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The proposed model is based on J. Wheeler's geometrodynamic concept, in which space
continuum is considered as a topologically non-unitary coherent surface admitting the
existence of transitions of the input-output kind between distant regions of the space in
an additional dimension. The existence of closed structures (macrocontours) formed at
the expense of interbalance of gravitational, electric, magnetic and inertial forces has
been substantiated. Itis such macrocontours that have been demonstrated to form — in-
dependently of their material basis — the essential structure of stellar objects (SO) and
to determine the position of these objects on the Hertzsprung-Russell diagram. Mod-
els of the characteristic types of stellar objects: stars and compact bodies emerging in
the end of stellar evolution — have been presented, and their standard parameters at
different stages of evolution have been calculated. The existence of the Hertzsprung-
Russell diagram has been substantiated, and its computational analogue has been given.
Parallels between stellar and microcosmic objects are drawn.

Recognizing the Seeke:],_Natureand inertial — with no additional céicients introduced. The
itself will come to meethim. 5 \vsis gives good qualitative results and, in a number of
Rockwell Kent 3565, plausible quantitative parameters for the statistically

averaged (typical) stellar objects.
1 Introduction

Wheeler's geometrodynamic concept, in which micropare nitial premises

cles are considered as vortical oscillating deformations o\a& was shown earlier [1], from the purely mechanistic point
non-unitary coherent surface, was earlier used by the autbbview the so-calle¢hargeonly manifests the degree of the
to construct model objects of the microcosm [1, 2]. Thos@nequilibrium state of physical vacuum; it is proportional to
works substantiated the existence of closed structures (ce- momentum of physical vacuum in its motion along the
tours), determining the properties of microparticles. At tfmntour of the vortical current tube. Respectively, #pin
same time, the idea about transitions between distant regisnsroportional to the angular momentum of the physical vac-
of space in the form of Wheeler's “wormholes” can be exiwum with respect to the longitudinal axis of the contour, while
tended to the scale of macrocosm, and some contempotagmagnetic interactiomf the conductors is analogous to the
astrophysical theories has already made use of it [4]. In thisces acting among the current tubes.

paper, the existence of closed contours is substantiated at thet is given that the elementary unit of such tubes is a unit
cosmological scale, and grounds are given that they makeig the radius and mass close to those of a classical electron
basis of stellar objects (SO). (re andme).

The work does not consider the nature of the cosmologi- It should be noted that in [1, 2] the expressions for the
cal medium that forms stellar bodies, nor it does the naturesbéctrical and magnetic forces are written in a “Coulombless”
masgcharge carriers, force interactions etc., or various phyerm, with charge replaced by electron limiting momentum.
ical manifestation®f the evolutionary behavior of stellar ob4n this case, the electrical and magnetic constasgsafd)
jects. These tasks are a subject of specific disciplines.  are expressed as follows:

The model presented in the paper has an outline, illustra- M

tive character and suggests a new look at the problem. For the £ = — =3.33x 10 kg/m, (1)
model, the only important thing is thexistenceof the afore- e
mentionecdentities forming certain types of stellar structures
and determining their evolution. The work does use specific Lo = I 0.0344 N1 2)
SO terms, but only schematic SO models are considered, with £0C?
their evolution depending only on a few parameters reflecting The electrical constant here is, in fact, the linear density
the most important features of the real objects. of the vortex tube, with the mass:
The SO models used here are based on the balance be-
tween main interactions: electrical, magnetic, gravitational m=gol, 3)
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wherel is the length of the vortex tube (thread) or contour. The vortex tubes can consist, in their turn, of a number of
To combine the interactions, let us express them in a garallel vortex threads, whose stability is ensured bybtile
mensionless form with the common force dimension factance of magnetic and inertial forcéb,, = Fi; m-zone}. As

Hlo. Taking into account (1) and (2), follows from this balance,
I
_ 1 (re)? Voi = /Zelzez ,/ri x [sec!]. (12)
Fe= o (ro) 2o Zo,, 4) Z, 2

Unidirectional vortex threads of the lengthotate, with
the rotary velocity ¥;, about the longitudinal axis along an
orbit of indeterminate radius. When they are filled with the
chains of single charges, having the mass of an electron, and

1 1 r2

Fm = Lo 210 Ex [seclp % ©)

11(re 2 their numberz. = z, = |/re (or when the tubes consist of
Fq = #—0? (E) 192> (6) single vortex threads in the quantity lgf.), we get the fol-
lowing equation:
1lre(vo 2 |
Fi= ot (5 = " Va = = x[sec’]. (13)

where v, ro, Z, z,, f are the rotary velocity and rotary ra- o . ) .

dius or distance between the vortex tubes, the relative values' N€ Palance of gravitational and inertial (centrifugal)
of charge and mass in the parameters of electron charge [Qig€S F = Fi gives avirial, from which one can derive the
mass and the ratio of electrical-to-gravitational forces, whidh@ximal gravitational mass of the object, satisfying condi-

under the given conditions, is expressed as follows: tion (9):
2
f= S _416%x102 ®) Mm = = fRogo = 1.012x 10%kg.  (14)
2004
wherey is the gravitational constant. _ 3 Structurizations of the primary medium and parame-
The balance of electrical and magnetic forces ¥F, ters of stellar objects

gives a geometrical mean, a characteristic linear parameter | ider obi in which h ir of
that is independent of the direction of the vortex tubes a w let ubs Icon3|der objects in which more than one pair o
the number of charges Orces 1S balanced. - .

Let us assume that an initially unstructured maximal mass

= Jrol = V2rcx [sec]= 7.52x 10° m, 9 evolves and becomes more cor_nplex — through the emer-
Ro 0 Var ex|sec] % © gence ofm-zones, consisting of single elements of the length

a magnitude close to the Sun radius and the sizes of typﬂézﬁnd massn. As follows from the constancy gfo in the

stars general case,
' 2
Thebalance of magnetic and gravitational forces £ F, 1 = goc? = mvi, (15)
also results in a geometrical mean: Ho ri

wherem, = ggl; is the mass of a vortemy-element. From
— _ |ZnZ, |20 e (13) and (15), one can obtain, having in mind (9), the ratio
fol = \/ Ze,Ze, \fT ¢ [sec]= \/? Ro. (10) for its geometrical parameters:

where the ratio of the products=z,7,/7,7, is an ToR. (16)
evolutionary parametemwhich characterizes the state of the ri

medium and its changes, as the mass carriers become pre-_ . b o he sinale tub hread i
dominan over e clecticlcnes . a 3 mater of o, 0T ) AL, e s s (reacs oo
shows how the material mediumfidirs from vacuum. '

