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Abstract: When conducting experiments on the electric explosion of  titanium foil in water, 
a “strange” radiation was detected, leaving dotted traces on the film. The velocity of  the 
carriers of  this radiation was estimated as 20–40 m/s, and their energy, estimated by the 
Coulomb drag mechanism, turned out to be equal to 700 MeV. Subsequently, it was found 
that similar traces are formed at various types of  high-current arc discharges, both of  
artificial and natural origin. Many solutions have been proposed to explain the nature of  
“strange” radiation, but none of  them describes the details of  the process of  formation 
of  dotted traces. We believe that these traces on the film could appear due to the action of  
charged micron-sized clusters. The possibility of  the existence of  clusters in the form of  
a nucleus from a certain number of  similarly charged ions enclosed in a spherical shell of  
water molecules is shown. The force of  the Coulomb repulsion of  ions is compensated by 
the compression force of  the shell polarized by the inhomogeneous electric field created by 
the nuclear charge. As the cluster approaches the surface of  the film, a cluster with a small 
charge separates from it. It is accelerated in the electric field of  a “large” cluster to energy 
of  about 1 GeV. Having received a recoil momentum, a large cluster moves away from the 
film, braking in an inhomogeneous electric field, and then “falls” onto it again, and the 
process is repeated.
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dielectrics, computer modeling
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1. INTRODUCTION
In 2000, a group of  researchers [1,2] discovered the 
particles with a “strange” radiation that appear at 
electric explosion of  titanium foil in distilled water. 
Particles flew out of  the luminous “cloud” arising 
above the plastic cover of  the sealed explosive 
chamber when a voltage of  4.5 kV from a capacitor 
with an energy reserve of  50 kJ was applied to the 
titanium foil contained in it. The velocity of  these 
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“strange” particles was estimated as 20-40 m/s. 
“RF-ZMP” fluorographic film with a 10 μm thick 
emulsion and a sensitivity of  1100 R-1 at a level 0.85 
above the haze served as a detector of  “strange” 
radiation. The film was wrapped in two layers of  
black paper. Exposed films were processed in the 
developer D-19 at a temperature of  20°C for 6 
minutes. After manifestation on the films, traces 
were found with a length of  0.1 mm to 3 mm of  
various shapes – continuous and intermittent. The 
width of  the trace was about 20 μm, and the “step” 
of  the dotted trace was about 12 μm. The carrier 
energy of  the “strange” radiation, estimated from 
the blackening area under the assumption of  the 
Coulomb drag mechanism, turned out to be about 
700 MeV. Traces (“tracks”) were located inside the 
emulsion layer, this led to the conclusion that the 
source that caused the blackening of  the film flew 
in a plane parallel to the plane of  the emulsion.

Traces similar to tracks in the experiments of  
Urutskoyev et al. [1,2] were repeatedly observed 
by other researchers. Matsumoto [3,4] saw them at 
electric discharges in water, and Ken Shoulders [5] 
saw them during discharges along the surface of  
metals and insulators. Savvatimova reported the 
detection of  tracks on X-ray films placed inside a 
chamber with a glow discharge in an atmosphere 
of  hydrogen or deuterium [6-8]. Many traces from 
a millimeter to one tenth of  a millimeter thick were 
recorded - straight and winding, consisting of  black 
dots. Tracks appeared not only on films inside a 
discharge chamber made of  5 mm thick stainless 
steel sheet, but also on films outside the chamber. 
It has been found that intermittent traces appear 
not only on photographic films, but also on any 
objects with a smooth surface – on polycarbonate 
disks or mica plates [9,10]. In this case, traces of  
surface destruction look as if  they were scratched 
by a solid object, which periodically fell and raked 
part of  the material. It suddenly turned out that the 
appearance of  “strange” particles is an ordinary 
phenomenon that accompanies the formation of  
plasma in a medium [11-28]. Moreover, it turned 
out that these particles (the properties of  which 
are not yet known to us) can present a danger to 
human health [29-31].

