tgx,tqy,tqz = torque on finite-size particles
fix command c_ID = per-atom vector calculated by a cospute with 1D
©_ID[I] = Ith column of per-atom array calculated by a ¢
fix_modify command £_ID = per-atom vector calculated by a fix with ID
£.1D(1] = Ith column of per-atom array calculated by a
group command v_nase = per-atom vector calculated by an atom-style va
group2ndx command d_name = per-atom floating point vector with name, manac
i_name = per-atom integer vector with name, managed by 1
ndx2group command

hyper command

d * local args = list of local attributes

Now, this is an important command, which is dump, dump means dump the values literally. So,
write the values into a output text file. Now, this is a key word this is a dump ID, if you want to
refer to it at a point later on in the script, all means all the atoms in the system that is a default
group that is present in LAMMPS. So, you do not have to say, you do not have to explicitly put
all the atoms into a group called all, the group all already exists. So, all the atoms and then you
specify the manner in which you want to print out information into a output file. So, in this, in
this case | am going to use a customized, | am going to say what | want to print, | want to, | want
LAMMPS to print out into a file say.



So, | use them, I use the key, I use the style custom and | say every step during the simulation
print out the information, and dump underscore min is basically the file into which I want to
write the information. And what information do | want to write? | want to write the 1D, | want to
write out the type of the atom, the x coordinate, the y coordinate, the z coordinate and then
something called as ix, iy, iz, which basically is going to tell me in which periodic image my
atom is actually located, for whatever reason that might be useful later on in my analysis. For
example, 1 when we run this we will see what this means. So, right now you just understand that
this is going to be either 1, 0,0, 0, 1, 0, 0, 0, 1, and so on like that. So, it is going to tell you if
this is your main box, if an atom actually had moved to this box, it is going to tell you that, the
image flag for that particular atom is going to be 1 in the X direction, 0 in the Y direction, and 0

in the Z direction. So, and then vx, vy, vz, are obviously the velocities of the atoms.
Student: Sir different between dump and dump 1?

Professor: Dump 1 is a dump ID. So, everything has a ID in LAMMPS, so just like how you
have group, group ID, to refer to that group somewhere later on in the file, in a similarly you
have dump, dump ID. So, that you want to refer to that dump, you want to say for example dump
keep dumping, but then you want to also have a line which is stop dumping information here. So,
how will you refer to the dump? Through its dump ID, you say un-dump dump ID, it will stop

writing information to that particular file.
Student: The actual name of the file is dump dot min?

Professor: The actual name of the file into which it puts information is the dump dot min. So,
now the dump is now evolved a lot I mean a lot of things can be you can dump it in various
different formats, you can dump it in a movie format, you can dump to the position of all the
atoms in an image format and just take a look at the png file or the jpg file as a function of time.
Previously we had to like do other things to actually take a look at it. So, this is our, the one that
| am using here is the old, the old style. So, we just use dump the corresponding dump ID, what
group ID you want to dump? So, basically we defined a group called ar, you remember? But now
| am just putting all, but you can | can also put ar, and I will get the same information. Then what

style how in what format do | want to print out the information?



So, | have chosen custom, custom and then how frequently I want to print it out N, the name of
the file and the corresponding arguments, the arguments list of arguments, list of arguments for a
particular style. So, if I am doing custom it can be a lot of stuff. So, it can be all these things ID,
that | am printing out the corresponding X, y, z, information, the box image that the atom is in,
the corresponding velocities of the atom, the corresponding forces on the atoms, charge on the
atoms. And then anything else that I may have computed using something called as a compute
command, all these things can be printed out and these this dump command does the job for
information that is related to per atom. Whereas the thermo command does stuff that is related to
the entire simulation box, for many atoms together such as the pressure, or the volume, or the

temperature, and things like that.

So, there is a there are two outputs that will come out of LAMMPS, like we mentioned one as a
log file and the other one is this dump file, both of each both, both of each you can control what
do you want to print, and how frequently you want to print. The log file generally contains
information for the entire system, whereas the dump is per atom information. So, that is the way
this dump works, this thing | have given 1. But remember this is, these simulations are all for
practical purposes, when they are actually used in research they are, they all run for days and
months and things like that. And careful thought has to be given how frequently you want to
print out information especially, especially things like the positions and the velocities of all the

atoms in the system.

So, if you have a simulation, which comprises of million atoms. So, and you say and you are
running it for say 10 picoseconds, and you are using a time step of one femtosecond, and you
imagine if you say print every step, the x coordinate, the y coordinate, the z coordinate, the
velocities of all the atoms in the system, the size of your dump will just be so large, will be, it
will go to gigabytes. And it can be extremely hard for you to post process that, anyways you

have to write a post processing code to read it, that itself will take a long time.

So, you have to be careful how frequently you want is information to be dump and a lot of lot of
analysis has to be done to set up your input file so that it does things in an optimal manner and
that can actually be a difficult task, before you run your actual simulation you might have spent a
significant fraction of time and figuring out how to do it optimally for your system. So, be

careful about using this number 1, be careful about using this time step, because if you give it if



you are making it extremely small, then the number for a given time you will have to run it for a
larger number of steps. And, and the system may not need such a small time step. So, you have
to perform several trial runs before you actually figure out what, what time steps and what how
long you have to actually run your system.

Student: Sir instead of 1 times step so will it is so be ID for 5th, 10th, 15th, like that?

Professor: Yes, so, if | every, so many time steps. So, if | change this to 5, it is going to print that

information every 5 time steps.
Student: So, it is start to 5 and then 10, 15.

Professor: It will start from the first one that is, it is seeing and then the 6th plus 5, 6th one,11th

one, and so on.

(Refer Slide Time: 21:41)
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47 # k_B = 8.6173303e-5 eV/K #<How are atoms interacting. Provide the name of the poten’
tial and the cooresponding cut-off distance>

48 pair_coeff 11 0.01006418 3.3952 #<The coefficient of the 1j potential
for the interactions of atom type 1 with 1>

49

50 group ar type 1 #<Group all the argon types (argon type is of type 1). All atoms of
type 1 are in group with the name 'ar'

51 # group and "group" together atoms in various ways. See the manual.

52 # ALl these names (or IDs) are of your choice, except you should avoid using names o

f the keywords
23
54 timestep ©.001
55 #Specify a timestep for this run. Can be changed as required
56 dump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz
57 #<Dump all the atoms to the file dump.min>
58 #<dump ID group style N filename args. See web page for details. ix iy and iz give t

he details of the image that the atom is presently located>

59
68 run 1
61 minimize le-7 1le-9 10000 10000 #<Minimize the energy using a conjugate gradient step

62 print "Finished Minimizing"

63 #minimize etol ftol maxiter for minimizer maxiter for force_energy valuation

64 #dump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz #<Dump all the at
oms to the file dump.min>

6

6 #log file_two.txt

So, then I just said run 1, this is a very important command, which basically tells you how many
steps do you want to run with the settings that you have just done, about this line. Right now I
have not done much, what did | do, is there anything that is important here | have specified the
pair style, | have specified a group, | specified a time step, and | said just dump and 1 just said
run 1. What is it going to run is a question that that, that should be, that you should be curious
about. It is not going to run anything at this point, because we have not told how the atoms are,

we have not told it something that is extremely crucial yet. We come to that in a bit yeah, | just



wanted to introduce the run command, run followed by the total number of steps you want to run
it.