In the general case, expression (10) gives a family %lflated from the virial:

lengthy contours, consisting of contra-directional closed vor- fiViz

tex tubes if,-contoury. The evolutionary parameterpro- Mj=—. (17)

portionally increases the mass of the vortex tube fomthe 4

element: Let the object contairz, local zones; then its mass will
m = eggl. (11) be Mg = zM;. Let us introduce a dimensionless parameter
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M = Mo/Mp. Then, making some transformations, one can Taking into account equations (8), (9), (23—-26) and mak-
eventually obtain uniform equations for all the parametersiofj some transformations, we can find parameters of the

the evolving objects with an arbitrary relative mags structured disk:
number of local zones Ro= MR, (27)
2/3
1 _ fM 28
Z = VivE (18) A - (28)
&C

zone radius Vo= sE (29)

ri=M¥Ry, (19) The parameters found are averaged when the disk struc-

tural elements are tightly packed, and they determine the core
of the object. Let us define the object boundaries — under
i = MY4R,, (20) the_ c_ond_ition that, if the systc_em af,-contours is rotating as
a rigid disk, the rotary velocity of contours at the periphery

must not exceed the speed of light. In this case, the maximal
radius of the disk will be:
vai = MY4c, 21 c

0 D Rn= 2% = 2R,. (30)

0

length of the vortex tube (thread)

rotary velocity in the zone

number of single vortex threads in the zone " ,
Let us further assume — within the framework of our sim-

M; plified model — that the mass of the object is concentrated
= m =M, (22)  gither in the center (thstate of corgor at the periphery (the
state of outer layer Obeying the angular momentum conser-
and, having in mind (10), one can take- . vation law, velocity at the periphery cannot be higher than:
Thus, as its mass decreases,dhgct simultaneously be- B
comes more and more compleetting subtly structured with Vi = voRo _ Vo . (31)
m-zones. Rm c

Let us assume that the initial state of SO is a rotating disk, Let the periods of core and outer layer rotation be ex-
which can further develop into larger structureg{contours) pressed asy = Ry/Vo andry, = Rn/Vm respectively (the
of the sizeR, x do, where the contour length Ry = | and duration of the inner and outer cycles).
diameter isdy = ro. With these designations, equation (10) Having in mind (27-31) and taking into account that

will look as follows: V2r = 2.51, we obtain
f
& — 2/3_
[doRs = \/; R.. (23) 70 = 251M%3, (32)
3
Let us accept, quite schematically and roughly, tgt Tm = 2.51M4/3(1) . (33)
&

contours in the disk are oriented radially-spirally and are

pulled in towards the center by the radial components of the Indeed, star cores rotate much faster that their outer layers
gravitational forces. These forces are approximately equal?b As the medium condenses and becomes more and more
(do/Ro)F,. Then, from the balance of centrifugal and gravdifferent from vacuum, the evolutionary parametegrows.

tational forces, There are at least two characteristic values of this parameter
do [ym satisfying the following conditions:
Vo = \/ Ry \ Ry’ (24) 1. The number ofin,-elementg, is equal to the number of

my-structuresz, which should correspond to the most
wherem and Ry are them,-contour mass and the averaged  giape oihalancedstate of SO in the process of its evo-

disk radius re_spectively. lution. In this caseZ = zy) — as it follows from (18)
Let us define the number af,-contours as and (28),
Ro g=f M2 (34)
%= do (25) 2. The number ofm,-elements is reduced to one, which

. . . _ . will include all the my-structures. This state corres-
_ With equation (11) in mind, the total mass of the object  ponds to the end of a certain period of object's evo-
will amount to lution, i.e., to thedegeneratstate. Here, from (28),

MMy, = 2 m = 7y £50 Ro. (26) e=fM¥3, (35)
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In the state of degeneration, whean= 1, the period of Parameter§  Balanced state Degenerate state
core rotation will — as follows from (30), (32), (35) — be e 2 47 % 1077 6.56 % 10°8
constant for any masses and amount to 2.51 sec, whereas the
size of the outer layer will be equal to the standard ra8ius z 26.6 L
In the general case, one can write, combining (34) and (35): The core

Ry 0.0126 0.0126
g=fMK, (36)
Vo 47 %10 0.0126
where the parametér> 2/3. To, SEC 66.9 251
Visible dimensions of stars, i.e., radii of their photosphe- Ty °K 56x 10° 15x 107

+

res, depend on many a specific factor; as a rule, they do ne
equal to the radiuB, and can be evaluated only roughly. The
same can be said about star temperatures. Let us take the mass Ry 26.6 1
of the Sun as a standard (the validity of such a choice wil Vi 291x% 107 157 % 104
be justified later) and consider the radius of the solar phota

. s . . , 1 =09. 1 100°=44h
sphere being close ®,. Then, within the limits of the main Tm SeC_| 3x10° =96 years| 158x 1¢f ours

The outer layer

sequence for the stable state and taking into account our disk_Tm °K 263 189x10°
model, the relative radius of the photosphBsefor a star of The photosphere
arbitrary mass can be expressed via the mass of the Sun. Itlis g 1 1
evident that for awo-dimensionamodel, T.°K 7050 180% 10F
M 1/2
R = (—) (37) Table 1: Note — radii and velocities are expressed as fractioRs of
Mo andc.
and in the general case,
M\ 4 Model adequacy
Ri = (M_o) ’ (38) |t seems improbable that such a schematic and simple model

would yield plausible results towards stellar objects. Yet it
wherei = 1...1/3 is a codicient reflecting the density ofdoes. Let us calculate some parameters sflar-mass star
packing ofm,-contours in the object. The mass of the Sun equals to<20°° kg; in relative units,
To evaluate the model object temperature, let us considgon division byM, Mg = 2 x 1076,
its radiation as that of black body. Let the maximal temper- Table 1 shows the results of calculations according to the
ature of radiation be achieved at the Compton wavelengthfefmulas given above.
electron,k = 2426 x 10712 m, and let us assume that the In our notationangular momenturof the Sun is equal to
radiation wavelength is inversely proportional to the rotary
velocity of the contour vortex tubes at a given radius. Then, 0.4(2x 109 voRy = 0.4 M§3/12Mmc R, =
from Wien’s formula, = 1.09x 10*? kg m?/sec, (43)
T=-, (39)

A where the coicient 0.4 takes account of the spherical shape
whereb = 0.0029x 10° m x °K. Having in mind this propor- of the body.
tion, the radiation temperatures at the radii of core and pho- Comparing the calculated equilibrium-state parameters of
tosphere (and an arbitrary radius as well) can be exprest#s averaged standard object (a solar-type star) with the ac-

as v tual parameters of the Sun, one can see a close correspon-
To =Tk (_0) (40) dence between their sizes, surface and core temperatures and
¢ periods of the solar cycle activity. The Sun’s angular momen-
and tum is calculated with almogterfect precision
Ts = Tk(@)(&) , (41) By the end of evolution, upon reaching the degenerate
¢ /\Ry state (atp = 1), the periods of the inner{) and outer{y,) cy-

whereas the energy of radiation (here and so forth, in keV)a@ss diminish to their limits (Table 1). In this case, the single-
Vo thread spiral structure would flatten into a disk — thick as the
E =511— keV, (42) size of the coreRy) and radiating to the sector of the disk
¢ plane. The period of radiation will bg, = 4.4 h; impulse
whereTy is the limiting temperature, correspondingt{oand duration,ro = 2.5 sec; and temperatures of the core and outer
equal to 119x 10° °K. layer correspond to energies, 6.4 and 0.08 keV respectively.
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The presence afi-zones in then,-contour will bring un-
certainty into the period of radiation, which will be inversel
proportional to the number afh-zones. For an object of
the solar mass, the uncertainty in the period of impulses w
amount tory,/z = 4.4h/26.6 = 598 sec.

