Volume 22 (2026)

PROGRESS IN PHYSICS

Issue 2 (December)

Where Are the “Earth-like Planets’’? On the Predictive Power of
Geometrodynamic Models

Anatoly V. Belyakov

Tver, Russia. E-mail: belyakov.lih@gmail.com

Physical models based on J. Wheeler’s geometrodynamics, when applied to planetary
systems and pulsars, agree well with modern observational results and predict new ones.
The current geometrodynamic model explains the appearance of the “hot Neptunian
desert” region, the existence of an “airy super-Earth”, the construction of compiled
pulsar spectra, the calculation of their “death line”, the calculation of braking indices
for various pulsar populations, and much more.

1 Introduction

As is known, geometrodynamic models are capable of pre-
dicting and yielding results that, in some cases, are currently
unattainable by theories based on the mathematical apparatus
of theoretical physics, especially if these theories are based
on an inaccurate physical model of the object.

Besides, geometrodynamic models examine the organisa-
tion of material space (medium) into objects, regardless of
their specific substance and behavior, which is already the
subject of study in specialized disciplines. Only the pres-
ence of this organisation (order) of the environment, which
creates certain types of structures and determines their evolu-
tion, is significant. In particular, schematic models of objects
are considered, the evolution of which depends only on a very
few parameters that manifest the most important properties of
real bodies, in this case — cosmic bodies.

Recall that these models are constructed using balances
between the fundamental interactions: electrical, magnetic,
gravitational, and inertial ones. This ensures their logical cor-
respondence with natural physical laws. This is supported by
examples in addition to works [1,2] concerning planetary sys-
tems and pulsars.

2 Planetary systems

Earth-like planets, given their masses and distances from their
central star, have not yet been discovered, with the possible
exception of Kepler 452b. However, they should not exist, as
despite the enormous diversity and statistical spread of plane-
tary parameters and planetary system parameters, certain pat-
terns do exist, as outlined in the author’s 2014 paper [1].

The results and conclusions of [1] are increasingly rein-
forced by the discovery of new exoplanets. Specifically, there
are two types of planetary systems: the former formed from
flat-spiral protoplanetary clumps of matter, while the latter
are formed from lenticular ones. This conclusion should have
been reached long ago, if only because protostellar clumps
of matter also organize into spiral and elliptical (lenticular)
galaxies. The analogy is entirely appropriate, as gravitational
and magnetic forces are at work in both cases.

In planetary systems of the first type, the mass of the plan-
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ets increases with distance from the star, while in planetary
systems of the second type, it decreases (see Fig. 1). For
planets of the first type, the dependence of the planet’s mass
m on the radius of its orbit r and the mass of the central body
M has been derived:

4n/(Sn—1
m:(er) /¢ ), (D)
and for planets of the second type, respectively:
M 4k
m=(%) . @)
P

where n is a coefficient close to 1, and k is a coeflicient close
to % That is, hot Jupiters form naturally near their star, rather
than migrating from distant orbits.

Thus, the mass-radius region is unevenly populated by
planets, and features appear on the m(r) diagram, namely,
clumps of cold and hot Jupiters (the intersections correspond
to their coordinates for a solar-mass star), a “desert of hot
Neptunes”, and others. Moreover, in the second case, if plan-
ets do appear on the periphery of the lenticular disk, they have
very low densities.
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Fig. 1: The calculated dependence m(r) on the background of distri-
bution of all known extrasolar planets in the semimajor axis-mass
parameter spaces. Triangles represent the planets of the system
GJ221. The squares show the planets of the TOI-791 system. The
masses shown in masses of the Earth.
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As follows from the figure, for a solar-mass star, it would
be more likely to have a giant planet appear at a distance of
about 1 AU in the first case, or an “airy” super-Earth in the
second. Indeed, according to the latest data, planets TOI-
791b and TOI-791 ¢, which have very low densities, are lo-
cated on the evolutionary line of type II planets [3]. Their lo-
cations and relationships according to (1) and (2) are shown
in the diagram borrowed from [4] (for higher stellar masses,
the m(r) relationships shift upward, and vice versa).

These findings were actually predicted by the author in
already 2014, given that the paper [1] was published in 2014.

Therefore, our planetary system represents a rare case in
which Earth-like planets, formed in close proximity to the
Sun, migrated into existing orbits. Therefore, Earth-like plan-
ets should be sought in systems with massive planets in dis-
tant orbits.

3 Pulsars

Cosmological objects, and pulsars in particular, have a very
wide range of parameters due to their different ages and other
factors. Therefore, to cover their evolutionary range, two pa-
rameters, k and j, were introduced. k = % 1 is a param-
eter that characterizes the state of the medium comprising
the object and its change on the evolutionary diagram, and
Jj= % ... 1 determines the shape reflecting the object’s dimen-
sionality (for more details, see [2]). No additional coefficients
were introduced.