In [32], the “strange” particles that appear 
during tests of  industrial high-voltage equipment 
accompanied by the formation of  an open electric 
arc are described. Test parameters with currents 
and voltages (I = 30 kA, U = 5 kV) close to those 
of  the experiments of  Urutskoyev et al. [1,2] were 
chosen. A short circuit of  the elements of  high-
voltage installations was initiated by installing 
a jumper – a copper wire with a diameter less 
than 0.5 mm. The explosion safety of  surge 
arresters, consisting of  series-connected metal 
oxide varistors located inside the housing from 
the insulator, was tested. In this case, the wire 
passed along the surface of  the insulator. To 
detect “strange” radiation, as in [1,2], the authors 
used an RF-ZMP X-ray film with an emulsion 
layer thickness of  10 μm. The film was placed in 
a plastic bag and wrapped in two layers of  black 
paper. The detectors were installed at a distance 
1.8 - 3.8 m from the site of  the electric explosion. 
In the experiments, more than 500 tracks were 
recorded, similar to those obtained in [1,2]. Traces 
were located in the emulsion layer, their transverse 
dimensions were from 5 to 30 microns, and their 
length was from 100 microns to several millimeters. 
The farther the detector was from the test site, the 
narrower the track width. At currents I = 1-2 kA, 
no traces were observed. Fig. 1a shows a view of  a 
direct trace. If  we take into account the remark of  
Agapov et al. [32] on the decrease in the thickness 
of  the wake when the detector is removed from 
the location of  the arc discharge, we can assume 
that the particle that left the wake moved from left 
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to right. Figs. 1b,c show curved tracks consisting 
of  elements of  complex shape (arcs, “birds”, etc.). 
The authors found that the number of  recorded 
traces increased with increasing volume and energy 
of  the open arc, and no traces were found when 
testing the vacuum circuit breakers. This allowed 
them to conclude that “tracks appear only during 
electric discharges in the medium”.

After realizing the reality of  the existence 
of  unusual particles with “strange” properties, 
attempts were made to explain their nature. Takaaki 
Matsumoto [3,4], who discovered negatively 
charged particles emanating from the cathode, 
suggested that they are “extremely compressed 
hydrogen-clusters” formed due to the pinch effect. 
Such clusters are in a certain connected “itonic 
state”. Savvatimova also notes that particles emitted 
from the cathode of  the discharge chamber have 
a negative charge [6-8]. Ken Shoulders [5], who 
devoted much time to researching microscopic 
particles that can make holes in metal foils (called 
EVO = Exotic Vacuum Objects), considers them 
“highly organized micro-sized clusters, having 
soliton behavior with electron populations on the 
order of  Avogadro number". He thinks that “as 
long as the spacing between electrons is as close as 
one atomic diameter, they join each other. That is 
what happens when an abrupt, high field process, 
like a gas discharge ... forcible ejects electrons 
from a conductor at sufficient high current density. 
Having once achieved this uncommon union for 
our portion of  space the electrons stick together 
until the marriage is violated by a sufficient 
quantity of  conductor where they are forced to 
return to their more common state as a part of  
atom”. The ideas of  Matsumoto and Schoulders, 
apparently, suggest the presence of  a process of  
plasma compression by a magnetic current field. 
However, it is known that this process is possible 
only at high currents (I > 200-500 kA) [33]. How 
such currents can occur in low-current discharges 
in the described experiments is not clear. Urutskoev 
et al. [1,2,34] believe that “strange” particles 
are magnetic monopoles. The idea of  magnetic 
monopoles is supported also by Daviau et al. [35], 
Adamenko and Vysotsky [36] and Shakhparonov 
and Chicherin [37]. According to the theory of  

Lochak [38], a magnetic monopole is treated as a 
magnetically excited state of  a neutrino. Skvortsov 
and Vogel [22] suggest that when aluminum was 
irradiated with neodymium laser pulses (λ = 1.064 
μm, τp = 100 ps, E = 100 mJ), they observed the 
formation of  “plasma drops” with a diameter of  
10-20 μm containing 1-5 elementary magnetic 
dipoles. Lutz Jaitner [39] believes that the observed 
“condensed plasmoids” are threadlike structures 
with a diameter of  40∙10-12 m. The electrons in these 
structures are decoupled from the nuclei and move 
around them at a speed of  (0.3-2.4)∙108 m/s. Their 
movement creates a current 9 kA with a density 
2.5·1024 A/m2. The magnetic field of  this current 
reaches a value of  50 MT and creates a pressure 
more than 1021 Pa. Other models of  the device of  
“strange” particles are also proposed. Fredericks 
[40] identifies them with tachyons (particles capable 
to move at a speed greater than the speed of  light 
in a vacuum). Bazhutov [41] considers them to be 
stable heavy mesons with an energy of  200 GeV 
(“erzions”), and Rodionov and Savvatimova [12] 
–  “fluxes” (cylindrical atoms with a nucleus in the 
form of  a quark-gluon filament and a shell with a 
diameter of  60·10-15 m from electron Bose fluid). 
It has been also suggested that “strange” radiation 
consists of  dark matter particles, giant molecules 
from nuclei, exotic “neutronium” atoms (neutron-
neutrino pairs) [11,42]. According to Shishkin and 
Tatur [31], magneto-toro-electric clusters in the 
form of  string-vortex solitons produce effects on 
the film.

However, the authors of  the proposed models 
do not even try to answer simple questions: 1) 
Why these particles fly strictly along the emulsion? 
2) Why, moving at a speed of  only 20 m/s, they 
are able to act on the emulsion as particles having 
energy of  about 1 GeV? 3) What is the mechanism 
of  their action on the emulsion? 4) Why does the 
appearance of  the tracks look like prints on the 
ground of  car tire treads? 5) Why does the spot area 
change along the track? 6) Why curved tracks are 
recorded along with direct tracks? The common 
thing that unites the authors of  the models is 
that almost all of  them emphasize the analogy of  
the behavior of  objects with the behavior of  ball 
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lightning and even call them “microscopic ball 
lightning”.

