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As is known, the matter densnty in a collapsmg electmcally

/

neutral system mcreases mdefirutely tendmg to an infinite value/ 1.‘

' .vThus unusual state of matter with an mﬂmte densnty and fur'ther

‘Vdestmy of thé collapse is often the subject of dlscussnons, more :
exactly, the subject of questions, ;

The usual answer to the questnon whnch makes the mterest
“,\for this problem not so' keen is related ‘to -the arguments accordmg
Vto which the state of the matter w1th thef density exceeding the

//

- value

93 - LY e g S
Py 10 ’w g/cm"3 S (1)

-is not described by modern theory.

, Thus, it is implied that a further theory of gravitation mclud—
. ing ‘also the : descnptlon of. the: quantum propertles of the gra\nta-

:;"tnonal field will naturally answer this questlon too. ) o
In 1960 Graves and Bnll/2 generalized the_well—knovxm”

7 Kruscal's transformation to the case of the Nordstrém-Reiss-—



- ner metric, In these coordinates the pseudo-singularities of the
“well-known external"NordstrESn);Reissner solution disappear and
_ thus, a complete description of the NordstrEm-Reissner space is
gtven. L

- As in the corresponding Kruscal's case the diven metric -
turns out to be non-;stationary. Ih the present case it is of ,osci_l—
latory character,

Analysing the results of paper/ / LD. Nowkoxj / has paid-
attention to the fact that in the case of the collapse of an electri ~
cally charged system the gravitational contraction gives plece to'
an extension™ for the ‘finite value of the ‘dens.ity matter,

- Usually one eerlsiders the collapse of electrically'neutral
matter. In the present note we would hke to draw attentlon to the
fact that in thlS case the electmcally neutral vector meson f1e1ds
(p:p, b, w ) stop also collapsmg of stars at den51t1es much smal-
ler thart" pq = 1093 g/cm and the gra\ntatlonal contractxon chan—
ges into the extension. :

At fu'st sight 1t seems that the forces, bemg short-range
m 4]

(¢=g - r)

cannot be of much importance in cosmic systems,

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 '

(— 2y,

m c

x/ The system is extended beyond the gravitational radius.in' the
region of space Wthh lies in an absolute future wﬂh respect to
the space where the system was collapsmg.



RN

L In thls ,case. 1t is possnble to 1ntroduce the notion - of. pressure
smce the . nuclear .energy. under:consideration- enters ‘additively. the

\ tvolumes of .the, system. SR PRI e

| Agenera.l thermodynamic-. consideration - shows that at. this stage

t,j‘of development of the collapse (R >>1/ m,c ) ,nuclear;forces do not

~Tf:stop collapsing - of the system, . . ; L e

| However,for R < %/ my,c .. the energy of the’ particles of
'the system is no longer additive Le, the phenomenon ‘goes beyond

} : the framework of the usual thermodynamic treatment and further
collapsxng’ process shogldhe consldered from the“___’ -dynamic point

' of view, S “ "

This stage of development of the collapse is of interest sin-

ﬁ'ce when the system acquires such small. dimensions .the matter den-

\»sﬁy remains smaller than the critical one, Indeed, the collapslng

fmass '

’ 33
M~2Mo~ 4.10 g .,

. . . 4 b 3 =40 3
which is concentrated in the volume 37 ) =10 em
' m c o

: H
possesses the' density

oM ' m c

: (0] T 3 73 3 ’ . o
PrTE T e s e

which ‘is by 20 orders - of magnitude"smaller thanp 1093 g/cm .

’ When the system acqulres nuclear sizes the quahtatlve plctu-
re of. stoppmg of the collapse looks as follows. i
When the d1mensnons of the ‘system’ decrease the grawtatlona.l
‘mass defect grows and thereby decreases the total mass but at the
same txme the energy of the vector meson field increases wh1ch

is ‘more and more localized in the space outside matter: when R..l

mE



«this-'enét‘éy :become’s so large that with further decreases ‘of the
dimensions  of the ‘system it would exceed: the total initial’ mass' of
the collapsing system which is impossible’since the" initial 'energy
of the' system must remain unchanged, " " ¥ ‘ v S _

- Indeed, - if-- Fpa is: the P —nylesbnucharge' of a n‘eutrOh”a_ﬁd

if the system consists of N neutrons then the energy of the *

p ~meson field for RgH/ LA is
g LN e

If a céllab'sfit;\g Star has ‘the -hlas;é ' Nﬂivn;“*i.e.‘ its ‘totakl'et’jergy

is
E, = Nm e o 0 A C)

then for r ='ﬁ/mﬂc

»

-or

Ep > E_
2 N 2 .
. 5) .
‘gp -+ mp © >» Nm, ¢ , . - ()
‘or‘ putting m, = 'mn . .
B ' gz
z - .
i = . 6)
o N >»>1, -smce TS . , , (6)

These rather non—rlgorous estlmates 1l.lustrate the assertion accor-
dmg to whlch the collapsmg system con51st1ng of matter cannot . i
‘reduce up to the followmg dlmensmns