In [2], the author had theoretically obtained various pul-
sar parameters. Some of these, it should be emphasized, are
currently absent or exist only as correlations or model spectra
requiring a number of empirical coefficients.

In the author’s model, all dependencies are expressed only
through the dimensionless mass of the pulsar M, and the
aforementioned parameters k and j, while all other coeffi-
cients are ratios of fundamental or known quantities, the deri-
vation of which can be traced in the work [2]. Below are
examples of the use of these formulae in relation to pulsars.

3.1 Radio pulsar luminosity limits

The simplest radio pulsar is a vortex tube, by definition “im-
mersed” in the Y region. The vortex tube is a macrooscillator
or emitter, with coherent radiation generated and amplified
along the entire length of the vortex tube by an antenna mech-
anism.

The formulae for calculating the radiation power and pe-
riod of a pulsar are as follows:

N, = 1.45x 10* M~ Watts, 3)

P =282.5 M sec, (4)

where the mass M), is taken as generally accepted, i.e., 1.4
solar masses or 2.8x 107 of the characteristic mass M,,, equal
to }y R.c%, where R, is the characteristic size derived from the
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balance of electric and magnetic forces, equal to 7.52x 108 m.

The dimension coefficient for N, is

o (T Ak R.)*
IRz
where o is the Stefan-Boltzmann constant, A; and T} are the
Compton wavelength and the temperature corresponding to
it, f is the ratio of electric forces to gravitational forces, r,
is the classical radius of the electron (the other coeflicients in
front of M), are expressed similarly).

Thus, this model predicts the existence of a lower limit
on the radiation power of radio pulsars at k — %, which the
pulsar approaches as the medium degrades and its rotation
rate slows down. In this case, Ny, = 1.45 x 1029 W and does
not depend on the pulsar mass, and for k = 1, expression (3)
gives an upper limit on N, which depends on the pulsar mass,
and these limits actually exist [5,7]. At luminosities below
Nmin, pulsars are not detected, and while the upper limit on
the luminosity can be explained by the complete conversion
of the pulsar rotation energy into radiation, the lower limit is
not numerically determined by existing theories.

3.2 Compilation spectra

Pulsar radio emission covers a wide range and is extremely
heterogeneous in time, intensity, and frequency. However,
there are stable average spectra of the energy distribution over
frequency, obtained by numerous instant measurements of the
emission over long periods of time at various frequencies.
These averaged spectra differ in their position and shape in
the energy-frequency coordinate system.

A real pulsar differs from the simplest model of a sin-
gle vortex tube because, like its real physical counterpart in a
fluid (a vortex structure), it not only rotates but also changes
its configuration along the Y-axis: from a vortex tube (j=1,
a conventionally one-dimensional state) to a vortex funnel on
the surface (j = %, a conventionally three-dimensional state or
quasi-sphere), which is reflected in the shape and position of
the spectra.

In [2], the parameters for this general case are defined: the
radiation energy, the radiation power, and the pulsar period:

E, =511 M[}.454k—0.7575 keV, (5)
N, = 1.22 % 10% M3 ~>7 Watts, (6)
P =251 My 1% gec, %

Note that for k=0.75 and j = %, the exponent of M), in (7)
is zero and P = (2n)"/? = 2.51 sec, a period that is the same
for any mass.

The relationship between the maximum radiation fre-
quency and the period in this model is:
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Fig. 2: Scheme of formation of average spectra of pulsars.

and from equations (5) and (7), keeping in mind (8), the de-
pendence E,(v) is derived:

1 0.7575 - 1.454k+ j

E, \ 2 vassc-orss
511 '

It has been established that the average spectrum has an
energy maximum shifted toward lower frequencies [5]. This
fact can be explained, based on our model, by the existence
of an optimal packing dimension of vortex filaments in the
pulsar’s vortex tube, less than 3, at which the pulsar remains
relatively longer. In [6], it is indicated that this optimal di-
mension could be a fractal dimension of e = 2.72, so that
ultimately, changing the packing dimensions leads to a shift
of the spectrum toward lower frequencies by approximately
1.3 logarithmic units, Fig. 2.

The region of existence of average spectra is limited by
logarithmic straight lines according to (9) with exponents
k=1, j=1 and k=2, j=1, emanating from the point with
coordinates: E, = 511 MeV, v = 51.4 MHz. Real spectra
are located in this region, and they, as a rule, have, according
to the accepted terminology, a low-frequency cutoff, a max-
imum and a linear section, breaking off at a high-frequency
break.