(Refer Slide Time: 22:30)

[} L exerciset — My Terminal — vim input scriptin— 88x28. :
#Specify a timestep for this run. Can be changed as required !
dump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz

#<Dump all the atoms to the file dump.min>

#<dump ID group style N filename args. See web page for details. ix iy and iz give t
he details of the image that the atom is presently located>

o oo o =
FARSHE -4

o o
s o

run 1
minimize 1e-7 1e-§ 10000 12000 #<Minimize the energy using a conjugate gradient step

o
=

62 print "Finished Minimizing"

63 #minimize etol ftol maxiter for minimizer maxiter for force_energy valuation

64 #dump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz #<Dump all the at
oms to the file dump.min>

6 #log file_two.txt
7 # Open another logfile for printing thermodynamic information, from this point onwar
ds.

68 thermo_style custom step time temp pe etotal press vol
69 #what to print in the logfile.txt?

71 velocity all create 309 102939 dist gaussian mom yes rot yes
72 # Set the velocities of all the atoms so that the temperature of the system
73 # is 300K. Make the distribution Gaussian.
74 thermo 1 #How frequently to print the thermodynamic information#
- 75 variable t equal time
‘f run ${stp} # run with active settings as many runs as required.

e exercisel — My Terminal — vim input_script.in — 88x28.
23 # from within LAMMPS itself. !

25 print "The number of steps I will run is = ${stp}"
26 # Print this variable in some manner.

28 region forbox block @ 45.8 @ 45.8 @ 45.8 units box

29 #<Refers to an abstract geometric region of space. units box refers to the fact that
the size of the box is specified in the units as given in the units command. The na
me "forbox" refers to the region ID so that you can refer to it somewhere else in th
is input script.>

30 create_box 1 forbox #<Create the box>

32 #<Creates the lattice> <4.85 is the argument for the scale keyword, while the other
al, a2 a3 are the three lattice vectors: This is follwed by the basis commands givin
g the location of atoms in one unit cell.>

33 lattice custom 4.58 a1 1.0 0.0 0.9 a2 0.0 1.0 9.9 a3 0.0 0.9 1.0 &

3 basis 0.0 0.0 0.0 &

35 basis 8.5 0.5 0.0 &

36 basis ©.0 €.5 0.5 &

37 basis 8.5 0.9 0.5

38 #Note the use of & to continue a large number of basis on the next lines
39

46 create_atoms 1 region forbox basis 1 1 basis 2 1 basis 3 1 basis 4 1 units box
41 #<Puts the atoms in the box>
p 42 # basis 1 1 means the first basis specified belongs to atom of 'type 1'
1 43
44 mass 1 39.948 #<Mass of atom type 1 is 39.48 [mass units grams/mole]>

Minimize is a command that is used to actually minimize the energy of the system. So, your
atoms might be for the current case | have all the atoms are placed in their equilibrium positions.
So, for argon it so happens that at some low temperature the, the equilibrium lattice constant is
4.58 and it takes FCC structure. So, they are all at its they are all at their equilibrium positions,
and if | do a energy minimization, there is not much is going to happen, however if you have
displaced these atoms a little bit randomly, if you place these atoms a little bit randomly and



perform an energy minimization. It will just take the potential energy minimize the energy and
bring the atoms to their equilibrium position so that the total force on the on each atom and total

energy of the system is kind of minimized.

So, the minimize command takes in four different arguments. So, it takes in what is the, what
should be the as it is minimizing it will keep calculating its energy and the forces. So, between
the previous iteration and the current iteration, what do you want the difference in energies or the
forces to be before I can stop performing this energy minimization. And obviously you also want
to specify how many times do you want to try each of these. So, these are the number of
iterations one for energy and other for force and these are the tolerances that | am willing to
accept for the energy and for the force. Now, this is just a print command. So, | just said finished
minimizing, you have to put it in quotes, but you can have all source of variables and other

things here to guide you in your analysis.

(Refer Slide Time: 24:13)
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55 #Specify a timestep for this run. Can be changed as required

56 dump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz

57 #<Dump all the atoms to the file dump.min>

58 #<dump ID group style N filename args. See web page for details. ix iy and iz give t
he details of the image that the atom is presently located>

59

66 run 1

61 minimize le-7 1e-9 10000 10000 #<Minimize the energy using a conjugate gradient step

62 print "Finished Minimizing"

63 #minimize etol ftol maxiter for minimizer maxiter for force_energy valuation

64 #dump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz #<Dump all the at
oms to the file dump.min>

65

66 #log file_two.txt

67 # Open another logfile for printing thermodynamic information, from this point onwar
ds.

68 thermo_style cuslom;step time temp pe etotal press vol

69 #what to print in the logfile.txt?

70

71 velocity all create 309 102939 dist gaussian mom yes rot yes

72 # Set the velocities of all the atoms so that the temperature of the system

73 # is 300K. Make the distribution Gaussian.

74 thermo 1 #How frequently to print the thermodynamic information#

75 variable t equal time

76 run ${stp} # run with active settings as many runs as required.
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radius, dianeter, osegax, onegay, onegi
# LAMMPS angnonx, angmony, angmonz, tgx, tqy, t¢
<10, c_ID[N], f_ID, f_ID[N], v_name

id = atom ID

=0l = molecule ID

proc = ID of processor that owns atom

procpl = ID+1 of processor that owns atom

type = atom type

element = name of atom element, as defined by dump_modii
mass = atom mass

r

X,¥,2 = unscaled atom coordinates

xs,ys,25 = scaled atom coordinates

xu,yu,zu = unwrapped atom coordinates

Xxsu,ysu,25u = scaled unwrapped atom coordinates
ix,iy,iz = box image that the atom is in

vx,vy,vz = atom velocities

fx,£y,£2 = forces on atoms

q = atom charge

mux,muy,muz = orientation of dipole moment of atom

=u = magnitude of dipole moment of atom

radius,diameter = radius,diameter of spherical particle’
omegax, omegay, ozegaz = angular velocity of spherical: pas
angnomx, angmony, angmonz = angular momentum of aspherical
tax, tay,tqz = torque on finite-size particles