Indeed, there is such an analogy. Natural 
ball lightnings have an energy reserve, an 
uncompensated electric charge and are able to move 
along the surface of  conductors and dielectrics 
[43-48]. In 1998, we proposed a model of  ball 
lightning in the form of  a unipolarly charged core 
surrounded by a dielectric shell [49-60]. Owing to 
the electric field of  the core, polarization of  the 
shell material occurs and a force Fa ~ Q arises, 
pulling the shell toward the center. The magnitude 
of  this force is proportional to the first degree 
of  the core charge Q. The force of  stretching 
of  the shell by charge carriers is proportional to 
the square of  Q, Fr ~ Q2. In the range of  charge 
values from Q = 0 to Qmax, the force Fa is greater 
than Fr. Ball lightning continuously loses charge. 
As ball lightning approaches the conductor, this 
charge flows in the direction of  this conductor. 
A mechanical impulse acquired by carriers of  
a falling charge when moving in the field of  the 
main charge is transmitted to ball lightning. This 
allows it to “push off ” from the conductor and 
move at a certain distance from it [60-62].

2. FORCES ACTING IN CHARGED 
CLUSTERS
Based on the analogy noted above, we can assume 
that “strange” particles are multiply charged 
clusters similar to microscopic ball lightning: a 
certain number of  ions inside a shell formed from 
water molecules. In the electric field of  the charge 
inside the shell, the dipole water molecules are 
oriented towards the center of  the sphere, and a 
force arises that compresses the shell. At the same 
time, the molecules in the shell tend to push out 
their “neighbors”, which leads to a decrease in the 
shell compression force. The calculation showed 
that the force Fr of  pushing out water molecule 
from the shell of  such a cluster is described by the 
formula [63,64]

9 1.3
02.69 10 ( ) (H),rF R - R −= ⋅  (1)

where R (inner radius of  the sphere) is in angstroms 
(10-10 m), and R0 = – 4.5. Let us compare the force 
Fr with the force Fa of  the attraction of  the dipole 
with a moment pw = 6.327∙10-30 C∙m to the central 

charge q = 1.6∙10-19 C. Fa = pw·grad E, where E is 
the electric field created by the charge q:

2 3
0 0( / 4 ) 2 / 4 .a w wF p grad q R p q Rπε πε= = −  (2)

The force Fa is directed toward the center of  the 
cluster and decreases more steeply with increasing 
R than Fr(R). At R = 4∙10-10 m, Fa = 2.84∙10-10 N, 
which is 1.65 times greater than Fr, but already at 
R = 6∙10-10 m, Fa = 0.843∙10-10 N, which less than 
the value of  Fr (1.27∙10-10 N).

Another reason that prevents the formation of  
an ordered cluster structure due to the action of  
the electric field of  the ion is the thermal motion of  
the molecules of  the surrounding gas. According 
to the Langevin formula [65], the noticeable action 
of  the electric field on the dipole orientation with 
moment pw ceases at a strength Emin = 3 kBT/
pw. (Here kB = 1.38·10-23 J/K is the Boltzmann 
constant, and T is the absolute temperature). At 
pw = 6.327·10-30 C·m and T = 300 K, the value of  
Emin ≈ 2·109 V/m. The electric field of  the ion 
takes such a value at a distance of  R = 8·10-10 m, 
that is, at the location of  the second layer of  water 
molecules in the cluster. Thus, we conclude that 
a cluster with R = 4∙10-10 m can be formed in the 
electric field of  an elementary charge, however, 
further cluster growth, apparently, occurs without 
significant participation of  the electric field of  the 
central charge.

Let us discuss whether it is possible to retain 
a large number of  ions inside the shell of  an 
aqueous cluster. The hope that this possibility can 
be realized is given by the fact that the force Fa of  
attraction of  a water molecule to the charge can be 
increased due to an increase in the total charge of  
ions Q, but the force Fr does not depend on the 
charge (however, its value must be greater than a 
certain critical value determined by the condition 
for the need for polarization of  molecules in the 
shell). To accommodate a large number of  ions, 
the size of  the internal cavity of  the cluster must be 
increased in comparison with the case of  a singly 
charged cluster (the radius R must be increased). 
This should simultaneously reduce the value of  
the force Fr.