A pulsar exists in various configurations and, while hav-
ing a constant period, radiates at different frequencies and en-
ergies due to different combinations of the parameters k and ;.
As an example, Fig. 2 shows the calculated positions of some
beams that form the spectra of two pulsars with periods: left
P = 4.6 sec (two rays), right 0.63 sec (three rays). The values
of the parameters k and j are indicated in the Figure. For the
left pulsar, its radiation gravitates toward the low-frequency
cutoff region and ends abruptly in the high-frequency bend
region; for the right pulsar, its radiation gravitates toward the
high-frequency break region and ends abruptly in the low-
frequency cutoff region. The beams are limited by maximum
and minimum energies as the parameter k varies in accor-
dance with formula (5). It should be noted that, as noted
in [5], characteristic spectral features (kinks, dips) may be

y = (27r)_1'2501/2/l;”2( ©)
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absent or fictitious in many cases.

Thus, the pulsar’s existence in various configurations dur-
ing its pulsations along the Y-axis, with constant changes in
the state of its material medium (parameter k) and shape (pa-
rameter j), ultimately leads to the emergence of its individ-
ual average spectrum, which is closest to the configuration in
which the pulsar spends the longest time. Of course, equation
(9) cannot reproduce the spectral shape of specific pulsars,
but it fully explains their features, and the shape of the calcu-
lated spectrum is entirely consistent with the modeled spectra
provided in [5].

3.3 On the parameters of pulsars

In addition to the above, an important parameter of a pulsar
is its magnetic force B. In [2], formulae for a conventional
radio pulsar are derived

B =127x 10" My ~% 7" Gauss, (10)

and for a pulsar with a large magnetic force (excited state):

1)

Pulsars have a very wide spread of their parameters, so
their two-parameter dependencies are not calculated; only ap-
proximate correlations exist. The calculated solution regions
for some parameters are presented in [2].

Additionally, as an example, Fig. 3, borrowed from a re-
cent paper [7], superimposes the solution regions in the (Ig B,
Ig P) coordinates, bounded by the limiting values of the pa-
rameters k and j for pulsars with a high magnetic force (up-
per region) and ordinary pulsars (lower region), calculated
using equations (7), (10), and (11). In turn, these regions are
bounded by the “death line”, which, according to the latest
data (dashed line), corresponds to a luminosity of 10? erg/s
(10*' W), which is precisely what our model predicts; how-
ever, existing theories disagree on the causes of pulsar attenu-
ation and do not provide a definitive value for their minimum
luminosity.

The region of millisecond pulsars with a large magnetic

B, =2.1x10° M,”~*” Gauss.
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Fig. 3: The magnetic field versus period (B—P) diagram for the radio
pulsars. The solid line is the death line defined as By,/P* ~ 0.2 (e.g.,
Ruderman & Sutherland 1975; Bhattacharya & van den Heuvel
1991), and the dashed line is the “observational limit — line” corre-
sponds to E ~ 10? erg/sec. The pulsar samples are taken from the
ATNF Pulsar Catalogue.

force is not filled, however, such pulsars (magnetars) exist,
and this fact can be considered predicted by this model, since
a magnetar was recently discovered in a supernova (this is
SLSNe-I, the magnetar spin period to P = 4.2+ 0.2 ms and
the magnetic-field strength to B = (1.6+0.1) x 10'* Gauss
[8]), its position is indicated by a square.

Note that for pulsars with a low magnetic force, when
their structure is close to the single vortex tube model (j=1),
the mutual solution of equations (3) and (4) with the exclusion
of the parameter k, together with (10), yields the dependence

lgP-245 —2j-2/3

B=127x10"*M 2em , (12)

which correlates with the array of short-period pulsars (grey
line).

A key characteristic of pulsars is the dependence of the
period derivative on the period, dP/dt(P), since this param-
eter is used to calculate the magnetic force and energy loss
during pulsar deceleration. Furthermore, individual pulsar
groups (clusters) have their own distinctive features and dif-
fer in the average derivative value, its sign, slope, rotational
deceleration rate, etc., some of which remain unexplained
[5,9,10].

For example, 1. F. Malov points out that the entire known
array of pulsars cannot be described by a single magnetodi-
pole model. In particular, the dP/dt(P) dependence in normal
long-period pulsars is inconsistent with the magnetodipole
braking model and requires the use of other mechanisms or
a search for specific distributions of their parameters. How-
ever, this model is valid for pulsars with P > 2 sec, which
have strong magnetic fields.

These differences are not entirely clear within existing
theories, but are fully explained in terms of the geometro-
dynamic model. Thus, the general classification of pulsars
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Fig. 4: Dependence of the period derivative on the period for pulsars
with B, > 2.2 x 10"3 Gauss (based on [9]).

into periods greater or less than two seconds is related to the
change in sign of the exponent in equation (7) at P ~ 2 sec.
If P < 2 sec, then the exponent in formula (7) is positive; for
P > 2 sec, it is negative. This feature is also reflected in the
shape of the average spectra, see Fig. 2.