£ TA = mav_stam vastar aslanlatad hu 3 mamenba with [

e N ¢
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GRTm_SUyle Syl args

* style = one or multi or custom
o args=list of arguments for a particular style

one args = none

multi args = none

custos args = list of keywords

possible keywords = step, elapsed, elaplong, dt, time,

cpu, tpepu, spepu, cpuremain, part
atoms, temp, press, pe, ke, etotal
evdwl, ecoul, epair, ebond, eangle
enol, elong, etail,
vol, density, lx, ly, 1z, xlo, xhi
xy, xz, yz, xlat, ylat, zlat,
bonds, angles, dihedrals, imprope:
PXX, DYY, P22, PXY, PXZ, PYZ,
fmax, fnorm, mbuild, ndanger,
cella, cellb, cellc, cellalpha, ce

angle_style command €10, ¢ Io(1], e_to1](3),

£_I0, £_ID[1], £_ID[1](J),

v_nase, v_nase[I] §

Commands

angle_coeff command

atom_modify command

step = timestep
atom style command elapsed = timesteps since start of this run

balan nd elaplong = tizesteps since start of initial run in ¢
dt = timestep size
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o style = one or multi or custom
o args = list of arguments for a particular style

one args = none
zulti args = none
custom args = list of keywords
possible keywords = Jtep, elapsed, elaplong, dt, time,
cpu, tpcpu, spcpu, cpuremain, part
atoms, temp, press, pe, ke, etotal
evawl, ecoul, epair, ebond, eangl¢
emol, elong, etail,
vol, density, 1x, ly, 1z, xlo, xhi
xy, xz, yz, xlat, ylat, zlat,
bonds, angles, dihedrals, imprope:
Commands BXX, DYy, P2Z, PXY, PXZ, PYZ,
fmax, frorm, nbuild, ndanger,
angle_coeff command cella, cellb, cellc, cellalpha, ct
.10, c_ID{1], c_ID[T](J],
£.10, £_ID[1), £ID[1](J],
atom_modify command v_name, v_name(I]

angle_style command

step = timestep
atom_style command elapsed = timesteps since start of this run
elaplong = tizesteps since start of initial run in ¢
dt = timestep size

So, then is thermo style command, thermo style basically tells you the what do you want to print
out in the log file. So, like I told you log file prints information of the entire system and | said
custom means something that 1 want not the default thing that LAMMPS prints. So, that is that is
what the custom style is about. So, | wanted to print the step number, | wanted to print the actual
time, | wanted to print the temperature of the system, potential energy, the total energy, the

pressure and the volume.

So, how do | know these keywords? So, you go to the manual, so style, custom, custom the list
of keywords. So, these are the various things that you can actually print out, how much time has
elapsed. Then the time step that you are using, all these things can actually be printed out. And
these are the keywords that you need to use for that you cannot use something else. So, this is the
precisely tells you if you want the total energy, you need to use e total right here. And all the,

the, the entire list is explained what each of the short forms mean is explained right here.
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)

#Specify a timestep for this run. Can be changed as required

dump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz

#<Dump all the atoms to the file dump.min>

#<dump ID group style N filename args. See web page for details. ix iy and iz give t
he details of the image that the atom is presently located>

S8 o

o o oo

o

run 1
minimize le-7 1e-9 10000 10000 #<Minimize the energy using a conjugate gradient step

oo o
P

62 print "Finished Minimizing"

63 #minimize etol ftol maxiter for minimizer maxiter for force_energy valuation

64 #dump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz #<Dump all the at
oms to the file dump.min>

66 #log file_two.txt

67 # Open another logfile for printing thermodynamic information, from this point onwar
ds.

68 thermo_style custom step time temp pe etotal press vol

69 #what to print in the logfile.txt?

71 velocity ail creale 300 102939 dist gaussian mom yes rot yes

72 # Set the velocities of all the atoms so that the temperature of the system
73 # is 300K. Make the distribution Gaussian.

thermo 1 #How frequently to print the thermodynamic information#

5 variable t equal time

run ${stp} # run with active settings as many runs as required.

Bl " ™ * i
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velocity command

Syntax

velocity gloup-I0 style args keyword value ...

« group-ID =D of group of atoms whose velocity will be
changed
o style = create or set or scale or ramp or zero

create args = temp seed
temp = temperature value (temperature units)
seed = random # seed (positive integer)
set args = vx vy vz
vx,vy,vz = velocity value or NULL (velocity units)
any of vx,vy,vz van be a variable (see below)
scale arg = temp
temp = temperature value (temperature units)
ramp args = vdiz vlo vhi dim clo chi
vdin = vx or vy or vz Y
vlo,vhi = lover and upper velocity value (velocity.un
din=xoryorz

i

S PSRRI SRS SR S e |




Sl > < *

>C @ ® @ https:/flammps sandiagovidochvelocityhiml [ 0% o @ Y noeee

« group-ID = 1D of group of atoms whose velocity will be
changed

o style = create or set or scale or ramp or zero

create args = temp seed
8 = temperature value (tesperature units)
seed = random # seed (positive integer)
set args = vx vy vz
vx,vy,vz = velocity value or NULL (velocity units)
any of vx,vy,vz van be a variable (see below)
scale arg = temp

temp = temperature value (temperature units)

ramp args = vdiz vlo vhi din clo chi
vdin = vx or vy or vz
Commands vio,vhi = lover and upper velocity valse (velocity uni
angle_coeff command din = xor.yors

clo,chi = lover and upper coordinate bound (distance
zero arg = linear or angular

N linear = zero the linear momentum
atom_modify command
- angular = zero the angular momentun

angle_style command

atom_style command
balance command

o « zero or more keyword/value pairs may be appended

I i Bl R Bt e i o T Bl 1 [

- C @ ® @ https:/flammps sandiagovidochveloctyhtml [ 20% . o @ noeaee¢
v styre Lonmmanu
balance command .
« zero or more keyword/value pairs may be appended
bond_coeff command 5 :
-  keyword = dist or sum or mom or rot or temp or bias or loop
bond_style command or units
bond_write command
dist value = uniform or gaussian
boundary command sum value = no or yes
Doxconsand som value = no or yes
rot value = no or yes
change_box command temp value = temperature compute ID
bias value = no or yes
clear command 1 "
oop value = all or local or geom
comm_modify command rigid value = fix-ID
£ix-ID = ID of rigid body fix
comm style command units value = box or lattice
compute command
compute_modify command Examples
create_atoms command

create_bonds command

velocity all create 309.8 4928459 rot yes dist gaussian
velocity border set MILL 4.8 v_vz sun yes units box
create_box command ) Y v 4
velocity flow scale 364.0
delete_atoms command velocity flow ramp vx 8.8 5.0 y 5 25 tenp mytesp

velocity all zero linear
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62 print "Finished Minimizing"

63 #minimize etol ftol maxiter for minimizer maxiter for force_energy valuation

64 #dump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz #<Dump all the at
oms to the file dump.min>

1

66 #log file_two.txt

67 # Open another logfile for printing thermodynamic information, from this point onwar
ds.

68 thermo_style custom step time temp pe etotal press vol

69 #what to print in the logfile.txt?

79

71 velocity all create 30@ 102939 dist gaussian mom yes rot yes

72 # Set the velocities of all the atoms so that the temperature of the system

73 # is 300K. Make the distribution Gaussian.

74 thermo:l #How frequently to print the thermodynamic information#

75 variable t equal time

76 run ${stp} # run with active settings as many runs as required.

77 #run ${stp} every 10 "print ' Time is $t' * #runasm

any steps as defined using the variable stp
78 #and then every 10 steps print the time.
79 #1f the name of the variable is a single character, you need not use the
80 #flower brackers "{}".
81 undump dump_1 # Stop dumping information to the dump file.
82 print "Printed in the new log file"

83 print "None of the atoms vibrate"
84 print "Need to have a fix"
85 #pript something.l

And then | want to introduce a command called velocity, in which see one of the most important
things in molecular dynamics simulations is you have given the initial positions to all the atoms,
because we know our crystal structure, we know the space group. So, we know the positions of
all the atoms, however to start performing the integrations or integrating the equations of motion,
you also need the initial velocities and it makes sense to give something that it is obviously

required that you give something that makes sense. The velocities are related to the temperature.

