#Lennard Jones Potential, Ellen Williams, 11/25/01

from math import *

from visual.graph import *

from visual import *

#Lennard Jones potential yields force:

#F12=(12eps/r12)[(req/r12)**7-(req/r12)**13]*[vector_r12/r12]

#force on 1 is repulsive (opposite direction from vector_r12) when r12<req

def force12(r1, r2, eps, req):

    #Lennard Jones law force, f in newtons

    #2-d case, f is a vector with sign plus or minus one for direction

    #input r1 and r2 and req are vectors, units meters

    #eps is the potential energy well depth (wrt r=infinity), units Joules

    dist=mag(r2-r1) #the separation between object 1 to object 2

    f=(12.*eps/req)*((req/dist)**7-(req/dist)**13)*(r2-r1)/dist

    #the force on object 1

    return f

def zeroarray(n,m):

 
#creates an n by m (n columns, m rows) array

 
#fills array with vector zeros

 
array=[]

 
for i in range (0,n):



array.append([])



for j in range(0,m):




array[i].append(vector(0.0,0.0,0.0))


return array



#define constants

req=4.38e-10  # units meters

eps=3.9e-21   # units Joules

#test force law - expect at separation 2req f is positive 

#expect value is 8.2e-13

f = force12(vector(10.,0.,0.), vector(10.+2.*req,0.,0.), eps, req)

print f  #debugging point

f = force12(vector(10.+2.*req,0.,0.), vector(10.,0.,0.), eps, req)

print f  #debugging point

f = force12(vector(0., 10.+2.*req,0.), vector(0., 10.,0.), eps, req)

print f  #debugging point

#test function, force should be zero at r=req (i=0)

#               force should be negative at r<req (i<0)

#               force should be positve at r>req(i>0)

forcecurve = gdisplay(xtitle='separation in m, 4.38e-10=req', ytitle='Force')

funct1 = gcurve(color=color.cyan)

forcetest=[]

for i in range(-1,30):


x=force12(vector(0.,0.,0.), vector(req+i*req/20.,0.,0.), eps, req)


funct1.plot( pos=(req+i*req/20.,x.x) )

#
print i,x

#
forcetest.append(x)

#positions of 6 atoms

r1=vector(0.,0.,0.)

r2=vector(req,0.,0.)

r3=vector(2.*req, 0.,0.)

r4=vector(0.5*req, 0.86603*req, 0.)

r5=vector(1.5*req, 0.86603*req, 0.)

r6=vector(req, 1.73206*req, 0.)

atomlist=[r1, r2, r3, r4, r5, r6]

#array size for all force pairs is 6 x 6

#create and initialize array with 0.'s

print atomlist #debugging point

n=6

fcomp=zeroarray(n,n)

for i in range(0,n):


print fcomp[i]
#debugging point

print atomlist[2]-atomlist[1] #debugging point

#now fill the array with forces


for a in range (0, n-1):


for b in range(a+1, n):



fcomp[a][b]=force12(atomlist[a], atomlist[b], eps, req)




fcomp[b][a]=-fcomp[a][b]


print fcomp[a]
#debugging point

netforce=[]

for i in range(0,n):


netforce.append(vector(0.,0.,0.))


for j in range(0,n):



netforce[i]=netforce[i]+fcomp[i][j]

print netforce    #debugging point



print ("\n End of Debugging Output, Below begins the formatted stuff\n\n")


print("\n Interatomic forces on a Chain of Atoms Interacting via LJ potential")

print ("\n
The equilibrium spacing is %4.2f nm") % req

print ("\n 
The Potential Energy Well depth is %4.2e J") % eps

print ("\n
The positions of the atoms are:")

for i in range (0,n):


print ("

Atom number %d is at r = %4.2ex, %4.2ey nm")% (i, atomlist[i].x, atomlist[i].y)

print ("\nThe force (N) on the ith atom due to the jth atom is:")

print("\n")

for i in range(0,n):

    for j in range(0,n):


print ("f%1d%1d =
%ex
%ey N") % (i,j, fcomp[i][j].x, fcomp[i][j].y)

print("\nThe NET force on each atom is:")

for i in range (0,n):


print ("

On atom %d:   %5.3ex, %5.3ey N") % (i, netforce[i].x, netforce[i].y)

#output shows some error due to precision - for instance net forces

#between atoms 03, 31, etc., should be zero, but show up as

#approx. 10^-15.  This is result of raising numbers very close to

#but not exactly equal to one to 7th and 13th powers.