Moreover, the pulsar gradually loses its mass, and, as fol-
lows from formula (7), a negative exponent leads to an in-
crease in the period, i.e., promotes pulsar braking, while a
positive exponent decreases the period and hinders braking.

For normal pulsars (vortex tubes), according to (4), the
exponent is always positive. However, for pulsars with P > 2
sec, which have large magnetic fields and whose period is
calculated according to (7), the exponent is negative. This
difference is reflected in the sign of the derivative dP/dt(P)
for different pulsar types.

The derivative dP/dt is determined from observations of
the arrival times of pulses from the pulsar; in our case, since
pulsars continuously change their position on the evolution-
ary diagram (for more details, see [2]), its analog is the deriva-
tive of the period with respect to the parameter k, dP/dk. Dif-
ferentiating formulae (4) and (7), we obtain — for a normal
radio pulsar

dP/dk = 188 In M, x M?'°, (13)

and for a pulsar in the general case and, in particular, with a
large value of B

dP/dk = =3.651n M, x M7~ 1434+, (14)

Assuming that these derivatives are proportional to the
time derivatives, we can determine the slope of the dP/dt(P)
dependence. Thus, the ratios of the dP/dk derivative to the
period P (i.e., their second derivatives with respect to k) for
normal pulsars are (—8.5), for the general case it is 18.6; their
common logarithms 0.93 and (—1.27) are the braking indices
of pulsar (n). Thus, to obtain these indices, an observational
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data set dP/dt(P) is not required, and a single point is suffi-
cient to construct the correlation.

In confirmation, Fig. 4 shows the dP/dt(P) dependence
according to [9] for pulsars with a large magnetic field, where
the calculated index —1.27 (thin line) is in good agreement
with the correlation of the data array (bold line); and the
index 0.93 corresponds to the dependence for normal pul-
sars (see also [9]). Moreover, in [11] for arrays of second
and millisecond pulsars, the average value n = 0.92...0.94
was established, which exactly coincides with the calcu-
lated one!

Of course, these cases do not exhaust the behavior of pul-
sars. For example, if the medium forming the pulsar or clus-
ter does not evolve, then changes in the pulsar can only affect
its dimension (shape); then, similarly, differentiating with re-
spect to the parameter i with k constant, equation (7) and so
on, we ultimately obtain n = 1.1.

Finally, if both parameters k and j are constant and only
M, changes, then differentiating P with respect to M and fol-
lowing similar transformations, we obtain the formula for the
braking index:

n =1g[(0.7575 - 1.454k + j) M, " |. (15)

In this case, the index, depending on the combination of
parameters k and j, can take values (rounded) from -5 to 5;
so that the calculated boundary value coincides with the
theoretical value of the index (n = 5) for a pulsar slowing
down its rotation solely due to the emission of gravitational
waves from the quadrupole mode of the main mass [12].

Apparently, this is precisely the case for a large group of
pulsars “crowded” on the dP/dt(P) diagram in the interval
of 0.3...3 seconds [9], i.e., a period close to the change in
sign of the exponent at P in formula (7). Indeed, with small
variations in the properties of the medium and the shape of
the pulsar, its evolution will mainly depend on the loss of its
mass with a constant change in the magnitude and direction
of the index n, which excludes a noticeable correlation in the
dP/dt(P) dependence.

With the same periods, when pulsars approach the “death
line”, they stop emitting, while their parameters k — % and
j - %, see Fig. 3. Thus, the pulsar ends its existence in
the form of a pseudosphere at the highest density, i.e., at the
largest evolutionary parameter €, where

e=fM, (16)
(degenerate state; for more details see [2]).

The predicted nonsphericity of the pulsar is beginning to
receive confirmation. Recent observations [13] have estab-
lished that the location, shape, and size of hot regions on the
surface of the pulsar PSR J0030+0451 cannot be explained
by the canonical configuration of a globally centered dipole
magnetic field.
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4 Conclusion

Thus, geometrodynamic models are not only capable of ex-
plaining some currently poorly understood phenomena and
features in planetary systems and pulsar spectra, but also of
quantitatively calculating key pulsar parameters — their min-
imum luminosity (“death line”) and braking indices. The re-
sults achieved indicate the need for further development of
geometrodynamic models. In particular, it is necessary to re-
place the existing model underlying the theoretical study of
pulsars with the one outlined above, supplementing it with
specific observational data accumulated by specialists over
the years of pulsar research, with the goal of refining and de-
veloping this model as a more physical model.

Submitted on August 14, 2026
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