So, it is a good idea to actually assign velocities to all the atoms of the system. So, that it reflects
a specific temperature. So, what | am going to do here is, | am going to say velocity for the group
all that means all the atoms, create such that the temperature of the system is 300 Kelvin. And
give some random seed and distribute the velocities in a Gaussian manner, this should be the
velocities in a Gaussian manner. So, you should take a look at the input file, sorry velocity group
ID, style args keyword value. So, create, | am going to give a temperature followed by seed, a
random seed, because it is randomly going to assign the velocities in a in any some distribution

that | want.

So, | am going to give it a certain distribution, the distribution is either uniform or Gaussian. |
am going to give a Gaussian distribution of the velocities in the X Y and the Z directions. So,
that the temperature of the system is 300 Kelvin, the instantaneous the set temperature of the

system is 300 Kelvin. But it is not necessary that the equilibrium value of temperature that it



takes is going to be 300 Kelvin, different things can happen as we will see in the next example.

So, this is a random seed, it can be some number, some integer.

(Refer Slide Time: 28:01)
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62 print "Finished Minimizing"

63 #minimize etol ftol maxiter for minimizer maxiter for force_energy valuation

64 #dump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz #<Dump all the at
oms to the file dump.min>

65

66 #log file_two.txt

67 # Open another logfile for printing thermodynamic information, from this point onwar
ds.

68 thermo_style custom step time temp pe etotal press vol

69 #what to print in the logfile.txt?

70

71 velocity all create 300 102939 dist gaussian mom yes rot yes

72 # Set the velocities of all the atoms so that the temperature of the system

73 # is 300K. Make the distribution Gaussian.

74 thermo 1 #How frequently to print the thermodynamic information#

75 variable t equal time]

76 Tun ${stp} # run with active settings as many runs as required.

77 #run ${stp} every 10 "print ' Time is $t' * #runasm
any steps as defined using the variable stp

78 #and then every 10 steps print the time.

79 #If the name of the variable is a single character, you need not use the

80 #flower brackers "{}".

81 undump dump_1 # Stop dumping information to the dump file.

82 print "Printed in the new log file"

83 print "None of the atoms vibrate"

84 print "Need to have a fix*

85 #pript something.[]

T

/
%

boe __ exercisel — My Terminal — vim input_ scriptin — 88x28

62 print "Finished Minimizing®

63 #minimize etol ftol maxiter for minimizer maxiter for force_energy valuation

64 #dump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz #<Dump all the at
oms to the file dump.min>

65

66 #log file_two.txt

67 # Open another lolfile for printing thermodynamic information, from this point onwar
ds.

68 thermo_style custom step time temp pe etotal press vol

69 #what to print in the logfile.txt?

70 #

71 velocity all create 300 102939 dist gaussian mom yes rot yes

72 # Set the velocities of all the atoms so that the temperature of the system

73 # is 300K. Make the distribution Gaussian.

74 thermo 1 #How frequently to print the thermodynamic information#

75 variable t equal time

76 run ${stp} # run with active settings as many runs as required.

77 #run ${stp} every 10 "print ' Time is §t' * #runasm
any steps as defined using the variable stp

78 #and then every 10 steps print the time.

79 #If the name of the variable is a single character, you need not use the

80 #flower brackers "{}".

81 undump dump_1 # Stop dumping information to the dump file.

82 print "Printed in the new log file"

83 print "None of the atoms vibrate"

84 print "Need to have a fix"

85 #pript something.
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62 print "Finished Minimizing"

63 #minimize etol ftol maxiter for minimizer maxiter for force_energy valuation

64 #dump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz #<Dump all the at
oms to the file dump.min>

65

66 #log file_two.txt

67 # Open another logfile for printing thermodynamic information, from this point onwar
ds.

68 thermo_style custom step time temp pe etotal press vol

69 #what to print in the logfile.txt?

70 #

71 velocity all create 309 102939 dist gaussian mom yes rot yes

72 # Set the velocities of all the atoms so that the temperature of the system

73 # is 300K. Make the distribution Gaussian.

74 thermo 1 #How frequently to print the thermodynamic information#

75 variable t equal time

76 run ${stp} # run with active settings as many runs as required.

77 #run ${stp} every 10 "print ' Time is §t' * #runasm
any steps as defined using the variable stp

78 #and then every 10 steps print the time.

79 #If the name of the variable is a single character, you need not use the

80 #flower brackers "{}".

81 undump dump_1i# Stop dumping information to the dump file.

82 print "Printed in the new log file"

83 print "None of the atoms vibrate"

A 84 print "Need to have a fix"
85 #pript something.[|
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Ighost: 10895 ave 10895 max 10895 min
fistogram: 10000000080

leighs: 640000 ave 640000 max 640008 min
fistogram: 1000000009

‘otal # of neighbors = 640000

\ve neighs/atom = 160

leighbor list builds = @

Jangerous builds = @

'rinted in the new log file

lone of the atoms vibrate

leed to have a fix

‘otal wall time: 0:00:03

larasimhanhomeair:exercisel narasimhan$ lammps < input_script.in >output.txt
larasimhanhomeair:exercisel narasimhan$ 1ls

:onfigfile input_script.in logfile.txt
{oxygen-bash. sed input_script_doc.py output.txt
fump.min log.lammps

larasimhanhomeair:exercisel narasimhan$ rm -rf input_script_doc.py
larasimhanhomeair:exercisel narasimhan$ rm -rf doxygen-bash.sed
larasimhanhomeair:exercisel narasimhan$ 1s

:onfigfile input_script.in logfile.txt

fump.min log.lammps output.txt

larasimhanhomeair:exercisel narasimhan$ rm -rf configfile
larasimhanhomeair:exercisel narasimhan$ ls

{ump.min input_script.in log.lammps logfile.txt output.txt
larasimhanhomeair:exercisel narasimhan$ vim dump.min

2%
s
“psget”
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1 ITEM: TIMESTEP
20
3 ITEM: NUMBER OF ATOMS
4 4000
5 ITEM: BOX BOUNDS pp pp pp
6 0.0000000000000000e+00 4.5799999999999997e+01
7 0.0000000000000000e+00 4.5799999999999997e+01
5 ©.0000000000000000e+08 4.5799999999999997e+01
9 ITEM: ATOMS id type x y z ix iy iz vx vl vz
1611000000008
11212.292.290600000¢80
123102.292.290000080
13412.2902.290000080
14514.5800000000
15714.582.292.2900008080
1641104580000000
17 46 12.29 4,58 2.29000000
184514.58 4.580000000
194011004.580000080
20 40212.292.294.580000080
214051 4.580 4580000080
22 44110 4.58 6,580000080
23 4451 4,58 4.58 4.58 000000
26616.8722900000080
25816.8702.290000080
Ed 26919.1600000000
2710111.452.290000000
" 4129271, 23693366C