These parameters are typical and correspond well to 1
x-ray sourcesbarsters For example, they perfectly fit the

parameters of the X-ray source 3U 1820-30 in the globul =0
cluster NGC6624 [5] etc. ZX >
0~ 2p=7;

Of course, the model presented here reflects only so k=2/3
essential features of stellar object structure. A stellar o \
ject can consist of toroids (balance of magnetic and gre Mp ;
itational forces), whose current-conducting elements rotz N
above the closed longitudinal axis of the tor (balance of ma Emax &1 Est
netic and inertial forces), whereas the toroids themselves lge
oriented in the plane of the rotating disk (balance of gravita-
tional and inertial forces). Such a system should hardly be
stable. The core would rotate faster than the periphery, and
them,-contours would coil up, with their kinetic energy trans-  As follows from the density ratio, a volume equal to that
forming into other forms (and then, probably, transformingf a single hydrogen atom should contain 27 atoms of the
back). Describing such a system as a multiturn plane-spirdtial matter, which corresponds, by the number of protons,
mechanical pendulum might be nave, yet in any case, thtyeéxtoms of the iron group. The density is typical for white
should take place awscillatory process of the object’s gravi-dwarfs, such as the famous Kuiper star.
magnitodynamical structurdndeed, the paired dark spots in It is interesting that the parameters obtain&d; po and
the equatorial zone of the Sun seem to be the outlehef 7o = 2.51 sec — practically indistinguishable from the values
contours — undergoing magnetic reversal and changing that should characterize the neck of a hypothetical magnetic
intensity and polarity with the period of 11 years. Their regiswormhole” of the masdviy, [4].
tered quantity (from several to a hundred) does not contradict
the calculated meany = 26.6. 5 Analogues of the Hertzsprung-Russell (H-R) diagram

Now let us calculate theensity of the SO coreln the and their applications

atoms of stellar matter (hydrogen, for the most part), SU’Pﬁe Hertzsprung-Russell (H-R) diagram shows the evolution-

stance circulates, according to our model, witpim- e~ — ary position of stellar objects on the “spectral class (temper-

contours with the mass ro, and circulation speed cannot b o . ) .
) ) ' — [ . L
higher than that of light [1]. %ture) uminosity” coordinate plane. Let us consider its

. . . analogues: diagrams “evolutionary parameter — mass”, and
At the same time, the magnitude of the chaggés con- g 9 yp

“temperature — mass”.
stant at any quantum number and equals to the momentum o P

the contour massg ro vg. At Vg — C, rg — r'omin, therefore

g M
=5
.
&
/

k=11/12

Fig. 1: The diagram “evolutionary parameter — mass”.

5.1 The diagram “evolutionary parameter — mass”

Tomin = % =1.65x 10 m. (44) On such a diagram (Fig. 13(M) dependencies would better
_ f’ be plotted on a logarithmic scale. At akythe diagram rays
The density of maximally condensed hydrogen atoms wihnverge on a point corresponding to the limiting mis

amount (for a spherical volume) to and limiting evolutionary parametef,a, = f.
3my . 5 Specific parameters of SO will depend on the position of
Pmax= 75— = 8.82x 10" kg/m*, (45) the object on the diagram. In general, with the converging
Omin point My, approached then, as follows from (27-33), (40),
wheremy is the mass of a hydrogen atom. (41), the number ofm,-contours will tend to 1; the rotary

Now let us represent the mean density of the core matetocity, to the speed of light; the core and outer layer radii,
as a ratio of the core mass to its cubic radius. Having in mit@lR;; the periods of the inner and outer cycles, to 2.51 sec;
the corresponding expressions, one can see that the densipésthe core and outer layer temperature3yto
invariable and depends only on the gravitational constant:  Evidently, for any given SO, the course of evolution may
go both towards larges values (condensation of medium),

MM M 1 . :
po= —at = —2 = 0 X [Sect — up toz = 1, and smallee values (depression of medium), up
RS RS y % [secP to the shedding of the envelope at the end of the evolutionary
=2.38x 10° kg/m®. (46) process.Using the microcosm analogies, one can compare
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these states to the Bohr and ionized atoms respectively =~ M.s.m.[

Let consider a stellar object which is in the main sequen

and has a value of the evolutionary parameter correspond 7000 *\ i
!

to the line of equilibrium ak = 11/12. Ate = const the Ms,e{
equilibrium massMp will correspond to a smaller madd, 100 |— %3 \Mz/
on the line of degeneration, for whidh= 2/3 andz, = 1 £
(Fig.1). In this case, one can obtain a mass ratio from (2 10 |
and (35): 4sm. —
Mp — Mél/8 ) (47) - Instabllltystng. A
1 \ ST TS

Since the mass of the Sun is considered standard, we s i YWhite Duars |
take the evolutionary parameter value on the line of equili o7 |— | \J~
rium for the solar massg; as standard too.

0,01

5.2 Collapsing red giants To

At the end of their evolution, stars become red giants and tt 0,001

shed their envelope (transfer to the state of the core), turn

to white dwarfs, neutron stars or, in the case of the large

masses, “black holes”. 10° 10° 1000 °K
Let us consider a star of chosen characteristic mass, for

which everym,-contour on the line of equilibrium has the

mass of the Sun, i.e., satisfying the conditidly = 75 M. . . -
Taking into account (28) and (34), we obtaify = M35 — m,-contours, will match an atom of iron, containing 52 nu-
' © éeons, and a nucleon, consisting of three quarkd ater,

2.76x 107° = 13.8 s.m. (masses of the Sun). Let us calcula . X . , : .
ther analogies with the microcosm will come into view.

the typical mass of a white dwarf forming from the core & Thus. i hat th fthe S qi lutional
such a star. Let us assume that on the line of star equilibrium, us, itseems t .att € mass o the unan Its evolutiona
its core (and, therefore, the malsty as well) are on the line parameteeg on the line of equilibrium are, indeed, standard.

of degeneration (Fig. 1). Then, having in mind (47), At %o = 3, the parametek ~ 0.75, and it changes slightly
in a wide range of masses. One can, therefore, expect that

M, = Mc1>1/8 _ Mél/m = 538x107, (48 the condition (50) is optimal for other masses as well. Then,
from (50),
which corresponds to 0.27 s.m. fM2%/24
After the envelope and core are separated, they can be fst= "3

considered discretely. Let the envelope evolve to a standard _
parametet, and the core delay at the critical stage of the-3  The diagram “temperature-mass”
transformation process. Combining these states, let take $iece logarithms of luminosity and mass are approximately
white dwarf massM, be proportional to the number af,- proportional within the limits of the main sequence, it would
contoursz, — of the total number ofn,-contoursz, of the be convenient to draw the H-R diagram analog in the coordi-

Fig. 2: The diagram “temperature-mass”.