Let us consider what a cluster can be with 
a total charge of  ions Q1 = 4.5∙10-12 C. Such a 
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charge, for example, is possessed by n = 2.8∙107 
hydroxyl ions (OH)–. Let the ion diameter be 4∙10-10 
m, the area occupied by one ion, s = 16∙10-20 m2, and 
the ions are placed on the surface of  a sphere of  
radius R. The surface area of  the sphere is S = 
4πR2 = s·n, hence R = (s·n/4π)1/2 =  6∙10-7 m. The 
electric field created by the charge Q = 4.5∙10-12 

C at a distance R = 6∙10-7 m, E = Q/4πε0R
2 = 

1011 V/m, which is greater than Emin = 2∙109 
V/m, determined by the Langevin criterion. This 
means that the water molecules in the shell are 
completely polarized. Ions stretch the shell with 
the force FQ = Q2/8πε0R

2 = 2.53∙10-1 N. The 
water molecule is attracted to the charge placed 
in the center of  the sphere with the force Fa = 
pwQ/2πε0R

3 = 2.37∙10-12 N. At the same time, 
it is pushed out from the shell by neighboring 
molecules with a force Fr = 2.69∙10-9·(6004.5)-1.3 
= 3.3∙10-14 N. The resulting force acting on the 
molecule, Ft = Fa – Fr = 2.337∙10-12 N. On the 
surface of  the shell with a radius R = 6∙10-7 m, nw 
= 2.82∙107 water molecules can fit (we consider 
the molecule to be a ball with a diameter 4∙10-10 
m). The compression force of  the shell with one 
layer of  water molecules is FΣ = Ft·nw = 6.59∙10-5 
N. This force is 3840 times less than the force FQ. 
The FQ force can be compensated if  the number 
of  layers of  water molecules in the shell is equal 
to 3840, and its thickness is a = 4∙10-10×3840 = 
1.54∙10-6 m. As a result, we obtained a cluster with 
a cavity radius R = 6∙10-7 m and an outer radius of  
R1 = R + a = 2.14∙10-6 m. The mass of  the cluster 
M1 is equal to the mass of  the shell. Its volume is 
Vsh = 4π [(R + a)3 –  R3]/3 = 4∙10-17 m3, and the 
mass Msh = ρwVsh = 4∙10-14 kg. (Here ρw = 103 kg/
m3 is the density of  water). Carrying out similar 
calculations for a cluster with a cavity radius R = 
6∙10-6 m, inside which there are ions with a total 
charge of  Q2 = 4.5∙10-11 C, we find its radius R2 = 
3.75∙10-6 m and mass M2 = 8.62∙10-13 kg.

3. TESTING THE STABILITY OF A 
MULTIPLY CHARGED CLUSTER
The question of  the stability conditions for ball 
lightning was considered in [66]. A multiply charged 
cluster can be thought of  as a small ball lightning. 
When carrying out calculations, we will take into 

account the fact that ions can move inside the shell, 
thereby creating additional pressure, and the shell, 
in addition to the “gradient” force, is additionally 
compressed by the force of  atmospheric pressure. 
Let us assume that the ions are inside a spherical 
shell with an inner radius R and have a kinetic 
energy Ek. We find the density of  this energy by 
dividing Ek by the volume of  the cavity inside the 
shell: ρE = 3Ek/4πR3. The energy density is related 
to the pressure P of  the ion “gas” on the shell as P 
= (2/3) ρE = Ek/2πR3 [67]. The force of  pressure 
of  moving ions on the shell is Fk = P·4πR2 = 
2Ek/R. Stretching force of  the shell by the total 
charge Q of  ions is

2

2
0

,
8l

kQF
Rε πε

=  (3)

where it is taken into account that not only the 
force of  the Coulomb repulsion of  charges, but 
also the magnetic forces that appeared due to the 
movement of  charges, participates in the creation 
of  a force that stretches the shell [68]. Coefficient 
k ≈ 2. Let the charge density of  dipole water 
molecules on the shell be equal to σ, and the shell 
thickness a. In this case, the force of  compression 
of  the shell by the “gradient” force is equal to:

0

4 .
(2 )sh

aQF
R a
σ

ε
=

+
 (4)

In the above numerical examples, it is shown 
that even at values of  the radius of  the cluster 
cavity R > 5 μm, the force Fr of  pushing out water 
molecules from the shell becomes so small that it 
can be neglected.

The second force compressing the shell is the 
force of  atmospheric pressure p: Fa = 4πpR2. The 
condition for the equilibrium of  the shell is the 
balance of  all forces acting on it:

2
2

2
0 0

2 4 4 0.
8 (2 )

k l sh a

k

F F F F F
E kQ aQ pR
R R R a

ε

σ π
πε ε

= + + + =

= + − − =
+

 (5)

The equilibrium of  the system will be stable if  
the derivative dF/dR (at F = 0) is negative, that is, 
as the shell radius R increases, the force stretching 
it, will decrease [69]. Differentiating F with respect 
to R, we obtain:
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2 3
0

2 2
0 0

2 2 2
8

8 8 8 .
(2 ) (2 )

k kE dEdF kQ
dR R R dR R

aQ RQ da pR
R a R a dR

πε
σ σ π

ε ε

= − + − +

+ − −
+ +

 (6)