£
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184910 ITEM: TIMESTEP

104911 101

184912 ITEM: NUMBER OF ATOMS

104913 4000

184914 ITEM: BOX BOUNDS pp pp pp

184915 0.0000000000000000e+08 4.5799999999999997e+01

184916 0.0000000000000000e+00 4.5799999999999997e+81

184917 0.0000000000000000e+00 4.5799999999999997e+01

194918 ITEM: ATOMS id type x y z ix iy iz vx vy vz

84919 1 1 2.63066e-16 2.63066e-16 2.67404e-16 @ @ 0 -1.28569 2.92678 -6.52085
104920 2 1 2.29 2.29 3.34845e-16 @ @ @ 2.84258 2.1942 3.16647

184921 3 1 3.60497e-16 2.29 2.29 @ @ @ -0.674411 -1.77077 -2.59758
184922 4 1 2,29 3.43675e-16 2.29 @ 0 @ -1.5805 1.87957 1.40129

84923 5 1 4,58 2.97404e-16 2.80354e-16 0 @ @ 2.17942 -1.52057 -4.95404
184924 7 1 4,58 2,29 2.29 @ 0 © 4.1404 1.88641 -2.70936

194925 41 1 3.11781e-16 4.58 2.95035e-16 @ @ @ -1.45793 -0.385898 3.94024
104926 44 1 2.9 4.58 2.29 0 0 0 ~0.182318 ~0.651441 0.451451"

104927 45 1 4.58 4.58 3.32333e-16 @ @ @ -2.91959 1.35107 -0.865299
04928 401 1 3.11781e-16 3.14217e-16 4.58 @ © 0 1.8198 -2.34892 9.791555
104929 402 1 2.29 2.29 4.58 @ @ @ -1.71871 -4.57183 -2.91397

104930 405 1 4.58 3.4612e-16 4.58 @ @ @ -3.14366 -0.959064 -1.20839
04931 441 1 3.7024e-16 4.58 4.58 @ @ @ -0.631556 2.68461 0.793405
104932 445 1 4.58 4.58 4.58 0 @ @ -2.24185 -2.2101 -2.17999

184933 6 1 6.87 2.29 3.53343e-16 © @ @ -4.70999 4.50046 -1.99856

104934 8 1 6.87 3.50755e-16 2.29 @ @ @ 1.47536 1.91145 6.54133

35 9 1 9.16 2.53322e-16 2.28964e-16 @ @ @ 1.78237 1.87767 2.77079

1 11.45 2.29 2.75777e-16 @ @ @ 0.422364 2.2967 0.0838535

H
y
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108921 ITEM: l‘lBER OF ATOMS
108922 4000
188923 ITEM: BOX BOUNDS pp pp pp
108924 0.0000000000000000e+00 4.5799999999999997e+01
108925 0.0000000000000000e+00 4.5799999999999997e+01
108926 0.0000000000000000e+00 4.5799999999999997e+01
108927 ITEM: ATOMS id type x y z ix iy iz vx vy vz
108928 1 1 2.63066e-16 2.63066e-16 2.67404e-16 0 0 @ -1.28569 2.92678 -6.52085
108929 2 1 2.29 2.29 3.34845e-16 @ 0 @ 2.84258 2.1942 3.16647
88930 3 1 3.60497e-16 2.29 2.29 @ 0 @ -0.674411 -1.77077 -2.59758
108931 4 1 2,29 3.43675e-16 2.29 @ 0 @ -1.5805 1.87957 1.40129
108932 5 1 4.58 2.97404e-16 2.80354e-16 0 @ 8 2.17942 -1.52057 -4.95404
198933 7 1 4.58 2.29 2.29 0 @ @ 4.1404 1.88641 -2.70936
108934 41 1 3.11781e-16 4.58 2.95035e-16 @ @ 0 -1.45793 -0.385898 3.94024
188935 44 1 2.29 4.58 2.29 0 © 0 -0.182318 -0.651441 0.451451 |
188936 45 1 4.58 4.58 3.32333e-16 @ 0 @ -2.91959 1.35107 -0.865299
198937 401 1 3.11781e-16 3.14217e-16 4.58 @ @ 0 1.8198 -2.34892 0.791555
108938 402 1 2.29 2.29 4.58 @ @ @ -1.71871 -4.57183 -2.91397
108939 405 1 4.58 3.4612e-16 4.58 @ @ @ -3.14366 -0.959064 -1.20839
108948 441 1 3.7024e-16 4.58 4.58 @ @ @ -0.631556 2.68461 0.793405
108941 445 1 4.58 4.58 4.58 @ @ @ -2.24185 -2.2101 -2.17999
108942 6 1 6.87 2.29 3.53343e-16 @ @ @ -4.70999 4.50046 -1.99856
198943 8 1 6.87 3.50755e-16 2.29 @ @ @ 1.47536 1.91145 6.54133
108944 9 1 9.16 2.53322e-16 2.28964e-16 @ @ 0 1.78237 1.87767 2.77079

- . 108945 10 1 11.45 2.29 2.75777e-16 @ @ 0 0.422364 2.2967 0.0838535

J 188946 111 9.16 2.29 2.29 0 © 0 1.07484 0.364427 -2.37982

188947 12 1 11.45 2.63066e-16 2.29 @ @ @ 0.166684 -0.730152 -0.651359

- Y
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46 pair_style 1j/cut 10 !

47 # k_B = 8.6173303e-5 eV/K #<How are atoms interacting. Provide the name of the poten
tial and the cooresponding cut-off distance>

48 pair_coeff 11 0.01006418 3.3952 #<The coefficient of the 1j potential
for the interactions of atom type 1 with 1>

49

50 group ar type 1 #<Group all the argon types (argon type is of type 1). All atoms of
type 1 are in group with the name 'ar'

51 # group and "group" together atoms in various ways. See the manual.

52 # A1l these names (or IDs) are of your choice, except you should avoid using names o
f the keywords

53

54 timestep .001

55 #Specify a timestep for this run. Can be changed as required

56 Iump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz

57 #<Dump all the atoms to the file dump.min>

58 #<dump ID group style N filename args. See web page for details. ix iy and iz give t
he details of the image that the atom is presently located>

59
60 run 1
61 minimize le-7 1e-9 10000 10000 #<Minimize the energy using a conjugate gradient step

62 print "Finished Minimizing"

63 #minimize etol ftol maxiter for minimizer maxiter for force_energy valuation

64 #dump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz #<Dump all _jﬁ’le‘it
oms to the file dump.min> §93

65 #====

’/
L)
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62 print "Finished Minimizing"

63 #minimize etol ftol maxiter for minimizer maxiter for force_energy valuation

64 #dump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz #<Dump all the at
oms to the file dump.min>

> &

66 #log file_two.txt

67 # Open another logfile for printing thermodynamic information, from this point onwar
ds.

68 thermo_style custom step time temp pe etotal press vol

69 #what to print in the logfile.txt?

~
]

velocity all create 300 102939 dist gaussian mom yes rot yes
72 # Set the velocities of all the atoms so that the temperature of the system
73 # is 300K. Make the distribution Gaussian.
74 thermo 1 #How frequently to print the thermodynamic information#
75 variable t equal time
run ${stp} # run with active settings as many runs as required.
77 #run ${stp} every 10 "print ' Time is $t' " # runasm
any steps as defined using the variable stp
#and then every 10 steps print the time.
79 #If the name of the variable is a single character, you need not use the
80 #flower brackers "{}".
undump dump_1 # Stop dumping information to the dump file.
82 print "Printed in the new log file"

8 4 83 print "None of the atoms vibrate®

| 84 print "Need to have a fix"

i 85 tiI"t something.