(51)

massMg at g nates of “temperature — mass”.
M. = Mo Zp (49) From (27-30), (34), (40) and (41), one can obtain ex-
P - pressions of th& (M) form, corresponding to the equilibrium

Having in mind (28), (34) and (48), one can find the nuriémperatures at the radii of the outer laj&arand coreR at
ber ofm,-contours in the core: k = 11/12. On a logarithmic scale (Fig. 2), they are straight

lines, converging on the poiM,, (outside the diagram):
£ V25724
z,= —2— =M;Y? =208 (50) Tn=TeM"®, (52)
Est
_ 7/12
Therefore, the total mass of the star will be equivalent to To=TikM7™. (53)
Mo/Mp = Mg¥® = M;¥*° = 51.2 white dwarf masses, which  Stars of the main sequence have photospheres whose radii
corresponds to the number of nucleons in the nucleus of irg@ usually smaller thaR,,. To construct dependencig$M)
(more precisely, iz, = 3, thenM, = 1.9x107° and the num- for the photosphere, let us use formula (37). Taking into ac-

ber of “nucleons” is equal to 52). Here we see another angbunt (38), one can obtain, in the general case:
ogy with the microcosma standard red giant, containing

52 white dwarf masses, and a white dwarf, containing three Tt = Te ML MK (54)

30 A.V. Belyakov. Evolution of Stellar Objects According to J. Wheeler's Geometrodynamic Concept
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For the equilibrium state & = 11/12, we obtain three temperature on the linear size, the temperature of the photo-
lines corresponding to three possible variants of packingsghere can be expressed via the temperature of the core:
m,-contours: into one-, two- and three-dimensional structures

—ie. afi = 1,1/2,1/3 (Fig. 2): T = To(ﬁ)m, (60)
Th, = TcMo M7Y12, (55) Taking into account (27-30), (40) and acceptig= R,
Ty, = Tk Mé/ZMS/lZ’ (56) one can obtain, by analogy to (58),3 2
Ty, = T MY3M7/22 (57) Te=14x10"° |\8/|1//2 . (61)

These lines converge on the point with coordinates close This formula should be used when the star evolves beyond
to the real parameters of the Sun, and their crossing with the equilibrium line and the radius of its envelope greatly in-
outer-layer equilibrium line gives three characteristic masseggases. It is evident that the formula gives a bit overrated
M;, M, andMs. The massvl; = Mg/5 = 138 s.m.,, i.e., this values ofT;. In Fig. 2, isolines plotted according to (61) are
mass also satisfies the conditibh = zy My, and is equal to indicated ag:s;.
the mass of a red giant, which was calculated in the previous Taking into account (51) and substituting the expres-
section. The mas®l, = 794 s.m. is the largest possiblesion in (61), one can obtain the lifigM), along which stars
mass for a main-sequence star. According to (47), this még®ing into red giants are lined up:
can give rise to an objept whose mass will be 3 s.m., which T, = 0.192T, M(1)7/1e. (62)
corresponds to the maximal mass of a neutron star. The mass
M3 = 277 s.m. is the largest possible mass for a star with the The parameters of stars with the masbgsand M, cal-
most condense packing. According to our model, the strg¢Hated for diferente values are shown in Table 2.
ture of SO is two-dimensional; hence, stars of the main se- As for the “superstar” object, with the calculated mass
quence are on the lin€;, (bold line). Here, on the diagramMs = 277 s.m., its existence has been verified. The recently
T-M, one can also see isolines of the parametevhich, fol- discovered star R136al has the following parametils =
lowing (27-30), (41) and combining the constants, will loo&65 s.m.R; = 63R; andT; >40000K [7]. The calculated
as , parameters of such a star — assuming it to be on the extension

_ 77 & of the main sequence — are as follow$;,, according to
Ti =686x10 M23° (58) (56), is equal to 7250; & from (61) is equzal to 8 x 10%;

It should be noted that specific sequences of the globulBf- = Rm and, according to (30), is equal toR&/. In other
cluster stars formed from a medium with the same evolutiofords, the object should be somewhere to the right of the
ary parameter are also located along their avisolines. main sequence line. _

When stars leave the main sequence and evolve towards-0cated in the bottom part of the diagram are red dwarfs.
lessere and T (to the right on the diagram), SO parametersheir typical parameters are the following: masg, 0..,0.8
change; particularly increasing is the envelope radius. Let348; radius, @...0.85R,; temperature, below 380K [8,
assume that beyond the line of equilibriuRy, = Ry, (actu- 9]. Since their radii are approxmately_proportlonal to their
ally, the visible sizes of a star depend on many specific factfgsses, they are on the lifig,, but their temperatures are
but we shall abstract from them in our model). lower, so it Io_oks like they are on the extension of the main

When calculating temperatures of the star envelopes (4§quence. It |s.supposed tha_t they evolve towards more con-
we implied that a part of the core radiation energy is trarféénsed states, i.e., towards highemdT.
formed into other forms or spent in the star inner processes. LYing on the lower segment of th&y, line are brown
But for the envelopes of giant stars, which are located to t@arfs. Their typical parameters are: mas€1@...0.08
right of the equilibrium line on th&-M diagram, formula (41) S:M-; temperature, 3000.300 °K. Their radii change in-
gives underrated results. The average density of giant staiggificantly over the range of masses and are approximately
extremely low, and the energy of hot core radiation will if2qual to that of Jupiter [10, 11]. _
significantly be absorbed by the rarefied atmosphere of theseAt the very bottom of the diagram is the maby =
stars. In this case, to determine temperature of the phot® X 10°° — the giant planet Jupiter. The temperature of
sphere, one can use the well-known formula for thermal rati§ outer layer on the lind', is equal, according to (57), to

ation power, considering core as a radiation source: 123K, i.e., it is close to the temperature of the outer atmo-
sphere layers. The densities of Jupiter, brown dwarfs and the

N = oT*S, (59) Sun are approximately equal; all these objects are near the
line Tx,.
whereo is the Stefan-Boltzmann constant equal ©7%1078 Thus, all the types of SO are arranged logically on the
W m2(°K)™*. Having in mind the evident dependence of-M diagram.
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Parameter M; =138s.m M, =794 s.m
€1 Esy &2 Esty Esy
£ 276x 108 | 247x10% | 1.37x10*® | 1.53x 10°® | 2.47x 10¥7
Vo 0.00219 0.000197 0.0061 0.00068 0.00011
Ry 0.0302 0.0302 0.0542 0.0542 0.0542
Rn 13.8 153.4 8.9 80 495
R¢ 3.7 153.4 8.9 80 495
To, SEC 345 388 22.3 200 1242
Tm, days 83 1.15x 10° 7 5037 12x10°
Tmz days 6 752 0.78 63 2409
To, °K 2.6 x10° 2.34x 10 7.2x10° 8.07x 1¢° 13x10°
Tm, °K 5710 3290 44000 21000 1370
Ts, °K 21200 3290 44000 21000 1370

Table 2: Note — radii and velocities are expressed as fractioRs ahdc.

