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To be able to derive all macroscopic properties of the condensed
system, it is necessary to lmow the pair wise particles potentla1 of the system. 
In order to study these properties, a molecular dynamic experiment has been 
perforemd on liquid copper, at 1393 K. P� the above mentioned experiment the 
pair potential has been calculated by inverting the Week-Chandler-Andersen 
(WSA ) perturbation dleory. With this potential the velocity auto-correlattan·fun­
ction f(t) , the pair correlation function g(r) and the transport quantities like 
self-dlffualan coefficient D were calculated. The-calculated data were copmared 
to the experimental cne and the agreement was rather good. 

I. lntroductian
. The behaviour of particles In the candensed system can be .described 

by the classical Newton's equatian of modem. To perform comp&ters stmulatlm 
experiment in moleeular dynamics the principal demand ls to integrate the ecpa,­
atian d modem. 

m � ( 1) 

Por the molecular dynamics experiment it Is necessary to know the 
pair potential 'f(r). Bxept for analytical �slm of �(r) one also can use 
the numerical values of pair potentla1. 1n·1tqutd ·moaatomic structure, as liquid 
copper, the slowly varying attractive pa

.
fr � 'Patt (r), can be .tr8$ted as

a perturbatim an the reference bard •Jm&i'8 potential ..,8(r) , so that 1) , 

'f (r) • �(r) + 'f :tt(r) ( 2) 

In order to get 'f (r) we started with the experimental structure factor S (q) 
m liquid copper, at temperature 1393 K2) • To avold the uncertainty for tbe
small q-data in S(q), instead of the random-imse appraximatlcn (RPA) 3) we
applied the general �A taking into account the c�atlcn effects between 
electrons 4J. · The derived pm: patentlal, by abcwe procedure, baa expected 
shape for manatomlc 1iqldds .5) .  



II. The method of molecular dynamics

The basic 'assumption in. molecular dynamics experiment is that 
the particles interact between theipselves through the pail'. wise -forces. In 
our computer simulation, the experiment on liquid copper , with mass m 
( m  = 1 .08 X 10-25 kg ) we consigered a system Of 256 particles in a cubic box
with periodic boundary conditions. Froqi the number of density, for copper at 
temperature T = 1393 K ( s, = 7 . 487 x 10 m-3) and chosen number of particles N,
the length L of cubic box was defined (L = 11. 3 l ) . The computer simulation wlth 
a few hundred particles gives a submicroscopic level of the structure, whi.chJ� 
rather limited approximation in the case of the ordinary thermodynamics con.; · -· 
sideration. It means , if we want to decrease the error in cal_c:ulations of dif­
ferent .quantities , it is necessary'.to incr��e a number of particles in con ide-
red system. 

As it is mentioned �bove the forces between �rticles are pair wise 
additive and .the total .forces on .th� particle at origin is .a sum of forces .from
the surrounding particles, within the s�{lre 'or radius r , 1 r . - r . 1 , .,:- , . . 
( L ) - · C · - l - 1 -c 

r c-'T .. With selected .radius �c . we defin�d a num_ber of n�1ghborou,; particles
which interact between themselves and _gain a . reasQnable computer time. 

Since the P,lir potential was defined ·numberi�ly 5 ) we were .able to 
calculate the positions r. and velocities v , eq. 1. The initial configurations 
r 1 , • • •  , rN were choseJ as a lattice �inls of the FCC structure witJ} corr�spon'."" 
d�g h Since we know the r 1 , • • •  , rN , it wa� possible for us .to evaluate the ·· 
accelerati<?ns a. These· calculations could be performed using· a random number 

generator. To calculate· new positions and velocities we used the algorithm· in� 
troduced by ·eeeman 6) .  which was extenaed by Ebbsj5 7) in -the following form , :-

. 
2 

. 

r (t -1 A t) = E (t) + ! (t) � t + [� (t) - � {t - At� • {�
t

�·-

! ( t  + At) = v(t) + [ 2a (t  + At) + 5� ( t) - � (t  - �til* · (:t)

• - I • .,., 

( 3) 

The magnitude of.the -�me step A.t is
.
' of the··order· of 10-�4 �ec. -For the liquid . ··· :,

coppe
7: 

the time Step · At was chosen. �.cc�J;'ding_ to the criterion . 4'E At· =. o. � 8) . · 
To integrate the equation of motion of the system; ·which starts from the,-initial 
equilibrium configurations ' the number of the integration steps is . of the order . 
102 to 103. With this values we obtained the oscillation time of particles , 10-12 

sec , that means �t we ai:e able to study the dynamics of liquids. · For new con­
figurations � the particles. the accelerations again were calculated using ex-
pressi�ns : . · � ;- . · ·· . .  . ; . . :· · · · · ·, � :· . . ·· . ·.· . . . .  .

