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As is known, the matter density in a collapsing electrically 

neutral system increases indefinitely tending. to . an infinite vai'ue/1{ 

Thus unusual state of matter with an · inf~nite ?~nsitY and furthe~ 

dest.iny 'or th~ collapse is often the subject of discussions, more 

exactly1 the subject of questions, 

.The usual answer to the question which makes the interest 

.for this problem not so keen is related to . the arguments according 

to which the state of the matter with, the density ex:ceeding . the 
value/i/ .. 

(1) 

is not described by modern theory, 

Thus, it is implied that a further theory of gravitation includ

. ing ,also the ~description of the' quantum properties of the· gravita

tional field will 'naturally ans\V~r this question, too, 

In 1960 Graves ~~~. B~il/2/ generaliz~~ the well-known 

Kruscal's transformation to the case of the Nordstrom-Reiss-
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ner metric. In these coordinates the pseudo-singularities of the 
' ' 

-well-kno-wn external'Nordstrom-Reissner solution disappear· and 

thus, a_ complete description of the Nordstrom-Reiss.ner sp<l:ce is 

given .. 

As in the corresponding Kruscal's case the given metric · 

turns out to be non-stationary. Ih the present case it is, of _oscil

latory character. 

Analysing the results of paperf
2

/ I.D.NovikoJ
3

/ has paid 

attention to the fact that in the case of the collapse of an electri.-

cally charged system the gravitational contraction gives place to 
- x/ an extension for the ·finite value of the density matter. 

Usually ~me considers the collapse of. electrically neutral 

matter. In the present note yve would like to draw _attention to the 

f~ct that -in this c~se the electrically neutral vector meson fields 

(I!: p' ¢' w ) 

ler than p q 

stop also collapsing of stars at densities much smal

"' i'o93 g/~m3 and the gravitational contr~~ti~n chan-

ges into the extension. 

_At first sight it seems thc:~.t the forces, being short-range 
m o · · {' 

g e·- + ' ) cannot be of much importance in cosmic systems. 
ll . . (¢ ... 

Indeed, the role of the short-range forces in the development 

of the collapse was repeatedly discussed. But usually one consi-

dered the case when the dimensions of a collapsing ,system 

are much larger than the region of action of nuclear forces 

"'i /) • 
mil c 

x7 'I'he system is extended beyond the gravitational radius in the 
region· of space which lies in an absolute future with respect to 
the space where the system was collapsing •. 
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In this , case it is ! possible, to introduce the. notion of.. pressure 

since the: nuclear. ,energy under :consideration enters additively. the 

volumes of the. system. 

A general thermodynamic· consideration. shows that aL this stage 

of deyelopment of the collapse (R »'li/m ll e ) nuclear forces do not 

stop collapsing of the system.:' ... , : 

However, for R :S 1i I m ll e the energy of thee particles of 

the system is no longer additive i.e. the phenomeryon goes beyond. 

· the framework of the usual thermodynamic treatment and further 

collapsing process sho,t,lld be considered from the .dynamic point 

of view. 

. ) 

This stage of development of the collapse !s of interest sin-

ce when the system acquires such small dimensions . the matter .den

. sity remains smaller than the critical one. Indeed, the collapsing 

mass 

M ... 2M .. 4 • lO 33 
(!) g • 

4 1i )3 -40 3 which is concentrated in the volume -rr( "'10 em 
· 3 m e 

possesses the density 
ll 

, m/l e 3 73 3 

-1f:r-- ) .. 10 g I em ,. (2) 

which :is by 20 orders of magnitude smaller than pq .. 1093 g/cm3• 

When the system acquires nuclear sizes the qualitative pictu

re oL stopping of the collapse looks as follows. 

mass 

When the dir'ne.n~ions of the system' d~~;~ase the gravikttional 
--. 'i\','"' .' J . ... 1 • '.t ~ '· ' ' • . . ' ' . ' : 

defect grows and . thereby decreases the total mass but at the 

same ·time the energy of the vector meson field increases which 

is more and more localized in the space outside matter: when R-o..!. 