From the condition of  constancy of  the shell 
volume Ven = (4π/3) [(R+a)3– R3], (dVen/dR = 0) 
we find:

(2 ) .
( )2

da a R+a
dR R+a

= −  (7)

According to formula (5), under equilibrium 
conditions F = 0 and

2

2 3
0 0

2 4 4 .
(2 ) R 8

kE aQ kQpR
R R a R

σ π
ε πε

= + −
+

 (8)

With an increase in the inner radius of  the shell 
R by dR, the kinetic energy of  the ions decreases 
by an amount equal to the work against the forces 
compressing the shell:

2

0

4 4 .
(2 )k

aQdE pR dR
R a
σ π

ε
 

− = + + 
 (9)

Substituting (7) - (9) into (6), we obtain:
2 2 2 3

3 2 2
0 0

4 (9 10 3 )20 .
8 (2 ) ( )

dF kQ Qa R a Ra aR
dR R R+a R+a R

σπρ
πε ε

+ +
= − − −  (10)

As you can see, all the terms of  this sum are 
negative, therefore dF/dR < 0. It follows that the 
system described by equation (5) is in a state of  
stable equilibrium for any values of  k, Q, a, and R.

4. PROPERTIES OF THE CHARGED 
CLUSTER
The cluster is a nonequilibrium system, so its 
lifetime is limited. Due to the conductivity of  
the shell material, ions will “leak” through it and 
drain to the ground. The characteristic time of  
charge drainage can be considered equivalent to 
the cluster lifetime. Due to the action of  cosmic 
rays, the radioactivity of  the earth and ultraviolet 
radiation, Ni = 3∙108 ions of  different signs are 
permanently located in one cubic meter of  air [70]. 
In the electric field of  the cluster, half  of  these ions 
will move towards it and precipitate on the outer 
surface of  the shell. Finally, the number of  ions on 
the outer side of  the shell will become equal to the 
number of  ions on its inner side, and the cluster 
will become an uncharged body. The characteristic 

time of  the process of  “deposition” of  ions 
from the atmosphere can also be considered the 
equivalent of  the cluster lifetime (though, if  at the 
same time there is no recombination of  charges, it 
cannot be considered completely destroyed). Let 
us estimate the characteristic times of  the indicated 
processes.

Let the total charge of  ions inside the cluster 
shell be equal to Q, ions “leak” through the shell 
and gradually flow to the ground. We assume that 
the current value is limited only by air conductivity 
λа = 3.5∙10-14 (Ohm∙m)-1 [71]. The current density 
on the surface of  a cluster of  radius R is j = E 
λa = Q λa/4πε0R

2. The total current flowing into 
the atmosphere is I = dQ/dt = j·4πR2 = Q·λа/
ε0. Hence, dQ/Q = (λа/ε0)dt, Q = Q0exp(-λа/ε0)t 
and the time of  decreasing the charge by e times 
τ = ε0/λа = 250 s. Let us consider the process 
of  “collecting” by a cluster charges from the 
atmosphere. In an electric field E, ions move at a 
speed vdr = KiE, where Ki is the mobility of  ions. 
For air, Ki = 2.8∙10-4 m2/V·s [72]. The electric field 
strength and, consequently, the ion drift velocity 
are different at different distances from the cluster. 
If  for vdr we take its value on the cluster surface, 
then this will correspond to the maximum rate of  
“deposition” of  ions and, therefore, the minimum 
time of  “discharge” of  the cluster. The rate of  
charge decrease Q due to the ion flux to the cluster 
surface is dQ/dt = – (Ni/2)∙evdr·4πR2 = – (Ni e Ki 
Q)/2ε0. Here e = 1.6∙10-19 C is the ion charge, and it 
is also taken into account that only half  of  Ni ions 
of  the same polarity participate in the process. 
From here we find dQ/Q = – [(Ni e Ki)/2ε0]dt and 
Q = Q0exp[–(Ni e Ki)/2ε0]t. The characteristic time 
of  charge decrease is τi = 2ε0/(Ni e Ki) = 1300 s. We 
draw attention to the fact that the characteristic 
times of  destruction and discharge of  a cluster 
do not depend on the magnitude of  its charge, 
but are determined only by the characteristics of  
environment, into which the cluster is “immersed”. 
Therefore, these expressions are also valid for 
macroscopic charged objects – ball lightnings 
[52,59].

In experiments on recording “traces” on 
photographic films, targets were located at a 
distance about 4 m from the region of  the electric 
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discharge under study [1,2,32]. At a particle velocity 
20 m/s, its flight time is 0.2 s, which is noticeably 
less than τ and τi. Therefore, we can assume that 
during this period the cluster had an initial charge.