So, | am going to print the thermo information every step. So, thermo 1 tells that, | am going to

~
=

g~
5 &

o
2

print the thermo information every step. And then | am going to define arbitrarily another
variable just, just for the heck of it variable t equals time means, this time this time is actually a
LAMMPS keyword telling me the time, for example | used that word here, to print out the time,
| am just using that here. And I can print it out if | want, then | say run dollar step and step was
actually a variable that was defined way before. And | said variable step equal 100 and if I see

here | am going to say run dollar step.

So, you can you can imagine that this number of steps that you are going to run can be altered
based on various formula depending upon your time step, or how long in reality you, you want to
actually run the simulation. So, run dollar step will run it for how many steps? Right now 100
steps. And then | stop dumping to this file and then | print some information 1 just print some
information. So, let us see what happens when | run this file, are there any questions on these

basic commands?

Student: Variable is a keyword ?
Professor: Which one?

Student: Variable.

Professor: Yeah.



Student: If that we can define many things, right?
Professor: We can define many things yes.
Student: Just like python or something?

Professor: No, no, no it is not like it is not like that. So, this command says that say for example

if you look at this command it says that STP is a variable, which is equal to 100 that is all.
Student: | can use STP, other STP?

Professor: You can use STP in other places like this. Now, this is a variable of type equal, this
equal is actually a LAMMPS option. Now, there are several other things that are available, there
is a loop variable. Then there is a Python variable, which means whatever is coming after it can
be a Python code that you can run, all that all that is also possible here.

Student: All these calculations are run at...

Professor: That is the only command, no there are many other ways to this is, this is not doing
much now, the what this is doing now is, it is changing the velocities of, it is giving velocities to
each and every atoms of the atom in the system, such that the average temperature of the system

is 300 Kelvin, the solid is doing.

Student: Everything is calculated in for this?

Professor: For the, at that instant at that when it starts.
Student: At what temperature the energy is calculated for this?

Professor: At what temperature the energy is calculated for this? At the instant, for the instance
that I gave it should be 300 Kelvin.

Student: Would as the velocity is evolved with time, the temperature of the system will change?

Professor: Yes, exactly, but you will see here that is what | think you are just going a little bit
ahead. So, I will run this and we will see what happens, | am running it. So, | am going to give

the input script dot in. So, it is running, it ran and it is done, unfortunately not all practical



simulations can be done so quickly. So, it prints out something, it is printing out something it is

this is the same information that it will print out even in the log file.

So, it is a good idea to actually redirect that to a output file, if you know Linux then you know
what it means to redirect the output of command to an output file. It is done then you do not have
these things running in your screen, especially when you are running longs, longs simulations.
Now, let us take a look at the following things your LAMMPS file, this is the input script. So,
these are the only things that will actually remain in your folder, the dump min which is basically
the file that the dump is printing out. The log file which is basically the log file, which we have
defined inside the input script, we said log space, log file dot txt. So, write down that all the log

information in the log file. And then output dot txt is just the redirect of the, the command.

Now, let us take a look at maybe dump dot min first. So, the dump dot min looks like this. So, it
says that the time step is 0, number of atoms is 4000, the box bounds that means xlo, xhi, ylo,
yhi, zlo, zhi, is between 4 and 4.58, which is what we have given there 45.8. You remember we
gave 0 to 45.8, 0 to 45.8, that is what is reflected here and then atoms, ID that is this is the atom
ID the first one is atom ID, then is atom type, the x coordinate, the y coordinate, the z coordinate.
Then the image flag in which that particular atom is located. And the corresponding velocities of
that atom. Now, first you see all are zeros, because that is the first dump min did not the velocity

was not set that time, then...
Student: If we do not give velocity command will it assume something or we are supposed to...

Professor: No, no it will not assume, it will assume 0, if you do not want to give velocities, this is
not a valid sensible input file to do anything practical, this is an input file to introduce
commands. The next input file that will, that | will talk about will run some simulations. Now, by
now you should have realized that something weird is happening. So, | what is happening is all
of you will expect that the atoms are actually now vibrating, when I ran it, | ran it 100 steps, we
are expecting the atoms to actually vibrate, | gave it some initial velocity. But so, so let me
complete going through the dump file.

So, the dump file after some time begins to have values for the corresponding velocities, because
we have initialized it for some velocity and all these numbers will be exactly the same, for

example in step number, this is step number 101, the atom ID 44 is having some weird velocity



here. If you look at the subsequent step also it should have only the same velocity. So, 44 so just
try to keep, just try to remember this patterns I mean | cannot, you cannot remember this, a 0.18,
0.65 and 0.45. So, if you go to the next step exactly the same value, from the time it started to
now it is having actually the exactly the same value. And when did it start it started when |
defined the velocity and then after that after that instance only the dump will now contain the

velocity, until then although a dump was defined before say dump was defined where?
Student: After that one.

Professor: It was defined here, no it was defined here, time step dump | think that is where 1
define the dump. But the velocity is defined here. So, until here it is just going to print whatever
velocity it has, but after this it is going to continue to append the information with that velocity
information. So, keep that in mind, so although that dump is defined there and the velocities are

defined here, the run is defined now.

So, this dump is going to still that dump on tag is still there. So, it is whatever for whatever
settings | have done before the run all that is going to be execute it, if you do not want to be
execute it, you should stop, you should use some command to stop it, just keep that in mind. So,
that is what the dump file will contain and usually we use that to post process our results, look at

the atoms which I will show you in a bit.

(Refer Slide Time: 37:38)
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Ighost: 10895 ave 10895 max 10895 min J
fistogram: 1000000000

leighs: 640000 ave 640009 max 640008 min

fistogram: 1000000000

‘otal # of neighbors = 640000

\ve neighs/atom = 160

leighbor 1ist builds = @

Jangerous builds = @

rinted in the new log file

lone of the atoms vibrate

leed to have a fix

‘otal wall time: 9:00:03

larasimhanhomeair:exercisel narasimhan$ lammps < input_script.in >output.txt
larasimhanhomeair:exercisel narasimhan$ 1ls

sonfigfile input_script.in logfile.txt
{oxygen-bash. sed input_script_doc.py output. txt
fump.min log. lammps

larasimhanhomeair:exercisel narasimhan$ rm -rf input_script_doc.py
larasimhanhomeair:exercisel narasimhan$ rm -rf doxygen-bash.sed
larasimhanhomeair:exercisel narasimhan$ 1ls

:onfigfile input_script.in logfile.txt

fump.min log.lammps output.txt

larasimhanhomeair:exercisel narasimhan$ rm -rf configfile
larasimhanhomeair:exercisel narasimhan$ ls

fump.min input_script.in log.lammps logfile.txt output.txt
larasighanhomeair:exercisel narasimhan$ vim dump.min

nhomeair:exercisel narasimhan$ vim ill
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40 timestep ©.001