5.4 Variability of stellar objects sizes of the star envelopes and the periods of their outer cy-

The types of variability of SO radiation are very diverse, ar%es reach their. maxima.. Locateq on ABG meg-period
variability is intrinsic, to some degree, to all SO including thgriable starswith the period of brilliancy oscillations up to

Sun. The most common type of variability is optical alte -0_0_0 days)sgmi_-regular variable stargwith the periqd .Of
nating variability (pulsations). According to our model, su filliancy oscillations up to 2090 da_ys)_ gnd soon. W'th'n the
pulsations are a natural result of the existence of oscillat mework of our 'T”Ode" their variability can be. explained
processes in the complex SO structure not only by the existence of the outer layer periog, but

The most stable, in terms of amplitude and period of brﬁx_lso by a heterogeneity of their outer layer radiance [15, 16].

liancy oscillations, are pulsating stars of high luminosity _The heterogeneity results from the passage — along the star

Cepheids yellow giant stars [12, 13]. On the diagrafM, disk perimeter with the intervals af,,— of hot (cold) zones,

their position would correspond to the mads on the equi- containingm,-contours.
librium line T, whereR; = Ry, The calculated parameteR,, T, and ry, for My (Ta-

Leaving the main sequence, stars become variable ueg?‘Z) are in a reasonable agreement with the averaged obser-

crossing the isoline; (instability strip), corresponding to the ation data for Cepheids at and for long-period variables
equilibrium parametet for the characteristic madd;. As atesy [12, 17]. ) .
follows from the diagrarT — s, the parameter decreases for | N€ parameters of SO of the mads on the line of equi-
masses larger thad; and increases for masses smaller thdR"um ate2 approximately correspond to those of hot super-
M, — until it reaches the isoline,. giants PV TeI-type, with the period of pulsations from 0.1 to
The masses of Cepheids are in the range 20 s.m. The 1 day. Onthe lindl¢, ates,, they correspond to the parame-
minimal Cepheids mass is defined by the intersection of #§&S 0fa Cyg-type super-giants, with the periods from several
isolines; and the lineTy,, giving M = 4.1 s.m. which agreesdays _to sgveral weeks [12]. Further evo]uuon of such stars in
with the value indicated in [14]. One should bear in mind thifte d|rect|on of smallee values results in the formation of
this intersectiorpoint on the diagranT-M corresponds to a"ed super-giants.
segmenbn the diagranz-M — from the line of equilibrium
to &;. This segment corresponds to the initial period whe§1
the star begins to descend the main sequence. During g group of SO includes white dwarfs, having the maxi-
processR: — Ry, which results in the star luminosity tomally compact packing of atoms, with the densily and
grow. The growth is not reflected on theM diagram; on the stellar bodies based on neutron stars, whose matter is com-
diagramH - R, it corresponds to the initial segment of theressed to the nuclear density Such objects are formed in
star’s evolutionary track. the extreme cases, when SO evolve in the direction of either
Going on, stars evolve in the direction of lowerval- the largesk values (wherRy — R; “outer-layer state”) or
ues and reach the isoling; (asymptotic branch of giants,the smallest ones (when the envelope is shed; “core state”).
ABG). The isoline corresponds to the equilibrium paramés both cases, the initial oscillatory process is replaced with
ter ¢t for the standard solar mass (Fig. 1), under which thige rotation of the final compact object, of the mdgs with

Compact stellar objects
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the rate y. 6.2 Neutronization

At the final stage of evolution, there is, as indicated i the context of our model, the process of neutronization can
[18], the possibility of a physical “coupling” of the star envepe represented as a loss of stability of the structurengf
lope with the core. Let us assume that there exifiB0&ess contours and the transition of the structure (through its inver-
analogous to the absorption of an electron by the protongjon along the vertical axis) from the plain two-dimensional
i.e., the final compact object acquires the momentum of thgo 5 one-dimensional configuration, which is energetically
outer layer, with the transition to an “excited” state We more favorable. Let us assume that the result will be a single
cannot consider the mechanism of this phenomenon Wlﬂﬁlgl_contour or just a single vortical tube (neutron object).
the framework of our model (moreover, the envelope and the Roughly, the parameters of such a primitive object can be
core are considered here affglient states of the same singlgefined as in Chapter 3. Placing the param&eaiong the

object), so let us restrict ourselves to a formal application @ftical axis and considering= 1, one can obtain:
the momentum conservation law:

fM,c
Mo Vim = Mp Vp. (63) Vn=—"> (66)
2
6.1 White dwarfs _ &R
dn szn ’ (67)

A white dwarf resulting from the star evolution towards lesser TYNR

£ values, should inherit the parameters of the star core by the Ry= ——=, (68)
moment of the envelope shedding. For a star of the rivass &

the parameters will be as follows: core temperature,
234000K; period of rotation, 388 sec (Table 2). According
to (_47)’ (27) and (46), the mass, radius and mean density 0fRotary velocity cannot exceed the speed of light. There-
white dwarfs are 0.27 s.m., 0.00B2 and 238x10° kg/m® re- fore, atw < ¢, & > fM,. Thus, for compact objects, the
spectively. Indeed, very young white dwarfs can be observ :Qametek in (36) should be< 1 (in any event, as follows

in the X-ray range; the periods of their pulsations are in t m the comparison of the calculated and actual datan-
range of tens to thousands of seconds, and they have ty e mychy larger than 1). Let us limit ourselves to defining

cal sizes and densities being in agreement with the Calcu'%%?ameters aty= c. Expressing: from (66), one can obtain:
parameters [12, 19, 20]. ' ' '

(e/f)°

= 251
n

(69)

A white dwarf resulting from the evolution of a low-mass dh = My R, (70)
star towards larget values (without shedding of the enve-
lope) should have the mad, ~ Mo. Then, its \ = V. Ri=Ro, (71)
Having in mind (29), (31) and (36), let us represepias 5 = 2.51M,,. (72)
Vi = CMgk—2/3 (64) It should be noted that a high-frequency modulation with
7, up to 10 sec is present on the radiation diagrams of some
and the period of rotation as neutron stars — pulsars [6].

As the evolutionary parameter grows, the sizes of a neu-
tron object shrink along the axes, and on the line of degener-
ation, atz = 1, one can rewrite expressions (67-69), having
in mind (35), in the following form:

At z= 1 andk = 2/3, an object of the mass 0.27 s.m. will

= 2 = 251IME, (65)

Vm

—R. — M3

have the following parametersyyc = 6.7 x 107°; r,, = 308 dh = Ry = My Ro, (73)
sec; and the energy of radiation, according to (42), equal to R,

0.034 keV T = 79000K). Here, the calculated parameters ™= =251lsec (74)

are, too, typical for a young white dwarf. As the object on . o . .
yb young J Of course, this scheme is ideal. In reality, the objects

the T-M diagram shifts to the right, the parametegrows, d . . di di
which corresponds to the decline of the rotary velocity a.‘?hése on neutron stars are in some intermediate state, and in
the general case,

temperature of the white dwarf. 4= M R, (75)
On the diagranispectrum-luminosity’ the zone of white noon e

dwarfs seems much narrower than that on the diagrdvhh wherej = 1/3,...,1 is a codicient taking account of the

since their luminosity is determined by the radius, which, agbject packing (shape).

cording to (27), is proportional to cubic root of the object It seems that the neutron state should be realized, to some

mass. extent, in the core of any star — and this can be proved. Let
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represent the mass of a single vortex tube as that of a cylinet Radio pulsars
of the lengthR, and radiusi,. Taking into account (70) andln our model, the simplest radio pulsar is a vortex tube which,