For a cluster with a charge Q = 4.5∙10-11 C and 
radius R = 3.75∙10-6 m, the electric field strength on 
its surface is E = 2.88∙1010 V/m and the potential 
is U = 105 V. The distance Rbr from the center of  
the cluster, where the electric field of  the charge 
Q exceeds the air breakdown strength Ebr = 3∙106 
V/m, Rbr = 3.67∙10-4 m. We can assume that an ion 
approaching the ion for a distance less than Rbr will 
be able to ionize the air in the vicinity of  the ion. 
The average value of  the current created by the 
movement of  ions, is I = Q/τ = (4.5 – 18)∙10-14 

A. Given the potential U = 105 V on the cluster 
surface, we find the power released by ions in the 
vicinity of  the cluster is P = I∙U = (4.5 – 18)∙10-9 

W = (2.8 – 11)∙1010 eV/s. If  we assume that it is 
necessary to spend 103 eV on the formation of  one 
quantum of  light, we can expect that a region of  1 
mm around the cluster can be a source of  radiation 
of  108 quanta per second. Similarly the ion flow 
passing through the cluster shell will also participate 
in the process of  air ionization. The interaction of  
counter-flows of  ions with different signs is likely 
to lead to the emergence of  an unsteady process 
of  light emission, similar to the pulsed regime of  
corona discharge optical radiation, discovered by 
Trichel [73]. The repetition rate of  the “Trichel” 
pulses increases with increasing discharge current; 
at small currents, it is equal to f = 5-50 kHz. If  
a cluster flies with a speed v = 20 m/s, and the 
intensity of  its glow changes with a frequency f, 
then the path will look like a dashed line, the bright 
points of  which are located at a distance d = v/f  
= 4 – 0.4 mm. Such traces, indeed, were observed 
in the paths of  particles generated in erosion 
discharges [25].

5. THE PROCESS OF THE FORMATION 
OF TRACES ON FILMS
Let us consider a possible scenario for the 
formation of  traces on photographic films. 
Suppose that a cluster with a radius R1 = 2.14∙10-6 
m, with a charge Q1 = 4.5∙10-12 C and a mass M1 
= 4∙10-14 kg moves in the direction of  the film. 

When the edge of  the cluster is at a distance L 
= 15∙10-6 m from the film surface, a small cluster 
is separated from it with a charge q1 = 4.5∙10-14 C 
and a mass m1 = 4∙10-16 kg and begins to move 
to the film. This cluster moves under the action 
of  the force Fq1 = Q1q1/[4πε0(R1 + x)]2, where x 
varies from 0 to L. Having passed the path L, the 
small cluster will gain energy Wq1 = (Q1q1/4πε0)[1/
R1 – 1/(R1 + L)] = 7.447∙10-10 J = 4.65·109 eV. Its 
speed is v1 = (2Wq1/m1)

1/2 = 1.929∙103 m/s, and 
the linear moment is m1v1 = 7.7184∙10-13 kg∙m/s. 
The large cluster will acquire the same moment, 
it will begin to move upward from the film at a 
speed V1 = (m1v1)/M1 = 19.296 m/s and gain 
energy WQ1 = M1V1

2/2 = 7.447∙10-12 J. Calculation 
for an ion with R2 = 7.5∙10-6 m, Q2 = 4.5∙10-11 C, M2 
= 8.62∙10-13 kg, from which at a height L = 15∙10-6 m a 
small cluster with a charge q2 = 4.5∙10-13 C and mass 
m2 = 8.62∙10-15 kg is separated, leads to the results: 
Wq2 = 1.619∙10-8 J = 1.012∙1011 eV, v2 = 1.938∙103 
m/s, V2 = 19.379 m/s, WQ2 = 1.619∙10-10 J.

A cluster with a charge Q1 = 4.5∙10-12 C creates 
an electric field at a distance L = 15∙10-6 m E1 
= Q1/4πε0L

2 = 1.8∙108 V/m, and a cluster with 
a charge Q2 = 4.5∙10-11 C at the same distance 
creates a field E2 = 1.8∙109 V/m. Such fields are 
comparable in magnitude with the intensity Emin = 
2∙109 V/m, determined by the Langevin criterion. 
Therefore, we can assume that there will be a 
polarization of  the film material, and a force will 
act on the cluster, which will inhibit its movement. 
When the work of  this force becomes equal to 
the kinetic energy of  the cluster, it will stop and 
begin to “fall” onto the film. The force acting on 
the cluster from the side of  the polarized film is 
Fd = P1Q1/2πε0R

3 (see formula 2), where P1 is the 
dipole moment of  the polarized film section, and 
R is the distance between the center of  charge and 
the film. The work of  this force on the portion of  
the trajectory dR is equal to dA = Fd ∙dR, and the 
full work until the cluster stops

0

1 1 1 1
2 2 2

0 0 0 0

1 1 1 .
4 4 (R R)

R

aR

PQ PQA F dR
R Rπε πε

 
= = − = − + ∆ 
∫  (11)

