
Case	Study	1:			
Equa/on	of	State	of	the	Lennard-Jones	Fluid:		P(N,V,T)	

• NVT	MC	simula/on	of	LJ	atoms,	no	external	forces	

• interac/on:	LJ	

• the	pressure	P	is	calculated	by	the	Virial:	



• Trunca/on:	simple,	rc=L/2	

• Tail	correc/ons	for	U	and	P	(only	3D	bulk)	



Basic	Algorithm	

• Subrou/ne	mcmove	aSempts	to	displace	a	randomly	selected	
par/cle		

• Subrou/ne	sample	samples	quan//es	every	nsampth	cycle.	



• Subrou/ne	ener	calculates	the	energy	of	a	par/cle	at	the	given	posi/on.		

• Note	that,	if	a	configura/on	is	rejected,	the	old	configura/on	is	retained.	

• The	ranf	(	)	is	func/on	that	generates	a	random	number	uniform	in	[0,1]			

Subrou/ne	mcmove:		ASempt	to	Displace	a	Par/cle	



Program	
Main:	mc_nvt.f	à	
	

Subrou/nes:		
	
adjust.f 	à	adjusts	parameter	Δ	
	
coru.f	à	calculates	tail	correc/on	to	the	energy	
	
eneri.f 						
	
ranf.f 	 		
	
readdat.f 		
	

structure	of	the	simula/on:	reads	
input,	ini/alizes,	does	the	loop,	
write	output,	etc	

à	calculates	the	energy	and	virial	of	one	par/cle	

àRNG	

à	reads	input	data	



store.f	
	
corp.f 		
	
ener.f 	 		
	
la`ce.f		
	
mcmove.f 		
	
rantest.f 	

		
	
sample.f 		
	
toterg.f	

à	writes	configura/on	

à	calculates	tail	correc/on	to	pressure	

à	calculates	the	LJ	interac/on	between	two	par/cles	

à	set	ini/al	configura/on	=	all	par/cles	in	a	square	la`ce	

à	atemps	to	move	a	par/cle	

à	test	the	RNG	at	the	beginning	

à	writes	results	of	average	energy,	pressure	

à	calculates	the	total	energy	and	virial	of	the	system	



Declara/on	of	types	of	
variables,	always	first	
	

c…		comments	

MAIN	PROGRAM	MC_NVT	

DEFAULT:	REAL	(A-H,O-Z),	INTEGER	(I-M)	



first	cycles	are	for	equilibra/on:	MC	steps,	NO	
averages.	#	=	equil		
last	cycles	are	for	produc/on:	MC	steps	AND	
averages.	#	=	prod	

subrou/ne	ADJUST:	change	the	
value	of	dr	(Δ)	to	keep	good	
acceptance	rate.		

ini/aliza/on	

surou/ne	READDAT:	reads	
input	data,	calculates	
parameters,	ini/aliza/on	
(fort.15,	fort.25)	

subrou/ne	TOTERG	calculates	
the	total	energy	and	virial,	tail	
correc/ons.	



MC	loop:	#	cycles	=	ncycl	

nmoves	in	each	cycle	

produc/on	cycle:	
subrou/ne	SAMPLE		
calculates	and	writes	averages	
every	nsample	moves.	

subrou/ne	MCMOVE:	aSempts	and	accepts/rejects	
move	

end	MC	loop	

test	energy	



save,	print	

test	virial	



variables	will	be	pass	to	/	from	caller	

SUBROUTINE	MCMOVE	



variables	will	be	pass	to	/	from	caller	

conf.inc	
double	precision	x,y,z	
integer	npart	
common/conf1/x(npmax),y(npmax),z(npmax),npart	

SUBROUTINE	MCMOVE	

system.inc	
double	precision	box,temp,beta,hbox	
common/sys1/box,hbox,temp,beta	

c	parameters.inc	
integer	npmax	
parameter	(npmax=10000)	
c	
c					npmax					:	maximum	number	of	par/cles	



counts	#	aSemps	

RNG	

Subrou/ne	ENERI	
calculates	the	energy	
of	one	par/cle	

energy	
eno=	before	move	
enn=	aher	move	

acceptance	rule	

calculate	new	energy	and	virial	

if	accepted	



use	periodic	boundary	condi/ons	
replace	the	par/cle	posi/on	with	the	new	one	

if	accepted	



in	 out	
SUBROUTINE	ENERI	



Find	the	nearest	image	

Subrou/ne	ENER(enij,virij,r2)	
calculates	the	LJ	interac/on	and	
virial		between	par/cles	i,j	with	
cutoff	rc	
	

Sum	over	all	other	
par/cles	

out				in	



HOW	TO	RUN	
	
In	UNIX/Linux	
In	MAC:	open	applica/on	TERMINAL	
		

1.  COMPILE	the	program:	
	ifort		mc_nvt.f	adjust.f	corp.f		coru.f		ener.f		eneri.f	la`ce.f	mcmove.f		ranf.f	…	rantest.f	
readdat.f	sample	
	
• Replace	ifort	with	your	compiler	(f77,	g77	….)	

• An	executable	“a.out”	will	be	created.	
	

DO	NOT	MODIFY	THE	PROGRAMS	



2.	Create	the	data	files	fort.15	and	fort.25	in	the	same	directory	
where	a.out	is.	Use	any	text	editor	without	format	(vi,	emacs,	
TextEdit...)	

	
3.	Run:	write	the	command:	
./a.out	
	
4.	Aher	the	program	stop	there	will	be	new	files	created	during	

run:	fort.66	contains	the	energy	and	pressure	
	
5.	To	see	the	file	write:		
more	fort.66	