¥

m: c,

n
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. A’ more rigorof,ls argumentx/ consists in that for the ‘diir:rtlerisioﬁs‘
of the collapsing systemR <‘h'/m ¢  the forces are no longer
‘short-range for the matter in questlon. All the processes may be
argued in the same manner as in the case of the collapse
stopping by a distribution of the electric charge o_f Ithe system/s/.
' ‘More ‘detailed, but now somewhat Ltnder‘e’sti‘mated,:' values
which are considered in what follows lead also to”s:toppihg{‘»of ‘
the collapse for these small dimensions of the system.
- Indeed, let the collapse of a certain- critical mass: (let
M =2M ) proceed under the action of only gravitational forces
: But when the collapsing system reaches dlmensmns of the order
=T /m e repulswe forces (we assume for 51mp11c1ty only
p.-meson forces) are sw1tched on VV'thh at these dlstances .

r<r, are _approxlmated by the potentlal

¢ = —_ with ¢ = ‘gp.(‘Nn -N= )
here By is the‘. P - meson charge of the neutron, ‘Nn qfafnd' VN Y
are the numbers of neutrons and antineutrons of the system, :
rfes pectively,. '

Let us look . for the motion of a real particle, e.g. a neutron,
located ‘on ‘the boundary matter-vacuum,

Let the radial motlon of this neutron begin- at the distance

R then its veloc1ty at the moment when it reaches the radlus Ty

i x/’I‘he non—mgorousness of the consideration performed con-
,sists in that it should be made con51stent1y, 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, This gives overestimated values of the
_méson field ¢ effect, firther Undérestimated values are glven.



where « . ié; the. gravitational constant, M is the Schwarzschild
mass of the  collapsing system, At this moment forces with ﬂ;z_e po- -
tential ' JE T o . y
» B (N _N:s_ )

P n n

r

are sw1tched on. _ :
F‘urther motlon of the neutron proceeds m the Nordstrom—
Reissner field, ' A
Now for the first inteébéi we Ecan rewrite the exbr}'essi‘on
: glven by Graves and Bnll/ / W1th replacement of the electric charge

of the system by the MP -mezson field charge
K €K

2 2 Ak 2 . €2K ‘

r. . c. .r

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

schild mass of a collapsing body, € ‘its'total- p -meéson charge

¢ = gp(Ny =Nx ) -

m‘i_gi; N . . - S e ’ (9) .
Poe e s T '

m 1s the vnetlxtron - mese,(test particle), 7 is the proper time, :-



N

: ,‘Insertmg in (8) the value ()

2 ,
dr 2 kM 1 1
- - —),
: ( dr ) o2 ( r, R
~we find
% 2 2 ‘ o
€ K : € K 2M « S
k=—; B+ \[+ —— e (20)
C l'o [ l'o c
For B> 1 and R » e = : o ; (11)
e Kyg . . .
k = —?—-—-— B >> 1 . 4 (12)
[+ l'o

At the moment of stoppmg of a test par'tlcle under the actlon

o of p ~forces: the expressmn dr /dr should, vamsh

odr 0. < ' . ‘ (13)

Taking into account (11), (12), (13) at this moment the relations
' (8) can be rewritten in the form

— . 2. 2 2

' t MK c\/k B ¢ «
r? k2 -2r ( - - 2— + Py Bk) + —-—-C—T— =0 . ' (14)
If Qve,ass‘ur'ne
.M:g ‘" c\/gx - Bk O T '\ (15)

c c



this may be also fulfilled under the‘c‘bnditionx/’

€

M > for Bk » 1, - (16)
e v
-then
—_ 2
Y 2rk eV« B B e «
l'l(2— ;2 + T =0 [ (17)
c c
or '
vV 2
(rk - Be : ) =0

N L L o
‘ c?k
or inserting for k the gxpre551on (12) we get
L } o | (19)
(/1.e. f$<—r < TK Bk | , or | o

(N —Na)\/x <m k(N +N 3 <gP(N Na)ﬂk\/-—

this condltlon is not due to physical restrictions, it enables us
to use the ready equation ( written for the case of small char
ges M >e¢/\x . This fact makes our values underestimated, since
the collapse stopes for large N~ as well,

10



Thus, .under the action of short—range meson forces the

grawtatlonal collapse of the ‘critical mass stops when the

collapsing system reaches the dimensions 'li/mp c .

. This result is obtained in a wide range of the values
€= R (N -Nu ) . The result is all the more true for the real

'Values of Np = N= in celestlal bodies,

It should be stressed that the densities Py = 1093 g/cm

rfor the underestlmated values would. be reached for collapsing

) 10 M leMg i,e. of -the order of the

masses m =p_ (
H m_c
. P
Umverse mass,
, ’I‘hese rough est.lmates make 1t probable to state that
‘meson forces can stop not only the collapse of celestlal bodies
‘but also the collapse of the Universe and the llmltlng den51ty

‘of the latter may not reach the quantum densities P

/
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