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ABSTRACT 

The m u l t i p l i c i t y fac tor of s t e l l a r encounters i n the 
i n f i n i t e homogeneous layer with the constant th ickness H has 
been s tudied . I t i s seen t h a t simultaneous e f fec t of Chaot i ­
c a l l y d i s t r i b u t e d d i s t a n t f i e l d s t a r s l eads to the convergen­
ce of the c o l l i s i o n i n t e g r a l for the g rea t d i s t a n c e s in the 
plane d i sk and in the layer of the constant f i n i t e th ickness . 

Many problems of s t e l l a r dynamics have the e s s e n t i a l 
d i f f i c u l t y - the divergence of the c o l l i s i o n i n t e g r a l . This 
convergence leads to the imposs ib i l i ty to find some express­
ions and va lues under the account of the d i s t a n t g r a v i t a t i o ­
nal i n t e r a c t i o n s of t h e s t e l l a r system members. One of the 
example of t h i s convergence i s the increasing of the probabi­
l i t y of the s t e l l a r encounter of the t e s t s t a r with the f i e ld 
s t a r , t he v e l o c i t y v a r i a t i o n a f t e r the encounter being <Sv2. 

L e t ' s denote v - t he t e s t s t a r t v e l o c i t y , v. - t he mean 
2 - 2 2 - 2 

square of the f i e l d s t a r v e l o c i t y , 8 = v /v , , g = £v / v , . 
Then p r o b a b i l i t y dens i t y (the t r a n s i t i o n funct ion) <j> (6,g) 
increases as g for g -»- 0, i . e . for f a i n t i n t e r a c t i o n , in 3 -
dimensional s t e l l a r system. This r e s u l t was obtained by 
Agekyan (195 9) and Henon 0.959), Agekyan found the t r a n s i t i o n 
p robab i l i t y for homogeneous s t e l l a r medium with the spherical 
Maxwellian v e l o c i t y d i s t r i b u t i o n of the f i e ld s t a r s . And then 
he introduced the screening fac tor for the account of the sim­
ul taneous i n t e r a c t i o n of the t e s t s ta r by the f i e l d s t a r s 

217 

https://doi.org/10.1017/S0252921100066100 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100066100


which a r e a t t h e d i s t a n c e R from t h e t e s t s t a r , 

X (R) = AF?AF1 (1) 

where £F i s t h e mean f o r c e from t h e s e f i e l d s t a r s , AF-,-the 
a r i t h m e t i c sum of t h e f o r c e moduls from t h e s e s t a r s (on t h e 
u n i t m a s s ) . That f a c t o r t a k e s i n t o a c c o u n t t h e g e o m e t r i c a l 
summing of t h e g r a v i t a t i o n a l f o r c e s from a l l t h e s e s t a r s i n ­
s tead of t h e a r i t h m e t i c a l summing, a s i t was done when t h e 
doub le encoun te r p r o b a b i l i t y , <f> (6 ,g )dg , was found (Agekyn, 
1 9 6 1 ) . 

Agekyan (1961) found t h e c o e f f i c i e n t of t h e m u l t i p l i ­
c i t y (1) f o r 3 -d imens iona l medium a s t h e f u n c t i o n of N- the 
mean number of t h e f i e l d s t a r s up t o d i s t a n c e R from t h e t e s t 
s t a r , 

2/2ir - 3/2 
. oo - s— Hi 

X (ST) = %- f x ~ s i n x e s dx (2) 
X 

2 -1 
Th i s f u n c t i o n i n c r e a s e s a s g when g •* 0, a s X<j> ^ g . T h i s 
means t h a t we can f i nd t h e f i r s t o r d e r and h i g h e r moments of 

+m k 
t h e v e l o c i t y v a r i a t i o n J g A<j> dg (k > 0 ) , bu t c a n ' t f ind 

— 00 

t h e p r o b a b i l i t y of any e n c o u n t e r . 
P e t r o v s k a y a , Chumak and Chumak (1984) found t h e d o u b l e 

encoun te r p r o b a b i l i t y d e n s i t y <J> ( 6 , g ) , f o r t h e p l a n e (2-d ime-
n s i o n a l ) medium. In t h a t medium t h e e f f e c t of t h e d i s t a n t e n ­
c o u n t e r s i s smal l e r t h a n i n t h e 3 - d i m e n s i o n a l sys tem, so 

_2 
<t> ^ g when g -*• 0. 

To f i n d t h e m u l t i p l i c i t y f a c t o r f o r t h e p l a n e c a s e we 
must c o n s i d e r t h e f i e l d s t a r s i n t h e r i n g of small t h i c k n e s s 
h ( << R ) . The t e s t s t a r i s i n t h e c e n t r e of t h e r i n g c o n t a i n ­
ed N = TTR2D. The a r i t h m e t i c sum of t h e f o r c e s module from 
t h e s e s t a r s i s 

t&1 = 2irGm Dh/R (3 ) 

G i s t h e g r a v i t a t i o n a l c o n s t a n t , D t h e number of s t a r s i n t h e 
u n i t of vo lume. For t h e mean f o r c e from t h e s e f i e l d s t a r s we 
have 

tF = /F[W(F) - P(N)WN(F)]dF (4) 

where W(F) i s t h e d i s t r i b u t i o n f u n c t i o n of t h e f o r c e from t h e 
whole s t e l l a r f i e l d , W-,(F) i s t h e f o r c e moduls d i s t r i b u t i o n 

f u n c t i o n from t h e whole s t e l l a r f i e l d w i thou t s t a r s of t h e 
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- N - N 
N e 

r i n g r e g i o n (R, R+h), p (N) = ——t . The f o r c e d i s t r i b u t i o n 

f u n c t i o n s i n (4) may be found by t b l t s m a r k method (Chandra-
sekhar , 1947) u s i n g F o u r i e r t r a n s f o r m a t i o n of t h a t f u n c ­
t i o n s 