41 #Specify a timestep for this run. Can be changed as required

42 dump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz

43 #<Dump all the atoms to the file dump.min>

44 #<dump ID group style N filename args. See web page for details. ix iy and iz give t
he details of the image that the atom is presently located>

45

46 Tun 1

47 WARNING: No fixes defined, atoms won't move (src/verlet.cpp:52) ;

48 Neighbor list info ... :

49 update every 1 steps, delay 10 steps, check yes

50  max neighbors/atom: 2000, page size: 100000

51 master list distance cutoff = 12

52 ghost atom cutoff = 12

53  binsize = 6, bins =8 8 8

54 1 neighbor lists, perpetual/occasional/extra =10 @

55 (1) pair 1j/cut, perpetual

56 attributes: half, newton on

57 pair build: half/bin/atomonly/newton
58 stencil: half/bin/3d/newton

59 bin: standard

68 Per MPI rank memory allocation (min/avg/max) = 7.463 | 7.463 | 7.463 Mbytes
61 Step Temp E_pair E_mol TotEng Press

62 ] 0 197.81322 0 197.81322  64024.837
63 1 0 197.81322 [ 197.81322  64024.837
64 Loop time of 0.8267541 on 1 procs for 1 steps with 4800 atoms

65

g’
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86 Total # of neighbors = 640000

87 Ave neighs/atom = 160

88 Neighbor list builds = @

89 Dangerous builds = @

98 minimize le-7 1e-9 10000 1008@ #<Minimize the energy using a conjugate gradient step

91 WARNING: Using 'neigh_modify every 1 delay @ check yes' setting during minimization
(src/min.cpp:168)

92 Per MPI rank memory allocation (min/avg/max) = 8.588 | 8.588 | 8.588 Mbytes

93 Step Temp E_pair E_mol TotEng Press

9% 1 0 197.81322 [ 197.81322  64024.837
95 2 0 197.81322 [ 197.81322  64024.837
96 Loop time of ©.863709 on 1 procs for 1 steps with 4000 atoms

97

98 95.1% CPU use with 1 MPI tasks x no OpenMP threads

99

(0@ Minimization stats:

01 Stopping criterion = energy tolerance

02 Energy initial, next-to-last, final =

3 197.813215515 197.813215515 197.813215515
84 Force two-norm initial, finmal = 2'96827e—13 2.94801e-13

185 Force max component initial, final = 6.56948e-15 6.56948e-15
86  Final line search alpha, max atom move = 1 6.56948e-15

07 Iterations, force evaluations =12

08

(09 MPI task timing breakdown:

10 Sectjon | min time | avg time | max time |%varavg| %total

apggpar”’

p
L’
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56 attributes: half, newton on !
57 pair build: half/bin/atomonly/newton

58 stencil: half/bin/3d/newton

59 bin: standard

60 Per MPI rank memory allocation (min/avg/max) = 7.463 | 7.463 | 7.463 Mbytes
61 Step Temp E_pair E_mol TotEng Press

62 ] ] 197.81322 [ 197.81322 64024.837
63 I 1 [ 197.81322 [} 197.81322 64024.837
64 Loop time of 8.8267541 on 1 procs for 1 steps with 4008 atoms

65

66 Performance: 3.229 ns/day, 7.432 hours/ns, 37.377 timesteps/s
67 95.5% CPU use with 1 MPI tasks x no OpenMP threads

68

69 MPI task timing breakdown:

76 Section | min time | avg time | max time |%varavg| %total
71

72 Pair | 0.014618 | 0.014618 | 0.914618 | 0.0 | 54.64
73 Neigh | @ ) | e | e.0| e.00
74 Comm | 9.8837e-85 | 9.8837e-05 | 9.8837e-05 | 0.0 | 0.3
75 Output | 0.61202 | 0.01202 | 0.01202 | 0.0 | 44.93
76 Modify | 1.1921e-86 | 1.1921e-06 | 1.1921e-06 | 0.0 | 0.08
77 Other | | 2.432e-05 | | | .09
78

79 Nlocal: 4000 ave 4002 max 4000 min

80 Histogram: 100000008080

81 Nghost: 10895 ave 10895 max 10895 min
82 Histogram: 1806060000080

hoe _ exercisel — My Terminal — vim logfie.txt — 88x28

113 Neigh | @ | e |0 | .0 o.00 !
14 Comm | 0.00024867 | 0.00024867 | 0.00024867 | 0.0 | 0.39

15 Output | @ | e |0 | .0 o.00

16 Modify | @ | @ | e | .0 | e.ee

17 Other | | 0.e102 | | | 16.01

18

(19 Nlocal: 4000 ave 4000 max 4000 min
120 Histogram: 10000000080
.21 Nghost: 18895 ave 10895 max 10895 min
122 Histogram: 1660000000
.23 Neighs: 640000 ave 640000 max 640000 min
(24 Histogram: 10000000080
125
126 Total # of neighbors = 640000
.27 Ave neighs/atom = 160
.28 Neighbor list builds = @
.29 Dangerous builds = @
131 Finished Minimizing
132 #minimize etol ftol maxiter for minimizer maxiter for force_energy valuation
.33 #dump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz #<Dump all the at
oms to the file dump.min>
134
135 #log file_two.txt
0 .36 # Open another logfile for printing thermodynamic information, from this point onwar
ds. 3
.37 thergo_style custom step time temp pe etotal ptlss vol

Then the log file dot txt will first contain actually the input script itself. And then you see a
warning here which is the most important warning you do not have a fix defined. So, your atoms
will not move, it will not move. So, and then you have the first whenever you are seeing a step
command, then it essentially means that you have printed out some thermodynamic information
there. So, the thermodynamic information that we have asked it to print is here time,
temperature, potential energy, total energy, pressure volume. This step that it is printing out is for

the minimization step that we requested, remember we asked to do some minimization.

So, this is the step where it is trying to minimize, it is by default plotting the pair potential

energy, the molecule energy, and the total energy, and the pressure of the system. And then it is



going to talk about what is the stopping criterion, the energy tolerance and all the info
information that you have given. And then the final value that it got. So, the based on the force
the initial and the final arc 2.96827 e to the minus 13 and 2.94801 e to the minus 13.

So, they both are apparently differing, only by the amount that we have requested. So, it is
talked, similarly the values of the energies are also given here, that pretty small. And then there
is actually a this stopping criterion is energy tolerance. So, which means that it stopped based on
your energy tolerance criteria rather than force tolerance or the number of iterations that you
have given. Because minimize consistent of what it consisted of the tolerance for the energy,
tolerance for the force, number of iterations for the energy, number of iterations for the force. So,
it is telling you on what criteria | actually stopped minimizing the function. So, this is the first
part where some output is written concerning your simulation. So, it is finished doing that, it says
finished minimizing is something that we have printed out after the minimize command. So, it is

printing it out here print finished minimizing, finished minimizing.

(Refer Slide Time: 40:18)
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139 !
40 velocity all create 300 102939 dist gaussian mom yes rot yes

41 # Set the velocities of all the atoms so that the temperature of the system

42 # is 300K. Make the distribution Gaussian.

.43 thermo 1 #How frequently to print,the thermodynamic information#

44 variable t equal time :

45 run ${stp} # run with active settings as many runs as required.

