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Abstract: The paper presents theoretical foundations
for the behavior of positively charged nuclei, namely
uranium fission fragments, within a blast wave. The
complexity of the problem stem from the fact that moving
electrically charged bodies generate complex -electric
fields within which these bodies interact, being at the
same time under the influence of inertial forces and
dissipation forces caused by the opposition of the real
environment. As it turned out, partial compensation of the
effects of transverse motion in the form of magnetic fields
is far from sufficient. Consequently, it was necessary to
employ the longitudinal motion and the finite speed of
propagation of force signals in the electric field to
consider the phenomenon as a whole.

The theoretical results are accompanied by the
findings of integrating the differential equations of the
radial motion of the nuclei of barium and krypton, along
with analytical calculations. Ill.: 3, bibliography 7.

Keywords: electric surface anti-tension, adapted
Coulomb’s law for moving electric masses, explosive
proton blast wave.

Introduction

This is represents a further development of the theory
of dynamic interaction of moving charged bodies in an
electric field, a subject explored in the author’s previous
works [1-3]. In this instance the task is too complex. The
process under scrutiny has been shown to result in the

. . 235 - .
fission of the uranium atom nucleus U, into barium

Bal”and krypton Krj, fragments, culminating in an
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explosion. On the one hand, the complexity of the
problem lies in the fact that moving electrically charged
fragments generate complex vortex electric fields with
which they interact, being at the same time under the
influence of inertial forces and dissipation forces caused
by the opposition of the real environment. On the other
hand, the laws of classical electricity, in their as static
form, are not applicable to the analysis of the all-
encompassing motion of charged bodies. As it turned out,
partial compensation of the force effects of motion in the
form of magnetic fields is far from sufficient to take into
account the phenomenon as a whole. In the theoretical
part we will show how to solve this problem.

Theoretical part
To simplify the analysis, the model of the physical
process is based on two assumptions — the point nature of

the charges and the isotropic nature (homogeneity with the
same properties in all directions) of the medium,
regardless of where we are. In reality, this means that the
process takes place in the atmosphere at a considerable
height above the ground.

The universal law of interaction of point charged bodies
is Charles Coulomb’s law (1785), which expresses the
magnitude and direction of the force acting between them.

F =k, (1)
where F, — Coulomb force vector; g;, g, — electric

masses (charges) of interacting bodies; d — distance bet-
ween centers of masses; ry— unit vector directed from the
center of a given mass to the point of electrical inter-
action; k — electric constant.

Unfortunately, it is not possible to use (1) in the case
of moving charges. Therefore, let us turn to the adapted
law for the case of moving charges [4—6]

2
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where F is the force vector; v is the mutual velocity of
motion; ¢ is the speed of light; v, is the unit velocity
vector.

The required value ry vy is found from the corres-
ponding coordinate equations of mechanical motion [4]
Ly, = rv, +ryvy+rzvz’

rv A3)
_ 2 2 2, _ 2 2 2
r—,/rx +rr v—,/vx+vy+vz,

If necessary, the product r, vy can be easily obtained
from the geometric constructions depicted in Fig. 1.

Law (2) has been successfully tested in problems of
micro-, macro- and mega-space (in mechanical formu-
lation) at nearluminal and subluminal velocities.

Expression (2) is simplified under the condition
v, =%l

X

2
sz%(ligj K, (4)
and the sign “+” indicates the removal of interacting
masses, and the sign “—”, on the contrary, indicates their
convergence.

We point out that at real expansion rates of the charge
accumulation in the two-mass formulation, the additional
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increase in kinetic energy will not produce the desired
physical effect. Here, given the homogeneity and isotropy
of the system, the problem must be solved as a multi-mass
problem! However, as the complexity of this task is
beyond the scope of a journal article, the focus will be on
the main physical situations and features in the const-
ruction of a corresponding single inseparable mathema-
tical model of electromechanical motion! At the same
time, we will allow ourselves to consider the subjective
situations on the principle of superposition. This is due to
the fact that our focus is on a cognitive process, and not on
areal one, fastened by mechanical motion.

We write the coordinate equations of motion of the
uranium nucleus fragments in spherical coordinates in the
radial direction:

dv 1 dR
7;=;(FP(R,v)—uv;), = ©)

where F (R,v)is the modulus of force (4); m is the

inertial mass of the moving body; R is the current radius;
v is the drag coefficient of the medium.

Fig. 1 shows the simplest geometric diagram of the
explosion. All the symbols on it correspond to those in the
theoretical part, which is entirely subordinated to the
geometry of the diagram.

Fig. 1. Geometric interpretation of force and velocity
interactions of a physical process in a two-mass electrical
system.

The charges from the surface layer of the blast wave,
entering into an electric force interaction with the same
neighboring charges, cause an additional centrifugal
acceleration g by their total radial force component. This
results in creating an electric surface antitension.