(72), by definition, is in the regiorY (“boson”). The vortex tube

Mn Mm = pn (MnRo)? Rs, (76) is a macro-oscillator or radiator, with oscillations forming as

longitudinal vibrations along the entire tube, while propagat-

wherepy, is the vortex tube averaged density. Let us assuig to theX region as a cross wave from their source (the en-
thatp, cannot exceed the nuclear dengity which shall be trance of the vortex tube to théregion; orifice) [2]. Presum-
considered equal tmy,/r3 = 7.47 x 10" kg/m3, wherem, is  aply, radiation in the observable regidhhas a wavelength

the mass of a proton. Then, as follows from (76), A, commensurable with the characteristic size of a single el-
ement of the vortex tube. A vortex tube, according to (22),

Myin > Mnm ’ 77) consists oh = ¢ single vortex threads — therefore, the char-

piR acteristic linear size of a single element (region of radiation)

will amount, under the condition of maximally compact pack-
which, upon substitution of values, gived 9x108M,,. This ing of vortex threads in three dimensions, to
mass corresponds to 0.016 solar masses or 17 Jupiter masses
— exactly what the smallest cosmological mass, which is still dp =&
considered a star, should be.

Y3, (80)

The speed of vortex tube rotation can be expressed as a
proportion of light speed — using the analogies described in
6.3 Masses of “black holes” Chapter 3: R

k
The diagrams:-M and T-M show the boundary of a critical Vp=Cq - (81)
. p
mode, where the rotary velocity of a vortex tube reaches that _ =~ .
of light. On the diagran-M, the ray indicating the critical  12King into account (36) and .comblnlng the constants,
situation looks — taking into account thit, is the mass of ©N€ ¢an find the period of a pulsar:

the compact object to be raised — as d £2/3¢2
Tp=— = —2=2825M%" sec (82)
11/8 Vp  C
g=fMp =M%, (78)
Along the vortex tube of the pulsar, radiation is formed

On the diagranT-M, the same ray has — upon substitRy mi-zones, the number of which is determined by the pulsar

tion of £ in (61) — the following form: mass. The averaged profile of the radiation pulse is a result
of random superposition of many single pulses. Therefore
Trim = Tk M22/16, (79 the duration of the generalized pulsar putgecan be in the

range from the duration of a singhg-zone pulse to the total

As follows from this construction, a ray segment is "mal:;ﬁggr;noin?ﬁf?fggf allgt)haenzdopzels), .e. fromv 0.2 1i/Voi.

ited by the ordinates of the masdéls and M3 and intersec-

tion with the isolineses, andes, — there are almost per- Tpi = 2.51Mé/2--~1/4, (83)

fect ternary points of intersection. It is these masses that give

rise to neutron objects with the masses, according to (47), For a pulsar, the standard mass is taken as 1.4 of that of

3,...,16 s.m., which are the sources of hard X-ray radiatiéhe Sun. Then the pulsar periodiat 2/3...1 will be, ac-

andcandidates for the star mass “black holefg'8]. cording to (82), in the range from 0.97 to 0.045 sec; and the
Indeed, for giant stars of a malss— Mg, the critical mode fjuration of the generalized pulse will pe, according. to (83),

begins before the moment they reach the asymptotic braftHe range from 0.1 to 0.0042 sec, this corresponding to the

of giants (super-giants). With further decrease of the parai@poral parameters of the majority of radio pulsars [21-23].

etere, a star should release the excess of angular momentumRadio radiation of pulsars covers a broad range and is ex-

— probably, by means of dropping the excess mass, whi@mely heterogeneous in time, intensity and frequency. N(_av-.

can be interpreted as shedding of the envelope with the feftheless, there are stable averaged spectra of energy distri-

mation ofsupernovaNext, the star core of a mass, < ¢/f bution over frequency obtained by multiple instant measure-

transforms to an object which presently is classified as tRgnts of radiation at dierent frequencies over large periods

“black hole” candidate. If neutronization of SO occurs f&tf time. o _

beyond the critical boundary (at lowvalues), the mass of L€t dp = 2rdp, then thefrequency of radiationtaking

the emerging object will be very small. The latter might b8to account (80-82), will be as follows:

one of the causes of the supernova remnants to contain few c c

compact objects. P 2nd, 216t Hz, (84)
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which, having in mind (82), can be reduced to
26
vp = 1771,"? GHz (85) 25
Sinced, is the minimal parameter provided that-zone 24
are packed most compactly, expression (84) will givaxi-
malfrequencies. However, the averaged spectrum extends far
in the region of low frequencies and has an energy maximum. 221
On the basis of our model, this fact can be accounted for by
pulsation of the vortex tube in the limits df, formula (75),
and the existence of its optimal packing, less than 3, which the 20
pulsar assumes most of the time. As indicated in [3], it may
be the fractal dimensior = 2.72. In this case, the power 2 - 0 1
of the parametes will be equal to Je, and, as follows from 'g period, sec
(84), vp/vm = £%9%4. Having in mind (82), one can obtainFig. 3: Dependence of the radio pulsar radiation power on its period.
for the frequency of the maximum: Mp=3...0016 s.m.k=0.66...1.

D),
\

2
= 23]
=2

-0.55
vm = 0.0804r,™ GHz (86) dependence is plotted in the range of masses®016 s.m.

. . . .. —i.e. up to the minimal masses still able to neutronize (see
Formulas (85) and (86) are virtually identical to the 'meEhapterpﬁ.Z). (The question on the range of radio pLEIsar

polation formulas given in [23]. L . ) .
.2 . masses is still open, since they can be determined only in rare
Although radiation of pulsars is not thermal, thewer of es) P y y

radiation N, can be determined on the basis of a formal use
of the Boltzmann formula for thermal radiation of black bodyg 5 Excited states. Gamma-pulsar

under the following conditions: . ) )
. _ Essentially, pulsar or vortex tube is a lengthy solenoid. In
. taker] as the area of the radm;tmg surface is the Cro§§i model, the full length of a threagil; does not depend,
section of the vortex tub& = d; according to (18) and (20), from the mass and is equal to
e taken as theféective temperatur@.s is the tempera- R,; the length of a turn is, in general Cawé) R., and the
ture corresponding to the radio frequeriGyincreased number of turns in the initial state is N M~ /x.
proportionally to the relative length of the vortex tube |et us assume that the configuration of the vortex tube
(i.e. proportionally to the ratio of the initial-objéata- can change — e.g., upon the formation of a secondary spiral
dius to the diameter of the vortex tubles = T,Ro/dp).  structure. In this case, the initial radius can diminish to the
Since, having in mind (39, 40, = TkAx/d,, One can ob- minimal radius of the vortex tubg,, and the number of turns
tain, taking into account (36) and (80) and combining tf§&n grow to the number N = R,/rd,. Then, taking into

constants, account (36) and (80),
Ter = 1.06x 10'M /323, (87) N )
Om _ /3 _
Finally, after calculating the constants, we get an expres- N 1.66x 109Mp 10°...10, (89)
sion forNp:

which will result in the correspondingly increased magnetic
Np = 0T S = 145x 10°M3- 2w, (88) Power and activity of the pulsar.
This state can be considered as an “excited” state of the
Thus, our model predicts that lat— 2/3, a radio pulsar radio pulsar. If the iective temperature grows proportion-

should have dower limit for radiation power Nmin), which ally as well, the energy corresponding to this increase will be
the pulsar will be approaching as its rotation is getting slow#ansferred into the gamma range. Multiplying (87) by (89)
The limit Nmin is equal to 245x 10°° W and does not dependand taking into account that for the vortex tupe 1, one can
on the pulsar mass. A&t = 1, expression (88) will give anobtain
upper limit Np, which is dependent on the pulsar mass. The Ter = L76x 10"°My/3*. (90)
limits do exist [23], and no pulsars has been found at the lu-

minosity belowNin. (90) will give (upon conversion into electron-volts) values up