46 Tun 100

.47 WARNING: No fixes defined, atoms won't move (src/verlet.cpp:52)

.48 Per MPI rank memory allocation (min/avg/max) = 7.463 | 7.463 | 7.463 Mbytes

49 Step Time Temp PotEng TotEng Press Volume

.50 2 8.001 308  197.81322  352.88661  65748.927  96071.9
51 . 3 0.002 300  197.81322  352.88661  65748.927  96071.9
152 12 4 8.003 300  197.81322  352.88661  65748.927  96071.9
.53 12 5 0.004 300  197.81322  352.88661  65748.927  96071.9
54 . 6 8.005 300  197.81322  352.88661  65748.927  96071.9
.55 . 7 8.006 300  197.81322  352.88661  65748.927  96071.9
56 = 8 0.007 300  197.81322  352.88661  65748.927  96071.9
- 57 12 9 0.008 300 197.81322 | 352.88661  65748.927 960719

12



2 # is 300K. Make the distribution Gaussian.

3 thermo 1 #How frequently to print the thermodynamic information#

4 variable t equal time

5 run ${stp} # run with active settings as many runs as required.

6 run 100

7 WARNING: No fixes defined, atoms won't move (src/verlet.cpp:52)

8 Per MPI rank memory allocation (min/avg/max) = 7.463 | 7.463 | 7.463 Mbytes
9 Step Time Temp PotEng TotEng Press Volume

§ e wyviem

] 2 0.001 300  197.81322  352.88661  65748.927  96071.912
1 3 0.002 300  197.81322  352.88661  65748.927  96071.912
2 4 0.003 300  197.81322  352.88661  65748.927  96071.912
3 5 0.004 300  197.81322  352.88661  65748.927  96071.912
4 6 8.005 300  197.81322  352.88661  65748.927  96071.912
5 7 0.006 300  197.81322  352.88661  65748.927  96071.912
6 8 0.007 300  197.81322  352.88661  65748.927  96071.912
7 9 0.008 300  197.81322  352.88661  65748.927  96071.912

0.009 300  197.81322  352.88661  65748.927

0.01 300  197.81322  352.88661  65748.927
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33 pair_coeff 11 0.01006418 3.3952 #<The coefficient of the 1j potential’
for the interactions of atom type 1 with 1>

35 group ar type 1 #<Group all the argon types (argon type is of type 1). All atoms of
type 1 are in group with the name 'ar’

36 4000 atoms in group ar

37 # group and "group" together atoms in various ways. See the manual.

38 # All these names (or IDs) are of your choice, except you should avoid using names o
f the keywords

39

49 timestep ©.001

41 #Specify a timestep for this run. Can be changed as required

42 dump dump_1 all custom 1 dump.min id type x y z ix iy iz vx vy vz

43 #<Dump all the atoms to the file dump.min>

44 #<dump ID group style N filename args. See web page for details. ix iy and iz give t
he details of the image that the atom is presently located>

46 Tun 1

47 WARNING: No fixes defined, atoms won't move (src/verlet.cpp:52)
48 |eighbor list info ...

9 update every 1 steps, delay 10 steps, check yes

50 max neighbors/atom: 2000, page size: 100000

51 master list distance cutoff = 12

52 ghost atom cutoff = 12

53 binsize = 6, bins =88 8

41 neighbor lists, perpetual/occasional/extra =10 @

pair 1j/cut, perpetual

‘dump.min [LAMMPS Dump]
Smudation cell

Particl types

aaaaa
Current file: dump.min
Drectory:  Aolecular_Dynamic/Argon/exercisel

Time secies.

Filepattern:  dump.min
Fourd 1 matzhing fle

[ Pericles I A
B2 ¢ 4P W QY @ Cuentfone: Tmesiep 36 B

Snoweg ames7c103

s~ N K2

b . |

Then | am starting to do | set the initial velocities, and then I am running 100 steps. And this is

the information that it is actually printing out for the 100 steps, it gives you the first line of
before this table it tells you the step the time, the temperature of the system, the potential energy,
the total energy, pressure, volume. So, the temperature is 300 exact, for all the 100 steps every
step temperature is exactly 300 and potential energy, total energy, pressure, volume are all 100.
It is calculating the pressure and all volume is obviously the volume of the simulation box. This
is the content of the log file and these are the files that you will often need in order to achieve

your simulation, simulation is going to make sense.

Student: Sir in this input file initially defined by dump command?



Professor: Yes.

Student: How? We did not told it to start running it?

Professor: We gave a run 1 you see you gave a run 1.

Student: Sir for this the velocity profile will be ?

Professor: O the velocities are 0. So, the first dump, the first velocities are all 0.
Student: Sir the velocity command was not there in input. The command is not same.

Professor: Even the last, in the in the input script that |1 gave you the velocity command is not
there. So, it will be 0 always, but in the command since | modify this morning and | had a
velocity command to actually | chose to explain this today so that is why it is you do not have,
why do not you add the velocity command, this is coming now, if you add a velocity command is

running. Why do not you all add a velocity command and run the simulation?

Student: So if we wrote one the body to have any velocity as a whole, the center of mass of the

system should remain...
Professor: Fixed.

Student: We have to insure that.
Professor: Yes.

Student: So if we do not give that mo ms command, the velocities of the atoms may evolve with

time and simultaneously with center of mass may also start moving.

Professor: It could happen, it could happen but in this case we are just giving the velocity for one
instance, we have not yet evolved it, because like | mentioned, | do not have an integrator, yes

that is an important step.
Student: Something is there.
Professor: Something is wrong?

Student: Something is coming, means non 0.



Professor: That is all you can check, you can, otherwise you will have to now perform the
calculation to see if it is 300, we can trust that it will be 3, it will correspond to a 300 Kelvin

temperature only.
Student: Sir is it sampling some Gaussian curve?

Professor: Yes, because you said dist Gaussian. In the current exercise if you looked at the log
file, you see that there is a warning it says that no fixes are defined atoms would not move. So,
even though you have prescribed initial velocities and initial positions, if | looked at the atoms in
say Ovito | will show you that maybe for today, which is a simple thing to do. So, let us open
Ovito, and then let us just drag and drop our dump min here, a drag-and-drop dump min here on
the lower right hand side you can see that this Ovito is actually reading each and every frame that

is actually being printed out to the dump file.

So, it is basically reading the, the positions of all the atoms, that is in the system and this is our
actual system, this is the system that was created by the lattice command and you are printing out
all the positions and the velocities and all that and you can see there is a little bit of gap here, not
to worry there is not anything serious. It is just that if you repeat this in the right-hand side on the
top it basically is going to repeat as a periodic image. So, you should not have an atom at the
lower right hand side corner, if you do that it means you are overlapping two atoms. Please
remember that there is always this gap will appear, it is not wrong. It leads all this and then you
can play it and then look at how atoms are moving if at all they move in this case they are not

going to move.

But the main reason as to why that is happening is although we defined initial positions and
velocities, you did not start integrating the equations of motion. We need to perform an
integration of the equations of motion, the specific initial velocities, initial positions is not going
to do anything. So, the first integrator that we will learn is an NVE integrator, it is just a simple
solution of the Newton's equations of motion and it will update the positions and velocities as a

function of time. So, we will do that in the next class.