'2 -• ·· : · ·:; -, . __ : 1 �  �· ; •_ 

E i (t) �· · t( {t --4t) + 0. 5 .� 1 (t - 4t).{ �tL ;md !.l(�). s:: !, i(�)• At , .. / _{ 4:) ,
. .. . :..,.. . - . . .. . . . .

With these vectors ,  each of a size of 3N, we used the aigorithm; eqj ·a, for 



the determination of new positions and velocities . With 160 integration steps 
we obtain the positions r i , • • •  , r 256 , as well as the velocities v. , • • •  , v 
what has been recorded. 1 256 

Since the pair potentials 'P ( r i . )  are aditive it is possible to 
define the potential energy of N atoms as l 

( 5 ) 

In the sum r . .  is interpreted as a distance between r. or r .  and the nearest 
image parti!:\e j whichever is closer. 1 l 

With this assumption the molecular dynamics "experiments" are 
more complete generally more precise than the corresponding real experi­
ments 9 )  and give all basic quantities of the liquid state. Introducing a Hamil­
tonian of the system we can calculate : the canonical partition function ZN

1 
. N 

Je - � 'f{r 
) 

dr 1 , • • • , dr - . - N

and the pair correlation function g(r) , 

1 
g ( r) = 

fN-2) 1iN ZN

( 6 )  

( 7) 

One can also calculate the pair correlation function g{r)  from the Fourier 
transform of S( q) and compare it with calculated, {eq. 7) in the region 
0 < .r ( � L what is at the same time a good test of molecular dynamics ex­
penmenl. 

The real test of the computer simulation techniques is calculation 
bf the time-de�dent correlation fun�tion, i. e. the velocity auto-correlation 
function f{ t) 10) defined as 

1 � d2 
2 f(l) = (!(t)  !C o)) = N w ! i(t) ! i( o) = o.s 2 (ri ) ( S)  i=l . dt -

��� (r�i. e •. <f!/o) - !:i(t)  1)2 , is the mean square displacement of 
J:lliU-ufile. 

According to matrix data of ! 1 and !t vectors, we can calcula� 
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the velocity auto-correlation function, for copper at 1393 K, and the results 
are shown in figure t. 
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LIQUID COPPER AT 
T•1393 K 

Figure 1.  

tlSJ•ta·13 

(! (0) iCt>) 
The ratio S' ( t) = (Y( 012s which insure that the curve in 

figure 1 start with magnitude 1 ,  1s g ven on the ordinate • 
. .'fhe profile of the velocity auto-correlation function is expected,

except for a large time where is rather overdamped. 
The deviation at longer times is related to accumulated errors in 

numerical integration. 
The transport coefficient D can be calculated as an integral of 

time-dependent fW1ction ( Green-Kubo formula) 11) . 

1 oO 

D = -3- J f(t) dt ( 10 )  

The diffusion coefficient can also be defined by the well lmown 
Einstein relation 12) 

D = _1_ 
. . � J

where ) is the friction coefficient which according to the exact statistical me-
�cs treatment of transport properties depends on �n integral which contaµis 
the prbdiicts of a correlation fUil<;tion g{r) t and the "first.and second d(3rivatives 
of pair potential 12,� ) . In table 1 the seif-diffusion coefficient D(cm2/see) x 

. 10-S · cl:>tained according to eq. 9 and 1<>5) are compared.
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Liquid Cu 

at 1393 K 

Table 1.  

D{eq. 9 )  

1 ,7  

D{eq. 10) 

6 , 53  

D{exp) 

4, 22 

·The agreement is rather good for this macroscopic quantity.
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