•* 1 -*F "* 
W(F) • -=TJ- / : a c p ( - i p )A(p)dp, 

(5) 

and 

4ir 

H'OF) = - i y /eBcp(- ip P )A N (p)dp 
4TT 

•*• 3 

<|> = Gmr/r , 

A(p) - l l n { g - / exp( ip | " )d r )N , (6) 

AM(P) -C %-* J e x p ( i p T ) d ? ] N exp -D " a - e i p * ) d r . 
N N i=0 r=R+h 

From a ) , (3 ) - ( 6 ) we f i n d 

_2 — 
x ( N ) =

 1 " t r + if 22 + N i n 
/ST* +1 /N^+l (N+ / N 2 * ! ) 

— 2N 
+ N I n . , (7) 

N+ / i ^ + l 

where N i s t h e mean number of s t a r s which a r e n e a r e r t h a n t h e 
s t a r of t h e f i e l d from which t h e app roach i s c o n s i d e r e d . For 
N * oo we have from (7 ) X *• N 

Using t h e app rox ima te e x p r e s s i o n fo r t h e square v e l o c i t y v a r i ­
a t i o n 

2 — 2 
v = 2 w , Gm/ (pw ) , 

2 
we f i n d X <\< g when N -*• °° , o r g + 0 . The p r o d u c t X<j> i s 
f i n i t e when g •*• 0 i n t h a t c a s e . 
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The a n a l o g o u s t a s k was d e c i d e d fo r t h e more r e a l sys tem: 
t h e homogeneous l a y e r of f i n i t e t h i c k n e s s H. The d o u b l e encou­
n t e r p r o b a b i l i t y f u n c t i o n found f o r t h i s c a s e by Chumak and 
Chumak (1988) i s v a r y i n g a s g~* when g -»• 0 . We c o n s i d e r now 
t h e m u l t i p l i c i t y f a c t o r of e n c o u n t e r s i n t h e i n f i n i t e homoge­
neous l a y e r w i t h t h e c o n s t a n t t h i c k n e s s H. 

L e t ' s c o n s i d e r t h e s t a r s of equal m a s s e s m which a r e R 
to R+h from t h e t e s t s t a r (h << R ) . There a r e two c a s e s (Fig . 
1 ) : 

1) R < H/2. Then t h e a r i t h m e t i c sum of t h e f o r c e modulus 
from t h e s e s t a r s i s 

Aĵ F = 4 IT Gm Dh (8 ) 

2) R > H/2. Then we add up t h e f o r c e modulus from t h e p a r t 
of s p h e r i c a l l a y e r . 

Aĵ F = 2TT Gm Dh H/R (9) 

For AF i n (1) we have ( 4 ) - ( 6 ) . In t h e c a s e R < H/2 t h e v o l u ­
me R < r < R+h i s t h e s p h e r i c a l l a y e r w i t h t h i c k n e s s h, i n 
t h e c a s e R > H/2 - t h e p a r t of s p h e r i c a l l a y e r (Fig . 1 ) . The ­
r e f o r e we f i nd two d i f f e r e n t e x p r e s s i o n f o r t h e m u l t i p l i c i t y 
c o e f f i c i e n t 

2 /2T - 3 / 2 
X (if) = i _ /" *-Z£inJL e " - T - ( 1 + 7 _ ^ / 3 ^ / 3 ^ 

ao) 
R < 13/2, N < N ; o 

and 

M , 2 N , 1 . 3 / 2 3 /2 
4 r x - s i n x " — 5 " No ( 3" NT + 3- } x 

X (N) = — / ~ m+" A e J u J "o 
Tt 0 -5 

C1+ "T ( T i r + T )2 x 2 ] d x ' a i ) 

o 

R > u/2, N > N Q . 

4 3 
where N = - - j - D {ti/2) i s t h e number of s t a r s i n t h e sphere 
wi th r a d i u s H/2. These e x p r e s s i o n s a r e d i f f e r e n t a l i t t l e when 
R = IJ/2, N = N , because we k e p t no more t h a n t h e l o w e s t power 
of R/H i n t h e f i r s t c a s e , and t h e lowes t power H/R i n t h e s e c ­
ond c a s e . The d i f f e r e n c e a f t e r i n t e g r a t i n g i s s n a i l ( ;v 4%). 

[ 
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/No=0 (plane) 

0.5 -
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If K •*• » , N •*• °°(-10)changes to the expression (2) for 
the 3-dimensional medium. 

One can see from (11) t h a t X (N) ^ N~ when N -*•<*. As 
i t was shown for the plane system, N "v- g~2, X •*• g 2 when g -*• 0. 
Therefore simultaneous effect of c h a o t i c a l l y d i s t r i b u t e d d i s ­
t an t f i e ld s t a r s l eads to the convergence of the c o l l i s i o n 
in t eg ra l for the g r ea t d i s t a n c e s in the plane d i s k and in the 
layer of the constant f i n i t e th ickness because in such systems 
the t r a n s i t i o n p r o b a b i l i t y i s a f i n i t e value for the i n f i n i t e -
stimal v e l o c i t y v a r i a t i o n s . 

In F ig . 2 we show the function \ (N) for d i f f e r e n t N . 
Two l i m i t ca se s a r e : 3-dimensional i n f i n i t e medium, N = <*>,° 
and the plane system, N = 0. The value N = 108 corresponds 
to our Galaxy. 
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