ml 
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·this energy become:_s so large that with further decreases of the 

dimensions of the ·system it would exceed' the total initial mass· of 

the coll,apsing system which is impossible•·since the initial energy 

of the system must remain unchanged.· ··' .-

. Indeed, if f!p is the P -meson charge of a neutron· and 

if the system consists of ~ neutrons then the energy of the 

p -m2son field for H;;i1i .' m1L (' is 

(3) f!·2 ~2, 
Ep 

r .. 

If a collapsing star has the . mass ' ~ ni:. i.e~ its total energy 

is 

E 
~ 

then for 

E' 
p 

·or 

"' ·~ m n 

2 
(' 

r ... 1i/m c 
. . IL 

> E 
s 

:'112 

... ~ 

~',. -: 

2 2 

f!p ,- mp c >> Nmn c 

or putting mp "" mn 

2 

_1if! ~ >>I , since 
C· 

2 
(! 

1fC 

(4) 

(5). 

.. I (6) 

These rather--·non-rigqrpu.s. estimates illustrate the. assertion accor-
• '. c • ' • • • ' ' .... ~ ... ,\ •• :....- •• ' ' ' 

ding to which the cC?llapsing system consisting of matt€:lr.:. fann?t 

reduce up to the following dimensions: 

R < 
1i 

miLe 
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A more r:igorous 

of the collapsing 

x/ . 
argument consists 

system R <1i I mil c 

; 

in that for the diri-lerisi<:lns· 

the for:ces. are no longer 

short-range for the matter in question. All the processes may be 

argued in the same manner as in the case of the collapse . 

stopping by a dist';'ibution of the electric charge of the system/
3

/. 

More detailed I 'but now somev;,hat underestimated, values 

which are considered in what follows lead also to stoppin§i of 
) 

the collapse for these small dimensions of the system. 

Indeed, ·let the collapse of a certain critical mass (let 

M .. 2 Me ) proceed under the action of only gravitational forces 

But when the collapsing system reaches dimensions of the. _order 
' " ~ ~ . . 

r0 •1i /mil. c . repulsive forces (we, (lSSUf!le for simplicity only 

p -meson forces) are switched on which at these distances 

r < r0 are. apprmdmabpd by the potential 

here 

¢ "' 

g p 

r 
with (. "' g (N' -N ... ) 

p. n n 

is the P - meson charge of the neutron, Nn and N"' 
~· .· n 

are the numbers of neutrons and antineutrons of the system, · 

respectively •. 

Let us look . for the motion of a real particle, e.g. a neutron, 

located "on the boundary matter-Va.cuum. 

Let the r~dial motion of this neutron begin at the distance 

R then its velocity at the moment when it reaches the .radius r 0 

X/The non-rigorousness. of the consideration PE!.rfq.rme.d con
sists in that it should be made consistently, in the general 
relativity formalism. In contrast to classical physics e.g. the 

self:.:.energy of the source of p field in the general relativity 
theory, is not divergent. '!'his gives overestimated values of the 
meson field>.' effect, firther underestimcited values are given'. 
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is gi~n I:>Y:-,th~ fir-~t integral of rnotio~. 
~- r 
'' 

••. , ...... -! 
.2 ' · d r 2 K M .· 1 1 

' ( dr 
) =. ;,( -. -·- lr r ro 

'ii •:' ·, 

- (?) ... 

.\.;, 

,,., 

where K is. th~ gravitation~! constant, M is the. Sc~warzsc:hild 

mass of try~,.,sollapsing system. At .this moment forces. with the p.O:-

tential ·' 

j. 
¢ 

g~ (N -N 
-"-- n "' n 

r 

are switched on. 
, I ~ :, , • • ' e ~ ' fl 

Further mohon of the neutron proceeds 1n the Nordstrom-
,. 