Here R0 = 10-4 m is the cluster height above the 
film surface at the moment of  the beginning of  
the upward movement, and R = (R0 + ΔR) is 
the height that it will reach. In this problem, the 
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unknown parameter is the dipole moment of  the 
film P1 induced by the charge Q1. To evaluate it, 
suppose that the cluster was able to rise to a height 
(R0 + ΔR) = 10.25∙10-4 m (ΔR = 25∙10-6 m) before 
falling. Equating the work A of  the kinetic energy 
of  the cluster WQ1 = 7.447∙10-12 J, we find P1 = 
5∙10-18 C∙m. For a cluster with Q2 = 4.5∙10-11 C 
with kinetic energy WQ2 = 1.62∙10-10 J, the value 
ΔR = 25∙10-6 m is obtained at P2 = 10-17 C∙m. The 
specific polarization of  the medium P (C∙m/m3) is 
related to the field strength E by the relation P = 
ε0(ς – 1)E [65]. Assuming the dielectric constant ς 
= 2.6 for the film material, we obtain P = 1.6∙ε0E. 
This magnitude of  the dipole moment of  the film 
material is ensured by a “cube” of  substance with 
an edge length of  about 10 μm.

Fig. 2 shows the result of  a numerical 
calculation of  the change in cluster height above 
the level of  separation of  a small cluster from it L 
= 15∙10-10 m. For the parameters of  the cluster and 
the film, the values Q1 = 4.5∙10-12 C, M1 = 4∙10-14 

kg, D1 = 4.28∙10-6 m are assumed. It is believed 
that for a separated small cluster, the charge q1 = 
Q1/100 = 4.5∙10-14 C and the mass m1 = M1/100 = 
4∙10-16 kg are one a percentage of  the initial values 
of  the charge and mass of  the main cluster, and 
these values remain unchanged despite the fact 
that Q1 and M1 decrease with each “jump”. For 
the dipole moment of  the polarized film, the value 
P1(t) = Q1(t)×2∙10-8 C∙m (the decrease in charge Q1 
is taken into account for each act of  separation 
of  a small cluster). It is accepted that at t = 0 
the lower edge of  the cluster is at a distance of  
1.5∙10-6 m from the emission height of  the small 

cluster and its velocity is zero. You can notice 
that after five “jumps” the system switches to the 
alternating mode of  short (0.5 µs long) and long 
(1.4 µs long) jumps with an average period of  1.86 
µs. The height of  the “jump” and the duration 
of  the “flight” increases with time (see Fig. 3). 
This can be explained by a gradual decrease in the 
charge of  a large cluster and the magnitude of  the 
induced dipole moment of  the film. The reason 
for the alternation of  long (high) and short (low) 
“jumps” is as follows. When a cluster “falls” from 
a great height, it acquires a great speed. To stop 
the cluster and reverse the direction of  its velocity 
vector, it is necessary to spend a significant part 
of  the pulse acquired by it when a small cluster 
is emitted. As a result, the cluster begins to move 
up at a low speed and, accordingly, “falls” also at 
a low speed. The next impulse of  interaction of  
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Fig. 3. Dependence of  the period of  repetition of  steps T 
(μs) (□) and height H (μm) (○) of  the “jumps” of  the cluster 
on the step number N for the cluster with the parameters 

indicated in Fig. 2 (Calculation results).

Fig. 4. The time dependence of  the cluster elevation height 
above the level L = 15 μm of  separation of  a small charge 
from it. Cluster parameters: charge Q2 = 4.5∙10-11 C, 
mass M2 =  8.62∙10-13 kg, diameter D2 = 15∙10-6 m. 

(Calculation results).

 

 

Fig. 2. Dependence of  the cluster elevation height above the 
level L = 15 μm of  separation of  a small charge from it. 
Cluster parameters: charge Q1 = 4.5∙10-12 C, mass M1 = 
4∙10-14 kg, diameter D1 = 4.28∙10-6 m (Calculation results).
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charges of  a large and small cluster “throws” it to 
a large height. If  a charged cluster has a velocity 
component directed along the film plane, it will 
leave a chain of  double spots on it, separated by 
large intervals. These spots can merge due to the 
spreading of  the charge and form complex traces 
of  the type shown in Fig. 1a-c. Fig. 4 shows the 
motion diagram of  a cluster with an initial charge 
of  Q2 = 4.5∙10-11 C, mass M2 = 8.62∙10-13 kg and 
diameter D2 = 15∙10-6 m at the initial value of  
the film dipole moment P2 =   Q2×2∙10-8 m, from 
which at a height 15∙10-6 m above the film a cluster 
is separated with a charge q2 = Q2/100 and a mass 
m2 = M2/100. As one can see, the nature of  the 
cluster motion has not changed, the period of  the 
“jumps” has decreased to 1.5 μs, and the height of  
the “jumps” has also become less (2 μm).