On the basis of (82) and (88), a dependehife,) can 3 4 ; :
be constructed (Fig. 3), which corresponds to the correlatitgnlo1 ... 10 eV. This explains, for example, the observed

iven in [23]. To cover the zone of millisecond pulsars, t amma radiation of the famous pulsar in the Crab Nebula
9 ' P ' l%nore than 1& eV). Ratio (89) serves estimation purposes,

*The object of the initial mass (before neutronization). yet it can be used in other cases as well.

Thus, at certain combinations of the parameters, formula
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6.6 X-ray pulsars

Massive stars give rise to neutron objects. Let us assume

that such an object can be formed at any stage of star evolu- 30

tion, with the envelope momentum transferred to this newly

formed object. Let us also assume that further evolution of

this system as a whole can go both to the right (up to the state

of outer layer) and left (up to the state of core) of the equi-

librium line with the eventual formation of axray pulsar of

the massv,. 20
As a rule, X-ray pulsars do not radiate in the radio range.

According to the model considered, we can assume this resid-

ual compact object to be already in the neutron state, while its

vortex tube (or a part of the tube) excited at the expense of an

additionally absorbed momentum to be still in tkeregion 19 (t/15°)

and to radiate in the X-ray range. Fig. 4. Dependence of the radio pulsaray luminosity on the
Let us determine the pulsar's parameters. Having in mipgrameter dr,/dk)/r3%. M, = 3...03 s.m.,k = 0.66...1,

(63) and (64) and substituting, according to (4¥)y* for j =0.68...0.73. Observation data are taken from [23].

Mo, one can obtain for the pulsar:

25

Ig N, W

objects — on the example of correlation betweeray lu-

_ 1.454-0.7575
Vp = CcM ’ (91) minosity and the parameted{/dt)/z>°, given in [23]. The
3 145407575 period derivativelr/dt, the rate of deceleration of pulsar rota-
Ep = 511IM; keV. (92) tion, is determined from observations. In our model, rotation

The pulsar periodin/vp, in the case of arbitrary pulsarslowdown is determined by the general process of evolution

form, will be equal to of the object’s medium, i.e., by the paramétefo let us use
_ a derivative of the period in respectkpconsidering the pa-

_ Mp Rs _ 257 075751454 93 rameterj constant and replace the aforementioned expression
= vp P ' (93) by corresponding equivalent. In the endfeliientiating (93)

and combining the constants, one can obtain
It should be noted that & = 0.75 andj = 1/3, theM,

factor in (93) will be zero and, = 2.51 sec — the same drp/dk
period for any mass. T%S
Let us consider the pulsar radiation to be mainly thermal.

Then, one can calculate its power according to the Boltzmann Fig. 4 shows the dependence of X-ray luminosity of a
formula, taking as theadiating surfacethat of the vortex radio pulsar on the parametair(,/dk)/75° in the range of
tube of the lengttRy (i.e. S = ndpRy). In this case — masses 3..0.3 s.m. The dependence fits the observation data
analogously to (88), taking into account (27), having in mirf the values of the parametge 0.68...0.73. In Fig. 4, the

Tp = (TkEp)/511 and after transformations — one can olsize of squares is approximately proportional to the number

= -3.35IgM, 7,>°. (95)

tain, for an X-ray pulsar: of observation points (41 points in total according to [23]). In
our case, the derivative does not require a scaléficant to
Np = 1.22x 10Mp™27 W (94) satisfy the initial conditions.

_Itis known that duringoutbursts the power of radiation
The parameters of most of the known X-ray pulsars {iminosity) reaches a magnitude of the order oM and

into the intervals calculated according Fo (92-94) for the St"’mgher [25]. According to our model, such an increase in lu-
dard mass 1.4 s.m. &t=2/3...1andj = 1/3...1: 7p = mingsity can be explained by periodical excitation of the vor-

0.002...260 secEp = 0.07...35 keV,Np = 10%°...10° 1o, he (see Section 6.5). In this case, multiplying (94) by
W. Periods of more than 1000 sec are characteristic for s g@) one can obtain

masses or for the cases when momentum is not fully trans-

ferred from the outer layer to the emerging compact object. Npm = 2.03x 1047|\/|g-82k+i-2-7, (96)

Thus, there exist restrictions on the magnitudes of periods,

energy and radiation power; and it is them that explain, to a Formula (96) gives rational results. For the miks: 1.4

certain degree, the partially non-thermal form of the pulsagsn.,N,, will reach, depending on the parameters, magnitudes

energy spectrum (a cutfdn its high-energy region) [18, 24].of 10%...10% W, which agrees with the power of the giant
Radiating in the X-ray region are also some radio pufamma-ray outburst from the source SGR 1900-14, which

sars. Let us demonstrate the adequacy of our model on theas registered in August 1998 (aboufad W) [27].
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Fig. 5: The solution region: dependence of the radio pulsar radiatieig. 6: The solution region: dependence of the X-ray pulsar ra-
power on its period.M, = 3...0.016 s.m..k = 0.66...1, j = diation energy on its periodM, = 3...0.3 s.m.,k = 0.66...1,
0.33...1. j=033...1.

It would be interesting to get independent estimates of tiig!lar mass of 4 s.m. is tireinimal massble to give rise to
mass of compact objects, which, as one can see, have a §filron stars.
ilar origin. Let us assume that in the process of their possi- -€t@n X-ray pulsar evolve towards lessemlues. Equat-

ble inter-transformations, their masses and periods changd'fd-exPressions (82) and (93), one can obtain

significantly. Let the X-ray and radio pulsar periods are equal 2052

in the marginal cases — when the initial SO, giving rise to lg M, = 07575 212K+ " (99)
a compact object, evolves towards the largest or smadlest ' ' J

values. In the limit, k = 1 andj = 1 (vortex tube), theM, =

Let us consider the case when evolution goes towarslg x 10 or 1.15 s.m. Here, we have got a typical pulsar
largere. With & increasing, the massl, should grow and mass. Such a pulsar will have a relatively soft X-ray radia-
atz — 1 become equal to the original ma¥s (Fig. 1). Per- tion, and with the parametgrgrowing, the pulsar period will
haps, such a process should be associatedagitfetion in jncrease. Such objects can corresponsingle neutron stars
binary star systemsProceeding to the madd,, let us sub- [26]. Indeed, as follows from the observation data, pulsars of
stitute Mg ® for My in (91). Thend, = M) R, and (93) will pinary systems will mainly speed up their rotation, whereas
take a form of _ single objects will slow down.