Then the radial velocity of the explosion expansion is
taken as the sum of the inertial and electrical components:

v, =v,+gt>0, (6)
where vy is the conditional initial velocity of the explo-
sion, which is found as a result of linear approximation of
the upper part of the velocity characteristic depicted in
Fig. 4.

Let us now consider the electrical interaction between
moving in opposite directions bodies located, at a distance
d. First of all, this distance must be related to the radius of
the wave front

d=2Rsin%zyR, 7

where y is the angular distance; the approximate result
corresponds to the smallness of the angle, in reality.

The tangential inertial velocity v, is found as a result
of differentiation (7)

Ve =2v, sin% YV, (®)

The tangential component of the surface antitension
force y can be found from the differential equation

dv, 1 dd
7—;[‘}(%2"6), i = Ver )
and F, is found according to (4).

The modulus v of the resulting velocity vector, taking
into account (8), is obtained as

y= \/vij +v2 +2v,v, Sin%. (10)

The tangential electrical velocity is found as the sum
(11)

The resulting modulus of the resultant force vector is
found similarly to (10) according to the sines theorem and
taking into account (11)

v, =V, +Vn.

(12)

The direction angle of vectors (10), (12) can be found,
if necessary, based on the theorem of sines

=y . ([ E y
= —arcsin| —cos— |. 13
¢=— [F 2} (13)

The vector F (12), (13) is the spatial vector of the
resultant force acting on a moving charged body.

This is what the key issues would look like when
modeling the transition process in the case of a two-mass
system. In the multi-mass setting in an isotropic medium,
the process is simplified due to the absence of transverse
electromechanical motion in the spherical coordinate
system, compensated by neighboring electric fields. So let
us turn to the constructions depicted in Fig. 2.

F=\/1{;+11§+2F F sin%.

ip” et

Fig. 2. Geometric interpretation of force and velocity interactions
of a physical process in a three-mass electrical system.

In this case, based on geometric constructions with
equality of neighboring charges, it can be shown that the
modulus of the surface anti-tension force will be

F,=F, 2(I-cosy). (14)
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The radial force is found as the sum
F =F_ +F,. (15)
When analyzing a multi-mass system, the process
must be modeled in the projections of a single spatial
coordinate system, in a D-dimensional space, as
implemented in [5, 6]. The presence of mechanical motion
in the system makes it nonlinear. Based on spatial
symmetry, this problem can be solved with sufficient
accuracy in 2D space.
Example. Let us consider a model example of the
electrical interaction of two fragments of the nucleus of a

uranium atom UZ’ from the surface layer of the blast
Ke¥ , with

36

wave, namely: barium Bal’ and krypton

masses:
m, =0.32381-10 " kg; m, =0.20093-10" kg
and the corresponding charges:
q,=0.89722-107C; ¢,=0.57678-10""7C.

The rest of the input information is smoothed out as
follows:

c=02997925ms™"; k =8.98774-10° Nm’C?;

Let us write the system of equations of motion (4), (5)
for the specific case

dv 1 v Y dR
oL kq'zz I+2 | —op) | —L=v,;
d m, d c dt

/ 1 2

p2 9,4, P 2 dR2

_ = k 1+_ -,V ;_—V s
dt mz{ d’ [ cj ? sz dt -

and d=R +R;; v, =v, +v,,.

The uniqueness of the solution (16) is ensured by the
initial conditions:

R(0)=0.222-10"m; v,(0)=0ms";
R,(0)=0.198-10"" m; v,(0)=0ms".
The simulation results are shown in Fig. 3 and Fig. 4.

The first one shows the force interaction on the
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: 235
uranium nucleus U,  on fragment Bag,

in the epicenter
of the explosion at the initial stage of the transition
process.

The second one shows the corresponding velocity

response to the corresponding force action.
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Fig. 3. Radial force characteristic of the interaction
of two charged bodies

As follows from Fig. 4, in a given time interval the
front of the blast wave moves with acceleration. This will
continue until the dissipation forces involved in the
differential equation (16) enter into force interaction,
which will ultimately cause the process to stop

Uv;>Fp(R,v). (17)

v, 10°ms’!

Fig. 4. Radial velocity characteristic of the interaction
of charged bodies, corresponding to Fig. 3

The analysis of the transient process on the time
interval [t=0+1-10""s] revealed that the maximum
transient velocity reaches 1440 kms”', which is
significantly higher than the previously estimated value of
440 kms ™.

The wave front will be analyzed at a time point

t=1-10"s based on the results of integration (16):
v, =144-10° ms", R=1.44-10"m, F,_=2.03-10"N.
For the sake of certainty, the angular distance between
two neighboring charged flying fragments is assumed to
be y =1° =0.01745rad, and the dissipation coefficient is

assumed to be zero:v =0 due to its smallness R, .