Fig. 1b shows the trace when the particle path 
deviated to the right. Let us make the assumption 
that this happened due to the action of  the electric 
field Ex, whose vector was directed perpendicular 
to the trajectory of  the cluster. Let the cluster 
charge be Q2 = 4.5∙10-11 C, and its diameter D2 = 
7.5∙10-6 m. According to Fig. 1b for 8 “jumps” the 
cluster deviated from the direction of  the initial 
trajectory by 158 μm. If  we assume that the period 
of  “jumps” is 1.5∙10-6 s, then the velocity of  its 
lateral displacement is v1 = 13 m/s. For a ball with a 
diameter of  7.5∙10-6 m, moving in air at a speed 13 
m/s, the Reynolds number Re = 6.4. The strength 
of  air resistance to the movement of  the ball [74]:

2 2
1 1( C D ) / 8,D D mF π ρ ν=  (12)

where ρm = 1.205 kg/m3 is the air density, and 
CD = 5.8 is the coefficient of  resistance of  
the medium at Re = 6.4 [74]. Substituting the 
numerical values into formula (12), we obtain FD 
= 2.6∙10-8N. Equating FD to the force Fe = Q1Ex, 
we find Ex = 580 V/m. For a cluster with a charge 
Q = 4.5∙10-10C  Ex = 60 V/m. The presence of  
such fields during experiments is likely. Let us 
consider an alternative possibility of  curving the 
trajectory of  a charged cluster by a magnetic field. 
For example, in Fig. 1c, the cluster moves along 
an arc of  a circle with a radius R = 190 μm. Let 
the cluster mass M = 3.78∙10-14 kg, its charge Q = 
4.5∙10-12 C and it moves at a speed of  v = 30 m/s. 

In this case, the magnetic induction causing such 
a motion is B = Mv/QR = 1.3∙103 T. The presence 
of  such strong fields in the laboratory is unlikely.

Let us list in concise form our results.
1. The “strange” particles are multiply charged 
clusters consisting of  ions enclosed in a shell of  a 
dielectric or other substance.
2. When the cluster approaches the surface of  
a solid, a small particle separates from it, which 
carries away part of  the charge and mass of  the 
cluster.
3. This particle is accelerated in the electric field of  
a “large” cluster to energy 109 eV and, when it hits 
a film, creates a latent image in the emulsion.
4. The “large” cluster receives a recoil impulsive 
moment, takes off  above the film, and then, drawn 
by a polarized film, falls on it again.
5. When the cluster moves along the surface of  the 
film, a trace chain is formed on it.
6. The height of  the “jumps” of  the cluster above 
the film turned out to be various, this leads to the 
formation of  traces of  a complex shape.
7. Due to a decrease in the charge and mass of  the 
cluster, the period of  the spots following on the 
film increases, and their size decreases.
8. An external electric field bends the trajectory of  
the cluster.

6. CONCLUSION
There have been the cases in the history of  science 
when the epithet “strange”, “unknown”, and 
“mysterious” was assigned to a newly discovered 
phenomenon. The rays, discovered in 1895 by 
W.K. Roentgen, which in Western literature are 
still called X-rays (“unknown” rays) are clear 
examples of  this. There were several options 
for interpreting the nature of  these rays, until it 
turned out that X-rays are “ordinary” light with 
a short wavelength. The same after the discovery 
of  radioactive radiation: it turned out that the 
“mysterious” γ rays are also light, and α and β rays 
are helium nuclei and electrons. Similar events 
related to the discovery of  new particles with 
incomprehensible properties have occurred in the 
last 20 years: a whole “bunch” of  explanations 
for this “strange” radiation has appeared with no 
less “strange” theories – dark matter, tachyons, 
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and nuclear particles with unusual properties 
(erzions). History teaches that of  all the possible 
explanations, the simplest “survives” (the so-
called principle of  “Ockham's razor” works). 
It’s like the nature “loves” to use one principle 
of  “construction” for objects of  different scales 
(atom → Solar system → Galaxy) – the systems 
based on the dynamic equilibrium of  their parts. 
We applied a similar principle to the construction 
of  a model of  “strange” particles – we used the 
repeatedly mentioned analogy with ball lightning, 
which was built on the basis of  the equality of  the 
Coulomb repulsion force of  particles of  its core to 
the compressive strength of  a polarized dielectric 
shell. It turned out that this principle can be used 
both for macroscopic ball lightning and micro-
sized ball lightning. The mechanism of  levitation 
of  ball lightning above the surface of  conductors 
(due to asymmetric runoff  of  the charge) turned 
out to be applicable to explain the movement of  
“strange” particles (micro-sized ball lightning) 
above the surface of  film. The natural explanation 
was given to the details of  this process: an unusual 
form of  traces on photographic films, a decrease 
in the degree of  blackening of  the film along the 
trail, the reason for the appearance of  charged 
particles with high energy.
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