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In the previous paper ' ' we have investigated the motion of 
a single particle in a stochastic apace and obtained equations of 
stochastic mechanics in both the nonrelativistic and relativietic 
cases. Now we shall consider the problem of two interacting part
icles since this is the problem of real physical interest. We 
shall study this question within tbe framework of Kershaw's sto-/2/ chaotic model ' which Is based on the Smoluchowski equations 
for the probability density f(^f, ^я<^) o f finding the first 
particle at point X, and tbe second particle at x„ at time 

t . Let there be a potential force (/(xf-a-2) operating 
between the two particles, and let Zfj(xf,x2,t) and V~2(xrx£) 
be their relative velocities. 

Tbe problem of two interacting stochastic particles was con
sidered first by Kershaw ' ' for the case of a single quantity 

P( x-axt t ; лx*, лt) , where P_ {х-лх+ Ь; AxUt) 
is the conditional probability density that a particle at posi
tion 5£ - AX+ at time Ь will be displaced by AX* during 
the interval At , thus reaching position i? at time t+At . 
He has obtained some equations describing the center-of-masses 
and relative motions of two particles. Theae equations can for
mally be reduced to tbe Schrodinger equation for a two-particle 
system. 

Following Kershaw ' ' and an idea of paper ' 1' we shall in
vestigate in this paper the problem of motion of two interacting 
particles in the stochastic space with a small stochastic compo
nent by using two conditional probability densities P and P , 
where /p (x + AX 7 t; AX~&t) denote the probability density 
that a particle with position x+AX~ at time Ь has been 
displaced through AX" in the preceding interval At and thus 
would have been found at x at the earlier instant t~*t . 
Let 
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1 / ~3/2 ( -,2/ "1 
jP (*fyat) = (zsrrfut/m.f) ex.pl- ^(axf) /(z^at)} 

(D 
i ~3/2 ( 2 ) ) 

p (&3.--at) = (2STtf **/*,) exp\-mt(ax;) /(2 7r4t)f 
ad 

/>%x/,At) = (zsrr2Ab/n~) 2exp\-mjaxj-f/(zV^b)^ 

£ % ^ " . 4 * } = ( ^ 5 5 J £ / * z J exp\-/n2(AX'fJ(zv2 at)j 

be transition probability densities for the first and second part
icles, respectively. Here Z1=zS1m.1 and T^-Z3LW.a . 

Assuming Tl = Tn = "f and at first we carry out investi
gation concerning the quantities p (dX*, at) and P /ajc + at) 

Now let 

T+ = X*- X+ R, *= ("I X+-/-M X+)/(m +/K„ ) 
1 2 and 7 2 2/П t 2J, (3) 

then . _» ̂  

where T)(3£^)/d( ir+) is the Jacobian of i^* with respect 
to r + . This implies that 

£^ r * t t ) = j d 3 ( & . t ) [ ( 2 3 T T A t f / n , т г J * 
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From this formula we get 

p(tfUt)= 1 expL^llf I ( 4 ) 

V 1 J burrAt/sf* l г vat J f 

where J14-— ^t "^2 J( ^r ^mz) i e t n e reduced mass. Similarly, 
we have 

• p1 (АХ,ЛЬ) ds(ax) . 
After some elementary calculatione we obtain 

P (&#Ut) = (**ra t/v'f^xpl- M(A 2+f/2 -CAtX ̂  

where M — ^j -f- "^2 i e t n e t o t a l mesa. 
Now let 

where _» -.+ -* 7" — Xf -f~Xf — Xg — X — ̂  " ̂  , 

Then the total displacement in position is given by 
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We can rewrite P(&f,Xa,t) a e 

f(P,*t,t)~ ?(%,*,,*) Щ,%)/9(>* it) . 

We bave then as before (see ' ' also) 

n ' t -c v at J, (g) 

The Smoluchowski-type equation for f> , by using quantities 
R and p + , acquires now the following form * f 

f№.±i-*t)=jf(?-s?:it-sift) /fp-sv*-****>•*?***)• 

p^r-rf'J-tefttSiiUt) <*3(fr+)d3(SR.+)= (?) 

This implies that 

U= - ч (rc/J - % <rf? +% v*f ч ъ*г, ( 8 ) 

wnsre fyl=v/2/<. *nd £)„= т/2 M • f z 

Similar calculations by using quantities of p and f3 

make the following equation tor P * 

р(Р,£ t-*t) ̂ f(r+sr; i£+6t,t) f£(?+&;e+tit;t;er;ab)* 
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* PJr^sr; ii+s£:tj si;At)d3(^-)d3(snr), (?• > 
which implies that 

where 2-=2Л;-^~ and V~= fatf+"%%)/П . 
From equations (8) and (8') we obtain 

(9) 

Here 

The potential U( Г J affects only С and not I/ . We 
have then 

V (?,H,t±ub)~J~± | I/ -(??*?; Я 7 J* ~, t) • 
A/ J 

s 



where 

-»± ^ t 
Expanding V , С , ^ R , f and U in the Taylor 

series, integrating, and retaining terms only of first order in 
•at , we obtain 

+ •/-

t. t. 

<4*4Ш)-с;яУ) - flirt )-*&)}. 
Summing the equations in this expression we get 

<4-<**"• 

4%-<\=-VrV/j«, 1 ( 1 0 > 

whtre t Q —> —> —> —* 
d = — -y- V V„ •+ f CV s 2>t . с vn ^ vr r • 
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<=*Л +*Л + ^ г +*п^ • 
So, operators Js and <Au are separated into a sum of two 
independent parte. Therefore, by analogy to the separation of 
variables in quantum mechanics, we assume that 

implying that _̂  

where P , Vc end U, describe the motion of center-of-mass
es (as a free motion of a particle with mass /я-* л?, ), but P , 

—• •» 7 -G J y-

\I and Tly. describe the relative motion (as a motion of a 
particle with mass jn. in a central symmetrical field U— U(*~) ). 

Then equations (9) and (10) acquire the following form 

•26 = - Jiv(p V ) , 
It {,« c / I (11) 

ens 

Hers 
4 K -K^r = -prv(r>/j" } 

<-1+*л, *г~*л+&*; 
By using the standard method proposed by Nelson "' nonlinear 
equations (11) and (12) may be linearised if variables it , V 
and P are transformed by the following formulae: 
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V^^2^VrSr and yc=22nVgS:R. 

From this we have the following two equations for УЛ and V£ i 

?£- с/4 У V -2Л^« Г / (13) 
and 

respectively. 
The last two equations coincide formally with the Schrodinger 
equations for Y£ and 4i * essuming that T = £, y i.e., 

% , = * / * " and ^ 4 = * / V -
In conclusion we noted that the generalization of the 

above-mentioned results to the relatlvistlc case needs a special 
investigation. 
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