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Abstract:

In this paper it is presented the relation between the solution of BBGKY hierarchy of
dynamic equations and the solution of vlasov equation obtained by particle method. It
is also shown that the solution of BBGKY hierarchy of dynamic equation is obtained

by the solution of vlasov equation which is derived by the particle method.

Key words: Dynamic equation, vlasov equation.

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH & DEVELOPMENT Paae 340




www.ijird.com May, 2013 Vol 2 Issue 5

1.Introduction
Consider a system of molecules of having only one atom. Suppose the molecules are
interacting each other through a two body potential of ®. In the analysis of statistical

physics, we need to get solutions of BBGKY - dynamic equations.

Z80(0) = My, f (O] + 2 [ 20, [0(q; — @), foy (D] i

1

Where f, is the probability density of the gas ensemble of time‘t’e R, at positiong,; € A,
g, EA....... gn € A with velocitiesv; € R3.... v, € R3 of particles. Therefore, f:R, x
F - R, with the phase space F=(A + R3)".

Here,H, = Xi<i<n Ti + X1<icjen @(Qi - Qj)

Here we have consider the monatomic molecule and hence m=1 is the mass of the

p

molecules and Vis the volume of the system. As N— o, V— o then % is a constant value,

molecule, is the momentum of the molecule, né N, where N is the number of

which is a volume per unit molecule and [,] denotes the poison brackets.

2.Notation Introduction

(HD)w=[Hn, fud; (OxHDn(Xy, ... ... Xn)=Fns1(Xq,s oo X0, X);

(Axf)n = % Z [(b(ql - q)yfn] ;
foo)=  {fX) ... fo(t Xq, oo Xn )y e e }, where n=1,2,3,.....
(2)

We can write the equation in the following form:

2t (t) = Hf(t)+ [ A D, f(t) dx, where N=1,2,..........
3)
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4.Evaluation Of Hierarchy Of Dynamic Equations For Correlation Functions

Theoreml: The hierarchies of dynamic equations for the correlation function are in the

form

2 W(t)= Hy()+2W(P(), W(1))+] AD, W(O)dx+ [ A (*D P (Ddx,

(4)

Where f (t) =T'P () = 1+¥ (1) +“"t)*“"t) ....... (RF () +.......

¥ (t)= {P(t,Xy) ....... W (t, Xqeennenne Xp)s cenens }

(5)

(P*¥)(x) = 2ycx YY)PXNY);

(6)

(x W)P=p*P*y *¥ yp to ‘n’ times

X=(Xq o oo Xn) = X@y); Y=(Xp), n* €n
(7

Where n'=1, 2, 3...

(U¥,) = D1cicjen 0(a; — ), Wal

8

W (P, ¥) = Ty cx UV XAY) W (Y)W (X\Y)
(9)

From the relation between the solutions of JDSGT, we have

DI (t)=D,¥ ()*I'¥ (1)
(10)

AT (1) = AP ()T (t)
(11)

A,D, ¥ (t) = A, D, ¥ ()*T'F (t) + A, ¥ (H)*D, ¥ (t)*I"¥ (1)
(12)

R p=y,;

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH & DEVELOPMENT

Page 342



www.ijird.com May, 2013 Vol 2 Issue 5

TIY (t) = T ()*TY (t)
(13)

UL (t) = U¥Y ()*T (1) + §W(tp (1), W(t) = T¥ (1))
(14)

SIW () = 2 (O)*TY (1)

(15)

On substituting equations (6) — (10) in equation (5), and multiplying both sides by I'
(=W (1)), we can get equation (3)

To find the considered system on the basis of arguments similar to those in equation (2),

we can choose an expansion parameter v, setting

o(g; — q;) = vo(a; — q;)
(16)

On substituting equations (1)— (4) in equation (8), we can get

Wn(t) = v, (1)
(17)

On the basis of equation (11), (12), the equation (3) for n takes the form
29, (t, X) = Basien T Ya(D] +v (@ P () o(X) + WP (1), ¥ (0)o(X)

+ V2 [(AD, ¥ (1))n(X)dx
(18)

To solve the equation (13), we need to apply perturbation theory and we have to see that

the solution should be in the form of the series

W, (£, X) =X, vl (t, X), n=1,2,3..., u=0,1,2...
(19)