Tp = 251M %A, (97) The properties of SO are determined by the totality of

Equating (82) to (97) for the periods, combining the coﬁheir parqmeters; that is why _two-param_eter diagrams always
stants and making transformations, one can obtain in the ep%\.{e a V\."de sc_atter of experimental points. LeF us represent
the solution region of the dependendéry,) for radio pulsars

2052 more extensively — expressing its period according to (93),
1.042- 266K+ | (98) which contains the paramet@rand considering some radio
pulsars evolved from the X-ray ones, with their periods being

In the limit, k = 2/3 andj = 1/3 (sphere), theMMy = approximately the same (Fig.5). The region of observation
8x107°% or 4 s.m. This mass can be considered as the total maties [23] fits well the solution region.
of alow-mass binary star systecontaining an X-ray pulsar,  Analogously, using formulas (92) and (93), one can plot a
this being in agreement with the accepted estimate (2.5 sswilution region of the dependenE¢rp,) for the X-ray pulsars
+ 1.4 s.m.) [18]. Such a pulsar will have a relatively har@Fig. 6). Clusters on the images may indicate regions where
X-ray radiation [25], and, with the growth of the parametepilsars have preferable parameters — e.g., the right bottom
j, its period will decrease. partin Fig. 6 may indicate, by the combination of parameters,

The obtained mass value is, in fact, coincides with tlaeregion of single neutron stars.
minimal mass of a Cepheids (see Section 5.4). Thus, an SOThere appears a question: can slow X-ray pulsars trans-
with the mass 4 s.m. can evolve both to the right of the eqfarm into radio pulsars, whose period will not exceed several
librium line (shedding the envelope) and to the left (formingeconds? One can suppose that comparatively to radio pul-
a binary star system). In both cases, a compact object willdz's, X-ray ones have an excessive angular momentum (since
formed at the end of evolution, and one can suppose thattter radius in the regioX is much larger than that of ra-

|g Mo =

A.V. Belyakov. Evolution of Stellar Objects According to J. Wheeler's Geometrodynamic Concept 37



Volume 1 PROGRESS IN PHYSICS January, 2013

24 0
23
% -2
= 5
z 22 ‘5
o 5 4
o
21
-6
20
-8
0 2 4 6 8 10 12 14 16 2 1 0 1
Ig B, G Ig period, sec

Fig. 7: The solution region: dependence of the radio pulsar radig. 8: The solution region: dependence of tffeceency of transfor-
tion power on its magnetic field -N(B) to the left; N(B,,) to the mation of rotation energy in-to radio radiation on the pulsar period
right. M, = 2...0.2 s.m.,7, = 0.003...3 sec,k = 0.66...1, (initial state).M, =3...0.016s.m.k=0.66...1,j =0.33...0.55.

j = 0.33...1. Observation data are taken from [23].

2...0.2 s.m. and periods.003.. .3 sec. The figure also rep-
dio pulsars in the regiolY, and as they “submerge” into theresents the observation data for the pulsars with sBiadl-
regionY, their period shortens). ues taken from [23]. Masses and periods are connected using

Thus, it can be supposed that gamma, X-ray and radidormula (93), which contains the paramefer It is known
pulsars are dfferent forms of excited vortex tube or, usingthat according to the strength of their magnetic field, pulsars
another analogy with the microcosm, three species of netare clustered near values of the order of 40d 16° G [18],
trino. The primary state — radio pulsar — possesses onlyhich agrees, in general, with the distributions obtained.
the initial angular momentum of the vortex tube or spin To analyze pulsar parameters, the functigny) is also

_ _ used, which includes the magnetic fo8¢23]:
6.7 Magnetic properties of pulsars
3 4
Our model explains the correlation between the magnitude of n = SNpC TP’
the magnetic fieldd and other pulsar parameters. According 8r*BPR

to Sl definition, for a lengthy solenoi@ = o nl, wherenis \nerey is the pulsar fiiciency, i.e., the iectiveness of trans-
the number of turns per unit of lengthis the current strength ¢5mation of the pulsar rotation energy into radio radiation.
andy is the relative magnetic permeability. According to [23], formula (102) takeR, = 10° cm. For
The initial solenoid length is equal ®. Letn = N/Ro.  more objectiveness, let us replace this constant with the di-
Let us define the cdicienty as the compactness of the solyeter of the vortex tube according to (75). Having in mind

enoid coil in the initial sta_te N,/ Ro. The current strengthin (82), (88) and (100), let us transform (102) to the form (in the
the “Coulombless” form igeme ¢(Ro/re) % 1/[sec] (see Sec- 54 ssian system):

tion 2), wherez, is the number of single charges per coulomb,
equal to Jey. Ilgn =85+ (2.667-2j)IgM,. (103)

In our model, Sl units foB are nTl. To switch from S ) . )
to the Gaussian system of units, introduction of an additional T(_)gether W'th_ formula (82),’ this gives the regionsgt)
factor of 10 is needed. Opening the expressions/fgreg §o|_utpns for radio pulsars: (F|.g.8). Singe< 1, there are
andR,,, taking into account that N M-I/, as well as (27), limitations for some combinations of the parameters. In the

(36) and (80), and making transformations, one can ﬁna%ce_pt_ed, according to [23], range;p\‘/a_lues_;, the parameter
obtain j1s limited by the range 33...0.55, which is characteristic

B = 127x 10°4MK3-2-2/3 5. 100 for pglsars w_ith §maIB valqes. The origntation of clusters on
P (100) the diagram indicates the increasejafith the growth of the
Many radio pulsars have larg8rvalues. For the excitedperiod.

state, multiplying (100) by (89), we will have Analogously, substituting the parametdy, info (102),
= 2.1 105M;i—2/3 G. (101) one can obtain

(102)

) i ) lgn =-119+(0.667k - 4j + 2.667) IgM,,. (104)
Fig. 7 shows the solution regions for the dependences

N(B) (to the left) andN(By,) (to the right) calculated accord- In this case (Fig.9), in the accepted rangenofalues,
ing to formulas (88), (100) and (101) in the range of massix® parametey is limited by a narrow range of large values,
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e stars with masses less than 4 s.m., which in the end of
evolution will become white dwarfs;

e giant stars with masses 4. 79 s.m., which in the end
of evolution will give raise to neutron stars;

e super-giant stars with masses.792277 s.m., which in
the end of evolution will give raise to X-ray sources —
candidates for black holes.

2

Ig efficiency

It is the stars of small masses and their final states (cold

white dwarfs, “protons”) that are the “first family” of stel-

lar population. They make the majority of it and are stable

on the cosmological scale, since their lifetimes are immeasur-

ably longer than the lifetimes of other stellar objects.
Hopefully, the results obtained and the presented model

Fig. 9: The solution region: dependence of tfieeency of transfor- can pe useful for further theoretical studies in the field.
mation of rotation energy in-to radio radiation on the pulsar period

(excited state)M, = 3...0.016 s.m.k=0.66...1, j =0.94...1. Submitted on: June 26, 201 Accepted on: October 10, 2012

Ig period, sec
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