The fixed distance between neigh-boring fragments
will be found according to (7)

d=0.25128-10" m.

Then the tangential force of interaction is found
according to Coulomb’s law (1) (due to the smallness of
the mutual velocity)

F_,=7357-10°N.

It is this force that creates a negative electric surface
tension, which does not slow down the propagation of the
wave front, but, on the contrary, makes it more aggressive. If
we turn to the analogous explosive gravitational wave (we
are talking about the Big Bang theory), then there the
gravitational surface tension creates a real braking effect on
the expansion of the Universe [7]. It is possible that the Big
Bang was also electric, since there are no other versions (!).

The resulting surface force is found according to (12)

F =7.806-10"N.

The direction angle of the vector (10) is found

according to (13)
©=279"

The right-hand side of the velocity differential
equations (16) determines the radial acceleration of the
moving mass (6) g =6.25665-10""ms™. It can also be
obtained directly from Newton's second law as:



30 Svitozar Chaban, Vasil Tchaban

F
g=—"1=6.25665-10" ms™.
m
This makes it possible to identify expression (6)
v, = 1.44006-10° + 6.25665-10"°¢ ms™'.

In the case of a three-mass electrical system, for the
sake of symmetrical geometric constructions of Fig. 2, we
will assume the equality of all three electrical masses

q,=¢,=q, =0.89722-10"7 C, which is by no means
fundamental, and therefore, for the uniqueness of the
results y =5° =0.08725rad. , we will find the modules of
the forces of intermass interaction according to (1)
F,=F,=045810"°N.
The modulus of the surface anti-tension force is found
according to (14)

F, = 0.03995-10° N,
and the resulting radial force is found according to (15)
F = 2.0695-10° N.

This is what needed to be shown. Based on the
analysis, some conclusions can be drawn.

Conclusions

1. The positively charged bodies (nuclei of uranium
fission atoms) of the blast wave are subject to very
complex electric fields, static and dynamic, generated by
motion. It has been determined that the concept of a
magnetic field is insufficient to take into account the
effects of transverse motion. Here, longitudinal motion
and the finite speed of propagation of electric waves must
also be taken into account. The fulfillment of these
requirements is attributed to the application of Coulomb’s
law adapted to the context of moving charges, which is
used in this work.

2. Charged bodies at the edge of the blast wave form
an electric surface anti-tension, which, unlike gravitational
surface tension, which slows down the expansion of the
Universe, does not slow down the movement of the blast
wave, but, on the contrary, makes it sharper.

3. The complex problem of dynamic interaction of
moving charges at the tip of an electric blast wave solved
in this work is not feasible for classical electrodynamics
due to the static nature of Coulomb's law of force
interaction.
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EJIJEKTPUUYHA CHUJIOBA B3AEMOJISI Y
NMPOTOHHIN BUBYXOBIN XBUJII

Cgito3ap Yaban, Bacuip Yaban

VYV poboTi 3arporoHOBaHO TEOPETUYHI MiJCTaBH TTOBEAIHKN
MO3UTHBHO 3apsDKEHUX SJIEP, OCKOJIKIB MOJULY spa ypaHy y
BHOyx0Biil xBmii. CKIagHiCTh 3a7adi MOJSrac B TOMY, IIO pYy-
XOMI eJIEKTPUYHO 3apsUKEHI TiJIa TOPOKYIOTh CKIIAJIHI €1eKT-
pUUHI OIS, 3 SIKUMH BOHH B3a€EMOJIIOTH, IepeOyBaroud BOA-
HOYAC I Ai€I0 1HePIiHHMX CHJI 1 CHJI JUCHIIaLii, 3yMOBJICHHX
MPOTUIIEI0 PEAIbHOrO CepesloBuIla. SIK BUABMIIOCS, UYacTKOBA
KOMIICHCaLlisl e()eKTiB IONEPEYHOro PyXy y BHIVIALI MAarHETHUX
MONIB € JAIeKO HE JOCTaTHbOK. TOMy JIOBENOCS 3aJlisiTH
TMO3/IOBXKHIH PyX 1 CKIHYEHHY IIBHJKICTb ITOIIMPEHHS CHIIOBHX
CUTHANIIB Y €ICKTPUYHOMY I10J1i, 1100 ypaxXyBaTH sIBULLE 3araJOM.

TeopeTnuHi pe3yNbTaTH CYNPOBOKYIOTBCS —PE3yJIbTaTaMu
IHTerpyBaHHA IM(EpeHLialIbHIX PIBHSAHb PaliallbHOrO pyXy szep
6apito i KPUIITOHY, a TAKOK AHAJITHIHIMH PO3PaXyHKaAMU.
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