On substituting equation (14) in equation (13) and equating the coefficients of equal

powers of v, we get
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a a a
G L ) WP () =0, (2 + Ly + L) WO =5.... (2 +Ficy Ly) WE(H) =P,

Where we have introduced the notation

vy
a

Ly (WD) = Vi 5o WOt x0)— [ S D 2D o 1y

Li(WA(0) V1 5= P (6 X) —vf AP0 () 06 DX ¥ )na(t, X)X

SE = (U WH1(0) o(X) + 2 s, 15,2 (WOPE (1), W32(0))o(X) +VJ (ABLEP(D))(X) dx
+V [ B, 45,2 (AP (OD ¥ ()r(X) dx
(20)

Thus, the solution of equation (13) reduces into the solution of the consistent, in-

consistent and vlasov’s equations for W2 (t) as shown above.

Theorem2: The series (15), ¥, (t, X) :Zuv“‘}’,‘f(t, X), where ¥ is defined in accordance

with solution of vlasov’s equation and remaining W' on the center of the formula
wrX) = fdxl..... Jox [0 odt' st xt,  oxDNgenGtt;  x, ¢
(21)

is a solution of equation (13), if ‘G’ satisfies the equation.

3}

(C+v )G(tt X;, X1 "“"txl)f""‘q' DG (t-t'; x, xil) dx

2 )‘P (t, x)dx =0 with initial conditions

f 00(qij—q) aG(tt; x;,
aq; avj

G (0; x;, 1) =8 (x; —X{).

Proof: We have considered equation (15) and (16), where (15) is the vlasov’s equation.
This system of coupled equations for single-molecule and two-molecule trepidations can
serve to determine the successive approximationsW! (t). WP(t, X) is the solution of

vlasov’s equatlon.

Substituting equation (3) in (8), we have
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W2 (t, X1, %) = [dx} [dx} f_too dttsd(t; xi,x3)
(22)

G (t-t1;x4,x1) G (t-t1;x,,x2) in equation (16), we observe that equation (20) is a solution
of  (16) it S} (tX1,X2) = [6(d; — 02), WP (6 x)¥Y (t,%;)]
+fi2:1[e(q1 —q), WP (t; X,y (t;x)]dx and if G satisfies the equation

0 L N~ gt o1y 0P (00(A D g 1 o1
(6t+V16q1)G(tt X1, X7) - | ™ G (t-t1;x;,x7) dx

80(q1—q) 4G (t—tl;x{,x1 . Lo .
- (aqql DGt af] 2Ry, x) dx = 0 with initial conditions.
1 1

(25) G(0; x4, x7) = 8(x; — x7).

The recursive system of equation (18) can, with allowance for the establishment

structure of the solutions, serve to determine the successive approximations . (t) and,
therefore, formula (15). Indeed substituting again (20) directly in (18), we can see that
(20) directly in (18), we can see that (20) is a solution of (18) ifS} is defined in
accordance with (19) and if G satisfies equation (22) with the initial condition (23)
Existence and uniqueness of the solution of the following Vlasov equation is studied in
[5-7] by the particle method:

WP (tx1) = =V VP (txq) + :1_SVxAk_1Vv1¢?(t1; X1), (26)
W (M) = f71(T) (27)
—A U ==X [ eifiids T=Te

Where T, = %T,k =1...,n,neN of size %T,Uo,solution of (25)with f°(0,P) =
fO(P);8(|a; — g;|) is Coulomb potential; U-potential by E=-AU satisfies Poisson’s
equation . In [5, 11], it is shown that 9 (t;, X;,v;) = (WOdy. ) (X4, Vv,) is solution of
the
Vlasov equation. Here, we assume that E is Lipschitz continuous, ¢,:F - F is a
measure —preserving group homomorphism [6] and ° is continuous initial conditions.

A numerical scheme for the Vlasov equation is as follows [11]: For every time
step ty = kAt,k =0,1, ....

VN (tir) = VNt + AtE (g (1)

aN (te_1) = qf (ty) + Atv] (tyy 1)
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of (tie1) = af (t)
Solutions (20) of two equations (16), (17) of hierarchy are in good agreement with

results of [3] for plasma physics and this method is opening possibilities to calculate the

solutions of the complex kinetic equations of BBGKY hierarchy.
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