Interatomic forces on a Chain of Atoms Interacting via LJ potential


The equilibrium spacing is 0.00 nm

 
The Potential Energy Well depth is 3.90e-021 J


The positions of the atoms are:



Atom number 0 is at r = 0.00e+000x, 0.00e+000y nm



Atom number 1 is at r = 4.38e-010x, 0.00e+000y nm



Atom number 2 is at r = 8.76e-010x, 0.00e+000y nm



Atom number 3 is at r = 2.19e-010x, 3.79e-010y nm



Atom number 4 is at r = 6.57e-010x, 3.79e-010y nm



Atom number 5 is at r = 4.38e-010x, 7.59e-010y nm

The force (N) on the ith atom due to the jth atom is:

f00 =
0.000000e+000x
0.000000e+000y N

f01 =
0.000000e+000x
0.000000e+000y N

f02 =
8.217171e-013x
0.000000e+000y N

f03 =
1.275864e-015x
2.209873e-015y N

f04 =
1.905387e-012x
1.100081e-012y N

f05 =
4.108456e-013x
7.116093e-013y N

f10 =
0.000000e+000x
0.000000e+000y N

f11 =
0.000000e+000x
0.000000e+000y N

f12 =
0.000000e+000x
0.000000e+000y N

f13 =
-1.275864e-015x
2.209873e-015y N

f14 =
1.275864e-015x
2.209873e-015y N

f15 =
0.000000e+000x
2.200094e-012y N

f20 =
-8.217171e-013x
0.000000e+000y N

f21 =
0.000000e+000x
0.000000e+000y N

f22 =
0.000000e+000x
0.000000e+000y N

f23 =
-1.905387e-012x
1.100081e-012y N

f24 =
-1.275864e-015x
2.209873e-015y N

f25 =
-4.108456e-013x
7.116093e-013y N

f30 =
-1.275864e-015x
-2.209873e-015y N

f31 =
1.275864e-015x
-2.209873e-015y N

f32 =
1.905387e-012x
-1.100081e-012y N

f33 =
0.000000e+000x
0.000000e+000y N

f34 =
7.117594e-026x
0.000000e+000y N

f35 =
1.275864e-015x
2.209873e-015y N

f40 =
-1.905387e-012x
-1.100081e-012y N

f41 =
-1.275864e-015x
-2.209873e-015y N

f42 =
1.275864e-015x
-2.209873e-015y N

f43 =
-7.117594e-026x
0.000000e+000y N

f44 =
0.000000e+000x
0.000000e+000y N

f45 =
-1.275864e-015x
2.209873e-015y N

f50 =
-4.108456e-013x
-7.116093e-013y N

f51 =
0.000000e+000x
-2.200094e-012y N

f52 =
4.108456e-013x
-7.116093e-013y N

f53 =
-1.275864e-015x
-2.209873e-015y N

f54 =
1.275864e-015x
-2.209873e-015y N

f55 =
0.000000e+000x
0.000000e+000y N

The NET force on each atom is:



On atom 0:   3.139e-012x, 1.814e-012y N



On atom 1:   0.000e+000x, 2.205e-012y N



On atom 2:   -3.139e-012x, 1.814e-012y N



On atom 3:   1.907e-012x, -1.102e-012y N



On atom 4:   -1.907e-012x, -1.102e-012y N



On atom 5:   0.000e+000x, -3.628e-012y N