Reissner field. 

Now for the first integral we can rewrite the expression 

· given by Graves and Brill/
2

/ _with replacement of the electric charge 

of the system by the P -me_;;on field charge 
. - ~ £K ,8k. 2 

2' ·d 2 c c 2 ( K 

(a) .. , 
k -1 .. (-r )+2 +0-,8) 4"•' 2 dr · r c .r 

Here k is the constant of integration, M is the , external Schwarz-

schild mass· of a collapsing body, £ its' ·total· p -meson charge 

£ ., gp ( N ·, ._ N., n n 

:,a 
2· 

,g p 

-:(~··"' 
n £ mn 

1i c (9) 

mn is the neutron · ~ss (test particle), T is the prope,r time. · 
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Inserting in ( 8) the value. (7) 

we 

For 

(~) 
2 

dr 
2 KM (_I_ I 

c2 ro - R 

find 

E 
k= 2 

(' 

{3» I 

• 

k .. 

li 
K 

ro 

and R .. oo 

li 
E K 

f3 » I . 

(11) 

(12) 

At the moment of stopping of a test particle under the action 

of p -forces the expressio~ d. ~ I d T should. vanish 

dr 

dr 
0 (13) 

Taking into account (11), (12), (13) at this moment the relations 

(8) can be rewritten in the form 

n/K.-
2 2 2 

MK f3 E K 

r 2 k 2 -2r ( - -2--+ f3 k) + 0 
' c· c c 

(14). 

If we assume 

MK , Ey K 
« f3 k 

2 2 
c c 

(15) 

9 



this may be also fulfilled under the . conditionx/ 

( 

M»- for {3k » 1 
' VI< 

then 

- 2 2 
hk n/ K f3 f3 ( K r2 k2-

• 2 + 4 - = 0 ' c c 

or 
..;-;;: 2 

(rk-{3E--) =0. 
. c2 

Thus, at the mo~~nt of stopping of the test particle 

r 
" 

f3 ( v~< 

c 2 k 

or inserting {or k the expression (12) we get 

r., "' r0 

x/. \fK"': < MK . « E \ti< f3 k 
1.e. E ~ ~ c - , or 

gp ( N n - Nri' ) VK < m n k ( N n + N ;) < g p ( N n-N ii' ) {3 k VK 
1 

(16) 

(17)· 

(18) 

(19) 

this condition is not due to physical restrictions, it enables us 
to use the ready equation (a) written for the case of small char
ges ·M >d..[K. This fact makes our ;values underestimated, since 
the collapse stapes for large N ;;- as well. 
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Thus, . under the action of short-range meson forces the 

grayitational collapse of ~he critical mass stops when the 

collapsing system reaches the dimensions 1i Imp c . , 

, This result is obtained in a wide range· of the values 

£ = g (N -N"' ) . The result is all the more true for the real p n ~ n 

values of · N n • - N ~ in celestial bodies, 

It should be stressed that the densities p q .. 10 93 g/cm 3 

for the underestimated .values would be reached for collapsing 
n a 20 54 

masses m "'p (. ),.10 .M 0 "'lO g i.e. of ·the order of the 
~ q mp c • 

Universe mass. 

These rough estimates make it probable to state that . 
meson forces can stop not only the collapse of celestial bodies 

but also the collapse of the Universe and the limiting density 

of the latter may not reach .the quantum densities p q • 

References 

1. H.B.3enbllOBH"', 11 • .ll.HosuKos, PenSITHBHCTCKaSI acTporpH3HKa, 11aa-so 

"HayKa", MocKsa, 1987 I", 

2. J,Graves and D.Brill, Phys.Rev., 120, 1507 (1962), 

3.J1 • .ll.H OBHKOB, AcTpoHOMH"'eCKHii )KypHan, ~ 911 ( 1988). 

Received by Publishing Department 

on November,· 25,1969 

11 


